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Foreword 

 

Future Internet Enterprise Systems (FInES) is a recent term that describes a field of 
activity with the aim to improve the manner in which enterprises, by means of Information 
and Communications Technologies (ICT), can cope with any challenges thrown up by 
globalisation and the evolution of the internet. This research domain that has been 
supported by the Commission over a few years is also one important element of the Digital 
Agenda for Europe, a flagship initiative of the Europe 2010 strategy.  

The present document takes stock of and builds out from the achievements of the FInES 
Cluster over a period of almost three years. It is the result of the effort delivered by this 
community of stakeholders, with the support of a number of Task Forces coordinated by the 
European Commission. It is intended to represent the shared view of all interested parties in 
the Future Internet Enterprise Systems research field who contributed to its development.  

In the perspective of the ICT 2010 event, some of the most important deliverables of this 
community have been compiled to offer you a sight of the fertility of the domain. They all 
have in common a recurring call for a scientific, multidisciplinary research approach to 
support disruptive concepts in the domain. This domain also strives for innovation-oriented 
exploration, where scientific research can come in balance with the engineering-wise focus, 
enforced also with a more business-oriented approach.  

The background documents selected for this publication represent a collective effort 
from a widening community of service providers, content providers, developers, equipment 
vendors, and other players – even the users themselves, spearheaded by the FInES cluster. It 
will certainly not offer a complete coverage of the issues that need to be addressed if we 
wish to support the competitiveness of the industry, including the SMEs which are the 
engines for recovery. It is rather an input to every community wanting to convert value 
innovation into a business routine. We hope it will bring closer the research community and 
the policy makers in defining new directions to be taken today, to empower Europe and its 
enterprises. 

We wish you a fruitful reading. 

 

 

Gérald Santucci        Cristina Martinez 
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Knowledge Economy 
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1. Introduction 

Background 

The lack of a business case for Enterprise Interoperability (EI) is one of the six dimensions of 
the EI problem space identified in the Enterprise Interoperability Research Roadmap. The 
Roadmap, being a collective effort of all interested stakeholders for all interested stakeholders in 
the field of EI, was released by the European Commission in July 2006 and published in book form 
in the following autumn (European Commission, 2006). As noted in the Roadmap, "The business 
case for interoperability is often not apparent to potential adopters of Enterprise Interoperability 
solutions, particularly for SMEs. Various technologies and tools resulting from research lack follow-
up beyond (further) research. Large question marks remain as regards the 'value' and 'impact' of 
the myriad of initiatives undertaken within the research lab, promoted by technology providers, or 
organised around groupings of companies... Organisations lack examples of successful cases, best 
practices, and guidelines about where most value is created through Enterprise Interoperability. 
The complexity of Enterprise Interoperability operations from a legal and logistical perspective has 
been overwhelming, particularly in an international context. For enterprise decision makers, with 
competing priorities, scarce resources and limited time, venturing into solutions for Enterprise 
Interoperability has not been a realistic option".   

 
Also as noted in the Roadmap, the lack of a business case for EI is closely linked to the other 

dimensions of the EI problem space, namely: managing changing by improving the process of 
innovation, adapting to globalisation particularly in relation to the competitiveness of SMEs, 
reducing large integration/interoperability costs, optimising business decision-making, and 
facilitating Open Innovation.    

 
Addressing the above considerations is critical for meeting the four Grand Challenges1 

presented in the Roadmap. In addition, within the context of the FP7 ICT Work Programme 2007-
2008 (European Commission, 2006), the business models for new networked applications and 
services are important features for their interoperation and for the reinforcement of Europe's 
technology and industrial strengths, as foreseen for the expected impact of Objective 1.3 ICT in 
support of the networked enterprise. 

 
Following consultation with the EI community, particularly those active in the Enterprise 

Interoperability Cluster2, the European Commission launched an Informal Study Group (ISG) on 
Value Proposition for Enterprise Interoperability in May 2007. This group comprises about 50 
active and voluntary members, coming from different constituencies of EI stakeholders. Four 
editors were appointed by the European Commission to facilitate the preparation of the ISG 
report, under the coordination of the Commission. 

 
The present report contains original concepts and contents not published elsewhere. It has 

been prepared on the basis of:  

 Written contributions received from the ISG members 

 The relevant deliverables and additional materials input by FP6/IST projects belonging to 
or associated with the Enterprise Interoperability Cluster 

 Comments received from public consultation on successive versions of the report that 
have been published by the European Commission 

                                                           
1 The four Grand Challenges are: Interoperability Service Utility, Web Technologies for Enterprise Interoperability, Knowledge-

Oriented Collaboration, and a Science Base for Enterprise Interoperability. 

2 http://cordis.europa.eu/fp7/ict/enet/enterprise-inter_en.html   

http://cordis.europa.eu/fp7/ict/enet/enterprise-inter_en.html
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 Presentations and discussions at open consultation meetings organised by the European 
Commission 

 Additional documents prepared by the editors.     
 
Further details on the history of this report’s development are provided in Section 1.6.       

Purpose 

The purpose of the present report is threefold:  

 To develop a value proposition for Enterprise Interoperability, in support of meeting the 
Grand Challenges in the Enterprise Interoperability Research Roadmap. In particular, as 
the Roadmap is expected to evolve through the joint efforts of the stakeholders, the 
report is intended to provide a source of guidance and inspiration to the development of 
future version(s) of the Roadmap.  

 To fine tune the EI value proposition in relation to the different categories of 
stakeholders. In particular, because enterprises must be the primary beneficiaries of EI 
solutions, the first focus is on the users of EI and the second focus is on the providers of 
solutions.   

 To serve as an input to the refinement and update of Objective 1.3 in the next version of 
the FP7 ICT Work Programme, 2009-2010.      

 
The overall context of this report is long-term, goal-oriented, problem-solving and publicly-

financed research in the field of Enterprise Interoperability in accordance with the time horizon 
of FP7 (7 year plus). It is not the purpose of this report, which is a publication of the European 
Commission, to provide (1) advice on value proposition for interoperability endeavours of specific 
organisations; (2) blueprints of business models for the purpose of achieving commercial success 
by individual enterprises; (3) guidance on the research and development of specific solutions that 
help enterprises to interoperate; and/or (4) value analysis of individual EI solutions or offerings. 
Specifically, it is not the purpose of this report to address implementation or technology adoption 
issues under the umbrella of “e-business”, or the day-to-day operation and market concerns of e-
business activities. 

Scope  

The scope of the present report relates to the full spectrum of issues in the field of Enterprise 
Interoperability as defined in the Enterprise Interoperability Research Roadmap. In the 
Roadmap, Enterprise Interoperability (with capitals), is defined as a field of activity with the aim to 
improve the manner in which enterprises, by means of Information and Communications 
Technologies (ICT), interoperate with other enterprises, organisations, or with other business units 
of the same enterprise, in order to conduct their business. This enables enterprises to, for instance, 
build partnerships, deliver new products and services, and/or become more cost efficient. 

  
Note that the above is in contrast with the narrower definition of “enterprise interoperability” 

(without capitals), which – analogous to the IEEE definition of interoperability3 – concerns the 
(technical) ability of an enterprise to interact with other organisations, to exchange information 
and to use the information that has been exchanged. 

 
The present report is fully aligned with the Enterprise Interoperability Research Roadmap, 

which is the baseline for the direction of the report and the key concepts developed in the report.  

                                                           
3 “The ability of two or more systems or components to exchange information and to use the information that has been 

exchanged.” Institute of Electrical and Electronics Engineers. IEEE Standard Computer Dictionary: A Compilation of IEEE Standard 
Computer Glossaries. New York, NY: 1990.  
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The report embraces the Vision Statement articulated in the Roadmap, and is compliant with the 
focus on enterprises’ process of innovation. It is also consistent with the positioning of EI as a key 
feature of the business fabric of innovation ecosystems, and the view that technology solutions 
supporting EI must operate within a legal and regulatory framework underpinned by policy. 
Specifically, EI solutions must (1) be readily available and at a cost affordable by all enterprises, (2) 
produce tangible business and economic value and impact on all users, and (3) act as an essential 
enabler for enterprises to innovate and to grow.  

 
Importantly, within this report, we make a distinction between the provision of EI solutions, 

which is a commercial concern and activity, and the provision of EI offerings, which has a wider 
perspective of public concern and interest in respect of the changing nature of EI and the long-term 
research needs of EI. The changing nature of companies and business-level innovation will have a 
major impact on the future needs of interoperability for enterprises. The field of EI therefore will 
need to continue to evolve and investigate new, radical possibilities and options in order to 
anticipate and help define enterprise systems required for new business as well as new technology 
paradigms, including paradigms for the Future Internet4. As put forward in the Enterprise 
Interoperability Research Roadmap, the delivery of IT functions as services and interoperability as 
a utility-like capability are crucial enablers in that respect.  The next-generation enterprise systems 
will be radically different from those of today. The field of EI brings a unique business-driven 
perspective to the research and development of ICT. Importantly, EI bridges the gulf between the 
business view and the technology view of interoperability in order for enterprise systems to 
deliver innovative and sustainable value. In developing a new value proposition for Enterprise 
Interoperability, this report is a contribution in that direction.    

Methodology and Structure 

The methodology adopted for this report is based on the outcome of the Enterprise 
Interoperability Cluster meeting convened by the European Commission in Brussels on 23 May 
2007. Specifically, a distinction is drawn between: 

 Value Proposition for EI 

 Business Models for EI 

 Offerings of EI  

 Value Analysis of EI. 
 
The development of this report is built around the structuring of the above topics, including 

addressing the intricate relationships between them. These topics are reflected in respectively 
Chapters 3, 4, 5 and 6. The perspective is that of the EI field as a whole, with a particular focus on 
the long-term research needs of EI as described in Sections 1.2 and 1.3. Examples, case materials 
and empirical data are given to illustrate and augment the analysis.  

 
In order to set the scene for the analysis, discussion of the above topics is preceded by an 

overview of the changing business context for EI, provided in Chapter 2. 
 
Recommendations and Concluding Remarks are provided in respectively Chapters 7 and 8.  

 

 

                                                           
4 The characteristics and properties of future business and technology paradigms, including those pertaining to the “Future 

Internet”, will need to be defined. It is recognised that there are many “buzz words” used in the field - such as Web 2.0 and Enterprise 
2.0 - for which there are many definitions on offer in numerous publications. Where such terms are used in this report, they are 
characterised and described, within the context of the issues at hand.  
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Target Audience 

This report targets all stakeholders of Enterprise Interoperability. Discussions within the 
Enterprise Interoperability Cluster have yielded the following categorisation of EI stakeholders: 

 Users – potentially all organisations and final end-users as individuals, customers or 
citizens 

 Providers – vendors, integrators, application developers, service providers, and other 
“independent” providers 

 Intermediaries – trade associations, industry consortia, multipliers, market consultants, 
and “commentators” 

 Public authorities ς policy makers 

 Standards organisations – potentially including all of the above 

 Research community – academia, research organisations, and potentially including all of 
the above.   

 
The above categorisation is applied throughout this report, with a particular focus on the 

needs of users and providers in accordance with the purpose of this report as described in Section 
1.2.  

History of this Document 

The present report originates from discussions of the Enterprise Interoperability Cluster in 
autumn 2006 and spring 2007. These discussions showed that there was a clear need for a 
common, shared view of the value proposition of EI among all interested stakeholders, based on 
open discussions and consultations.  

 
The EI Cluster meeting of 23 May 2007, convened by the European Commission, was dedicated 

to discussing the business models for EI. The launch of an Informal Study Group (ISG) on Value 
Proposition for Enterprise Interoperability to further explore the relevant issues was a major 
outcome of the meeting. The ISG comprises about 50 active and voluntary members, coming from 
different constituencies of EI stakeholders. Four editors were appointed by the European 
Commission to facilitate the preparation of the ISG report, under the coordination of the 
Commission. In parallel, the Commission launched an open call for voluntary input. 

 
The preparation of this report began in June 2007. An initial outline of the report and 

preparation schedule were prepared by the editors and published by the European Commission in 
June 2007. 

   
Intensive work over the summer of 2007 led to Version 1 of the ISG report of 24 September 

20075, published by the European Commission for public comment and consultation with all 
interested stakeholders. Version 1 was prepared by the editors on the basis of the written 
contributions received from the ISG members6, the relevant deliverables and materials input by 
FP6/IST projects belonging to or associated with the EI Cluster, presentations7 and discussions8 at 
the Cluster meeting held on 23 May 2007, and documents prepared by the editors. Version 1 
focuses on the changing business context for EI, an initial EI value proposition framework and 
primary EI business models.  

                                                           
5 ftp://ftp.cordis.europa.eu/pub/fp7/ict/docs/enet/isg-report-1-1_en.pdf  

6 ftp://ftp.cordis.europa.eu/pub/ist/docs/ict-ent-net/ei-cluster-pres-part1_en.zip, ftp://ftp.cordis.europa.eu/pub/ist/docs/ict-ent-
net/ei-cluster-pres-part2_en.zip, and ftp://ftp.cordis.europa.eu/pub/ist/docs/ict-ent-net/ei-cluster-pres-part3_en.zip  

7 http://cordis.europa.eu/ist/ict-ent-net/isg-contributions.htm  

8 http://cordis.europa.eu/ist/ict-ent-net/min-230507.htm  

ftp://ftp.cordis.europa.eu/pub/fp7/ict/docs/enet/isg-report-1-1_en.pdf
ftp://ftp.cordis.europa.eu/pub/ist/docs/ict-ent-net/ei-cluster-pres-part1_en.zip
ftp://ftp.cordis.europa.eu/pub/ist/docs/ict-ent-net/ei-cluster-pres-part2_en.zip
ftp://ftp.cordis.europa.eu/pub/ist/docs/ict-ent-net/ei-cluster-pres-part2_en.zip
ftp://ftp.cordis.europa.eu/pub/ist/docs/ict-ent-net/ei-cluster-pres-part3_en.zip
http://cordis.europa.eu/ist/ict-ent-net/isg-contributions.htm
http://cordis.europa.eu/ist/ict-ent-net/min-230507.htm
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The European Commission held an open consultation workshop to discuss the contents of 

Version 1 of the ISG Report and the main issues raised in the report during the eChallenges e-2007 
conference on 26 October 2007. The report of this workshop is available9. 

 
Version 2 of the ISG report of 19 November 200710 was prepared by the editors on the basis of 

further written contributions received from the ISG members and additional interested parties11, 
comments and contributions made at the October eChallenges open consultation workshop12, and 
additional documents prepared by the editors. Version 2 focuses on EI offerings and EI value 
analysis, as well as revision of existing contents notably enhancement of the EI value proposition 
framework. It was published by the European Commission for public comment and consultation.  

   
Version 3 of the ISG report of 3 December 200713 was prepared by the editors. It contains draft 

recommendations, as well as enhancement of the value analysis of EI and additional updates. It 
was published by the European Commission for public comment and consultation. 

 
A further EI Cluster meeting was convened by the European Commission on 12 December 

200714, for the purpose of final open consultation of the Work Programme of ICT Programme 
2009-2010 (Objective 1.3). Version 3 of the ISG Report and the Enterprise Interoperability 
Research Roadmap (proposed revisions) were the two principal input documents for consultation. 

 
The meeting output and further written contributions that arrived in December 2007 were 

extensively discussed and analysed by the editors. Following intensive activity, the ISG Report was 
finalised in January 2008, in accordance with the original schedule. The present final version of the 
Report (V4.0)15 is published together with the Annexes as a separate document16 by the European 
Commission. The Report will also be published in book form by the Commission in the coming 
months. 

 

2. The Changing Business Context for Enterprise 
Interoperability  

Introductory Remarks 

It will be argued in this chapter that the opportunities for value creation based on Enterprise 
Interoperability have increased and will further do so in the near future, and that the orientation 
of EI should change to exploit these opportunities. So far, most investments in EI have been driven 
by a focus on an increase in efficiency and top-down change of business processes. EI should 
instead be geared towards leveraging creativity, collaboration and change in more dynamic 
networks to release its full potential as an instrument for value creation. 

                                                           
9 ftp://ftp.cordis.europa.eu/pub/ist/docs/ict-ent-net/echallenges-min1_en.pdf and ftp://ftp.cordis.europa.eu/pub/ist/docs/ict-

ent-net/echallenges-min2_en.pdf   

10 ftp://ftp.cordis.europa.eu/pub/fp7/ict/docs/enet/isg-report-2-0_en.pdf  

11 http://cordis.europa.eu/ist/ict-ent-net/isg.htm  

12 http://cordis.europa.eu/ist/ict-ent-net/ws20071026.htm  

13 ftp://ftp.cordis.europa.eu/pub/fp7/ict/docs/enet/isg-report-3-0_en.pdf  

14 http://cordis.europa.eu/ist/ict-ent-net/ws20071212.htm  

15 ftp://ftp.cordis.europa.eu/pub/fp7/ict/docs/enet/isg-report-4-0_en.pdf 

16 ftp://ftp.cordis.europa.eu/pub/fp7/ict/docs/enet/isg-report-4-0-annexes_en.pdf  

ftp://ftp.cordis.europa.eu/pub/ist/docs/ict-ent-net/echallenges-min1_en.pdf
ftp://ftp.cordis.europa.eu/pub/ist/docs/ict-ent-net/echallenges-min2_en.pdf
ftp://ftp.cordis.europa.eu/pub/ist/docs/ict-ent-net/echallenges-min2_en.pdf
ftp://ftp.cordis.europa.eu/pub/fp7/ict/docs/enet/isg-report-2-0_en.pdf
http://cordis.europa.eu/ist/ict-ent-net/isg.htm
http://cordis.europa.eu/ist/ict-ent-net/ws20071026.htm
ftp://ftp.cordis.europa.eu/pub/fp7/ict/docs/enet/isg-report-3-0_en.pdf
http://cordis.europa.eu/ist/ict-ent-net/ws20071212.htm
ftp://ftp.cordis.europa.eu/pub/fp7/ict/docs/enet/isg-report-4-0_en.pdf
ftp://ftp.cordis.europa.eu/pub/fp7/ict/docs/enet/isg-report-4-0-annexes_en.pdf
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Increasing Obsolescence of the Traditional Perspective of EI  

So far, the deployment of EI has been based strongly on a combination of the following two 
objectives: 

 

 Objective 1: Supporting a “big bang” transition to a more efficient, enterprise-wide “best 
way” of working. This seeks to make sure that the enterprise remains competitive under 
changing market conditions. This new best way of working is defined by a relatively small 
group of dedicated expert analysts (industrial engineers, business engineers, information 
analysts etc.) and implemented and maintained top-down. 
 

 Objective 2: Once the major change related to Objective 1 is completed and the new way 
of working has become business as usual, exploiting the predicted gains in efficiency as 
much and as long as possible in order to secure a proper return on the investment made 
during the initial big bang change process. 

 
Note that while the investment in EI is done to support an initial change in the operations in 

the enterprise that can be quite radical (Objective 1), it is typically not implemented with the idea 
of much subsequent change in mind (Objective 2). Instead, it is assumed that after the initial “big 
bang”, life in the enterprise will remain relatively stable for some time.  

 
Also note that according to this approach, most people in the enterprise (i.e. those not part of 

the group that is dedicated to the design and automation of the work processes) have limited 
influence on the deployment of EI. Of course, many will be its end-users; but what they need to do 
as such is determined by others.  

 
Increasingly this approach leaves the knowledge in enterprises largely unexploited. Under the 

current conditions of fierce competition for knowledge, this under-utilisation of experience and 
expertise is not a sustainable strategy (Ancona et al., 2003). Consequently, especially in an 
environment that aims to be the most dynamic knowledge society in the world in accordance with 
the Lisbon Agenda, EI needs to be driven by a different set of assumptions. We will first briefly look 
into the historical background of the two objectives mentioned above, before further exploring 
potential alternatives.  

EI to increase efficiency in enterprises 

The spectacular rise in wealth in the Western World during the 20th century owes largely to the 
broad adoption of the “machine bureaucracy” approach to organising work, with the following key 
assumptions: 

 

 Assumption 1: A stable demand exists for durable products with a low price; this makes 
large scale repetitive manufacturing lucrative.   
 

 Assumption 2: The resulting scale and complexity of the work in the large facilities requires 
that dedicated experts (industrial engineers etc.) specify what needs to be done and not 
the workers themselves, because the system as a whole is too complex for them to 
comprehend.  

 

 Assumption 3: Common workers – formerly rather independent, if not always very 
efficient due to their low level of education – will accept the “Faustian bargain”: they will 
submit to strict rules defined by these experts in return for higher productivity, more profit 
and the resulting higher pay. 
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This approach is geared towards efficiency (Kanigel, 2000). It is however weak in dealing with 

innovation and change, and does not accommodate creativity very well and even discourages it 
(Zuboff & Maxmin, 2003). During the first half of the 20th century, the advantages of this approach 
clearly outweighed the disadvantages (Landes, 2002). But when the general level of education of 
employees increased and firms needed to address more sophisticated demands of individualising 
consumers, the limitations regarding creativity and innovation became more and more clear, from 
the 1950s onwards. Still, ICT continued to be deployed as an instrument to leverage efficiency in 
enterprises almost without exception until the late 1980s. According to this perspective, ICT is 
not seen as an enabler but as a constitutive technology in the sense that it becomes part of the 
things to which it is applied (European Commission, ISTAG Report, 2006). After the late 1980s, the 
quest for efficiency remained an important motivation for investment in ICT, even though the 
eventual return on investment usually remained modest or difficult to be assessed. 

EI to support occasional, drastic change 

Only towards the end of the 1980s, did it become more widely recognised that merely using 
ICT to automate formerly manual, paper-based work was not enough for firms to remain 
competitive. Instead a more drastic reassessment and change of business processes was required, 
and one that would really exploit the opportunities of ICT. During the 1990s this awareness led to 
a flood of projects, aimed at radical change. Once again, however, most results of these projects 
remained modest and many initiatives ended in severe disappointment (Jones, 1994).  

 
Note that while the two objectives mentioned in the beginning of Section 2.2 differ much 

concerning the targeted level of (radical) change of work methods, they are also very much the 
same in two important respects. First, both assume that the enterprise is run top-down. Thus, the 
only relevant level of discussion about “value” and innovation and change according to this 
perspective is at the “official” firm level. Secondly, both objectives assume that change only occurs 
once in a while and is not a continuous phenomenon. This is closely related to the assumption of 
top-down control. Regarding change, individuals in the enterprise are essentially supposed to wait 
for instructions that will follow from a comprehensive change master plan. This again suggests that 
change only needs to be taken into account at the firm level, as the firm is assumed to change in 
its entirety from one stable state to another.   

 
As we will see in the next section, the assumptions of top-down control and top-down 

occasional change are increasingly removed from the reality inside enterprises. In fact, even the 
notion of the enterprise itself as a rather static and “closed” entity managed from the top-down 
needs to be re-assessed. 

 

From Creating Value in Chains to Creating Value in Networks 

To better appreciate the limitations of the approach discussed in the preceding section, it is 
important to note that it regards enterprises essentially as formal and quite static structures 
around value chains (Porter, 1985). The value chain model can be used to analyse the processes in 
product delivery from inbound logistics to marketing and sales, as illustrated in Figure 2.1. The 
assumption is that product definitions and customer needs of the enterprise are stable and well 
understood. The implication is that efficiency (driving down costs) is the key to success (Ellis and 
Porter, 2005). 
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Figure 0.1 Porter's Value Chain (1985) 

  

However, in a volatile, competitive environment, strategic behaviour is no longer a matter of 
positioning a fixed set of activities along a physical value chain; the focus is instead on 
development of the value creating system itself. In addition, in a traditional supply chain, as 
described by the value chain model, the flow of value, usually through a tangible product, is from 
supplier to customer (in return for money). In contrast, in a modern interpretation of value 
chains or value networks, the value flow is vice versa, from customer to supplier, and is to a 
large extent intangible and knowledge based (Hagel & Armstrong, 1997; Von Hippel, 2005).  

 
Consequently, the "linear, mechanistic view of business that is based on the industrial age 

production line is limitedέ (Allee, 2002) and many sources indicate that the value chain model is 
not adequate for understanding the complexities of value in the knowledge economy. It is 
therefore more appropriate to consider deployment of EI in the context of value networks, instead 
of value chains. A value network is defined as άany web of relationships that generates tangible 
and intangible value through complex dynamic exchanges between two or more individuals, 
groups, or organizations" (Allee 2002).  

 
In Allee’s work, a methodology is proposed which allows modelling organisations and business 

relationships as living networks of tangible and intangible value exchanges. The approach 
proposed by Allee implies several important changes in focus, compared to Porter's approach: 

 A change of focus from hierarchy to network 

 A change of focus from process to people  

 A change of focus from structure to relationship. 
 
Figure 2.2 presents some further differences between the value creation approach of the value 

chain and the value network.  
 
 
 
 
 
 
 
 
 

 
Porter Value Chain 
 

 
Value Network 
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As-is: 

 Cost based competition 

 Business process driven by lowest cost 

 User needs neglected 

 Does not promote innovations 

 Sub-optimisation 
 

To-be: 

 Performance and quality based 
competition 

 Business process driven by customer 
perceived value 

 User needs control the process 

 Encourages innovations  

 Total optimisation 

 Transparency and partnering 
 

 
Figure 0.2 From Value Chain to Value Networks (Tekes, 2006) 

 
 
While the value network consists of several independent entities, it must operate with the 

efficiency of a self-contained enterprise in order to be competitive. This requires managing the 
network on a process rather than on an organisational basis. This in turn places great importance 
on the core enterprise, which is no longer just one actor in a chain but also the central point of 
execution and responsible for the whole value network. The core enterprise provides the 
operational platform and infrastructure by which the other business partners can collaborate to 
deliver goods and services (Ellis and Porter, 2005). 

 
Moreover, because the independent entities need to operate as if they were (temporarily) an 

integrated enterprise, it is key in the value network approach to recognise and leverage the 
intangible assets, such as joint knowledge, a sense of belonging to the network, and collective 
intelligence. This is illustrated by the dotted arrows in Figure 2.3 below. 

 

 
  

Figure 0.3 Modelling the Value Exchanges (Allee, 2002) 

Based on the sense of belonging to the value network and “proximity”, the independent 
entities in the network will produce joint planning knowledge and joint process knowledge. They 
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will share technical know-how, develop designs and plans together and over time create joint 
action and policies that can be considered strategic. Recently this development has been most 
widely discussed in the context of Open Innovation which radically changes the way innovation is 
carried out (see Chapter 4). Such collaboration cannot be enforced from the top-down, because its 
foundations are in the network. Instead, it needs to be based on joint trust in the network and a 
common mission that will gradually develop when its stakeholders (or “members”) come to better 
understand each other, have shared experience and a shared commitment to success. 

 
The above theoretical approaches are empirically confirmed by the Innobarometer study 

(2006) which delivers the following figures: "On average, every fourth company (employing at least 
20 persons) in the European Union (24%) work in a cluster-like environment characterised by close 
cooperation with other local businesses and strong ties to local business infrastructure." This 
analytical report also reveals "that both within the manufacturing and service sectors, high-tech 
industries are the most likely to show signs of a cluster-like environment. Compared to production, 
however, the service sector is generally more prone to cluster-like operation." Interestingly, this 
cluster attitude is not related to high tech or low tech activities since the proportion is similar in 
both market's segments. Accordingly, the main motivations to join a cluster lie in the following 
features17: hiring of skilled people (64%), exchanging information on market (62%), stimulating the 
entrepreneurship spirit (61%), developing partnerships on specific business projects (59%), 
exchanging best practices (57%), exchanging information on technology (55%), facilitating access 
to finance (47%), facilitating sharing of infrastructures (e.g. buildings, research labs, training 
facilities) (46%), access to research infrastructures (labs, universities, etc) (43%), developing 
partnerships to compete in the European market (42%), shortening time to enter market (41%), 
facilitating access to land (32%). Moreover, it is estimated that by 2009, 60% of new collaboration-
related IT projects will seamlessly incorporate supplier, partner and customer personnel – up from 
less than 10% in 2004 (Gartner report 2005). All these features induce different forms of 
coordination among the different stakeholders and need to be taken into account in developing an 
EI value proposition framework (Chapter 3). 

 
Clearly, EI has a vital role to play in facilitating these clusters and networks of value 

developments. It can help make sure that after initial contact the people involved in the value 
network can quickly work together, even though they are part of different enterprises, and over 
time deepen their relationship and retain a common history. EI can also help make sure that the 
entities involved can really act as a value network and facilitate enterprises to flexibly initiate 
collaborative actions that are geared towards innovation value and new opportunities in the 
market place.  

Towards a New Perspective for EI 

The preceding discussion leads to the following conclusions about EI: 

 It is not only a technology to increase efficiency, but a strategic resource to facilitate 
continuous change and value creation  

 It should enable value creation based on very active use of all knowledge in enterprises 

 It should connect large companies and SMEs in terms of knowledge and information 
access, exchange and creation. 
 

Combined, these conclusions point towards a new, third objective for EI, in complement to the 
two objectives introduced in Section 2.2: 

 

                                                           
17 Figures indicate percentage of respondents. 
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 Objective 3: EI should stimulate value creation based on innovation and co-creation in 
a context of networked enterprises that is very much defined bottom-up, by creative, 
committed workers.  

 
According to this perspective, EI helps “reflective practitioners” (Schon, 1995) to manage their 

work, their responsibilities, the key knowledge they possess, and their relations to the work and 
knowledge of others (inside and outside their own enterprise). Unlike the traditional approach, 
this support is not driven top-down and purely enterprise centric, but allows a much more 
individual and subjective approach that leverages personal creativity and initiative. While 
traditionally individuals were supposed to adjust to “the system”, now the situation is reversed: 
the system is much more about supporting the individuals. 

 
In this case, the main value of EI for individual enterprises originates in its support to creative 

destruction (Schumpeter, 1942) and creative construction – EI is a lever for an “open”, “emergent” 
enterprise. Such an enterprise never really arrives at a solid state. It is always being changed by 
those associated with it, depending on the market opportunities that occur at a dynamic pace. As a 
result, the enterprise is no longer regarded as “the machine” that incorporates human labour as 
little parts with a very strictly defined role and that forces customers to buy what it produces. 
Instead the enterprise is first and foremost the manifestation of individual talents and initiatives. It 
facilitates creative solutions that efficiently meet individualised market demands. Enterprises, 
therefore, are much more an intermediary in a wider context than a dominant actor of total 
control18. The enterprise becomes more organic and flexible. It also becomes more porous: what 
exactly is inside and outside the enterprise would be far less clear-cut.   

 
Across enterprises, the main value of EI then lies in facilitating the value network, as described 

above. Eventually this type of support could evolve into a major part of “innovation ecosystems”. 
According to a recent publication on this subject (Nachira, F., Dini, P., Nicolai, A. Le Louarn, M., 
Lèon, L.R., 2007), there are three types of ecosystems: digital ecosystems, business ecosystems 
and innovation ecosystems. The digital ecosystem is a pervasive ICT infrastructure with a particular 
architecture and framework, which is collectively defined and built through a multi-stakeholder 
participative process, and which exhibits some characteristics of the natural ecosystems. The 
business ecosystem is the value network of a multitude of buyers, suppliers and makers of related 
products or services plus the socio-economic environment, including the institutional and 
regulatory framework. The innovation ecosystems, as a dynamic combination of these two 
dimensions, enable new forms of business and computable representations of both the micro-
economic and the macro-economic aspects. Such ecosystems for business have been first coined 
by Moore (1996) emphasising the interdependence of all actors in the business environment, who 
"co-evolve their capabilities and roles". As a result, "The industry is less and less identifiable as a 
discrete sector but is becoming part of a borderless ecosystem. In this ecosystem firms are 
increasingly defined by their role within the converged value network - as system developer, 
content provider, equipment manufacturer, aggregator, access/network operator, etc - rather 
than by traditional market segments." (European Commission, ISTAG 2006). This new 
configuration of economic activity dramatically increases the need for EI in new business contexts. 

 

3. Enterprise Interoperability Value Proposition Framework  

                                                           
18 Henry Ford, probably the most famous champion of the machine bureaucracy, had this intermediary role of enterprises in mind 

when he said: “Enterprises do not pay the wages (of the employees). Customers pay the wages and enterprises only handle the 
money”. 
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To whom is Enterprise Interoperability of Value? 

What is an EI Value Proposition? 

A Value Proposition can be defined as an overall view of a company’s bundle of products and 
services that together are of value to one or several target customer segment(s) (Osterwalder, 
2004). Thus, a Value Proposition (VP) results from a set of elementary offerings (product, services, 
and their features) that have value to customers. These offerings are a major building block of any 
organisation’s business model.   

 
While decision makers in both private and public organisations recognise the importance of 

ICT to their organisations (technology as an enabler of innovation), they also acknowledge that it is 
hard to clearly define its value. In a new business context, a new perspective for Enterprise 
Interoperability is needed (see Chapter 2). It is therefore important to address the question: 
“What is the value proposition of Enterprise Interoperability?” 

 
As a starting point, and considering EI in a generic context rather than purely at the company 

level, we can consider that an Enterprise Interoperability Value Proposition (EIVP) is a set of ICT 
resources, capabilities and competences, bundled into commercial products, services and R&D 
offerings, which are of value to individuals, private and public stakeholders, and which contribute 
to social and economic growth.  

 
This means that EI must be of value beyond individual companies as traditionally conceived 

and embrace the wider context of enterprises and of work in a changing business environment, as 
discussed in Chapter 2. The purpose of this chapter is to demonstrate to managers, public 
servants, policy makers, and the public in general, What value EI brings to these stakeholders, and 
How EI can further raise its value to them.  

Creating Value through EI 

Value creation through EI has several dimensions that must be considered, the importance of 
each of these may vary for the different groups of stakeholders. Enterprise Interoperability must 
essentially contribute to creating direct value for users of EI solutions, being organisations, 
customers, or individuals.  

 
Value can be created either through the Use that users have of products/services; reduction of 

users’ Risk; or by making life easier by reducing users’ Efforts, across the whole value proposition 
life cycle (Osterwalder, 2004).  

 
Value through use is created when products/services correspond to users’ needs. Thus, value 

is created when interoperability provides companies with processes, products, services that are 
really needed by them to efficiently and effectively conduct their business.  

 
Interoperability can also deliver value by reducing the risk that companies must encounter in 

business. One example is that interoperability can significantly reduce the risk of information 
systems investment by reducing or eliminating hardware, software and communications 
compatibility issues. Another example is when companies use interoperability for inventory 
visibility aiming at reducing the “bullwhip effect” (for managing forecast-driven supply chains). 

 
Reducing customer' efforts means creating value through interoperability to lower the effort 

and associated costs for search, acquisition, operation, maintenance, training and post-sales 
services.  
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Providers of EI solutions, being established companies, organisations or innovative 
entrepreneurial start-ups, are also important stakeholders for whom there is an important issue of 
value creation. The Enterprise Interoperability Research Roadmap (European Commission, 2006) 
defines the problem space of EI, provides a new vision for EI, and proposes major research 
challenges (“Grand Challenges”) for solving problems and realising the Roadmap’s vision in a 
climate of profound change in the business environment.  

Value creation in an EI context means also that companies should bear in mind a fourfold 
simultaneous tendency: Co-creation of Value; Exploiting the Long Tail; Thickness of 
Products/Services; and Use of Collective Wisdom / Knowledge19.  

 
Co-creation of Value means engaging users and customers in companies’ innovation 

processes. Authors like Von Hippel (2005), Prahalad et al (2004), Anderson (2006) and Tapscott et 
al (2007) have addressed this rapid movement of innovation development that has emerged in 
both digital/software development and production of goods in manufacturing industries. Thus 
Prahalad and Ramaswamy have defined a new frame of reference for value creation where the 
consumer is central to the co-creation experience. 

  
Exploiting the Long Tail implies considering not only the high demand segment of 

customers/consumers, but also the capability to address the large number of 
customers/consumers that have usually very specific requirements, and that may need highly 
customised or even unique products/services. By taking advantage of the Web’s low cost delivery 
capabilities and functionality such as information filters and aggregators, companies are able to 
profitably mine the “long tail” – the previously elusive and hard-to-reach huge volume of low-
volume market opportunities, even at the level of individual persons (Anderson, 2006).  

 
Thickness of products/services is about how companies commercialise products and services 

that are becoming more complex and rich. There is on-going competitive pressure that leads firms 
to enrich their product/service offerings. In a society where, for example, embedded sensors are 
becoming pervasive and ubiquitous, interoperability is a key enabler for the provision of these new 
services that are bundled with goods, equipment and traditional services.  

 
Use of Collective Wisdom/Knowledge is a rapidly evolving tendency that makes companies 

tap into the collective knowledge of people (either at the individual level or at the institutional 
level) on the decision-making processes and also on the development of the product itself 
(Sunstein, 2006, Surowiecki, 2005). An example is the emergence of prediction markets that help 
public and private organisations with their decision making process, where a price mechanism is 
used to collect the fragmented knowledge/wisdom of the very many people existing in a market.  

 
Yet, it is not only at the “institutional” enterprise level that value is created. EI is also becoming 

of higher value to workers within companies. Previous studies have illustrated the importance of 
developing a society based on knowledge workers, which will partially be grounded in the ICT 
competences of individuals (Denis et al, 2005). The new business context demonstrates the 
importance of not only the ICT competences of consumers and workers, but also the rising 
importance of individual participation in rich networked ecosystems, filled with workers, 
researchers, academic, and consumers. Thus, EI is also creating value to individuals as workers by 
allowing a second movement towards employees’ empowerment (after the downsizing and re-
engineering movement in mid-1990s).  

 

                                                           
19 Expanded notes on the fourfold simultaneous tendency are provided in Annex II, Note 3.1. 
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Finally, some authors acknowledge that disruptive technology is key to “quantum” leaps in 
terms of economic growth (Verspagen, 2001). Recent studies have demonstrated how ICT 
contributed to increasing the labour productivity in the US and EU and therefore also to the 
economic growth since the mid-1990s (Denis et al, 2005). These studies have also demonstrated 
that a main reason for the difference in economic growth between EU and US in the 1990s was 
due to the direct, indirect and “spill-over” effects of ICT. Thus, with EI increasing its importance in 
the ICT market (see the next Chapter 4), it is possible to infer that EI may have an increasing 
contribution to the ICT impact on economic growth. EI is likely to create value to the economy and 
society at large. 

A Multi-Level and Multi-Dimension EI Value Proposition Framework 

A multi-level and multi-dimension framework is needed to describe the value proposition of EI, 
in order to capture the richness and complexity of the subject area. The three levels are Economy-
Society Level, Enterprise-Community Level, and Individual Level. Within each level, there are 
different dimensions for describing the EIVP at that level. The EI Value Proposition Framework is 
depicted in Figure 3.1. 

 
 
 

 
 

Figure 0.4 EIVP Framework 

 
 
This framework assumes that EI Value Proposition must be focused on enterprises and 

communities of enterprises (Enterprise-Community Level), where it has the greatest and direct 
impact.  The framework also assumes that impact at this level has indirect and “spill-over” effects. 
These effects include impact on the human capital of companies, i.e. on workers’ competences, 
including technical, relational, knowledge and behavioural aspects (Individual Level).  In addition, 
the effects include impact on the economy and society (Economy-Society Level). 

 
While all three levels are of interest, we concentrate on the Enterprise-Community Level, as it 

is of the most immediate relevance within the scope of the present report. The interlinking 
Individual Level and Economy-Society Level require other types of analysis and research methods, 
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which are beyond the scope of this report. These two levels therefore are only briefly described in 
the rest of this chapter. 

EIVP at the Enterprise-Community Level 

The dimensions identified are: Value Level; Interaction Type; Breadth of Impact; and 
Geographical Reach.  

 
Value Level addresses the impact that EI can have on the companies’ strategy and strategic 

positioning through the utility that interoperability will bring to citizens, consumers, enterprises, 
and governmental bodies.  Interaction Type captures how the value derived from interoperability 
may be created and why there is the need for EI for improving companies’ strategy. Breadth of 
Impact describes the scope of interoperability, ranging from an intra-organisation initiative to 
broader situations that are industry wide or even cross-industry. Geographical Reach is about 
whether EI is confined to a localised geographical area or whether it has an impact on a wider 
range, e.g. at the European or even global level. These dimensions are illustrated in Figure 3.2.  

 
Figure 0.5 EIVP for Enterprise-Community Level 

Value Level 

Value level measures the utility that interoperability has for enterprises in its strategic 
positioning and strategy, and as a consequence, how EI deployment is perceived and valued by 
consumers, citizens, public bodies and other companies (adapting from Osterwalder, 2004). To 
measure this dimension it is useful to reference a qualitative description by Kim and Mauborgne 
(2005): the concept of “blue ocean strategy” and “red ocean strategy”.   

 
These authors divide companies competing on blue ocean strategies and companies 

competing on red ocean strategies. Companies competing on blue ocean strategies simultaneously 
pursue differentiation and low cost. Their aim is not to out-perform the competition in the existing 
industry, but to create new market space or a “blue ocean”, thereby making the competition 
irrelevant. They achieve this through value innovation, i.e. introducing radical innovations in the 
products, services, processes, etc., that are genuinely valued by customers.  
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The blue ocean strategies differ from red ocean strategies, where most companies compete, 

through seeking lower cost, achieved by higher efficiency; or through differentiation, achieved by 
introducing marginal innovations that are targeted at specific market segments with premium 
price.  

 
Studies demonstrate that blue ocean strategies have a clear impact on companies’ revenues 

and profits, higher than that of red ocean strategies (Kim and Mauborgne, 2002 and Kim and 
Mauborgne, 2005). 

 
Higher EIVP is likely to be achieved when companies are looking to interoperability as a 

means for developing blue ocean strategies, by creating value innovation for customers. In other 
words, this is more likely to be achieved where companies consider EI as an enabler for the four 
tendencies described in Section 3.1.2. 

  
It should however be noted that interoperability can still be used as an enabler to sustain 

competitive strategies based on lower cost in order to obtain efficiency gain, or to sustain 
competitive strategies based on differentiation in order to obtain incremental value-added in 
products, services and processes.  

 
Thus,  

 

   Value Innovation EI Blue Ocean Strategies 
 
Value Level Differentiation 
      EI Red Ocean Strategies 
   Efficiency 
 
Bringing innovation, differentiation and efficiency to customers through EI, as discussed below, 

may occur in different ways. Importantly, interoperability can relate to that between companies, 
between companies and consumers/citizens, and between companies and public bodies. 
Accordingly, while the prime beneficiaries of EI are the customers (enterprises or consumers), 
citizens in general and public bodies are also beneficiaries. Policy consideration is and must be an 
intrinsic aspect of EI. 

Interaction Type 

Value creation will vary considerably according to how companies exploit EI’s five interaction 
types (adapted from Pollar 2005). This is designated as the EI 5C Model, as depicted in Figure 3.3.  

 
 
 

  
 
 
 

 
Figure 0.6 EI 5C Model 
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These interoperability interaction types are mainly related to interactions between 
enterprises, but can also apply to interactions between enterprises and consumers/citizens, and 
between enterprises and public organisations. 

 
Communication – the main purpose of interoperability is to exchange information. The 

informational interaction type has evolved. Currently, beyond simple Web pages with descriptions, 
some companies make available databases with sophisticated data about products, services and 
the exchange (e.g. through business intelligence tools), including 3D CAD components to be 
embedded into 3D CAD applications.  

 
Coordination – the goal is to align activities for mutual benefit, avoiding gaps and overlaps, 

and thus achieve efficiently results. An example of this interaction type is the electronic exchange 
of commercial data related to the transaction life-cycle electronic commerce, from the request for 
quotation, order, etc. to invoicing. Most of the interoperability/integration developed between 
companies and electronic marketplaces has coordination purposes. 

 
Cooperation – in this interaction type interoperability is used for obtaining mutual benefits by 

sharing or partitioning work. This will not only allow greater efficiency but also the possibility to 
obtain some differentiation through time and cost savings. Supply chain visibility, where 
manufacturers and distributors allow each other’s visibility of stocks and sales and production 
plans in order to optimise value chain stocks, is an example of the use of interoperability for 
cooperation.  

 
Collaboration – through this interaction type there is an engagement to achieve results that 

the participants would be unable to accomplish alone - interoperability is a backbone for the 
collaboration. This implies joint goals, joint responsibilities, and working together for the creation 
of innovative solutions. Collaborative tools have appeared in the market, with very complex and 
complete functions like on-line CAD red-lining and mark-up, forums, logs registration, workflow, 
etc., allowing true on-line product design and development. This interoperability interaction type 
can enable the creation of new value propositions, grounded on value innovation, and not just on 
efficiency and differentiation. This can be achieved by involving leading users, consumers and 
business partners in the company’s innovation process of new products/services and processes. 
This analysis will be further developed below.  

 
Channel – in industries like software development, music/video, and other specialised and 

mainstream content (including newspapers), the product/service is becoming digital. The 
consequence is that the preferred distribution channel is not physical anymore, but the Internet 
itself. Even in industries where the product is essentially physical, the service component is 
increasing delivered on-line. The Internet is also a crucial means for allowing companies to deliver 
more products to a wider number of people, i.e. “selling less of more products” (Anderson, 2006; 
cf. the Long Tail of Section 3.1.2). Hence, the Web allows democratisation of the production means 
– implying producing a wider range of products; democratisation of the distribution means – 
implying greater access to niche markets; and connection of demand and offer – implying a bigger 
focus on the niches. EI can be used to support the channel, thus achieving not only efficiency and 
differentiation but also essentially value innovation. 

 
However, the relevance of the EI channel interaction type is not equal for all enterprises – it 

depends on whether companies produce goods, equipment, equipment bundled with services, 
services or pure digital services. This is depicted in Figure 3.4. 
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Figure 0.7 Relevance of EI Channel Interaction Type 

 
 
EI interaction types can occur simultaneously within any business relationship, and the degree 

of sophistication can also vary, with a consequence for the value level of the EIVP. This is depicted 
in Figure 3.5. 

 
 

 
Figure 0.8 Value Level and EI Interaction Types 

 
 
The extension of the more technically focused notion of interoperability to cover the 

organisational and operational aspects of setting up and running IT-supported relationships 
(ATHENA Business Interoperability Framework, 2006) means that different EI interaction types 
have distinct implications for information systems, business processes, employees and culture and 
management of external relationships. This is depicted in Figure 3.6.  
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Figure 0.9 EI Interaction Type Implications for Multi-faceted Interoperability 

 
 
It can be concluded that in order for EI to achieve higher value levels, it needs to depart from 

traditional red ocean strategies (efficiency and differentiation), and aim at blue ocean strategies, 
i.e. value innovation. To accomplish this, collaboration and channel interaction types need to be 
developed and reinforced. Moreover, this requires changes not only in the information systems 
and business processes, but also major changes in respect of employees and culture, and of 
management of business relationships. In other words, Enterprise Interoperability high-end value 
propositions will require new business models, as described in Chapter 4.  

Breadth of Impact 

 
The Breadth of Impact dimension addresses the impact that the EI has in terms of scope. EI 

could be deployed for achieving a company’s internal information integration, for example, by 
making the different company branches, having disparate applications, become interoperable. 
However, as the scope of interoperability becomes wider, EI can be deployed to target specific 
dyadic business relationships, a hub-spokes structure, or business networks. Ultimately, EI may 
also have an industry-wide impact or even an impact across industries. 

 
Extensive studies have reported on how interoperability, through its communication, 

coordination, cooperation, collaboration and channel interaction types have been evolving from 
intra-organisational to business networks, and beyond to industry and across industry (e.g. 
Camarinha-Matos and Afsarmanesh, 2005). Recently, several authors have stressed that the digital 
infrastructure has led to the emergence of another type of Internet-based business networks – 
ecosystems (Nachira et al, 2007). These new networks are characterised by creating relationships 
with business partners and customers across industry boundaries and user market segmentations. 
Within the new business context as described in Chapter 2, the distinction between provider and 
customer is blurring, as customers co-create with producers highly novel products and services.  In 
addition, although the ecosystems have mainly emerged in the digital sector, there is sufficient 
evidence of the development of these new networks in the more traditional industries (Von 
Hippel, 2005; Chesbrough, 2007; Tapscott et al, 2007; Nachira et al, 2007)20. 

 

                                                           
20 Expanded notes on ecosystems are provided in Annex II, Note 3.2. 
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The value level will vary from simple efficiency gains to differentiation as the breadth of impact 
of EI moves from intra-company to hub-spokes and to business networks. In contrast, value 
innovation is likely to emerge in relation to a wider scope, towards ecosystems, industry wide and 
even cross-industry wide impact. This is depicted in Figure 3.7. 

 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 

 
 Figure 0.10 Value Level and Breadth of Impact 

Geographical Reach 

 
The Geographical Reach dimension addresses the impact of EI on geographical boundaries. EI 

initiatives may occur at the local level, i.e. the EI development has business impact within a very 
limited geographical locality, or it can have impact at a regional level, national level, European 
level or even global level.  

 
As businesses move to a new business context as described in Chapter 2, it is expected that EI 
initiatives will target wider geographical coverage. However, it remains true that there are and will 
continue to be many EI initiatives with less ambitious geographical coverage, as much of business 
is still conducted locally and regionally.  

The value level of EI significantly changes along the Geographical Reach dimension. It is 
expected that EI developments on a much localised base are likely to contribute marginally to 
value, whereas as interoperability is deployed on a wider geographical scale, the value level may 
substantially increase. However, interoperability on a wide-scale (European or global level) alone is 
not sufficient for achieving value innovation, though it can help because of the wider reach. The 
wide scale interoperability context that accompanies wider reach may mitigate a firm’s exposure 
to risks.  

 
The Geographical Reach dimension is depicted in Figure 3.8. 
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Figure 0.11 Value Level and Geographical Reach 

EIVP at the Individual Level 

The emergence of the new business context is accelerating continuous changes in the nature 
of the relationship between individuals (employees or knowledge workers) and the organisations 
that employ them. All of these changes have led to a gradual transition from an era in which 
employees’ responsibilities were those of loyalty, attendance, satisfactory performance and 
compliance to authority, to a new era in which people are exhorted to be entrepreneurs, 
innovators, enactors of change and excellent performers (Schalk and Rousseau, 2001).  

 
Human capital can be defined as the employees’ productive resources that create value for 

themselves and for the organisation of which they are part (Gratton and Ghoshal, 2003; Viedma 
and Enache, 2007). EI can have indirect impact on employees’ three kinds of resources described 
below, which collectively constitute their individual human capital. 

 
Intellectual capital (IC) refers to fundamental individual attributes, such as cognitive 

complexity and the capacity to learn, together with the tacit and explicit knowledge, skills and 
expertise that an individual builds over time. EI is currently a major enabler of the IC of firms, not 
only through traditional ICT systems like searching algorithms, web-based distributed business 
intelligence, but also through advances in semantic technologies, the Semantic Web and new 
knowledge-based systems.  

 
Social capital (SC) is the result of past interactions having developed trust, which enable 

collective actions. It refers to the networks of relationships that provide access to the resources 
that members of a network possess or have access to. Web-based social and online communities 
(e.g. “communities of practice”, “epistemic communities”) have been a major building block of the 
new business context, as previously described. Some commentators believe this is the area where 
EI is having the biggest impact at the Individual Level.  

 
Emotional capital (EC) refers to self-confidence based on the self-esteem, courage and 

resilience that individuals need in order to convert their knowledge and relationships into effective 
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actions. Although there is still a diffused understanding of the phenomenon, there seems to be a 
general movement towards “empowered workers”, with employees being more self-confident and 
more proactive. 

 
These different elements of human capital are highly interrelated. EI will thus be of major 

value to individuals since it reinforces and accelerates the virtuous circle of human capital. Social 
capital, in the form of extensive, fluid and reciprocal relationships with people based on ICT-
enabled networks, helps individuals to develop intellectual capital by accessing the knowledge and 
skills those people possess, either at an implicit level or supported by extensive and accessible 
knowledge management systems and databases. Emotional capital brings the integrity and self-
awareness to build open and trusting relationships which underpin the creation of social capital. 
The learning propensity of intellectual capital can be a driver for self-development, resulting in 
self-awareness of emotional capital. Within this reinforcing feedback loop, the self-knowledge 
built though open and meaningful relationships further enhances self-awareness and self-esteem 
(Gratton and Ghoshal, 2003). This creates the environment for open innovation and collaboration.  

EIVP at the Economy-Society Level 

Several studies by NIST address the economic impact of interoperability in various economic 
sectors. The NIST work on the economic impact of STEP (a standard for interoperability in product 
data) stresses that interoperability problems in manufacturing industries affect society’s economic 
welfare in two ways: by increasing the cost of designing and producing final products and by 
delaying the introduction of new improved final products. An increase in the cost of designing and 
producing a new automobile or aircraft may lead to an increase in the equilibrium price of their 
respective markets (Gallagher et al, 2002).  

 
One of the NIST studies estimates that lack of interoperability led to a cost of US$ 15.8 billion 

to the US governmental infrastructure capital investments, i.e. on all governmental building and 
construction infrastructures, meaning an excess of that amount in public money and therefore tax 
payers’ contributions (Gallagher et al, 2004). The study focuses on three types of interoperability 
costs: avoidance costs to prevent technical interoperability problems before they occur; mitigating 
costs to address interoperability problems after they have occurred; and delay costs that arise 
from interoperability problems that delay the introduction of a new product.  

 
Other studies published by NIST (Brunnermeier et al, 1999 and White et al, 2004) provide the 

following estimates of cost for the US economy, arising from lack of interoperability: 

 US$1 billion/year: engineering data in automotive 

 US$5 billion/year: all supply chain data in automotive industry  

 US$3.9 billion/year: all supply chain data in electronics industry.  
   
A recent study on ICT contribution to economic growth of European Commission DG 

Enterprise (Denis et al, 2005) illustrates that productivity is correlated with ICT deployment, 
though its impact is not uniform. Firstly, ICT clearly contributes to economic productivity directly 
by the increased revenue generated by ICT providers and vendors; this being ICT’s main 
contribution to economic growth. In this respect, US ICT companies have had a significant 
advantage over European ICT companies. Secondly, the study shows that the positive correlation 
between ICT and productivity through indirect and “spill-over effects” is greater in sectors like 
retailing, financial and most services, while the evidence of positive impact on other economic 
sectors (including manufacturing) is not so clear. In all the studied cases, US economic sectors have 
been able to obtain more benefits than European ones. Thirdly, although the share of EI solutions 
in the whole ICT market is still relatively low, its importance is growing very fast. 
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The same study also highlights that ICT has an important role in the “innovation infrastructure” 
of an economy, and that also contributes to productivity growth. A similar message is provided in 
the latest edition of the European Competitiveness Report, which also states that almost all 
industries with the highest rate of value added growth are related to the new ICT (European 
Commission, 2007). Thus, it is likely that the impact of EI on innovation processes will also have a 
positive impact on the economy. 

 
Finally, by supporting the emergence of geographically dispersed and democratised 

ecosystems, EI is expected to have an important contribution to e-inclusion and e-citizenship. 

EI Value Proposition Evolution 

The EI value proposition has considerably evolved over the last twenty five years. Early 
deployment of “interoperability”, notably Electronic Data Interchange (EDI), was very much based 
on the communication type of interaction, regional/national based initiatives, and internal and 
dyadic or hub-spokes type of networks. The value of interoperability was essentially about 
efficiency. With the emergence of Web technologies, which have developed alongside the 
previous EDI initiatives, interoperability enabled the expansion of interaction type, supporting e-
commerce and e-business. Thus, besides the communication interaction type, Web technologies 
enabled also coordination, cooperation and even some simple forms of collaboration. These forms 
of interoperability went beyond the traditional stable hub-spokes structures, sustaining business 
networks and reached beyond the regional/national boundaries, to become European-wide and 
even global.  Interoperability became not only a driver for efficiency, but also a driver for 
differentiation.  

 
Today, with new forms of interactions started to emerge on the Internet, collectively 

designated as “Web 2.0” (see further in Section 4.4.1), there are major changes to the EI 
interaction types deployed, with a stronger focus on collaboration and channel. This means 
significant potential for increasing the value level, shifting from the red ocean strategies of 
efficiency gain and differentiation, to the blue ocean strategies of value innovation21. 

  
Hence, the EI Value Proposition in the New Business Era is: 
 
“Value innovation derived from new forms of open collaboration and channels targeting 

new, global and highly customised niches, and grounded in interoperable complex ecosystems, 
connecting end-users, producers, suppliers, software vendors, telcos, public bodies and citizens; 
empowering employees; and sustaining stronger economic growth.” 

 
 

  

                                                           
21 Expanded notes on the different periods of interoperability from the lenses of technology evolution are provided in Annex II, 

Note 3.3. 
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4. Enterprise Interoperability Business Models 

Business Model and Value Proposition: Context and Definitions  

The term “business model”, while certainly not a modern invention, has enjoyed a renaissance 
during the “e-Business Era” in connection with the rise and fall of the dot.coms.  Since then, the 
term has passed into the common parlance of ICT discussions, as well as making regular 
appearances in business and management literature. As a popular term, business model has come 
to be associated with many concepts, such as value, revenue, logic, logistic, strategy, competitive 
advantage, organisation structure, organisation transformation, market structure, and market 
transformation. The most parsimonious definition of business model is probably this one: a 
business model spells out how the company makes money (Rappa, 2002). A recent survey of usage 
of the term concludes that “logic” and “value” are the core words in the literature on business 
models (Keen and Qureshi, 2006).   

 
In the preceding chapter, we have attempted to answer the questions what value does EI bring 

to the stakeholders and how can EI further raise value to them. We have described the value 
proposition of EI in terms of an EI Value Proposition (EIVP) Framework. We have concluded that in 
order for EI to achieve higher value levels, it should target blue ocean strategies, i.e. value 
innovation, in departure from traditional red ocean strategies (efficiency and differentiation). 
Accordingly, for the purpose of this study, we define a business model as follows: 

 
“A business model is a hypothesis, i.e. a model, of how to generate value in a marketplace.” 

(adapted from Keen and Qureshi, 2006)    
 
A business model generates value by defining a series of activities that ultimately deliver a 

product or service to customers. Value generation includes generating both new value (value 
innovation) and incremental value (value added). Value innovation is typically associated with a 
new marketplace; whereas value added is typically associated with an existing marketplace. A 
business model captures value by maintaining resources, assets, capabilities or positions within 
that series of activities. The implementation of that series of activities is described in a business 
strategy.   

 
Importantly, consistent with our approach to the EIVP, value is broadly interpreted beyond the 

boundary of particular companies; it extends to other stakeholders in accordance with the breadth 
of impact as described in the previous chapter. The impact of particular business models is not an 
isolated event for individual companies in the context of networked enterprises. It is not the 
purpose of the present study to provide blueprints for business model design and development in 
order to achieve commercial success in specific cases.     

   
In this chapter, we will describe a set of concepts, based on the EIVP, for addressing business 

models in the field of EI. Specifically, we will provide the characteristics for business models which 
generate high value levels, and seek to explain why that is the case. We will address both supply 
and demand sides of the EI markets, and with reference to the 5C functions of the EIVP 
Framework, focussing particularly on the relationships between the provider and the customer.   
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Types of Business Models  

Following our categorisation of value levels in the previous chapter, business models are 
classified as follows: 

 Business models targeting efficiency 

 Business models targeting differentiation 

 Business models targeting value innovation. 
 
Adapting from the work of Chesbrough (2007), we can distinguish between six main types of 

business models. 
 
Type 1 – Undifferentiated, comprising companies whose business models are commodity-

based, competing purely on price and availability.  
Type 1 targets a modest degree of efficiency in an existing market, with the company being 

primarily inward looking.  
Innovation process: none. 
Example: corner shops 
  
Type 2 - Somewhat differentiated, comprising companies whose products and services have 

some degree of uniqueness, which however can be easily imitated and therefore overtaken.  
Type 2 targets both efficiency and some degree of differentiation in an existing market. 
Innovation process: ad hoc.  
Example: “one-hit wonder” which characterises much of the IT industry  
  
Type 3 - Segmented, comprising companies that compete in different market segments 

simultaneously, offering differentiated products and services based on the characteristics of the 
individual market segments, and therefore can also spread risks, but nevertheless remain 
vulnerable to major technical shifts in the marketplace.  

Type 3 targets both efficiency and segmented differentiation in an existing market.  
Innovation process: planned. 
Example: mature, vertically integrated industrial companies 
 
Type 4 - Externally aware, comprising companies that have started to open themselves to 

external ideas and technologies in the development and execution of the business and have some 
relationships with outsiders for access to the planning of their internal innovation activities.  

Type 4 targets both efficiency and a high degree of differentiation in an existing market.  
Innovation process: externally supported.   
Example: IT companies that open their APIs to external developer communities   
 
Type 5 - Integrated with the innovation process, comprising companies whose business model 

plays a key integrative role within the company. Suppliers and customers enjoy formal institutional 
access to the company's innovation process and reciprocate in kind. Companies therefore begin to 
experiment more directly with the business model itself.  

Type 5 targets efficiency and differentiation in an existing market, but also pays attention to 
value innovation in new markets.  

Innovation process: integrated with the business model. 
Example: IT companies that move from products to include services as well, companies that 

offer its own capability as a turnkey solution  
 
Type 6 - Fully open and adaptive, comprising companies who are fully open to innovation, 

highly sensitive and adaptive to change, and have a strategic commitment to experiment with 
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business models as a continuous, “normal” part of the business. For these companies, suppliers 
and customers are business partners, with whom the companies share risks as well as benefits. 
The business models of these partners are incorporated into the company’s business model(s) and 
vice versa. A key integration enabler is the company's ability to make its technologies a platform of 
innovation for the value network, or even the entire market.  

Type 6 targets not only efficiency and differentiation in an existing market, but is also highly 
focused on value innovation in new markets.  

Innovation process: continuous experimentation with new business models.  
Example: “Household names” in Web 2.0, such as Amazon, Yahoo, eBay and Google 
 
The need for Enterprise Interoperability is progressively greater in support of the business 

models from Type 1 to Type 6. The need increases as the company engages more intensively and 
openly with its business partners and customers. In other words, EI as an enabler is directly linked 
to the openness of the business model, the intensity of the company’s innovation process and the 
degree of engagement of the company with its business partners and customers. All of these 
contribute towards increasing the value level that a company may achieve. Importantly, the 
increase in the value level for the company benefits also its business partners and customers, 
creating a win-win situation.  

  
The above analysis is depicted in Figure 4.1.  
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Figure 0.12 Business Models, Value Level, Innovation and Need for EI (adapted from Chesbrough, 2007) 

 
 
A collection of business scenarios for EI drawn from FP6 projects in the field are presented in 

Annex III, Section 1.   

Business Model Design Principles and Theoretical Foundations 

A survey of applying value theories to business model design yields the following theoretical 
foundations: Value Chain analysis (Porter 1985), Resource-based theory (Peteraf, 1993), Network 
economics (Shapiro and Varian, 1998), Transactional Cost economics (Williamson, 1985), Utility 
theory (Rappa, 2004), and Schumpeterian analysis (Schumpeter, 1934, 1942). Value Chain analysis 
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focuses on “superior, long-term return on investment” within a (fixed) industry structure. 
Resource-Based theory focuses on “complementarities” (the firm’s bundling of capabilities and 
resources and of products and services). Network economics addresses both lock-in and positive 
feedback. Transactional Cost economics, which underpins many B2B initiatives, focuses on 
efficiency. Utility theory concentrates on service delivery in relation to a combination of 
requirements linked to necessity. Novelty or innovation is the overriding theme of Schumpeter’s 
theory. Schumpeter not only postulates the recurring cycles of innovation as creative destruction, 
he also introduces the concept of Schumpeterian Rents – extra profits arising directly from 
innovations that are not reached by business as usual. Creation of new markets and reorganisation 
of industries are the prime sources of Schumpeterian Rents. These theories are summarised in 
Figure 4.2. 
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 Figure 0.13 Economic Theories in support of Business Model Design 

The economic foundation for business models is important, because it directly correlates to 
the driver for investment in the business model, which in turn also determines the financial basis 
for investing in EI. A mapping between these theories to the business model types identified in 
Section 4.2 yields the following:  

  

 Type 1: commodity model based on price and availability. This relates to Necessity.  
 

 Types 2, 3 and 4: product and service uniqueness. This relates variously to ROI, Lock-in, 
and Efficiency.  
 

 Types 5 and 6: business model experimentation and new markets. This relates to Positive 
Feedback, Complementarities and Innovation.   

 
This analysis is depicted in Figure 4.3:  
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Figure 0.14 Economic Bases for Business Model Types 

 
 
On the above analysis, investment in EI technologies and infrastructures should focus on: 

 Positive feedback: the overall value of the offering as well as the value for the individual 
participant depends on the number of other participants in the same “network” associated 
with the offering   

 Symmetry of value: all parties involved - including business partners and end-users (who 
may or may not be paying customers) - gain new value through the relationship 

 Innovation: creating or adding value rather than re-distributing value22. 
 
All the above attributes also correlate with (increasing) openness of the business model. Thus, 

investment in EI directly contributes to the openness of the business model. Put it in another way, 
the openness of the business model is directly linked to the depth of investment support.  

What has Changed ɀ Drivers for New Business Models  

Our research to date has yielded a number of drivers for new business models which will have 
a significant, long-term impact in the field of EI:  

 Web 2.0 developments 

 ICT market trends towards commoditisation and utility 

 A new generation of Key Enabling Technologies (KET) 

 Globalisation. 
 

In this section, we will argue that Web 2.0 provides a new impetus to blue ocean strategies, 
and also that the trends towards commoditisation and utility relegate many traditional business 

                                                           
22 A broader perspective has been introduced in a contribution to this report by Jan Goossenaerts of Eindhoven University of 

Technology. The contribution discusses the institutional framework for investment and growth in the knowledge economy, and draws a 
distinction between public and private sector contributions to investment in different models of the economy (Goossenaerts, 2007). 
Further research in this direction may lead to new insight into the economic foundation for EI and investment analysis of EI as an 
“essential utility” for enabling value creation and innovation (see further under Section 4.4.2).   
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models further into the red ocean zone (see Section 3.2.1 for a description of blue ocean and red 
ocean strategies). KET not only poses new challenges for technical research for EI; specifically, they 
require moving away from traditional preoccupation with integration of legacy systems to a more 
systematic, dynamic and “light-weight” approach to interoperability. Globalisation requires a 
radical re-thinking and re-structuring of the innovation process and the technical solutions for 
global markets as well as local niches within global markets. Finally, we will examine these drivers 
in relation to their impact on innovation enabled by EI. 

 Web 2.0 Developments 

In Chapter 3, we have presented a new value proposition of EI in a New Business Context, 
which is itself described in Chapter 2. One of the most prominent developments that helps shape 
that context is what has come to be known as “Web 2.0”. Building on the analysis of the preceding 
chapters, we examine the business characteristics of Web 2.0.  

 
Whilst Web 2.0 encompasses a seemingly unlimited range of services, these services do have a 

number of common features: 

 They use the Internet as a low cost delivery platform 

 They involve the direct participation and tap into the creativity of a huge community of 
end users 

 They “emerge” rather than being “pre-defined” 

 The companies behind these services do not typically sell software or related services 
despite being heavy users of both 

 These companies move quickly from the “innovation” phase to mass market adoption, 
often through “viral” marketing techniques23 

 The provisioning model is intricately linked to “Software as a Service”24. 
 
These service features lead to the following business characteristics of Web 2.0 companies: 

 Novelty – Web 2.0 companies are doing something new: they create new demand; the 
most successful among them make markets.  

 Customer centric – Web 2.0 companies not only put customers at the centre, many go to 
the extent of blurring the distinction between provider and customer, as epitomised by 
customers being the producer as well as the consumer of content (a.k.a. “prosumers”).  

 Network effect – the usefulness and ultimately the value of the offering rises 
exponentially in relation to the number of customers, as per “Metcalfe’s Law”.  

 Defined by ecosystem – Web 2.0 companies do not fit into traditional industry categories 
or market segments (a consequence of the above characteristics); instead, they create an 
ecosystem of relationships with business partners and customers across traditional 
industry boundaries and user market segmentations. The most successful Web 2.0 

                                                           
23 Viral marketing refers to “marketing techniques that use pre-existing social networks to produce increases in brand awareness, 

through self-replicating viral processes, analogous to the spread of pathological and computer viruses. It can be word-of-mouth 
delivered or enhanced by the network effects of the Internet”.(www.wikipedia.org) 

24 Technically, the services have several common attributes, linked to the “connectedness” of the Internet as a service delivery 
platform and software as a service:  

 Decentralisation of services, with services growing from the “edges” rather than from the “core” 

 The services are usually open for customisation and composition with other services through “public” APIs 

 The services are based on lightweight programming models (simple data formats and protocols, agile methods, 
programming languages based on conventions not configurations, etc.) 

 Use of peer-to-peer architectures and techniques. 
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companies spawn vast concentric cycles of start-ups who make their own business by 
leveraging various new services and capabilities offered by the “hub” company25. 

 Involves a wide array of revenue streams – Web 2.0 companies, though born out of 
technology and pioneer technologies, do not however sell technologies. Instead, they 
derive revenue from three main sources: 1) Advertising, e.g. Google AdSense; 2) 
{ǳōǎŎǊƛǇǘƛƻƴΣ ǘȅǇƛŎŀƭƭȅ ŦƻǊ ǎŜǊǾƛŎŜǎ ǿƛǘƘ ŀ ƭŀǊƎŜ άŦƻƻǘ ǇǊƛƴǘέΣ ǎǳŎƘ ŀǎ от{ƛƎƴŀƭǎΤ оύ 
Transaction commission, which itself encompasses an enormous variety of intermediary 
transaction-related services, e.g. service aggregation, content syndication/ filtering, 
identity management etc. Note however that the business activities and scenarios 
associated with these revenue streams vary considerably. They also engage users in a 
variety of manners.   

 
Web 2.0 provides a new impetus to blue ocean strategies by challenging traditional business 

assumptions. Web 2.0 companies show that:  

 Better and more efficient technical integration at the level of the firm does not necessarily 
lead to better or more efficient networked organisations.  

 The conventional interpretation that companies are defined by their production function, 
and must organise to optimise their costs and operations so that they can gain a 
differentiation in the marketplace and attract consumers, is inadequate.   

 The conventional paradigm for understanding business processes as the production of 
goods and the linear supply chain, where the value points are relatively static, is becoming 
obsolete.  

 In a given market place, value is re-distributed among a fixed amount of value. But in re-
structured and new market places (such as Web 2.0), new values are created.  

 The existing accounting of cost in IT implementation (e.g. CAPEX v. OPEX) and of the cost 
distribution across a given value network is inadequate. 

 The business assumptions behind the Web 2.0 companies are radically different from 
those relating to companies operating with known business processes, stable information 
flow, and established patterns of business and customer relationships. The traditional 
business assumptions typically apply only to companies operating within an existing 
industry. In contrast, Web 2.0 companies do not take existing industry as a given. 

 There is no necessary causal link between value proposition and revenue models. 
Instead, the value proposition of the Web 2.0 companies is closely tied to their business 
characteristics (see above).  

 
The business models of Web 2.0 companies comply with Types 5 and 6 as described in Section 

4.2. These companies target innovation by new value creation rather than re-distributing value; 
they provide symmetry of value for the parties involved; they also engender positive feedback.  
Web 2.0 company constitutes an ecosystem in the sense that the overall value of Web 2.0 
companies is not so much derived from the supply and demand approaches of traditional theories 
of value, but from the “ecosystem” of these companies, comprising all the stakeholders, their 
relationships, and the technical, business-economic and policy infrastructures and frameworks. 
The competitive advantage stems from the ecosystem in which the specific offerings of these 
companies are seamlessly embedded. An entire ecosystem bolstered by network effect raises the 

                                                           
25  Example Web 2.0 companies and the basis of their ecosystems: Amazon (built on recommendation system); eBay (built on 

reputation system); Google (built on relevancy ranking); Yahoo (built on the “walled garden” but without walls); PayPal (built on the 
“missing piece of e-commerce”); LinkedIn (built on “professional networking”); Skype, YouTube, MySpace, Gawker, Craigslist, Flickr, 
del.icio.us, Wikipedia (built on personal conviction/hobby); Facebook (built on “social graphs”); and Second Life (built on “alternative 
reality”).  
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bar of entry for competitors in the same market.  The stickiness of the ecosystem is the new lock-
in of new business models. 

 
In summary, Web 2.0 developments create a new impetus to blue ocean strategies by 

demonstrating the primacy of innovation, and innovation as a basic logic of a business through 
collaboration.  Moreover, the innovation models of Web 2.0 are premised upon the fourfold 
simultaneous tendency identified in Section 3.1.2: Co-creation of Value; Exploiting the Long Tail; 
Thickness of services; and Use of Collective Wisdom/Knowledge.  Web 2.0 has already triggered a 
major re-think across the ICT industry. As a case in point, Figure 4.4 is an analysis of the 
transitioning from “Product Development 1.0” to “Product Development 2.0”.  
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Figure 0.15 The Move to Product Development 2.0 (Hinchcliffe 2007) 

  Product Development 1.0  Product Development 2.0  

Primary Customer 
Interaction Channel:  

Telephone, Mail, Face-to-Face, One Way Media (Print, TV, 
Radio, etc.), e-mail 

World Wide Web, e-mail, IM 

Source of Innovation: Organizations Customers  

Innovation Cycle: Months, Years Minutes, Hours, Days, Weeks 

Content Creators: Internal Producers  External Producers  

Feedback 
Mechanisms: 

Market research, satisfaction surveys, complaints, focus 
groups  

Analytics, online requests, user contributed changes  

Customer 
Engagement Style: 

Controlled, well-defined process  Spontaneous and chaotic  

Product 
Development Process: 

Upfront design  Less upfront, much more emergent  

Product Architecture: 
Closed, not designed for easy extension or reuse by others; 

walled garden 
Open, very easy to extend, refine, change and add on to, ecosystem friendly, designed (and legal) for 

widespread remixing and mashups  

Product 
Development Culture: 

Hierarchical, centralized, Not Invented Here, somewhat 
collaborative, expert-driven  

Egalitarian, decentralized, remix instead of reinvent, highly collaborative, Wisdom of Crowds  

Product Testing: 
Internal, dedicated test groups, hand-picked select 

customers  
Users as testers  

Customer Support: Customer Service  User Community  

Product Promotion: One-Way Marketing and Advertising  
Viral propagation, explicit leveraging of network effects, word of mouth, user generated and other two-way 

advertising  

Business Model: 
Product Sales, Customer Service and Support Fees, Service 

Access Charges, Servicing High Demand Products 
Advertising, Subscriptions, Product Sales, Servicing All Product Niches (The Long Tail), Unintended Uses 

Customer 
Relationship: 

External Buyer (Consumer) Partner and -- increasingly remunerated -- Supplier (Consumers as Producers ) 

Product Ownership: 
Institution, particularly executive management and 

shareholders  
Entire User Community  

Partnering Process: Formal, explicit, infrequent, mediated  Ad hoc, thousands of partners online, disintermediated  

Product 
Development and 
Integration Tools:  

Heavyweight, formal, complex, expensive, time-consuming, 
enterprise-oriented 

Lightweight, informal, simple, free, fast, consumer-oriented  

Competitive 
Advantage: 

Superior products, legal barriers to entry (IP protections), 
brand name advantage, price, popularity, distribution channel 
agreements  

#1 or #2 market leader, leveraging crowdsourcing effectively, mass customization, control over hard-to-create 
data, end-user sense of ownership, popularity, cost-effective customer self-service, audience size, best-of-breed 
architectures of participation  

http://blogs.zdnet.com/Hinchcliffe/?p=74
http://en.wikipedia.org/wiki/Not_Invented_Here
http://web2.socialcomputingmagazine.com/web_20s_real_secret_sauce_network_effects.htm
http://blogs.zdnet.com/Hinchcliffe/?p=55
http://en.wikipedia.org/wiki/Crowdsourcing
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The above figure illustrates the diversity of the issues involved. Moreover, some experts are 
already discussing the characteristics of “Web 3.0” and “Web 3.0 in Enterprise Integration”26.  

 
The use of Web 2.0 within organisations is only at its initial stage. The available case studies show 

that there is significant opportunity to exploit Web 2.0 technologies, particularly the more advanced 
variety of such technologies, for enterprise collaboration. Several case studies and additional details 
of Web 2.0 are presented in Annex II, Note 4.127  

ICT Market Trends towards Commoditisation and Utility 

As noted by the European Commission in its annual Information Society Report (European 
Commission, 2007), ICT products have become increasingly commoditised and future growth can be 
expected mainly in new, niche and replacement products as well as in software and IT services. 
Already the idea of “utility computing” has begun to influence the development of computer 
technology in several areas. These include: Grid technology (Foster, Kesselman, Nick and Tueckel, 
2002), Service-Oriented Knowledge Utility (Next Generation Grids Expert Group, 2006) and, within 
the field of EI, the proposal for an Interoperability Service Utility (ISU) in the Enterprise 
Interoperability Research Roadmap (European Commission, 2006). A new perspective of IT is 
emerging, specifically: 

 Basic IT functions, which are essential for economic activity, have become a critical 
infrastructure for society, and therefore are not a purely commercial concern  

 As the cost of producing and delivering IT continues to fall, basic IT functions are becoming 
commodities, and should be provisioned as such.  

 
As noted in the above Roadmap, interoperability as a utility-like capability is essential for 

enabling business innovation and value creation. Specifically, within the concept of the ISU, 
interoperability is interpreted as technical, commoditised functionality delivered as services. The 
question is: what is the impact on the business models for EI?     

 
The software industry is changing rapidly and radically. There are a lot of developments 

surrounding the notions of service on demand, software as a service, application-based services, and 
user-centric and user-generated services. As evidenced by the Web 2.0 developments described in 
the previous subsection, all of these potentially open up vast business opportunities for the creation 
and provision of innovative, low-cost, value-added, software services (e.g. Paypal and Google 
Checkout for making electronic payment; Facebook, LinkedIn, Rize, and Friendster for social 
networking; Google Adwords for advertising; eBay and Amazon for marketing and selling; Thwate 
and VeriSign for digital signatures; and Microsoft Windows CardSpace and Liberty Alliance for 
identity services).  

 
Importantly, many of the services that are associated with Web 2.0 today are in a prime position 

to transition to business-to-business services, and specifically as utility services. In parallel, more high 
value added capabilities will be provided through the provision of services, delivered on-line and in 
real-time. These value added services will be more fine-tuned to the needs of the end-user of the 
services and add direct value to the business operation of the customer. Critically, these services can 
be created at low cost and therefore provided at low cost, and need not be locked into the 
“ecosystem” of particular platform providers. Moreover, these services will need to compete on their 
own merits within the market. The corollary is that they would encourage the emergence of 

                                                           
26 See the presentation slides of Mathew West of Shell International submitted for the European Commission DG INFSO EI Cluster 

Workshop held during eChallenges on 26 October 2007 – reference given in Footnote 15. The slides include a pictorial description of the 
trajectory from “Web 1.0” to “Web 4.0”, sourced from Radar Networks, based on the progression of “Semantics of Information 
Connections” and “Semantics of Social Connections”.   

27 These case studies are provided by courtesy of Igor Santos, Fundación European Software Institute.  
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innovative business models. They would particularly encourage the emergence of new service 
providers in accordance with the fourfold simultaneous tendency identified in Section 3.1.2 – i.e. 
service providers who focus on “co-creation of value”, utilise standard basic tools pooled from 
“collective wisdom and knowledge”, leverage “thickness of products/services”, and target markets 
which are traditionally less well-served by exploiting the SME “Long Tail”.   

 
Accordingly, the trends towards commoditisation and utility will enlarge the scope of Type 1 

business models, i.e. relegating increasing numbers of hitherto “value added” business models into 
Type 1. As a result, companies on the supply side of the ICT industry need to step up the innovation 
process and provide higher value offerings that deliver specific business benefits to the customers 
and end-users. This would become crucial for the competitiveness of these companies in open 
markets. In other words, ICT commoditisation and utility pushes business models towards value 
innovation, i.e. business models of Types 5 and 6 in our foregoing analysis.    

 
The distinction between utility service based business models and value added service based 

business models can be described in terms of trade-offs between their economic properties 
(exclusivity and rivalry), as well as trade-offs between cost and functionality. This is depicted in Figure 
4.5.   

Utility Services
High Volume 

Low Margin

Value Added Services
Low Volume

High Margin

Cost / 

Exclusivity

Functionality / 

Rivalry

High

High

Added Value

Nil / Low

 
Figure 0.16 Comparison between Utility Service based Business Models and Value Added Service based Business 

Models based on Trade-offs (Li, 2007) 

 
 
The innovation creation of value added service is critically dependent upon the widespread 

availability of utility services, i.e. value add to utility. To date, there has little research into the utility 
service business models in ICT, though the situation is expected to change as the business-economic 
aspects of the ISU are further explored. A notable exception is the study of utility characteristics for 
computing services (Rappa, 2004), in which 6 common characteristics are identified: Necessity, 
Reliability, Usability, Utilisation, Scalability and Exclusivity. Consistent with the view expressed above, 
Rappa argues that the nature of utility model needs to be understood within the context of business 
models in general, i.e. not treating it as an isolated market phenomenon. Specifically, supplier-
customer relationship is identified as the primary differentiator for different types of business 
models in Web-based enterprises. This reinforces the emerging view that companies are nowadays 
less defined by the production function, but by their ability to cultivate (new) relationships with 
customers. Companies therefore must think carefully how to balance value to the customer with 
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value to themselves. Business models are a vehicle for addressing this balance (Keen and Qureshi, 
2006).  

A New Generation of Key Enabling Technologies  

The present study is grounded in the changing context for businesses. As indicated above, 
interoperability is closely coupled with the changing nature of business needs.  New technologies and 
tools give rise to entirely new models of collaboration and competition which call into question the 
traditional notion of systems, assets and value creation. They re-define the relationships between 
the provider and the user. They also potentially enable a more transparent, open and level playing 
field in existing and new markets, particularly important for SMEs and entrepreneurial start-up 
companies.  

 
ICT solutions for enterprises must address the new context of interoperable enterprises, as 

individual entities staffed by people and as units within evolving ecosystems. Specifically, enterprises, 
as end-users of ICT solutions which purport to interoperate, must be the beneficiary of these 
solutions. As noted in the Enterprise Interoperability Research Roadmap, the EI research field so far 
covers a number of main topics, each with its own state-of-the-art. These include: enterprise 
business relations, frameworks, sector specific specifications, service oriented computing and service 
oriented architectures (Web services, Grid services and P2P services), commercial middleware 
solutions, semantic web services, domain ontology, modelling and notation languages, enterprise 
modelling, and trust and contract management. European supported projects under the previous 
research programme FP6 have tended to focus on one or more of these areas, with varying 
emphasises on individual elements. The challenge remains to converge between these different 
technological areas, to develop and build long-term generic solutions rather than piecemeal quick 
fixes, and to take due account of neighbouring developments which are not traditionally within the 
confines of the “enterprise solution space”.  Given that some of the key enabling technologies of the 
past are increasingly subject to commoditisation (see Section 4.4.2), the need to leverage next 
generation key enabling technologies to solve enterprise problems in evolving and new business 
contexts is critical - not just for the ICT industry, but for the economy in general.  

 
Web 2.0 developments are highlighted in this report. The massive “spill over” of Web 2.0 

developments from the consumer into the business space has been confirmed by a multitude of 
recent (2007) reports in the business world, such as BusinessWeek, Forrester and McKinsey among 
others. For example, Software as a Service is already a well horned and profitable business model for 
several high profile, young companies delivering on-demand, pay-as-you-go applications; social 
networking technology and “social” features are expected to be increasingly common among 
business software; the concept of “ERP mashup” has been mooted; RSS information syndication 
heralds a new channel of information exchange between business systems; and the technology 
offerings of the likes of Google and Amazon attract high interest, experimentation and uptake among 
both ICT and non-ICT SMEs. In general, technology development is increasingly less top-down and 
locked-down; sandbox development with user involvement is challenging the static orderly pipeline 
approach of software development; and the glass-box approach of open, modular, light-weight 
software building blocks is eroding the black-box proprietary platforms requiring complex, hard-
wired interfaces. In short, the growing and seemingly chaotic profusion of “simple” Web 2.0 
technologies are emerging as the next building blocks for new technology systems, applications and 
models. In parallel, service oriented architectures shift the focus from complex and expensive system 
integration to dynamic service creation, execution, discovery, composition and orchestration, 
potentially rendering some traditional IT issues irrelevant. Software as a Service is already changing 
the product offerings and even business models of major providers in the field28. The stage therefore 

                                                           
28 For example, SAP announced in September 2007 a new line of Web-delivered software that will radically change the company's 

business model (CEO Kagermann: “It's a new era for SAP”) and may shake up Internet software provisioning. Called Business ByDesign, the 
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is set for a new generation of business models leveraging a new generation of key technology 
technologies.  

Globalisation 

The term “globalisation” is by no means new, and is so broadly used that it has come to mean 
slightly different things at different points in time to different people29. In general, its use is linked to 
the spread and connectedness of production, communication and technologies across the world. 
However, despite the vintage of globalisation, many believe the current situation is of a 
fundamentally different order to what has gone before. Thomas Friedman (2005) uses the metaphor 
of a flattening world to capture the powerful forces unleashed by globalisation. In the Enterprise 
Interoperability Research Roadmap, globalisation is linked to the enterprise challenge of managing 
changing and innovation in an increasingly competitive world. The Roadmap also observes that this 
challenge is the greater for SMEs, “which do not have the large R&D budgets available to the large 
corporations and have more limited capability to interoperate with other enterprises (if at all)”.  

 
Recent studies at the OECD (Pilat, 2007) suggest that the current phase of globalisation is 

characterised by four new trends that impact on businesses: 

 The spread of global value chains: production is increasingly fragmented across countries 
leading to more specialisation  

 Inter-firm trade by multinational enterprises accounts for a large part of global trade flows 

 Trade in services is growing rapidly, enabled by information and communications 
technologies 

 The integration of large emerging economies, notably China and India, in increasingly more 
innovative areas of economic activity. 

 
Importantly, globalisation provides new opportunities, as well as challenges, for innovation. 

These include leveraging ICT for more rapid innovation in particularly services, the broadening of 
markets and the need for greater specialisation, and the rising resources being dedicated globally to 
R&D. It has led some commentators to suggest that globalisation and innovation should be 
addressed as inter-related topics of a new research agenda. Moreover, IT innovation and public 
policy shifts towards reducing barriers to market should be part of this research agenda (Hagel and 
Brown, 2006).   

 
Globalisation therefore is tightly coupled with the other three key drivers for new business 

models described in the preceding sub-sections. Web 2.0 developments are a manifestation of the 
interaction between technological innovations combined with world-wide reach, new forms of 
network and networking. The ICT market trends towards commoditisation and utility are a 
consequence of competition in wider and more open markets which strengthen the pressure to 
innovate, and which force ICT companies to move up the value chain. The power and impact of key 

                                                                                                                                                                                     
software is initially a one-size-fits-all, subscription-based package aimed at mid-sized companies. It integrates management of several 
application areas including financials, human resources, supply chain and CRM. According to the company, Business ByDesign will cost 
$149 per month per user and $54 per month per five users for a pared-down version. The new software is said to have been developed 
involving one-fifth of the company's 12,300 developers, and is a crucial plank in SAP's strategy to more than double its customer base to 
100,000 by 2010. By way of comparison, Salesforce.com currently has 35,000 customers (predominantly SMEs), with prices starting from 
$60 per user per month. 

29
 The themes that appear with regularity in the literature on globalisation include: de-localisation and supra-territoriality; the 

speed and power of technological innovation and the associated growth of risk; the rise of multinational corporations; 
and whether and the extent to which the moves towards the creation of (global) ñfree marketsò lead to instability and division. A 
sample of the discussion on these themes is at http://www.infed.org/biblio/globalization.htm.    

 

http://www.infed.org/biblio/globalization.htm
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enabling technologies are a direct result of rising global investments in R&D; with these technologies 
further fuelling the momentum and power of change on a global scale.  

 
As a consequence of globalisation, the world today is one of multiple connections (Mulgan 1998). 

Value networks and ecosystems which transcend firms, industries and geographic boundaries are 
classic examples of this - they are organised around networks of R&D, production, management and 
distribution. Those that are successful must be able to respond quickly to change, both in the market 
and in production. Innovative and dynamic business models are essential. Globalisation therefore has 
created a business environment in which a static, “overarching” business model is irrelevant.  

 
As R&D and innovation become more dispersed, enterprises will begin to face a new set of 

challenges. Global innovation presents opportunities for enterprises to widen their net of knowledge 
inputs and access to new skills, technologies and customers. But managing and integrating these 
activities requires new organisational structures, processes and capabilities. In other words, a new 
approach to business model needs to be underpined by a new approach to enterprise systems, as 
well as a new approach to assessing the value of investment in those systems (see respectively 
Chapters 5 and 6).   

Impact on Innovation  

In conclusion, the above drivers show that the process of innovation will increasingly be linked to 
enterprises ability to collaborate and to interoperate, in continuously evolving value networks and 
new ecosystems. Systems should be designed to encourage participation (the “open innovation” 
model of Web 2.0 is in contrast with the “closed innovation” model of the more traditional 
companies). The architecture of participation must be an intrinsic part of business interoperation, at 
the level of the enterprise and community of enterprises, the individual and society.  

 
Delivering software as a service is here to stay. The output of innovation, particularly software, is 

increasingly not so much an artefact, but a process of engagement with users and partners.  
 
Until recently, innovation was a function of tapping into internal intellectual resources and 

nurturing the business while protecting it from outside exposure or interference. Companies have 
fiercely guarded their patents, trade secrets, and other intellectual property to leverage the most 
value from their own innovative efforts. Open innovation, by contrast, calls for companies to make 
much greater use of external ideas and technologies while sharing their unused ideas with others. 
This requires each company to open up its business model to let more external ideas and technology 
flow in and more internal knowledge flow out, as Web 2.0 has clearly shown.  

 
There is a clear business case for Enterprise Interoperability, by relating this business case to 

value innovation and openness in business models. 
  

5. Enterprise Interoperability Offerings 

Enterprise Interoperability Value Proposition, Business Models and 
Offerings 

ICT promises evolutions, revolutions and even transformations in how companies do business. As 
noted in the Enterprise Interoperability Research Roadmap (European Commission, 2006), today an 
enterprise’s competitiveness is to a large extent determined by its ability to seamlessly interoperate 
with others. However, the Roadmap also cautions against the sustainability of ICT-enabled first 
mover advantage: any such advantage gained by an enterprise can be rapidly eliminated by 
competitive improvements elsewhere. Instead, the only advantage that an enterprise will enjoy will 
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be its process of innovation. Moreover, the core innovation of enterprises is closely linked to an 
enterprise’s ability to collaborate, ability to adapt, and ability to interoperate. In this respect, the 
Roadmap positions future enterprises as nodes in innovation ecosystems, where interoperability 
spans all enterprises throughout and across entire innovation ecosystems.     

 
In Chapter 3, we have described an Enterprise Interoperability Value Proposition (EIVP) 

Framework with a specific focus on value innovation – the introduction of radical innovation that 
makes the competition irrelevant. We have contrasted this with the pursuit of cost reduction 
(marginal innovation through efficiency) and differentiation (marginal innovation through specific 
market segment targeting), both of which can rapidly be bargained away – and therefore “de-
valued” through competitive pressures. The analysis based on the four dimensions of the EIVP 
framework yields specific guidance on the focus of EI offerings, which is depicted in Figure 5.1.   

EI

Offerings
EIEI

OfferingsOfferings

Value Level 
Value Innovation

Value Level Value Level 
Value InnovationValue Innovation

Interaction Type
Collaboration

Channel

Interaction TypeInteraction Type
CollaborationCollaboration

ChannelChannel

Breadth of Impact
Ecosystem

Industry

Cross Industry 

Breadth of ImpactBreadth of Impact
EcosystemEcosystem

IndustryIndustry

Cross Industry Cross Industry 

Geographical Reach
European

Global

Geographical ReachGeographical Reach
EuropeanEuropean

GlobalGlobal

 
Figure 0.17 Focus of EI Offerings from EIVP Analysis 

-- EI Offerings to support Value Innovation  
 
 
In Chapter 4, we have applied the EIVP framework to the analysis of business models and the 

underlying economic foundations. This yields the proposition that the need for EI is progressively 
greater for those business models that are “open”, that enable the innovation processes, and that 
encourage engagement of the company with its business partners and customers. We have linked 
the need for and intensity of EI with both creation of new markets and experimentation with 
business models. This creates a win-win situation for not just the enterprise concerned, but also its 
business partners and customers. Specifically, EI offerings should focus on supporting Type 5 and 
Type 6 business models. This is depicted in Figure 5.2.   
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Figure 0.18 Focus of EI Offerings from EI Business Model Analysis 

-- EI Offerings to support Types 5 & 6 Business Models  
 
 
In the present chapter, we provide an overview of EI offerings within the focus as presented 

above. The analysis is complementary to the Enterprise Interoperability Research Roadmap. EI 
offerings are positioned in relation to the Problem Space as defined in the Roadmap, and are 
categorised in accordance with the four Grand Challenges described in the Roadmap. The offerings 
are then further described with reference to achieving the Vision of the Roadmap. Consolidating the 
findings of the previous chapters on value innovation, it is proposed that disruptive innovation at 
the enterprise level needs to be matched by disruptive innovation for enterprise systems of the 
future.    

 
In accordance with the direction of the previous chapters, we are less concerned with specific 

solutions that help enterprises to interoperate – EI solutions here are highly context dependent; 
arguably their value-add to the customer depends on the customisation of those solutions. The 
solution space of EI is a commercial concern of the market and proprietary matter of the market 
actors concerned. Instead, we focus on offerings that contribute to the EI field as a whole, and that 
are driven by the business needs of evolving enterprises, within the scope of the present report 
which concerns the long-term research needs of EI, particularly publicly financed research30. 

 
It is not the purpose of the present chapter, or within the scope of the present report, to identify 

specific technical and other Research Challenges in the field of EI. This important exercise is part of a 
separate activity of updating the Enterprise Interoperability Research Roadmap, which is on-going at 
the time of preparing the present report.     

 

                                                           
30 As noted in the Scope of this report (Section 1.3), we make a distinction between the provision of EI solutions, which is a 

commercial concern and activity, and the provision of EI offerings, which has a wider perspective of public concern and interest in respect 
of the changing nature of EI and the long-term research needs of EI. 



49 

 

EI Problem Space and Solution Space in accordance with the EI Research 
Roadmap 

 
Under FP6, EI research has focused on interoperability of enterprise software and applications, 

including intelligent infrastructure in dynamic networks, new generation of semantic tools, 
architectures and frameworks as well as open networks of interactive, autonomous and intelligent 
software components (European Commission, 2007).  The key results of several FP6 projects in the 
field are summarised in Annex III, Section 2.  

The Enterprise Interoperability Research Roadmap has linked EI solution provisioning with EI 
problem solving. The Roadmap identifies six dimensions for the EI problem space. The present study 
not only reinforces this approach, but further advances the relationships between the problem 
dimensions which EI offerings must address. In particular, offerings that have a sound business case 
and provide a clear value proposition (addressing Roadmap problem dimension 5) are those that also 
enable the process of innovation, facilitate Open Innovation, and take into account the geographical 
reach of globalisation (addressing respectively Roadmap problem dimensions 1, 6 and 2). Moreover, 
those offerings also relate to decision-making (addressing Roadmap problem dimension 3) by 
increasing the engagement between the enterprise with both business partners and customers. So 
far, the reduction of IT cost (addressing Roadmap problem dimension 2) has not been explicitly 
raised in the present report; instead this report has made a careful distinction between value and 
financial cost/revenue. However, as will be seen below, the cost issue is closely linked to offerings 
that flow from tackling the Grand Challenges proposed in the Roadmap.  

 
From the four Grand Challenges of the Roadmap, four types of EI offering can be derived:   

 Interoperability Service Utility (ISU): a new infrastructure for EI 

 Web Technologies for EI: a new generation of technologies in support of applying Web 2.0 to 
the enterprise space (“Enterprise 2.0”)  

 Knowledge-Oriented Collaboration (KOC): methods and tools to support knowledge sharing 
within a Virtual Organisation to the mutual benefit of partners of the Virtual Organisation 

 Science Base: new scientific foundations for EI by making use of other scientific disciplines – 
EI offerings that are rested on and subject to the rigour of science. 

 
By linking the EI offering with the EIVP and EI business models, we can further characterise EI 

Offerings, as shown in Figure 5.3.       
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Figure 0.19 EI Offerings in support of the Grand Challenges of EI Research Roadmap 

Throughout this report, we have emphasised the importance of value innovation for enterprises, 
and the theme of change for enterprises that wish to succeed – or maybe even survive – into the 
future. We have also indicated that both the mechanism for and the nature of innovation are 
changing. Accordingly, there is a critical need for innovation of IT systems that enable, support and 
catalyse the innovation of enterprises in times of profound and accelerating change. Disruptive 
innovation at the enterprise level needs to be matched by disruptive innovation for enterprise 
systems of the future. Importantly, infrastructures, technologies, methods and tools are valuable in 
terms of the overall business impact that they have on the enterprise. Specifically, enterprise does 
not implement an EI offering in isolation of other EI offerings already adopted or planned – the 
technical merit or advancement of individual  infrastructures, technologies, methods and tools does 
not on its own, or by itself, provide business advancement or impact. Value is delivered at the level 
of the system, not components or elements of such a system31. The four Grand Challenges of the EI 
Research Roadmap underlines this systemic view of ICT for enterprises, which is intrinsically 
different from the technology-driven approach of other areas of ICT research. The question therefore 
becomes: what innovation is needed for EI offerings to support future enterprise systems? 

EI Offerings to support Future Enterprise Systems 

Characteristics of Future Enterprise Systems 

The requirements for enterprise systems flow from the business model that a system is intended 
to enable and support. Successful future systems therefore will increasingly be aligned with the 
needs of Type 5 and Type 6 of EI business models as described in Chapter 4. We further propose that 
this alignment should be a full alignment in the sense that they reflect directly the main 
characteristics of these business models, namely:    

 
Enterprise systems which are fully open, adaptive and integrated with innovation 

processes. 
 
Interoperability of enterprises therefore will need to focus on System Openness, System 

Adaptability and System Integration within a new perspective of the enterprise. The following 
provides a description of these three characteristics.    

 

 
Characteristics 

 
Description 

System Openness  
An enhanced definition is 

needed.  
{ǇŜŎƛŦƛŎŀƭƭȅΣ άƻǇŜƴƴŜǎǎέ 

for enterprise systems is wider 
than basic interconnectivity at 
level of technology, or basic 
integration of application 
solutions from multiple 
sources. 

The following attributes map directly onto the six dimensions of the problem space 
defined in the EI Research Roadmap:  

 Openness to change  

 Openness to competitiveness in a globalised economy 

 Openness to integration (with other IT solutions) 

 Openness to information access and optimisation (addressing the “information big 
bang”) 

 Openness to business cases and business models 

 Openness to ideas, specifically openness in ideas sourcing and sharing 
 

System Adaptability Moving from centralised production to peer production:  

 Productive power is on the edge of the network 

                                                           
31 Moreover, a system is not just “a sum of the parts”, as evidenced by the complexity of integration in past EI research (Li, Deshmukh 

and Jones, 2006). The value of an enterprise system is enterprise specific – an enterprise system as a collection of IT technologies and 
assets is valuable in terms of the business value it delivers. It certainly is not an amalgamation of the “value” of individual subsystems or 
components. Not only does the latter make little business sense, it is also impossible to measure. For further discussion, see Chapter 6.  
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 Shift of control from enterprises as “institutions” to enterprises as “communities of 
individuals”  

 Design to change rather than design to stay  
 
aƻǾƛƴƎ ŦǊƻƳ ǇƭŀƴƴŜŘ ǳǎŜ ǘƻ άŜƳŜǊƎŜƴǘέ ǳǎŜΣ ǇǊƻŘǳŎƛƴƎ ƻǳǘǇǳǘ ǿƘƛŎƘ ƛǎΥ  

 More voluminous 

 More diverse 

 More unpredictable 

 More open-ended  
 

Moving from a push paradigm to a pull paradigm: 

 Replacing demand forecast with the capability of providing flexible resourcing 

 Connecting people with the resources that are most relevant to them whenever 
and wherever they need the resources 
Moving Web 2.0 concepts and technologies into the workspace, new system 

properties that ƭŜŀŘ ǘƻ άǊƛŎƘŜǊέ ƻǳǘŎƻƳŜǎΣ ŀƴŘ ŜƴŎƻǳǊŀƎŜ άŜƳŜǊƎŜƴǘ ǎǘǊǳŎǘǳǊŜǎ ŀƴŘ 
ōŜƘŀǾƛƻǳǊǎέ όǎŜŜ ŦǳǊǘƘŜǊ ǳƴŘŜǊ рΦоΦнύΥ  

 Ability to deal with freeform as well as structured information 

 Simplicity over complexity  

 Service oriented delivery channels 

 Ease of change 

 Ability to handle both intended and unintended use 

 “Social” – focus on diffusion rather than centralisation, practice rather than design, 
“light weight” rather than “heavy weight”, de facto rather de jure, users as co-
creators rather than passive consumers, user control rather than central control 
 

System Integration  Moving away from a monolithic platform view of integration to an infrastructural 
view of interoperability 

 Moving away from technology “silos” 

 Moving away from integration of specific solutions and tools to light-weight 
modular building blocks (“widgets”) 

 Re-thinking the boundary between applications and services – business processes 
are artefacts and therefore not immutable 

 Software as part of an ecosystem larger than itself 

 New approaches to integration with legacy systems 
 

 

ȰEnterprise 2.0ȱ 

As noted in Section 4.4.3, there is clear evidence of a massive “spill over” of Web 2.0 type of 
development from the consumer into the business environment. As part of this trend, the term 
“Enterprise 2.0” was coined in 2006, and has been most prominently associated with the definition 
proposed by Andrew McAfee: "Enterprise 2.0 is the use of emergent social software platforms 
within companies, or between companies and their partners or customers" (McAfee, 2006a). 
According to McAfee, in comparison with previous attempts to use the Web for business work, 
proponents of Enterprise 2.0 do not seek to impose on users any pre-conceived notions about how 
work should proceed and how output should be categorised or structured.  Instead, they are building 
tools that let these aspects of knowledge work emerge32. Importantly, in the opinion of Enterprise 

                                                           
32 McAfee continues: This is a profound shift. Most current platforms, such as knowledge management systems, information portals, 

intranets, and workflow applications, are highly structured from the start, and users have little opportunity to influence this structure.  Wiki 
inventor Ward Cunningham highlights an important shortcoming of this approach: "For questions like ‘What’s going on in the project?’ we 
could design a database.  But whatever fields we put in the database would turn out to be what’s not important about what’s going on in 
the project.  What’s important about the project is the stuff you don’t anticipate." (McAfee, 2006b). 
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2.0 proponents, this is based on a new view of software platforms that support the changing nature 
of enterprises and that focus on the practices and outputs of knowledge workers.  

 
A summary of the change from Enterprise 1.0 to 2.0 is provided in Figure 5.4. Of note are the 

changing characteristics of the enterprise, which reflect the changing context of business as 
described in Chapter 2.  

 
There is much on-going discussion about the similarities and differences between Enterprise 2.0 

and the equally topical Service Oriented Architectures (SOA) – a discussion that is beginning to 
eclipse the discussion of “Web 2.0 vs. SOA”. One crucial area of debate is about whether, and if so 
the extent to which and the importance of which, there is “human in the loop”. Another is the 
structure of the systems involved, notably planned (imposed) up-front or emergent over time. A 
third area of debate is the modality of IT development and production, notably centralised or peer-
to-peer. A fourth area of contention is the extent to which Enterprise 2.0 and Web 2.0 are 
technology neutral.   

 

Enterprise 1.0 Enterprise 2.0 

Hierarchy 
Friction 
Bureaucracy 
Inflexibility 
IT-driven technology/ Lack of user control 
Top down 
Centralized 
Teams are in one building/ one time zone 
Silos and boundaries 
Need to know 
Information systems are structured and dictated 
Taxonomies 
Overly complex 
Closed/ proprietary standards 
Scheduled 
Long time-to-market cycles 

Flat Organization 
Ease of Organization Flow 
Agility 
Flexibility 
User-driven technology 
Bottom up 
Distributed 
Teams are global 
Fuzzy boundaries, open borders 
Transparency 
Information systems are emergent 
Folksonomies

33
 

Simple 
Open 
On Demand 
Short time-to-market cycles 

Figure 0.20 Comparison of Enterprise 1.0 with Enterprise 2.0  

(Source: Unknown, 2007: What is Enterprise 2.0?) 
 

 
It is not within the scope of this chapter, or this report, to resolve this debate; clearly both 

Enterprise 2.0 and SOA are undergoing continuing development in both theory and practice34. 
However, the resolution of the debate would have implications for the kind of EI solutions that will 
become available on the market, and the positioning of those solutions. They would therefore also 
impact on the practical means of achieving of EI, at least in the short to medium term. For example, 
solutions that focus on a pragmatic extraction of what actually works best in online product design 
(Enterprise 2.0) would be different in nature to those that are the outcome of a rigorous a priori 
engineering exercise (SOA). Interoperability in the former would prioritise on run time issues, 
whereas in the latter would prioritise on design time issues. The core of interoperability would also 

                                                           
33 www.wikipedia.org: Folksonomy (also known as collaborative tagging, social classification, social indexing, social tagging, and other 

names) is the practice and method of collaboratively creating and managing tags to annotate and categorize content. 

34 Or “philosophy”. To quote McAfee: "So both SOA and Enterprise 2.0 are really philosophies; the former about letting computers 
interact with each other without humans, the latter about letting humans interact with each other via computers" (McAfee, 2006(a)).  

http://www.wikipedia.org/
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shift, depending on whether data, information or knowledge is considered as the centre of 
enterprise applications (Enterprise 2.0); or whether services are considered as the centre of 
composition and application development (SOA).     

Utility and Value Added EI Offerings 

The Vision Statement of the Enterprise Interoperability Research Roadmap describes 
interoperability as a “utility-like capability that enterprises can invoke on the fly in support of their 
business activities”, with specific IT functions being delivered as services that are “cheap, fast, 
reliable, and without major integration efforts”. The overall aim is to make IT “a transparent and 
invisible part of the business operation”.  An infrastructure is required to make this happen, which is 
labelled the Interoperability Service Utility (ISU), constituting the first Grand Challenge of the 
Roadmap.  

 
From the perspective of the present report, one of the most important innovations that the ISU 

brings to EI systems is a Utility approach to interoperability in order to enable, facilitate and catalyse 
the development of technologies, methods and tools that are fine-tuned to the specificity of the user 
(end customer). In section 4.4.2, we have made a distinction between utility service based business 
models and value added service based business models. In order to optimise the disruptive 
innovation of the latter, the former is a pre-requisite. From the point of view of EI offerings, an 
infrastructure of EI utility services must be in place, in order to support next-generation EI value 
added services that meet the characteristics of future Enterprise Systems. Using the idiom of 
Enterprise 2.0, a utility infrastructure for EI is needed to facilitate two major outcomes: participatory 
input based on co-creation and innovative output based on the unique nature of individual 
enterprises. 

  
The characteristics and properties of the ISU services (utility as well as value added) are a major 

topic of discussion and research within the European EI community35. Different models are being 
proposed, particular in relation to the definition and categorisation of the services, as well as the 
provisioning and governance of the services. An example of the ISU service model, among several 
being put forward and additional ones that are emerging, is given in Figure 5.5.  

 

 
 

Figure 0.21 An example of ISU Model (Charalabidis, 2007) 

                                                           
35 See for example the presentations given at the European Commission DG INFSO EI Cluster working held during eChallenges in 

October 2007, reference given in Footnote 15.      
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For the purposes of this chapter, what is of most interest is not so much the technical details, but 
the contribution to value innovation that the infrastructure, such as the ISU, can bring to the EI field 
as a whole36. In this respect, it is of immense significance that the ISU is conceived in the Roadmap as 
a conceptual (i.e. not a functional or technical) “layer” of the Future Internet, atop 
telecommunications, Internet and the Web. Critically, the ISU is intended to be based on the same 
principles that secure the openness of the Internet and the Web. It is the openness of the ISU that 
drives the value innovation capability of future enterprise systems, and help achieving Type 5 and 
Type 6 EI business models within an environment of co-existence of different types of business 
models. That openness is the key attribute that enables unanticipated change through unfiltered 
contributions from broad and varied sources, as envisaged in Enterprise 2.0. This is in contrast to a 
closed infrastructure, such as a proprietary IT platform, where growth is channelled through the 
maker of the infrastructure, regardless of the size and even the “openness” of the ecosystem based 
on the infrastructure.   

 
John Hagel has summarised IT developments in relation to IT architectures that are designed 

“inside out”, i.e. those typical of traditional large enterprises, and those that are designed “outside 
in”, i.e. those that are designed from the outset to support sustained collaboration across large 
numbers of enterprises, as epitomised by “Enterprise 2.0” (Hagel, 2007). Instead of seeing an 
infrastructure as transaction-based, which characterises many of today’s enterprise systems, the 
move is towards an infrastructure for “relational architectures”, enabling enterprise systems to 
support enduring and deepening relationships of individuals and institutions.  

 
The above analysis points to a further distinction between EI offerings: EI offerings that are open 

and utility-based, and EI offerings that are customised and value-added. This further distinction 
between EI offerings is depicted in Figure 5.6.   

InfrastructureInfrastructureInfrastructure

TechnologiesTechnologiesTechnologies TechnologiesTechnologiesTechnologies

Tools and MethodsTools and MethodsTools and Methods

Science Base to support RTD of the aboveScience Base to support RTD of the aboveScience Base to support RTD of the above

Tools and MethodsTools and MethodsTools and Methods

Utility 

EI Offering

Value Added 

EI Offering

 
Figure 0.22 Utility and Value Added EI Offerings 

 
bƻǘŜΥ ! ǳǘƛƭƛǘȅ ƻŦŦŜǊƛƴƎ ƛǎ άƻǇŜƴέΣ ŀǎ ŘŜŦƛƴŜŘ ǿƛǘƘƛƴ ǘƘŜ ƳŜŀƴƛƴƎ ƻŦ ǘƘƛǎ ŎƘŀǇǘŜǊ όǎŜŜ {ŜŎǘƛƻƴ рΦ3.1). A value-added 

offering may or may not be open. 

  

                                                           
36 As pointed out by Andreas Friesen of SAP, a contributor of this report, the business model(s) for the infrastructure, including for the 

ISU, must however be investigated. Innovation on top of the ISU is dependent upon the sustainability of the ISU. See Section 4.4.2. 



55 

 

On this analysis37, we can distinguish between universal interoperability for utility-based EI 
offering and conditional interoperability for value-added EI offerings. For universal interoperability, 
interoperability is needed at two levels: 

  
1. Between potential providers of utility service offerings – to ensure that connectivity 

across the services that is required by one or more users can be supported. 
  
2. Between users and providers of utility service offerings – to ensure that value added 

services can be freely added by any user without fear of the investment being lost due to 
unforeseen changes in the connection, APIs or service conditions. 

 
For conditional interoperability, the degree and level of interoperability needed would be directly 

derived from the business model of the individual users of value added services. In other words, 
specific services may be open under certain circumstances (e.g. for enterprises within an ecosystem) 
but closed in others (e.g. between competing ecosystems). Value added services need to be tightly 
coupled with the business innovation processes of enterprises. Value added services address 
uniqueness, reflect the proprietary aspects of business assets and operation, and therefore are about 
exceptions, rather than the business norms and routines of utility services.    

 
Importantly, in order to meet the needs of future enterprise systems targeting value innovation 

(see Section 5.3.1), offerings that are traditionally proprietary, i.e. in the value-added category, might 
usefully be re-categorised as utility offering.  Indeed, the history of technology development in 
general underlines this development: technology which was highly priced and available to a few 
became, over time, commoditised and affordable to all. There is already a movement in this direction 
for some time in the world of IT, such as e-payment in the case of PayPal, identity federation in the 
case of the Liberty Alliance, location mapping service in the case of Google Maps, and basic data 
hosting in the case of Amazon’s S3. However, while these meet the second level of universal 
interoperability described above, the first level remains unfulfilled.  

 
Another consequence is that the characteristics of EI offerings at the infrastructure level will 

drive developments of those at the level above the infrastructure. The kind of EI offerings that could 
(should?) be available at the infrastructure level is a rich ground of research in terms of technical 
possibilities, business model configurations (for both providers and customers) and policy 
enablement.  

Conclusion: Enterprise Systems in the Future Internet 

The discussion in this chapter is from the perspective of the evolving needs of enterprises at the 
system level. The systemic view of ICT for enterprises is a central characteristic of EI, and 
distinguishes EI from other fields of ICT research which have a predominantly technology-driven 
approach. The central argument in the chapter is that in order to enable value innovation at the 
business level, enterprise systems of the future must be open to dramatic change, rather than lock in 
the status quo. The open, adaptive and innovation intensive characteristics of business models are 
the defining characteristics of those systems. Different types of EI offerings are needed to make this 
happen. In particular, EI offerings at the infrastructural level are crucial for the innovation potential 
of technologies, models and tools, which are themselves valuable in terms of the overall impact that 
they achieve in relation to the business models specific to individual enterprises.  

                                                           
37 Detailed supplementary analyses have been provided by various contributors, in particular Steven Willmott of 3scale S.L., whose 

contribution identifies different levels of interoperability in relation to the provisioning and use of open and interoperable infrastructural 
business services. That contribution concludes that interoperability must form a core part of the business models of both providers (who 
create and maintain core business services) and users (organisations that rely on them). 



56 

 

An important conclusion from the foregoing analysis is that the strategic issues of 
interoperability for enterprises are no longer about basic interconnectivity at the level of 
technology, or basic information exchange between two entities. Instead, interoperability is 
closely coupled with the changing nature of business needs, at the level of the enterprise and the 
community of enterprises38, the individual, and the economy.   

 
It is not the purpose of this chapter to consider the customary question: what are the killer apps 

/ killer technologies for future enterprise systems? On the other hand, it is vital to point out that key 
enabling technologies (see Section 4.4.3) will continue to define, refine and re-define what is 
technically feasible to accomplish in an enterprise system, independent of the business value that 
they may confer on enterprises. Interoperability of enterprises is based on the capability of the 
Internet, and Future Internet technologies will shape that interoperability as a capability in future. 
But what should the Future Internet offer to enterprises? Would the Future Internet deliver those 
characteristics of future EI systems consistent with our analysis? Importantly, would the Future 
Internet reinforce the infrastructural offerings of EI and thereby make interoperability more – rather 
than less – simple, affordable and accessible?  

 
While predictions about the future are by definition speculative, it is highly likely that the Future 

Internet will give rise to new opportunities of creativity and innovation, enable new forms of 
participation, further catalyse the formation of networked enterprises and communities that span 
the world, thereby ushering in a new generation of enterprise systems requiring a reappraisal of 
interoperability between those systems. It is therefore the more important to develop a utility view 
of EI offerings that builds on the Internet’s tradition of openness and interoperability, in order to 
unlock the value of business innovation.  

 

6. Towards a New Value Analysis of Enterprise Interoperability  

Introduction 

The previous chapters describe how EI solutions derived from new business models and new 
offerings can generate significant extra value, in a rapidly changing business context. However it is 
unlikely that the potential that is outlined in the previous chapters will be fully exploited, if 
managers, financiers and other stakeholders lack a suitable analytical framework that can help them 
to accurately identify and predict the (potential) value associated with investments in EI. Indeed, the 
current techniques for value analysis provide little support for investments in value innovation 
through EI. They are still very much based on traditional assumptions of creating value, i.e. through 
scale benefits and efficiency gains and via investments with predictable results. Such techniques are 
biased towards competition in the “red ocean” and do not encourage exploration of “the blue 
ocean”. A new generation of analytical techniques – a New Value Analysis – is needed to adequately 
support that type of investment in EI. This chapter will further explore the requirements of such an 
analytical framework, bearing in mind the developments and trends described in the preceding 
chapters. It will first outline the limitations of the current techniques and subsequently describe the 
main requirements of the New Value Analysis. 

Current Techniques for Value Analysis and Their Limitations 

A significant number of techniques are used to assess the value of investments in ICT, EI 
included. Prominent representatives of this class of techniques are: 

 

                                                           
38  Notably an established industry, or value networks and ecosystems which transcend traditional industrial boundaries, as described 

in the EI Value Proposition framework (Chapter 3).     
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 ROI: (Return on Investment) represents the expected benefits in light of the costs of 
acquiring the benefits. It underlines the need for having a precise idea of what the 
investment and the return (with also the cost of capital) are in order to produce an accurate 
ROI.  

 Client Lifetime Value Analysis: represents the value of cash flows received from a particular 
client over time less (-) the costs of acquiring the client. 

 EVA: (Economics Value Added) is after-tax operating profit less the cost of capital employed 
in generating that profit. It is mainly used by large companies for strategic direction, 
acquisitions, operational improvements, product line discontinuation, working capital focus, 
cost of capital focus, and incentive compensation. 

 TCO: (Total Cost of Ownership) originated from Gartner in 1987; when incorporated in any 
financial benefit analysis (ROI, IRR, EVA, ROIT, etc), TCO provides a cost basis for determining 
the economic value of that investment. TCO aims at determining the viability of any capital 
investment. 

 
Especially when considered in the light of the trends discussed in the previous chapters, these 

existing techniques for value analysis show a number of serious shortcomings: they only relate to 
financial benefits, especially cash and have great difficulty to assess intangible benefits which 
increasingly constitute the bulk of the value, especially in the Knowledge Economy.  

 
Moreover, a related problem with regards to investments in EI is that current techniques 

presume all relevant costs and benefits can be directly related to the investment itself. However, as 
indicated in Chapter 5, investments in EI are often infrastructural and will increasingly be so in a 
(business-driven) networked context. It is however very difficult to judge the wisdom of investing in 
an infrastructure, because its eventual value depends on the subsequent investment in applications 
that will make use of it. Note that in this case the term “infrastructure” has a broad interpretation. It 
does not only concern a basic technical communication infrastructure, but essentially all “provisions 
for common use”39. Most of the current techniques only take into account benefits and costs at the 
level of the single firm. Increasingly this is not the only relevant level. At the level of the enterprise, 
the value network and the ecosystem have become more useful objects of analysis than the single 
firm in isolation.  

 
Furthermore, we can underline that none of the current techniques and associated indicators 

give due acknowledgement to value innovation. All these indicators reflect the company-centric 
perspective with an efficiency driven view of value creation (Prahalad, 2002). This has led to a gap in 
the perception of value creation between a company and its customers. Together these 
disadvantages of enterprise level analysis imply that the current generation of techniques is not able 
to discern differences in the potential for value innovation that are associated with investment 
alternatives. Instead, these techniques presume that value creation occurs through economies of 
scale and efficiency gains alone (Zuboff et al, 2003; Malone et al, 2003). This problem is associated 
with the differences between how most companies think and how most customers think, as shown in 
Figure 6.1. 

 

                                                           
39 This could for instance include joint ontologies or other provisions to secure semantic consistency between business partners.    
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Figure 0.23 Value Creation - How Companies and Customers Think (Prahalad, 2002) 

 
 
The current techniques for value analysis have additional disadvantages. They fail to address the 

increased need to assess the effects on value at the individual level. Even when the value of an 
investment at the level of an enterprise or a network as a whole may seem obvious (at least to the 
final decision makers), such an investment can still dramatically fail to become a success when the 
benefits at the individual level are not evident. Because the current techniques for value analysis still 
assume deployment of solutions from the top down, they do not trigger sufficient checks on 
whether, at the individual level, the investment at least also looks compelling enough to avoid 
resistance to change as described in the case study below. 

 
Already in the early 1990s MIT’s Wanda Orlikowski presented a spectacular case of how a seemingly obvious 

investment in knowledge exchange facilities at a globally operating leading consultancy firm (code-named Alpha Company) 
with over 50,000 employees had gone dramatically wrong (Orlikowski 1993). A new CIO together with Alpha Company’s top 
management had decided to deploy Lotus Notes around the firm, to boost exchange of knowledge among its consultants 
and across branches. This would improve the quality of the consultancy services and reduce “re-inventing the wheel”. 
While the implementation was relatively straightforward and the benefits seemed obvious in the knowledge-intensive 
activities of Alpha Company, the firm nonetheless failed to turn the use of Lotus Notes into a success. The junior staff, the 
majority of the employees, held a significant part of the innovative knowledge but proved most hesitant to share them. 
Alpha Company cultivated an atmosphere of fierce competition among the staff on their way to the limited number of 
lucrative senior posts and “sharing” and “helping” did not fit that company’s culture. In addition, because the juniors were 
pushed to make as much billable hours as possible, most of them decided not to spend (non billable) time on Lotus Notes 
training, thus missing the key collaborative features of the product. Most employees thought it was just a new email 
system. Finally, senior users were especially afraid that the information they would put in the system would be used out of 
context and in the wrong way by people they would not know, creating a risk of damage to their reputation and claims from 
clients. Thus, lack of understanding and joint commitment, together with resistance at the individual level, destroyed the 
value of the investment that seemed so tangible to the top management. This stresses that the value of technology has to 
be seen not only as an efficiency and productivity enhancer, but also as a social object and a trigger of structural change.    

   
Better and higher levels of education and training, as well as greater independence of the current 

and future generations of (knowledge) workers, will increasingly shift the most significant source of 
value innovation to the individual level. Ignoring this in value analysis will leave an increasing 
potential unexploited. Finally, current techniques fail to grasp the value of investment in EI at the 
level of society as a whole. Impact measurement at that level typically comprises standard measures 
of productivity and improvement that are assumed to be the same for any kind of technology or 
even for progress in general. Such measures do not reflect a specific appreciation of the effect of ICT, 
let alone the even more specific results that EI can produce in national and international economies 
as a whole.     
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The Challenge: From a Deterministic to a Probabilistic Approach to 
Investment in EI 

The current generations of techniques for value analysis to support investments in EI are based 
on a deterministic approach for value generation. They assume that after some calculation a clear cut 
winner would appear among the investment alternatives, i.e. the one with the best trade-off of 
explicit costs and immediate tangible benefits. In a world where the key to generating value lies in 
“doing more of the same” this may be true. It justifies a deterministic investment approach to EI. But, 
as argued throughout this report, the key to value is increasingly about innovation, entailing the 
opposite: “doing more of NOT the same”; doing things that are different, with different business 
partners, to offer solutions that are different but highly valuable (Evans & Wurster 2000). However, it 
cannot be predicted in advance with precision or certainty what opportunities will appear and how 
enterprises should be different (and with whom) to be successful. Thus, investments in offerings as 
described in the previous chapter are definitely not deterministic. They provide the potential to be 
innovative. They provide the flexibility to develop profound relationships with new business partners 
quickly in order to jointly exploit a narrow window of business opportunity. These investments 
therefore cannot be based on a “guarantee” of discernable benefits that are associated with any 
aspect of “business as usual”. To the contrary, their Ǌŀƛǎƻƴ ŘΩşǘǊŜ is to undermine business as usual. 
They reduce certainties and create opportunities and probabilities. Consequently, these investments 
are characterised by a probabilistic approach.     

 
It is important to see that the value associated with investments in this last category can be 

dramatically higher that the value associated with traditional investments in ICT (Hagel & Armstrong, 
1997). Many examples can be given of companies today that have very substantial value - often 
associated with intellectual capital - not because they have realised significant profits recently (or at 
any time), but because these companies are full of “potential” that is to materialise spectacularly in 
the future.  

 
It is especially the transition from a deterministic to a probabilistic approach that drives the need 

for a next generation of techniques for value analysis. Figure 6.2 illustrates the perspectives and 
requirements for the next generation techniques, based on the analyses and findings from the 
preceding chapters. The new techniques are essential to support investment decisions in value 
innovation through EI. 

Our preliminary research also suggests that complexity, uncertainty, importance of intangibles 
and new notions of control are among the key parameters for the analysis, creation and capture of 
value. These four parameters can be variously applied to the main topics addressed in this report 
(see the colour coded annotation of these parameters in Figure 6.2).  For example, transposing the 
concept of Web 2.0 into the enterprise environment creates a whole series of issues from knowledge 
creation and sharing, to employee empowerment and new reward systems, to organisational 
processes of the firm and also the firms’ relationships in its value network. There are deep 
interdependencies between these issues. The complexity needs to be accounted for by the EI 
offerings that support the transposition. In addition, the EI offerings must support the intangible 
aspects of knowledge creation and sharing, and their impact on the processes of the firm and its 
relationship with customers and partners.      

 
The reason for highlighting "creating and capturing value" is that new techniques must address 

the difficulties that organisations face in grasping the concept of the Knowledge Economy with its 
share of intangibles. Managing the complexity of this economy has become more difficult than in the 
past when it was more a matter of management by reducing production lines, for instance.   
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Figure 0.24 Enterprise Interoperability Value Problem Space 

 
As presented in Chapter 2, a value network generates economic value through dynamic 

exchanges between two or more organisations of any kind. Allee (2000) quotes three main 
value currencies which can be found in a value network: 

 

 Goods, Services and Revenue (GSR): Exchanges for services or goods, including all 
transactions involving contracts and invoices, return receipt of orders, request for proposals, 
confirmations or payment. Knowledge products or services that generate revenue or are 
expected as part of service (such as reports or package inserts) are part of the flow of goods, 
services and revenue. 
 

 Knowledge: Exchanges of strategic information, planning knowledge, process knowledge, 
technical know-how, collaborative design, policy development, etc., which flow around and 
support the core product and service value chain. 

 

 Intangible benefits: Exchanges of value and benefits that go beyond the actual service and 
that are not accounted for in traditional financial measures, such as a sense of community, 
customer loyalty, image enhancement or co-branding opportunities. 

 
The value of GSR for a single company is certainly the easiest element to be assessed; but when it 

comes to a network, the complexity increases as described above. Knowledge is a critical value 
especially when the focus is on networks where situations of cooperation/competition among the 
different stakeholders occur (see Section 6.4 for additional analysis). Strongly linked with strategic 
information and knowledge sharing is the trust value which is an important attribute of the 
intangible benefits; such benefits cannot be measured using traditional methods.  
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Literature review shows that: 

 It is today's central strategic challenge and tomorrow's competitive necessity to capture the 
value that an organisation creates; but in the meantime the same forces that enable value 
creation also make the sources of value - knowledge and information - increasingly available 
(Torsilieri and Lucier, 2000).  

 Many of the companies did not shift their focus from value creation (revenues) to value 
capture (profits) soon enough, and instead followed the flawed logic that scale, scope, and 
increasing returns on incremental investments govern their business (Germany et al, 2001). 

We will discuss some of the most critical additional requirements for value analysis techniques, 
at the three levels of enterprise, individual and society incorporated in the EIVP framework (Chapter 
3).  

Extra Requirements for Value Analysis at the Enterprise (Network) Level 

Value analysis from the perspective of the single firm and the value network both occur at the 
“meso” enterprise level. From a theoretical point of view, within the value network, firms by 
definition still have the power to decide on investment independently. However this does not mean 
that they can still be only concerned about their own immediate benefits and costs. Instead a 
network perspective implies that the primary concern lies in the benefits and costs of the network as 
a whole. This requires an appreciation of the multiple cost/benefit combinations for the various 
actors in the network for each investment proposal. This in practice may be difficult to assess, since 
each value network presents specific characteristics in terms of openness, structure of the markets 
addressed, and degree of control and power of stakeholders. The best alternative is not necessarily 
the one that gives the highest net total benefit for all distributed effects combined. After all, if an 
alternative is clearly beneficial for all except for one (type of) crucial actor, the sustainability and 
overall value of the network would be jeopardised if such an alternative were implemented.  

 
 
 
 
Changes in the value analysis framework should facilitate that investment proposals can be 

compared on their “high level” effects, as follows: 
 

 The extent to which they facilitate the members of a network to jointly pursue opportunities 
that are otherwise impossible to reach. Because of this, it should be possible to accurately 
estimate the magnitude of these opportunities. 

 

 The extent to which they discourage vital members of the network to leave because other 
business opportunities they have (in competing networks) are more attractive. Of course this 
requires a solid understanding of the contributions of the individual partners in the network 
to the joint, unique solution of the network as a whole40. 

 
Additionally, "coopetition" (simultaneous cooperation and competition strategic behaviours of 

two or more firms) - which has effects on collective intelligence, emergence of communities of 
practice and adoption of new approaches - also changes the value analysis framework. This is 

                                                           
40 Note that this second argument may cause all partners in the network to invest in a solution which has a net negative effect for 

them individually in order to keep a crucial partner on board. Also note that at the moment this logic often also has a strong technical 
association and as such often induces SMEs to invest in proprietary systems used by a dominating OEM, in order to stay being part of the 
OEM “network”. Future improvements in the openness of technology would shift the emphasis from keeping partners on board and 
creating technical lock-in, to creating business opportunities and competing with other networks based on actual value innovation.    
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reflected in the work of the FP6/IST ECOLEAD consortium on value systems in a Virtual Organisation 
Breeding Environment (VBE). Members of a VBE can in essence be partners inside the VBE (industrial 
district, cluster etc) and at the same time be competitors outside the VBE in different markets or 
different lines of products/services. The work developed by ECOLEAD (ECOLEAD, 2006) on Value 
Systems deserves a specific mention since it shows the main elements that generate value in the 
VBE. 

Extra Requirements for Value Analysis at the Individual Level 

Recent history shows an erosion of the enterprise as the unique vehicle to organise the 
connection between supply and demand. No longer is the operational core of organisation within 
firms mainly about executing routines that have been preconceived by others. No longer is 
meticulous repetition in machine bureaucracies the key to generating value. Instead companies that 
flourish are those that show they can exploit the capital that is associated with a talented workforce. 
The value of this ability is seldom reflected in market capitalisation of companies even though it has a 
great impact on revenues and profits. More and more theorists and practitioners are convinced that 
actually capturing value and generating profits - as opposed to merely creating value and generating 
revenues - in the 21st century requires smart individualised propositions that intelligently mix 
richness (i.e. specific solutions for specific needs) and reach (i.e. solutions that, to a large extent, still 
serve the needs of many). It is also realised that doing this well requires excellence at the level of 
individual employees. 

 
Yet, making an accurate appreciation of increased ability to compete in the knowledge economy 

at the individual level through EI remains difficult. As mentioned above, current techniques for value 
analysis do not extensively cover the effects on intellectual capital, social capital and emotional 
capital. A new generation of value analysis techniques should be equipped to assess the potential of 
investment in EI, in especially the following three respects. 

 
The contribution to autonomy of individuals (employees and customers). EI should facilitate 

decentralisation, accelerate the death of distance and support decision making and activity 
regardless of time and place, in order to foster the managerial and physical independence of 
individual employees. It should also strengthen the networking potential of individuals and 
encourage them to make use of weak ties41 essential for open innovation.  

 
The contribution to individual creativity. EI should support co-creation, i.e. creating solutions for 

and with customers by joining forces and expertise instead of development in a linear, time-
consuming and less effective way. Several value measurement indicators42 have been developed in 
the past decade, but they are unable to address the idiosyncratic nature of intellectual capital which 
covers creativity. Creativity is at the core of knowledge generation process for innovation, but this 
process and its outcomes are totally unpredictable. Moreover, this process can be seen as company 
specific which hinders building reference indicators for comparison with other companies43.  

                                                           
41 “Weak ties provide people with access to information and resources beyond those available in their own social circle; but strong 

ties have greater motivation to be of assistance and are typically more easily available” and “individuals with few weak ties will be deprived 
of information from distant parts of the social system and will be confined to the provincial news and views of their close friends. This 
deprivation will not only insulate them from the latest ideas and fashions but may put them in a disadvantaged position in the labour 
market, where advancement can depend *…+, on knowing about appropriate job openings at just the right time”. (Granovetter, 1983, pp 
209) 

42 Calculated Intangible Value, Knowledge Assets Approach, Performance Prism. For more information on Intellectual Capital 
measurement, see http://www.valuebasedmanagement.net/articles_cima_understanding.pdf and also Annex 4 of ECOLEAD deliverable 
D21.4 (ECOLEAD, 2006).  

43  Viedma (2002) has developed a new management method on the valuation of Intellectual Capital for organisations acting in 
networks in the knowledge economy: the Social Capital Benchmarking System. This approach is derived from Porter (1990a) who states 
that in the new economy, "companies and organisations build sustainable competitive advantages not only relying on their internal 
intellectual capital, but also on the intellectual capital of other companies, organisations and institutions and specifically on those of the 
cluster." This kind of intellectual capital embedded in the networked organisations and represented by relationships is assimilated to Social 

http://www.valuebasedmanagement.net/articles_cima_understanding.pdf
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The contribution to serendipity. The Internet was not designed for its current (main) use. Many 

other ICT inventions were eventually used in valuable ways that were not foreseen at all by their 
developers, such as the growth of “social systems” around the application of technologies that were 
originally developed for a different purpose. These technologies always benefit from network 
externalities, where it becomes increasingly interesting for more individuals to adopt it and join the 
associated social network if more people have already preceded them. Such effects make it difficult 
to identify the potential for social and emotional values in advance, let alone to predict to what level 
the potential will develop. It is a consequence of capturing value in an era where many things are 
becoming “radically different” and the value proves to be in areas where it was not foreseen.  

 
While this element of serendipity - of finding something important that one was not really 

looking for - is a characteristic of innovation in general, it is especially relevant for investments in EI. 
Thus, increasingly investment measures in EI should be checked for their level of “open-endedness”, 
for their potential to reach the blue ocean in ways not yet explored, to encourage new routes to 
India that eventually lead to America. Technical enablement and support for true intellectual and 
social freedom and for “emergence” in business processes will increasingly constitute a competitive 
advantage when the creative class drives the economy. Naturally, almost by definition the net effect 
of this support cannot be predicted in advance. In that sense it will remain a risk and a leap of faith. 
But the potential for emergence should nonetheless become a criterion that at least “hums in the 
back of the minds” of future investors in EI. After all, serendipity does not completely fall from the 
sky - as the French physicist Louis Pasteur famously said: “Chance favours the prepared mind”.  

 

Extra Requirements for Value Analysis at the Society Level 

The EU has a number of specific advantages to offer in a networked world economy that 
competes in knowledge: these advantages are related to a tradition of accommodating diversity of 
various kinds. Successes in Europe and by Europeans do not derive from the dogged pursuit and 
imposing dissemination of “one best way” but instead from the relative tolerance for difference; 
differences that result from competition between truly different suppliers and from the continuous 
trigger that different people and different situations need different solutions. In a global business 
context that develops towards “markets of one”, this cultural heritage is an enormous asset.   

 
The opportunities offered by European culture however need to be leveraged by a suitable 

business infrastructure to fully exploit these advantages, not the least through adequate facilities for 
EI, to support swift conception and delivery of unique solutions (see the analysis of EI offerings, in 
particular EI infrastructure, in Chapter 5). This support to business networking and its role as a 
backbone for innovation ecosystems is a specific feature of EI offerings which is however not yet 
reflected in metrics to assess investments in EI at the macro/society level. Instead standard metrics 
are almost exclusively used to assess the impact of EI, e.g. in terms of its effect on labour 
productivity, that can equally be applied to other technologies or even to assess the level of progress 
in general. Note that these metrics can only describe the ex post effects of these investments. They 
cannot be used to judge alternative investments ex ante, e.g. by comparing their contribution to 
creating a truly open environment where digital ecosystems can flourish. To this end metrics could 
for instance be developed to describe and predict how many individuals would be connected to a 

                                                                                                                                                                                     
Capital. According to Viedma, developing a systematic benchmark on social capital is "an unavoidable practice if profiting from existing 
social capital becomes a strategy priority of the intelligent enterprise." This benchmark will need to addresses six dimensions: resources 
and capabilities, demand, suppliers and other related industries, the firm’s strategy, culture and structure, competitors and government. 
Applying the benchmark will lead to two main results: "identifying the world best cluster locations where the intelligent enterprise is able 
to establish the necessary relationships that each specific business model needs in order to build its network organisation and identifying 
the specific external social capital factors and criteria which are relevant in a given business model or industry segment."  
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non-proprietary environment after a certain investment, or how many employees in SMEs would be 
able to benefit from it without much further effort44.   

Conclusions 

"Business competition is a lot more unpredictable when innovation and flexibility, rather than 
efficiency, are the main drivers of value" (Prahalad, 2002). However the current techniques to 
support value analysis of investments in EI are not very effective in dealing with that unpredictability 
and fuzziness. At present, the dominant methodologies to help identify value from investments in EI 
are still very much assuming investment in monolithic, proprietary technology that supports single 
firms in isolation. Thus, given the new opportunities that exist, the traditional techniques for value 
analysis will increasingly deepen the gap between what would be possible and what is eventually 
pursued. We lack the appropriate tools and techniques to adequately assess, predict and compare 
the value that can be created with EI when it is being used to support a strategy of value innovation. 

 
This leads to an important conclusion: the potential created by new offerings and new business 

models together reflects radically new opportunities to generate value with EI. A new generation of 
value analysis techniques and tools, “Information Economics 2.0”, is also needed to really reap that 
potential and turn the opportunities into concrete success and to be truly in control of the value 
creation and not construing investment in EI as a “leap of faith”. These new techniques and tools will 
need to address value beyond the level of a single firm, but also at the level of the enterprise 
network, the individual, and society. They will need to take into account both intangible benefits and 
probable network effects as much as immediate returns in cash. 

 
 

7. Recommendations 

Introduction  

This report aims to develop a value proposition for Enterprise Interoperability, in support of 
meeting the Grand Challenges in the Enterprise Interoperability Research Roadmap. The overall 
context of the report is long-term, goal-oriented and problem-solving research in the field of EI. 
Specifically, the report is an input to the work programme of FP7. Within this context, the report 
provides an overview of the changing business context for EI, proposes an Enterprise Interoperability 
Value Proposition (EIVP) Framework and a new value proposition for EI in the new business era. 
Furthermore, this report discusses the need for EI in relation to different types of business models, 
describes the concept of EI offerings and requirements for different types of EI offerings, and 
identifies the requirements for a new value analysis of EI. From the findings in the preceding 
chapters, the following recommendations are derived.  

Recommendations Targeting Researchers 

The changing nature of companies and business-level innovation will have a major impact on the 
future needs of interoperability for enterprises. The field of EI therefore will need to continue to 
evolve and investigate new, radical possibilities and options in order to anticipate and help define 
enterprise systems required for new business as well as new technology paradigms, including Web 
2.0 (and emerging successors), Enterprise 2.0 (and emerging successors) and the Future Internet. For 
example, the application of Web 2.0 technologies and concepts into the enterprise environment to 
foster differentiation and facilitate innovation, the possibility of co-creation of 
content/services/technologies between producers and consumers, the move from closed proprietary 

                                                           
44 Various proposals for assessing EI value proposition and investment at the macro/society level have been made by contributors to 

this report. See for example the contribution of Jan Goossenaerts, Eindhoven University of Technology, on the dimensions that need to be 
taken into account. 
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platforms to service-oriented global infrastructures and the emergence of an “Internet Economy”, 
are all expected to have a profound impact on the business logic and the technical means for 
networked enterprises to collaborate and compete. Novel concepts, approaches, techniques and 
tools for a new generation of interoperable enterprise systems are required.  

 
 
Recommendation 1: Redesign of EI research direction aiming for value innovation  
 
 
The traditional goals of efficiency and incremental differentiation are already sufficiently well 

served by the current state of the art. EI research should be re-directed from integration of existing 
technologies and solutions to developing new bundles of technology and business approaches that 
catalyse and sustain radical business-level innovations, added value for enterprises, and that are 
highly valued by customers. 

 
 
Recommendation 2: Focus EI research on Collaboration and Channel Interaction Types 
 
 
Interoperability enabling enterprise collaboration and new channel(s) is likely to deliver 

increasing value innovation. Research should move away from well established business practices 
and embrace the new business context. In particular, de-materialisation of products, the rising 
importance of services, greater interaction between producers and customers and the need to tap 
into the collective wisdom will enable radically new forms of business, leading to new requirements 
for EI.  

 
 
Recommendation 3: Advancing a Systemic View of ICT for Enterprises   
 
 
Disruptive innovation at the enterprise level needs to be matched by disruptive innovation for 

enterprise systems of the future. Importantly, infrastructures, technologies, methods and tools are 
valuable in terms of the overall business impact that they have on the enterprise. EI research needs 
to develop a new systemic approach to interoperability that encompasses new characteristics and 
properties of System Openness, System Adaptability and System Integration; that is viable and 
sustainable in new business contexts; and that enables experimentation with business models 
targeting value innovation.   

 
 
Recommendation 4: Differentiating between Universal Interoperability and Conditional 

Interoperability to support Future Enterprise Systems 
 
 
Enterprise systems will increasingly be aligned with those business models that target value 

innovation, i.e. business models that are open, adaptive and enable innovation processes45. Future 
enterprise systems will require EI offerings that are open and utility-based (for universal 
interoperability), and EI offerings that are customised and value-added (for conditional 
interoperability). 

 

                                                           
45 As noted in Chapter 4, “9L ŀǎ ŀƴ ŜƴŀōƭŜǊ ƛǎ ŘƛǊŜŎǘƭȅ ƭƛƴƪŜŘ ǘƻ ǘƘŜ ƻǇŜƴƴŜǎǎ ƻŦ ǘƘŜ ōǳǎƛƴŜǎǎ ƳƻŘŜƭΣ ǘƘŜ ƛƴǘŜƴǎƛǘȅ ƻŦ ǘƘŜ ŎƻƳǇŀƴȅΩǎ 

innovation process and the degree of engagement of the company with its business partners and customers”.  
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EI research should support and help realise:  

 The utility view of EI offerings that builds on the Internet’s tradition of openness and 
interoperability. Research is particularly needed for EI offerings at the infrastructure level, 
and the technologies, methods and tools that help advance universal interoperability. This is 
essential for encouraging the widest possible innovation, by both solution providers and 
users, large and small, incumbent as well as new. 

 Value added experimentations to support business uniqueness and protect proprietary 
business assets. Research should demonstrate the innovation potential of value added 
offerings that leverage the utility infrastructure in specific business contexts.  

 
 
Recommendation 5: Augmenting EI Technical Research with Business and Policy Research 

beyond the Enterprise 
 
 
The new and continuously changing business context must be the starting point of EI research.  

Research that advances understanding of the non-technological implications of EI (e.g. business 
processes, employees and culture, social capital) should be an integral part of the EI research agenda. 
The enterprise should not be the only object of study, or the sole organising entity, of EI research. 
There is an important need to understand and foster, for example, the contribution of individuals, 
within and outside the corporate boundary, to value innovation. Similarly, it is of fundamental 
importance to understand and establish the difference between EI impact and ICT impact in general 
at the macro level (economy), and the way in which the macro level may hinder or foster EI value 
innovation. 

Recommendations Targeting Policy Makers 

 
Recommendation 6: EI Approaches going far beyond issues at the Enterprise Level  
 
 
The analysis developed in this report strongly indicates that public policy has a key role in 

creating an enabling environment for enterprises to target and achieve value innovation. Policy 
initiatives must take into account wider and deeper interactions at the level of value networks and 
ecosystems, cross-industry perspectives, and increasingly fuzzy industrial boundaries. European 
measures by public authorities are particularly important because they can mobilise research beyond 
individual corporate interests, create critical mass with global impact, and nurture EI-led value 
innovation by the mix of radical technological advancement, individual capabilities and competences 
derived from ICT, and wider economic-societal considerations with a longer term time horizon. Public 
authorities are also the neutral stakeholder that can facilitate EI as an infrastructure and the 
provisioning of such an infrastructure for common use. Public decision makers should have a more 
significant role in making available “non-financial venture capital” for EI.  

 
 
Recommendation 7: A New Methodology to assess the Value of EI  
 
 
Because investments in EI are often infrastructural and will increasingly be so in a (business-

driven) networked context, there is a need to change the valuation of EI in companies' accounting of 
assets and liabilities. EI investments are mainly related to infrastructures in the broad sense; in 
relation to which it should be feasible to assess the investment in financial terms. This would require 
the development of a new methodology that values EI differently from conventional value analysis 
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techniques, and that defines accurate and verifiable indicators for measuring the contribution of EI to 
the assets of companies, including intangible assets and goodwill46. 

 
 
Recommendation 8: Support for a Probabilistic Approach to Investment in EI in line with the 

Blue Ocean Strategy  
 
 
The findings in this report point to the need for exploratory, high risk research in EI, where failure 

should be an option. This can hardly be done at the level of corporate R&D, and especially unfeasible 
for SMEs who constitute the vast majority of European enterprises. In line with the Blue Ocean 
Strategy, publicly financed EI research should particularly foster disruptive innovation, thereby 
increasing innovation potential. It should make a clear differentiation between EI solutions and EI 
offerings as described in this report, focus on the latter, and without requiring the delivery of specific 
“marketable solutions” as an outcome of the research. The envisaged exploitation of publicly 
financed EI research should have a positive impact beyond and above the individual participants of a 
research project.  

 
 
Recommendation 9: Establishing EI as a Key Concept for the Knowledge Economy 

 
Empowering employees and customers is receiving increasing attention as a source of 

innovation. The key asset being "traded" in the Knowledge Economy will be some form of Intellectual 
Property. The innovation potential of EI offerings will be closely tied to the provisioning for and 
management of Intellectual Property Rights in a European and indeed global environment: 
protecting author's creation in collective achievements but also rewarding co-creators on the basis of 
their real contribution.  The necessary non-functional (business, legal and regulatory) frameworks for 
EI need to be in place in order to protect and ensure value innovation in the Knowledge Economy.  

  

8. Concluding Remarks 
The field of Enterprise Interoperability brings a unique business-driven perspective to the 

research and development of ICT. Dramatic changes in the business context lead to the need to re-
define the value proposition of ICT for enterprises and the requirement for interoperation between 
enterprises.   

 
In the 20th century creating value for enterprises was primarily based on doing more of the same. 

Increase in benefit was closely linked to increase in revenue, economies of scale, and reduction in 
transaction cost. Despite the drive towards networked enterprises, individual enterprises remain the 
vehicle to organise the connection between supply and demand in the calculus of benefit and cost. 
As a result, value creation largely derived from a combination of repetition, efficiency, scale and 
marginal differentiation.  

 
Today, creating value requires innovation and delivering products and services that are in some 

sense unique: doing more of not the same with not the same business partners to deliver increasing 
customisation in increasingly fragmented markets. Value innovation has become the key to business 
models that are economically and socially sustainable.  

                                                           
46 E.g. studies by PriceWaterhouseCoopers in 2005 concluded that intangible assets and goodwill constituted 74 per cent of the 

average purchase price of acquired companies in 2003.  
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In this new business context, value generation is increasingly knowledge-intensive and requires 

new and adaptable expertise in products, services, and markets. The intensity of the collaboration 
required to jointly produce something truly innovative requires trust. The management of 
collaboration and trust is becoming the defining characteristic of value networks and innovation 
ecosystems. This takes place against a backdrop of change, which will be more than ever emergent, 
unpredictable, probabilistic, partly “invisible” to the formal hierarchy, and largely bottom up. Change 
is originating from a work floor that relies on individuals’ know-how and capabilities, as much as from 
customers that are increasingly demanding and fickle. The latter is additionally associated with 
external sourcing of inputs to innovation.      

 
This alters the way in which Enterprise Interoperability serves business needs. Instead of 

connecting partners in an extended and deterministic enterprise to support business as usual, EI will 
need to accommodate continuous, emergent change. EI will need to support new, flexible, 
temporary partnerships with changing members of the ecosystem, within and across ecosystems 
which are themselves changing. The openness of enterprises and of enterprise systems requires 
reappraisal. Specifically, this is not only a matter of being open in the conventional sense of “plug 
and play”, but also of being very “closed” in accordance with dynamically changing and unique 
business needs, such as allowing (new) business partners to quickly and effectively share strategic 
and proprietary information in a protected environment. Interoperability for enterprises, therefore, 
is no longer about basic interconnectivity at the level of technology, or basic information exchange 
between two entities, in static contexts of “universal” business models. Instead, interoperability is 
closely coupled with the changing nature of business needs, at the level of the enterprise and the 
community of enterprises, the individual, and the economy.   

 
This report presents findings that support a direct correlation between value innovation, open 

business models and Enterprise Interoperability. It affirms that interoperability, as a means for 
European enterprises to work together, is essential for fulfilling the vision of a competitive and 
dynamic knowledge-based economy. It examines the different aspects of the value proposition for EI 
and establishes a clear business case for EI. In doing so, it also brings out the unique characteristics of 
the field of EI and the value-add of EI offerings to different groups of stakeholders. The analysis in the 
report supports and confirms the criticality of the Grand Challenges of the Enterprise Interoperability 
Research Roadmap. It helps charts a course for the evolution of as well as new radical possibilities for 
enterprise systems for the future, and establishes the rationale of and requirement for an enabling 
open infrastructure that fosters and catalyses business-level innovation.  

 
The report, as a collective effort of all interested stakeholders for all interested stakeholders, 

should serve as a useful reference for the issues at stake in unleashing the innovation potential of 
Europe at a time of momentous change, with the accompanying opportunities as well as risks. 
Enterprise Interoperability is an integral part of that picture.      
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1. Introduction 
On 19 February 2009 the Future Internet Enterprise Systems (FInES) Cluster was launched by the 

European Commission in Brussels. The FInES Cluster is an evolution of the former Enterprise 
Interoperability (EI) Cluster. It brings together constituencies of three major research streams 
supported by the Commission over a number of years - EI, Enterprise Collaboration and Digital 
Ecosystems. The combined research domain of FInES is now one element of the overall research field 
of the Future Internet (see description on page 13), with a specific research focus on ICT adoption 
and usage by enterprises. 

The FInES Cluster has the following proposed vision statement: The full potential of the Future 
Internet is accessible to, relevant for, and put to use by European enterprises including SMEs. The 
Internet thus becomes a universal business system on which new values can be created by competing 
as well as collaborating enterprises - incumbent as well as new - through innovation in a level playing 
field, with sustainable positive benefits for the economy, society and the environment.  

The present document is the first collective output of the FInES Cluster to establish a common 
baseline for the development of the Cluster. It has four purposes: 

  
1. To analyse the current economic context from the perspective(s) of European Enterprises;  

2. To provide a contribution on the vision, nature, shape and requirements of Future 

Enterprises in complement to the above;    

3. To support the re-orientation of the FInES Cluster in light of the new entrants;  

4. With reference to the current (2009-2010) and the next (2011-2013) FP7 ICT Work 

Programmes, to input to the context for the research work of Objective 1.3.  

The scope spans three inter-related areas - Future Internet, a new generation of ICT-enabled 
enterprise systems, and sustainable businesses. Importantly, while the issues raised are global, the 
focus is European, and the underlying perspective is business-driven. 

Taking the current economic context (and especially the global financial and economic crisis) as a 
starting point, the document provides context analysis and assesses the potential impact of that 
context on the research domain of FInES. Taking account of the changing contexts and in anticipation 
of the requirements of future enterprises, the document articulates a vision for FInES 2025. It makes 
recommendations that support the definition of research priorities for FInES as an integrated 
research domain and proposes related actions.  

In line with the European Commission’s Future Internet research initiative, the document has a 
reference timeframe up to 2025. But, importantly, the articulation of a long term vision goes hand 
in hand with targeting short and medium term capabilities to support industry, as recovery from 
the current crisis begins. This standpoint guides the development of the document, and is reflected 
in the contents of the recommendations. 

The document has two main target audiences: 
 

 Research projects and researchers in the FInES Cluster and beyond 

 All other stakeholders of FInES (see description on page 13). 

The document takes stock of and builds out from the achievements of the EI Cluster of the past 5 
years, including the vision of the Enterprise Interoperability Research Roadmap, the analysis of the 
Value Proposition for Enterprise Interoperability Report, the achievements of the Digital Ecosystems 
Cluster, and the relevant available research results of the Cluster projects.  
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The contents in the sections below are based on contributions from projects and organisations 
linked to the Cluster and interested parties. The contributions received are consolidated into Annex I.  

To fully cover its scope, the document also draws on a large collection of external sources 
identified by the contributors, the Commission and the editors. These reference sources are listed in 
Annex II. 

The outputs of the knowledge cafés organised for the FInES Cluster Meeting, held on 16 June 
2009 in London, are incorporated. A summary of the knowledge café discussions is given in Annex III. 

Notes to identify specific references or to substantiate the text are provided in Annex IV 
(individual notes are numbered sequentially; the numbers are placed between square brackets in the 
text).  

The development of the document is under the overall coordination of the FInES Cluster. 
Successive draft versions have been published by the Commission for open consultation. The 
document is prepared by four voluntary editors. 

2. Context Analysis 

Economic and Business Context 

In 2008 Europe was shaken by the global financial crisis and faced the biggest recession since the 
1930s. In February 2009, for the Euro Zone, the European Commission adjusted its forecasts from 2% 
to 4% contraction for the economy. Although EU Member States were affected at different levels to 
different degrees and started to recover, one issue is clear: the crisis goes far beyond the visible 
economic turmoil. It is an existential crisis of values that so far have been undisputed in most 
European countries. Without prejudice to microeconomic views that tend to dissociate the crisis 
from day-to-day business, one must draw lessons from the economic downturn in day-to-day 
business too, and appreciate it as an opportunity towards sustainable value creation.  

Thus, the economy as a whole and each single stakeholder will have to rethink their founding 
values involving new factors such as energy shortage and climate change. Environmental and energy 
measures need to become part of mainstream business practices, and be supported by and fully 
integrated into next generation enterprise systems to avoid a global collapse as a result of 
inconsiderate pollution and use of energy.  

In its mid-term review of i2010, the European Commission reported that many parts of the EU 
still lagged behind in adopting ICTs *1+. According to the Commission’s latest 2009 report on i2010, 
only 12% of total enterprise turnover is made online, an improvement of a mere 2 percent with 
respect to 2005. Thus, the actual implementation of use of ICT in business processes, especially those 
involving relations with customers and suppliers, remains limited [2]. 

Critical times are always opportunities for change. This view is shared by most of the 
stakeholders [3,4]. The Future Internet may provide a viable path towards the required changes and 
the implementation of novel business practices. Specifically, it must deliver for enterprises.  

Collaboration networks already play a key role in business. They may be further developed as a 
driving force for the change. There are a multitude of advantages attributed to such networks: 

 Value chain streamlining (better integration and new opportunities arising from the 

interaction of  partners and customers) 

 Opening up new markets through domain-specific knowledge of individual partners 

 Alliance between complementary partners 

 Use of economies of scope (cost reduction by joint activities) 

 Use of economies of scale (cost reduction by increasing a company's output)  
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 Critical mass through aggregation of the partners (e.g. public tender offers).  

Cross-industry collaboration and new business partnerships are emerging, e.g. for content 
aggregation and distribution [5]. The overarching aim of the collaboration is to provide motivation to 
work together in new ways, across disciplinary boundaries, and between all stakeholders. The 
concept of the Knowledge Economy recognises that physical value (wealth) creation chains depend 
also on the intellectual capability to design products and manufacture systems. As product life cycles 
are shortened, and the technological content of products explodes, the ability to design both 
products and their manufacturing systems becomes a major proportion of economic activity. In 
manufacturing but also more generally for the economy as a whole, where knowledge becomes a 
defining attribute, knowledge is considered to be itself a commodity; and there is a knowledge 
exploitation chain, which has an interesting duality with the conventional physical value chain.  

Policy Context  

At the European Commission High Level Conference, “Industrial Competitiveness and the Role of 
Policy in Difficult Times” in March 2009, President Barroso underlined “the chance for setting new 
priorities and stimulating the renewal of the industrial sector. At Community level, the European 
industrial policy provides the right framework for actions that target sustained competitiveness while 
avoiding short-sighted interventionist moves” *6+. Thus, he acknowledges the need for a growth-
inductive political and regulatory environment without too much State involvement. This approach is 
in line with the observations from project contributions. The cross-stakeholder cooperation is 
emphasised by eBusiness W@tch: “The main barrier for ICT adoption by SMEs appears to be a lack of 
awareness of the possibilities and benefits that ICT could offer; … Again, this requires multi-national 
cooperation between governments, industry representatives (e.g. chambers of commerce) and the 
ICT industry.” [7].  

More than 99% of Europe’s enterprises are SMEs *8+. However, there is one caveat if SMEs are to 
benefit from ICT: make a differentiation! The notion of “SME” is far too broad to easily address the 
needs of all encompassed in it. Depending on the sectors, the structures and size, needs of SMEs are 
both varied and complex, as is their innovation level. There is a need to re-think the “SME paradigm” 
and the policy approach to effectively support SMEs as the engine of the European economy. 

Alongside rethinking the approach to SMEs, the regulatory environment will have to 
accommodate old fundamental rights and new needs. A holistic view will be necessary to 
accommodate the changing scientific, economic, business and social environment. It will be up to the 
decision-makers and lawyers together with all stakeholders to strike a healthy balance in the quickly 
changing Knowledge Society, e.g. reconciling IP protection with the sharing paradigm of the Internet, 
the fundamental right of privacy with user-centred services, or trust and security with open access in 
a Virtual World, to mention just a few. There is, therefore, a major challenge to involve legislators 
outside the scope of the law to understand the opportunities and mechanisms of the “next 
generation of the knowledge society”, and take these into consideration while revising existing or 
drafting new regulations.  

Social and Societal Context  

The Information and Knowledge Society, in particular facilitated by the Web 2.0 social media,  
radically changes the way people communicate with each other, voice their opinion, generate 
content and interact with physical, legal or web entities. The FInES Cluster recognises this 
development of changed interaction and communication between humans, the human-machine 
relationship, the opportunities ICT offers (e.g. e-inclusion, “better” ageing) and its parallel inherent 
danger (e.g. enlarging the digital divide, unrestricted monitoring) etc. The domain therefore includes 
social and societal challenges where they fall directly into the scope of this Position Paper or where 
they have a direct impact on policy and research recommendations.  

Technology Context 
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The EU has put forward free movement of knowledge as a fifth freedom available to all, no 
matter where it is situated. While scientific and technical knowledge is crucial for the 
competitiveness of the ICT sector, promising technologies alone will not provide the competitive 
edge for enterprises. More must be done to stimulate investments in enterprises’ intangible assets. 
The regulatory environment is part of the business or socio-economic environment and technology 
must support it. 

For instance, the infrastructure of semantically enriched seamlessly accessible distributed 
information that will be incorporated in the Future Internet leverages sophisticated creation and 
(digital) delivery of individualised combinations of products and services, increasingly in the form of 
“experiences” that are provided in an ambient personalised environment. Increased abilities to 
obtain insights into the behaviour and preferences of individuals, for instance through more tracking 
and tracing of the precise use of goods and services associated with the proliferation of the Internet 
of Things (see description on page 14), will dramatically raise the opportunity to offer the customer 
exactly what is needed at precisely the desired moment, either explicitly “on demand” or 
(increasingly) based on prior knowledge. Of course this also creates challenges to privacy protection 
and thus may entail new, innovative regulatory actions. 

Further decrease of location or mobility as obstacles to collaboration will enable enterprises to 
offer individualised solutions more and more through dynamic virtual organisations that originate in 
networks of firms. Various projects in this domain are already directly devoted to this change and 
they stress that they expect that the Future Internet will make it much easier for companies to find 
each other, integrate their systems very quickly and thus create a secure environment to exchange 
sensitive information. There are indications that enterprise systems will become part of “a cloud” 
(see description on page 13) for ubiquitous, ad-hoc use. But a variety of technical challenges needs to 
be addressed to achieve this, such as those related to flexible (re)configuration of enterprise system 
functionality, technical barriers to access, better scalability, the combination of very open systems 
that make it easy to include “outsiders” in the community but at the same time are very secure for 
“insiders” etc. These challenges need to be augmented to accommodate new possibilities of 
collaboration. 

Scientific Context 

The European Commission is supporting research on a scientific foundation for Enterprise 
Interoperability by the creation of a Task Force that aims to join this initiative with similar ones 
around the world [9].  

Moving forward, there is a need to consider the scientific foundation for FInES. According to one 
project contribution [10], the complex, multi-faceted and multi-scale structure of socio-economic 
actors, agents and institutions makes it very difficult to identify causal links that apply reliably to 
different regional, national or cultural contexts. It is suggested that there are, however, some “meta-
characteristics” which, when shared by different socio-economic systems in different contexts, lead 
to similar indicators of stability and productivity. These meta-characteristics relate to issues of 
governance, transparency, accountability and democratic processes, as well as how they can be most 
effectively supported by ICT. The role of scientific research should therefore be to advance our 
understanding of this correlation, by expanding the specialised languages we use in different 
domains of activity in order to build “bridges of understanding” between the many different 
stakeholders. 

 
 
 

3. Vision: Future Internet based Enterprise Systems 2025 
The shaping of FInES, which is part of the European research programme, is within the context of 

the European research with its strategic focus on the Future Internet, alternative paths to ICT 
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components and systems, and ICT for sustainable developments [11]. Additionally, the global 
conditions coinciding with the launch of FInES have a strong impact on the assessment of enterprise 
needs and the vision for future enterprises. Global economic crises may be short term developments; 
however, they occur within social transformation [12]. Enterprises, enabled by and appropriately 
equipped with ICT, are a key engine for that transformation. This goes beyond any specific crisis. 

This section first identifies the key impacts from the context analysis (Section 2) on the research 
domain of FInES. Taking into account those impacts and looking ahead, it provides an outlook for 
European ICT and the future of enterprises, and concludes with a vision statement on FInES 2025.  

Impact on the Research Domain of FInES 

The crisis has triggered a re-examination of the strategic direction that guides the research 
domain of FInES. The impacts are discussed in relation to six broad areas.  

Next Generation Knowledge Society and the Future Internet  

In the context of the economic and financial crisis, it is important to remember the central role 
played by the production and take up of ICT in driving innovation, productivity and growth. ICT can 
contribute to a better handling and more swift recovery from the crisis. In addition to recovery, 
Europe must look and move forward and stay on course in realising the Next Generation Knowledge 
Society. This involves moving beyond the competitiveness of the ICT sector, and making ICT at the 
service of its users, who turn invention into innovation and use. The theme Future Internet is today 
broadly recognised as having key social and economic impact and the potential to drive the European 
competitiveness of tomorrow. But the Future Internet as a set of technologies alone is not a panacea 
for the problems confronting enterprises. In order to equip European enterprises with short and 
medium term capabilities, and to overcome Europe’s competitiveness deficit in the long run, Future 
Internet technologies need to be adopted by enterprises and applied to enterprise systems. The 
innovation facilitated by technologies must be led by technology users, of which European 
enterprises are among the most important constituencies. EU Future Internet research must fully 
embrace the application dimension and enterprise systems as one key aspect of that dimension. 

Tackling environmental and energy issues 

The crisis has challenged business practices. There is a strong need to develop leaner ecosystems 
and thus reduce the trial-and-error consumption (of all kinds of resources both natural and 
processed). Environmental and energy measures need to become part of mainstream business 
practices, and be supported by and fully integrated into next generation enterprise systems. The 
exercise of corporate responsibility needs not be considered as a discretionary cost, but a trigger for 
enterprise innovation. 

Making the Future Internet accessible for SMEs 

The crisis highlights once again the vulnerability of SMEs. One of the strongest research 
challenges will be to abstract the complexity associated with the Future Internet functionality and 
opening it to the millions of European SMEs who do not have dedicated IT staff, and are not 
interested in technology developments per se, but only in the way these developments can help 
them achieve competitive advantage and sustainable development. 

Promoting user-centred products, services and tools 

The crisis reinforces the view of the IT sector as a service sector serving needs. FInES research 
needs to clearly focus on the needs of enterprises as beneficiaries of ICT solutions. Future scenarios, 
enabled by Future Internet technology, should critically include a novel user-centred approach to the 
design, development and commercialisation of new products and services. In this scenario the active 
participation of the user community in the product creation process supports the alignment between 
stakeholders/user expectations, needs and product specifications. The product and service cycle 
(consumer insight, conceptual design, product design, production and marketing) should be 
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developed and exploited as a unique development process where the user community is designing its 
own product and at the same time is marketing it.  

Supporting Future Internet and FInES via standardisation 

In a climate of uncertainty triggered by the crisis, standardisation has an even more critical role 
in providing a stable foundation, or a level playing field, to facilitate innovation and ultimately deliver 
choice for end users. In order to usher in new economic opportunities, standardisation is the more 
important to remove artificial (trade) barriers and the norms associated with old structures and 
obsolete business models. While the positive impact of open standards is generally recognised, the 
approaches for standardisation have to be refocused; otherwise it can also turn out as a blocking 
point in future R&D. Standardisation can be valuable when specifying a future-oriented reference 
framework and the implementation methodology to guide the development of innovation services 
and applications that meet the general as well as more specific needs of enterprises. 

A new way of doing business 

Several aspects have emerged in society which are likely to trigger profound changes; the crisis 
sharpens the debate on the changes that are needed. These aspects include: (a) sustainability, (b) 
relations between enterprises, their employees and customers, and (c) involvement of all 
stakeholders. Regarding the first, oil depletion, waste management, social tensions and over-
consumption are forcing us to rethink the society we know and pay special attention to wealth and 
value creation. Regarding the second, employees are no longer seen as workforce or tools in a 
business, but have become real knowledge assets for the enterprises. The way in which the new 
generations relate and use ICT, i.e. being part of “digital generations/natives”, will deeply affect 
companies, probably enabling the appearance of new business models. Customers are increasingly 
no longer passive consumers of goods and services, but having an active role in the value chain from 
conception to marketing, even becoming part of the innovation processes. Regarding the third, it is 
increasingly recognised that enterprises operate in a social and economic context. Therefore, there is 
a need to acknowledge the wider interests in how enterprises operate, and the issue of effective 
communication with stakeholders. All this may lead to a re-consideration of what is to be understood 
by the terms “organisation”, “team”, “product”, “employee”, and indeed “enterprise”.   

 

4.  An Outlook for European ICT  
According to Viviane Reding, the European Commissioner for Information Society and Media, 

there are three main drivers in ICT [13]: 

 Social networks - a shift from “Web 2.0 for fun” to Web 2.0 for productivity and services, in 

particular “Web 2.0 networking” in the business world; 

 The Internet of Things - new classes of application will come to life, combining information 

from the virtual world with perception of the physical world, and supported by a powerful 

open service infrastructure (of which distributed “cloud” computing capability is an example 

in that direction);  

 The mobile Internet - the emergence of a wireless Web is becoming a reality.   

Taking into account the external factors enterprises may be confronted with in the future, the 
state of the Internet 15 years ahead from now may be characterised by an evolution and revolution 
of the existing technologies. Such developments may trigger continuous as well as discontinuous 
innovation in enterprise environments. Specific hypotheses of future ICT that significantly impact on 
enterprises may include: 
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 Pervasiveness of the Internet, offering the ability to connect to any person at any location 

and any time, allowing enterprises to act solely on a virtual basis, dramatically lowering the 

entry barrier to business sectors, and fostering new business forms and ecosystems; 

 Widespread availability of portable and easily configurable “light-weight” tools and 

customisable “rich Internet applications”, which enterprises can dynamically as well as 

rapidly deploy to handle combinations of material and immaterial goods, leading to a 

fundamental change in the way that a business may be run; 

 Transformation of the Internet “infrastructure” beyond today’s basic network connectivity to 

encompass service interoperability, and from wire-based access to wireless access, meeting 

the real-time demand for bandwidth, services, knowledge and collaboration arrangements;  

 A break-through in the Internet’s security, reliability, quality of service and its general 

trustworthiness, leading to an Internet that is fit for all.   

Preliminary discussions within the FInES Cluster have identified the following key technologies 
that will support the Future Internet, organised into two groups: 

 Technologies of particular relevance for the server side: Internet of Services (IoS); Internet of 

Things (IoT); Internet of Knowledge (IoK); Cloud Computing Interoperability for effective 

cooperation of different Internet resources; Methods and tools for Quality of Services; 

Advanced search and retrieval beyond Google, semantic engines, semantic annotations and 

ontologies; Business processes and enterprise modelling platforms; New architectures, 

inspired by bio-computing and autonomic computing 

 Technologies of particular relevance for the client side: Mobile computing; Open ubiquitous 

access (intelligent monitor & control of access to information/services; authentication, 

authorisation, trust - on computer/on people - and security); Federated governance of Internet 

infrastructure and polycentric governance authorities; Advanced (customised) search and 

retrieval: natural language and advanced graphics (e.g. 3D); Business processes and  enterprise 

modelling: advanced interfaces and methodologies (also methods and tools for systematic 

approaches to enterprise management, i.e. Enterprise Engineering). 

Furthermore the adoption of social networking, moving from fun to business, has been 
highlighted. Already, the shift to outsourcing IT has led to an increasing uptake of the “software-as-a-
service”, which is projected to expand in spite - or because - of the economic downturn. Cloud 
computing has so far centred on “systems infrastructure as a service”. Over the coming years, an 
increasing array of application functionality is expected to become available as cloud services. 
Business semantics will improve, potentially tapping into collective intelligence, and be embedded 
into business logic. Convergence will extend beyond the technology domains today to convergence 
between business contexts, applications, semantics and Web 2.0/X.0 technologies; all mediated by 
services. In addition, the wide deployment of the utility-based service concept will further drive 
essential IT functions for enterprises down the value chain, ushering in a new generation of 
commoditised ICT services as part of the open Future Internet infrastructure. IoT will further extend 
the distributed computing paradigm, with enterprises having to manage massive surges of 
information generated by billions of devices. IoT enables the integration of all things around into the 
communication experience. It signals a move from the Internet as a communications medium to an 
information-centric Internet. Not only do future enterprise systems need to function in mobile 
environment and work with a new generation of endpoints (mobile devices). They will also have to 
be equipped to handle complex information management issues, such as information uncertainty, 
inconsistency, reconciliation, provenance, security, access and control, high data volumes etc on a 
vast scale unimaginable today. Knowledge management for the trading of extremely diverse and 
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exceedingly high volume information assets may become part of the business norm, and moreover a 
key channel of access to enterprise collaboration.  

For the long term future, preliminary discussions of the FInES Cluster have yielded a listing of 
visionary technology topics: 

 Bio-computing paradigm/Autonomic computing: Future Internet should operate like 

biological systems with high level of autonomy and a self-regulating and self-learning 

behaviour mainly driven by constraints and incentives; 

 Self management of complex systems;  

 Information management by machines: information explosion will be mainly managed by 

machines for machines, and humans will be involved by exception or by will (Semantic filters 

and avatars); 

 From Cloud Computing to what is beyond. 

5.  The Future of European Enterprises  

Towards sustainable value creation  

Enterprises will increasingly need to deal with an expanded notion of sustainability, 
encompassing economic, environmental, ecological and social dimensions. Current research [14] 
confirms that effective knowledge management leads to value creation with the potential to increase 
and sustain organisational innovation. In particular, sustainable development is hampered by the 
inability of making sense and exploiting effectively the large amount of knowledge generated by 
individuals across teams, projects, and organisations [15]. Sustainability-related knowledge may take 
several explicit forms, but it is also inherent in human actors’ skills, interactions, experiences, and 
lessons learned. Sustainable value creation is grounded in the appropriate combination of human 
networks, social capital, intellectual capital and technology assets, facilitated by a culture of change – 
it is the meeting point between business needs and community research [16]. But the notion of 
sustainability for future enterprises runs deeper. Economic sustainability alone is not sufficient. The 
operation of enterprises needs to be environmentally sustainable. In future, environmental 
sustainability may even become a prerequisite for enterprises to operate at all (e.g. The EU 2020 
Environmental Objective). Social sustainability is also an emerging subject. At present, this ranges 
from better welfare for employees to corporate social responsibility to “giving something back to 
society of what the company profits”. The concept is expected to further develop in the coming 
years. In general, there is a movement towards a broader concept of value creation beyond 
economic value, and defining new measurements for success beyond economic performance. 
Enterprises of the future will need to embrace the different perspectives of sustainability, because of 
ecological and societal pressure.  

New business models for future enterprises 

Market conditions are not static. Business transformation will continue and is likely to accelerate. 
ICT as an enabler contributes to change and drives social evolution. This leads to new products and 
services, new collaboration networks, new ecosystems, new markets and, above all, new value 
propositions of what enterprises may offer to customers. Successful business models of the future 
will be different from those of today, e.g. instead of selling cars, companies will be selling mobility or 
even the experience of mobility (“fun by driving”). User-centric services are expected to become 
more prominent. As enterprises become less organisational-driven and more customer-oriented, 
business models will be re-thought and re-focused. Business models also need to take greater 
account of intangible assets, including staff as knowledge assets more than a workforce. The present 
eBusiness era includes services such as multimedia context distribution, shared virtual environment, 
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geographic information etc [17]. The new generation of ICT will create new business opportunities, 
and new opportunities will arise if more powerful Internet based connectivity and architectures are 
available (e.g. easy to use, ubiquitous, performant, adaptable to different user needs and devices, 
secure etc). Therefore the potential for novel business models needs to be explored. Sustainability 
issues will bring new business opportunities associated with the ground-breaking application of ICT. 
Flexibility, adaptability and portability of ICT solutions is essential to support enterprise re-
organisation and re-configuration in changing market conditions as well as changing market 
structures, triggered by broadening business objectives. It is possible that the entire economic 
paradigm for business may change in the long run leading to a fundamental transformation of how 
businesses are capitalised, assets are determined, stakeholders are involved; in short, a 
transformation of the notion of enterprises and therefore also our understanding of and approach to 
business models. 

Flexible and agile business processes 

Classic business process modelling describes activities connected through various operators (e.g. 
Business Process Modelling Notation (BPMN)). Due to huge numbers of possible process variants, it is 
difficult to use only these languages for capturing flexible processes. Novel approaches are suggested 
to cope with the complexity of future networked enterprises which will be able to exploit a set of 
business services supporting collaboration and interoperability, based on the Future Internet 
connectivity. Ideally, the business process needs to become interactive, and the business flow needs 
to vary and evolve according to the behaviour of the actors who cope with the external (market) 
requirements. Another approach may be based on a high modularisation of the processes, enabling 
easy reconfiguration and adaptation. The final objective of enabling flexible and agile processes is to 
support inter- and intra- organisational collaboration and the creation of new successful joint 
strategies to address new business opportunities. Interoperability is a key to achieving this. 

6. Vision Statement: Future Internet based Enterprise Systems 
2025  

The Future Internet will enable enterprises - or a new notion thereof - to interact with other 
entities within and outside the enterprises (e.g. customers, suppliers, employees/knowledge 
workers, business partners, public administrations etc) in a seamless way. Interoperability that is 
simple, affordable, accessible and reliable must be extended from techniques and tools to the whole 
of ICT systems for enterprises. Standalone innovations at the parts level need to be consolidated to 
deliver high impact innovation at the system level for enterprises. Specifically, the Future Internet 
will enable enterprises to: 

 Be empowered by a new participative Web, hosting a new wave of services and using user-

friendly technologies; 

 Create new value by leveraging the Internet as the platform through which knowledge is 

exploited dynamically, experienced in the business context and represented in a radically 

different way;  

 Have the required capability that enables and supports collaboration with other enterprises, 

new dynamic relationships, discovery of partnerships, new opportunities and markets, and 

the management of the new risks and uncertainties involved; 

 Operate in a new set of business environments that provide support for quality measures, 

guarantees, persistence, safety, trust, arbitration and other mechanisms for reducing risks on 

both the customer and the provider side; 
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 Become the WYSIWYG [What You See Is What You Get] enterprise, where Web-based 

applications become as rich as their desktop equivalents. 

7. The FInES Cluster: Proposals 

Scope and Aims of the Cluster 

The Cluster is a unique integrating focal point for EU-funded research projects and other relevant 
initiatives in the domain of Future Internet Enterprise Systems, as well as all stakeholders who have 
an interest in the domain. It is a window of the research projects into the relevant activities outside 
the Cluster and, conversely, the principal conduit for particularly European enterprises to connect 
with European research in this domain. 

    
The aims of the Cluster include: 

 To stimulate the interaction between the projects/initiatives in the cluster with a view to 

fostering synergy and complementarity in their work, encouraging comparison of their 

results, and defining comprehensive conclusions that transcend the outputs of the individual 

activities; 

 To disseminate the RTD achievements of Cluster projects and initiatives and support the 

dissemination efforts of individual projects;  

 To represent the Cluster projects in other appropriate settings including standardisation 

organisations, relevant research initiatives and policy forums, and support the efforts of 

individual projects in these areas;  

 To act as a catalyst between the different stakeholders of the FInES research with an 

emphasis on the multi- and inter- disciplinary approach to FInES research and the cross-

cutting nature of the research;  

 To continuously broaden the critical mass of the Cluster by engaging with a wide spectrum of 

stakeholders. 

8.  Priorities for the Cluster  

 The existing activity of the Cluster Taskforce on the Enterprise Interoperability Science Base 

will be strengthened by connecting with experts in other scientific disciplines and joining up 

with similar initiatives in other parts of the world. The momentum of recent steps in this 

direction will be maintained [18].      

 The preparation of a FInES Research Roadmap that defines new research challenges for the 

FInES research domain will be launched. The Roadmap will build upon the baseline 

established in existing key Cluster reference documents (see page v), as well as the context, 

vision, proposals and recommendations articulated in this Position Paper.  

 FInES research is one element of European research and one aspect of the federating 

research theme on the Future Internet. Accordingly, the main focus of the FInES research on 

European enterprises should be appropriately reflected in the activity of the Future Internet 

Assembly (FIA) - the principal collaboration and coordination vehicle among EU funded 

research projects for contributing to European leadership in the Future Internet. Specifically, 
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the possibility of a FIA working group that addresses enterprise issues and needs, including 

adoption of Future Internet technologies, will be explored and pursued.  

 Dissemination of activities, knowledge and results internally within the Cluster projects will 

be stepped up. In addition, there will be pro-active promotion of the Cluster activities, 

achievements and recommendation through all channels available to Cluster projects and 

individual participants. These will include use of traditional dissemination channels as well as 

innovative use of digital media and Web 2.0 tools.  

 Outreach to additional stakeholders outside the core FInES constituencies will be vigorously 

pursued. The Cluster will seek to act as an effective intermediary between all stakeholders on 

matters within the scope of FInES.  

 To facilitate the implementation of the recommendations in Section 5 of this paper, the 

Cluster will use its network and its constituencies to promote the vision of the Cluster and 

engage support and commitment to help realise the recommendations.  

9. Description of Key Terms 

Clouds or Cloud Computing 

“Cloud computing”, or simply “Clouds”, is a hot topic. Definitions abound. A much cited 
definition, developed by Vaquero et al (FP7/ICT RESERVOIR project), is: "Clouds are a large pool of 
easily usable and accessible virtualized resources (such as hardware, development platforms and/or 
services). These resources can be dynamically reconfigured to adjust to a variable load (scale), 
allowing also for an optimum resource utilization. This pool of resources is typically exploited by a 
pay-per-use model in which guarantees are offered by the Infrastructure Provider by means of 
customized SLAs." The European Commission has convened an expert group in 2009 to discuss the 
topic. The report of the group, entitled “The Future of Cloud Computing - Opportunities for European 
Cloud Computing beyond 2010”, will be published in the coming months.  

For interest, the (US) National Institute of Science and Technology has posted the following 
working definition: “Cloud computing is a model for enabling convenient, on-demand network access 
to a shared pool of configurable computing resources (e.g., networks, servers, storage, applications, 
and services) that can be rapidly provisioned and released with minimal management effort or 
service provider interaction. This cloud model promotes availability and is composed of five essential 
characteristics, three delivery models, and four deployment models.” Further details are at 
http://csrc.nist.gov/groups/SNS/cloud-computing/cloud-def-v14.doc. 

 
 
 

10. FInES (Cluster) Stakeholders  
In the FInES (formerly EI) Cluster report on Value Proposition for Enterprise Interoperability, 

published by the European Commission in 2008, the Cluster stakeholders are categorised as follows 
(in Section 1.5): 

 Users – potentially all organisations and final end-users as individuals, customers or citizens 

 Providers – vendors, integrators, application developers, service providers, and other 

“independent” providers 

 Intermediaries – trade associations, industry consortia, multipliers, market consultants, and 

“commentators” 

http://csrc.nist.gov/groups/SNS/cloud-computing/cloud-def-v14.doc
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 Public authorities ς policy makers 

 Standards organisations – potentially including all of the above 

 Research community – academia, research organisations, and potentially including all of the 

above.   

The full report is available at http://cordis.europa.eu/fp7/ict/enet/ei-isg_en.html.  

Future Internet  

In her recent speech, entitled “Investing in a digital recovery: ICT and innovation driving growth”, 
delivered on 13 July 2009 at a European Commission Information Day, the EU Commissioner Viviane 
Reding describes the Future Internet as follows: “This Future Internet will feature almost unlimited 
bandwidth capacity, wireless access everywhere, potentially trillions of devices interconnected, 
integrated security and trust for all parties, and adaptive and personalised services and tools. It will 
open the door to a wide range of new business opportunities and will help us address even better 
our key societal challenges.” The full speech is available at 
http://ec.europa.eu/commission_barroso/reding/docs/speeches/2009/brussels-20090713.pdf. In a 
similar vein, a recent report of a high level vision panel on Future Internet 2020, published by the 
Commission, states that the Future Internet will be “much faster and smarter, more secure, 
embracing not just information and content but also services and real world objects (‘things’)”. The 
full report is available at: http://ec.europa.eu/information_society/activities/foi/library/epr.pdf.  

The Commission has made available a lot of resources on the “Future Internet”, see 
http://ec.europa.eu/information_society/activities/foi/. Under the auspices of the EC, the Future 
Internet Assembly (FIA) was launched on 31 March 2008 for the purpose of collaboration and 
coordination among relevant EU funded research projects. These projects are signatories to the 
“Bled Declaration” on the Future Internet. See http://www.future-internet.eu/ and 
http://ec.europa.eu/information_society/activities/foi/lead/bled/.  

Internet of Things 

Internet of Things is an integrated part of the Future Internet and could be defined as a dynamic 
global network infrastructure with self configuring capabilities based on standard and interoperable 
communication protocols where physical and virtual "things" have identities, physical attributes, 
virtual personalities and use intelligent interfaces, and are seamlessly integrated into the information 
network.  

In the IoT, "things" are expected to become active participants in business, information and 
social processes where they are enabled to interact and communicate among themselves and with 
the environment by exchanging data and information "sensed" about the environment, while 
reacting autonomously to the "real/physical world" events and influencing it by running processes 
that trigger actions and create services with or without direct human intervention.  

Interfaces in the form of services facilitate interact with these "smart things" over the Internet, 
query and change their state and any information associated with them, taking into account security 
and privacy issues. 

Source: 2009 CERP-IoT SRA  

http://cordis.europa.eu/fp7/ict/enet/ei-isg_en.html
http://ec.europa.eu/commission_barroso/reding/docs/speeches/2009/brussels-20090713.pdf
http://ec.europa.eu/information_society/activities/foi/library/epr.pdf
http://ec.europa.eu/information_society/activities/foi/
http://www.future-internet.eu/
http://ec.europa.eu/information_society/activities/foi/lead/bled/
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Section 5 
 

19. In this context, there is a specific suggestion that IP is emerging as a “digital object”, which existing 
legislation fails to accommodate. One view goes further in suggesting that enterprises should be 
encouraged to develop “virtuous business models” - creating totally digital products (in place of 
physical ones). De-materialisation through the use of software would boost environmental and 
social sustainability.  
   

20. Note that the statement also implies a strong context change for the environment in which 
enterprises may operate in future. Specifically, future enterprise networks go far beyond the 
traditional business-to-business (B2B) paradigm that first came to prominence three decades ago. 
They cover relationships and interactions between businesses, as well as between businesses and 
their partners, customers, public authorities and other stakeholders in a business such as 
employees. 
 

21. See Annex III; with a particular discussion in Knowledge Café KC1a concluding that “the enterprise” 
no longer exists, and another discussion in Knowledge Café KC2a advancing the view of “Liquid 
enterprises, with fuzzy boundaries, with flexible behaviour, with evolving objectives”. 
 

22. e.g. a business level mashup could be supported by a high level message including concepts such as 
billing, service provision etc. See particularly the Knowledge Café KC1b discussions in Annex III.  
 

23. In particular, systems that adapt easily to users needs and not the other way round. 
 

24. See Annex I, including specific proposals by INTEROP-VLab.  
 

25. In this context, there is a suggestion to develop approaches to assess benefits and profits that do 
not only take the perspective of the single enterprise, but also consider the consequences for the 
(enterprise) network as a whole. The assessment needs to be adapted for different industries, 
different types of companies, different types of employees, and different types of customers. 
 

26. From taxonomy and standardisation to diversity and evolution, from interoperability of data and 
process to interoperability of knowledge, from “the whole interoperability framework across the 
scope of the Cluster” to the development of high level requirements for such interoperability to the 
implementation of the requirements in a rational toolkit of methods, tools and modular software. 
Along these lines, there is a proposal for “European Standards for Enterprise” in order to remove 
the danger of multiple projects producing multiple and varied solutions in this space.  
 

27. According to INTEROP-VLab: “It should also be addressed the study and analysis of enterprise 
interoperability as a whole and in its three domains (ontology, enterprise models and 
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collaboration among existing systems – promoting collaborative business processes – the build of 
systems of systems and finally the Internet of services. This interoperability study and analysis will 
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software development based on model driven interoperability. Moreover, it is necessary to go on 
in the study of the interoperability applied to different sectors as: e-Governance, e-Procurement, e-
Learning, e-Commerce,…”. See full contribution in Annex I. 
 

28. See Annex III, in particular the discussions in Knowledge Café KC1b.  By way of example, there is a 
particular concern about the (potential) lack of interoperability between clouds, particularly if they 
host enterprises resources and assets.  A related concern is the software as a service approach, 
which may create interoperability problems by locking in company information.  
 

29. See the Value Proposition for Enterprise Interoperability Report, chapter 5 
http://cordis.europa.eu/fp7/ict/enet/ei-isg_en.html 
 

30. See the Value Proposition for Enterprise Interoperability Report, chapter 7, in particular 
Recommendations 3 and 4, ibid. 
 

31. What those paradigms are (might be) is subject to research. For example, a clean slate approach to 
the Future Internet may yield radically different paradigms to those arising from the evolutionary 
approach. Note that this debate concerns not only network communications, even though the 
debate has largely taken place in that particular domain. 
 

32.  A suggestion from a Cluster discussion: do not look to the established network structures, but the 
underlying needs, then the underlying ICT support needed, and then the means to dynamically 
change/adapt the network structure. 
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1. Executive Summary 

This report has examined the correspondence between research in the area of the Future Internet 
and Standardisation 

It can be stated there are very many teams of researchers and standards people working in this 
area and this report covers many of them.  

The report raises the question that, if we have all this activity, how do we turn the research into 
standards and use both to enable the market. It is clear that if we could remove all the barriers and 
creating Interoperable Services that could utilize any intelligent object (“Thing”) there would be 
significant market growth and many solutions to the issues raised by Climate Change and an ageing 
population would be much easier to arrive at. While this report and the Future Internet is not 
concerned with specific sectors, solving the issue of general interoperability and enabling the easy and 
intuitive creation of services and applications is a prerequisite to resolving many other issues in other 
sectors. 

The report looks in depth at the opportunities afforded by Cloud Computing and covers the many 
initiatives and organizations active in this area and the ramifications of these technologies and 
initiatives to the Future Internet. The Report looks at the Global Standards One work in relation to the 
internet of things and shows that many of the methods used under GSI are transferable to solutions in 
the Future Internet. 

The report covers Semantic Interoperability of Business Documents and explores the extension of 
this for realizing Software as a Service Utility and how this leads onward to the Internet service Utility 
(ISU). 

A common feature of much of this report is that it demonstrates that while the Business to 
Business area is well developed both in research and in standardization, the more general case for the 
Future Internet is not.  

Since this covers the B2C, B2M and M2M areas as well as B2B and covers applications and services 
it is recommended that actions are taken to coordinate work in the Future Internet and the more 
general case of Interoperability Standardisation, conformance and Certification. The report suggests 2 
Projects should be taken forward under Call 5. a Coordination Action to maintain a strong linkage 
between Standardisation and Research to help shape outcomes and an Integrated Project tasked with 
delivering the general case (Framework) for Future Internet Interoperability for research and for 
standardization leading to certification and product and service conformance. This it is suggested will 
remove major barriers to interoperability and allow major market growth of intelligent and innovative 
services (ISU) to products, devices and objects (IoT).  

The main conclusion of this report is that there is an ongoing need for strong links between 
Research in the area of the Future Internet and Standardisation and especially where these lead to 
resolving market barriers and enabling significant GDP growth. 

 
 



97 

 

2. Introduction 
In a climate of profound uncertainty, standardisation has an even more critical role in providing a 

stable foundation, or a level playing field, to facilitate innovation and ultimately deliver choice for end 
users

47
. As the Internet of Things

48
 gathers momentum and more and more intelligent “things” appear 

in the systems of B2B transactions B2C transactions and most importantly B2M (Business or service to 
machines) transactions, the more pressing the necessity to formulate standard frameworks for overall 
interoperability and for standards to enshrine the work of FinES and its related projects and also to 
provide an understanding of what is already happening in standardisation. 

According to the name of the FInES Cluster, the addressed topics will be partitioned in: Future 
Internet, addressing the ICT issues, and Future Enterprise Systems, focusing on the aspects of the 
business user. 

3. FInES Standardization Objectives 

The objectives of the FInES Standardization effort is to establish the requirements on 
interoperability, research and existing standardisation in the area of FinES, research outputs from 
existing projects and raise awareness on the needs, the available standards, and of the ongoing work in 
standardization: 
- To establish a base for FinES requirements on interoperability by identifying potential barriers and 

concerns 
- To establish contacts with groups (CEN, IFIP, W3C, OASIS, VLab, IETF and others) and projects 

working in the area of interoperability 
- To collect and collate relevant RTD work and existing and relevant standards, ongoing work in 

progress in standardisation and identify areas that could be standardised in the future as current 
and planned RTD projects 

- Prepare to set up a project to establish the set of FinES requirements on interoperability to identify 
work in the RTD areas covered by FinES (the Future Internet as covered by Objectives 1.2 and 1.3 of 
the Seventh Framework Work Plan) and ensure through affirmative measures that specifications 
identified as having the potential to be useful specifications (or part of) are taken forward into 
standardisation  

- To inform, coordinate and advise both Standardisation (the ESOs and other EU Consortia and Fora) 
and RTD (the current and future FP7 projects) of each others activities and content and ensure that 
through conferences, seminars and workshops an understanding is reached between the two 
areas. 

A particular objective of the FInES Standardization Task force is 
- To prepare to set up a project to establish the set of FinES requirements on interoperability to 

identify work in the RTD areas covered by FinES (the Future Internet as covered by Objectives 1.2 
and 1.3 of the Seventh Framework Work Plan) and ensure through affirmative measures that 
specifications identified as having the potential to be useful specifications (or part of) are taken 
forward into standardization  

- A further project should be prepared to support common RTD and standardization work e.g. 
provide funding for the participation of experts, namely to identify and to develop selected new 
standards in the area of Future Internet and Future Enterprise Systems.   

- To prepare a project to research, design and implement interoperability testing and proving of the 
interoperability of services and things in the B2C and B2M environments under which the new 
standards can be implemented, evaluated and established as tools for certification and testing of 
both services and machines or equipment. 

 

                                                           
47 COIN IP Contribution to FInES Cluster Position Paper by Sergio Gusmeroli, Claudia Guglielmina, Man-Sze Li, Andrew 

Faughy, Marco Conte, ftp://ftp.cordis.europa.eu/pub/fp7/ict/docs/enet/fpp-1st-contribution-coin_en.pdf 

48 Internet of Things: an early reality of the Future Internet, Workshop Report by Maarten Botterman 
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4. The Areas Addressed by FInES 
1. Cloud Computing and Virtualization: Today’s powerful x86 computer hardware was designed 

to run a single operating system and a single application. This leaves most machines vastly 
underutilized. Virtualization, also termed as Infrastructure as a Service (IaaS) allows to run 
multiple virtual machines on a single physical machine, sharing the resources of that single 
computer across multiple environments. Cloud computing, on the other hand, is covered by 
three models offering Infrastructure as a Service (IaaS), Platform as a Service (PaaS) and 
Software as a Service (SaaS), which all involve the on-demand delivery of computing resources. 
There is indeed a need for a common, interoperable and open set of cloud computing 
standards: When every IaaS, PaaS or SaaS provider creates their own API (and they do), then 
customers and developers will need to learn several different APIs in order to engage each 
vendor's service. 

2. Semantic Enterprise Interoperability, frameworks and harmonisation of related standards as 
well as semantic Interoperability of Electronic Business Documents for realizing SaaS-U 
(Software as a Service-Utility): As stated in

49
 “While the utility/commoditisation concept is 

potentially applicable to several ICT technologies and environments, the ISU is particularly 
concerned with services and applications within the domain”. One of the key problems in the 
enterprise domain is the interoperability of the content of the electronic document/messages. 

3. Analysis of existing and needs for future user oriented standards in FInES., namely to identify 
and to develop selected new standards in the area of Future Internet and  Future Enterprise 
Systems. (more tbd)  

5. Standardization Efforts Related with Cloud Computing 

Cloud Computing 

Cloud computing is a pay-per-use model for enabling available, convenient, on-demand network 
access to a shared pool of configurable computing resources (e.g., networks, servers, storage, 
applications, services) that can be rapidly provisioned and released with minimal management effort or 
service provider interaction

50
. Some of the major cloud computing service providers are: Vmware, Sun 

Microsystems, IBM, Amazon, Google, Microsoft and Yahoo. Cloud services are being adopted by 
individual users through large enterprises including vmware, General Electric and Procter & Gamble as 
well as many other companies and especially the SMEs. In August 2008, Gartner Research observed 
that "organizations are switching from company-owned hardware and software assets to per-use 
service-based models" and that the "projected shift to cloud computing will result in dramatic growth in 
IT products in some areas and in significant reductions in other areas." 

Key characteristics of Cloud Computing are as follows
51

:  

 On-demand self-service: A consumer can unilaterally provision computing capabilities, such as 
server time and network storage, as needed without requiring human interaction with each 
service’s provider.  

 Ubiquitous network access: Capabilities are available over the network and accessed through 
standard mechanisms that promote use by heterogeneous thin or thick client platforms (e.g., 
mobile phones, laptops, and PDAs). 

 Location independent resource pooling: The provider’s computing resources are pooled to 
serve all consumers using a multi-tenant model, with different physical and virtual resources 
dynamically assigned and reassigned according to consumer demand. The customer generally 
has no control or knowledge over the exact location of the provided resources. Examples of 
resources include storage, processing, memory, network bandwidth, and virtual machines. 

                                                           
49 COIN IP Contribution to FInES Cluster Position Paper by Sergio Gusmeroli, Claudia Guglielmina, Man-Sze Li, Andrew 

Faughy, Marco Conte, ftp://ftp.cordis.europa.eu/pub/fp7/ict/docs/enet/fpp-1st-contribution-coin_en.pdf 

50 http://groups.google.com/group/cloudforum/web/nist-working-definition-of-cloud-computing 

51 http://groups.google.com/group/cloudforum/web/nist-working-definition-of-cloud-computing 
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 Rapid elasticity: Capabilities can be rapidly and elastically provisioned to quickly scale up and 
rapidly released to quickly scale down. To the consumer, the capabilities available for rent 
often appear to be infinite and can be purchased in any quantity at any time. 

 Pay per use: Capabilities are charged using a metered, fee-for-service, or advertising based 
billing model to promote optimization of resource use. Examples are measuring the storage, 
bandwidth, and computing resources consumed and charging for the number of active user 
accounts per month. Clouds within an organization accrue cost between business units and 
may or may not use actual currency. 

 Cloud software takes full advantage of the cloud paradigm by being service oriented with a 
focus on statelessness, low coupling, modularity, and semantic interoperability. 

 
One of the most prominent examples of cloud computing is Amazon Elastic Compute Cloud 

(Amazon EC2) which is a web service that provides resizable compute capacity in the cloud
52

. Each 
cloud computing provider gives its own proprietary APIs. Yet the cloud computing market should be fair 
and free of monopolies and vendor lock-in situations: Open specifications with standardized protocols 
and data formats are needed. The expected benefits are: 
- Applications could run on any cloud node 
- Applications could migrate between cloud nodes 
- Contingency planning/disaster recovery 
- Scalability/elasticity 
- Centralized and standardized security enforcement and monitoring (intrusions, secure 

configurations, vulnerabilities) 
- Interagency billing of resources used will self-optimize growth of cloud nodes 

 
There are a number of FP7 Projects and several standardization efforts especially from the USA 
related with Cloud Computing as briefly summarized in the following sections. 
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The Cloud Computing Interoperability Forum (CCIF)  

CCIF
53

 was formed in order to enable a global cloud computing ecosystem whereby organizations 
are able to seamlessly work together for the purposes for wider industry adoption of cloud computing 
technology and related services. A key focus will be placed on the creation of a common agreed upon 
framework / ontology that enables the ability of two or more cloud platforms to exchange information 
in an unified manor. 

CCIF is an open, vendor neutral, not for profit community of technology advocates, and 
consumers dedicated to driving the rapid adoption of global cloud computing services. CCIF shall 
accomplish this by working through the best practices / reference architectures for the purposes of 
standardized cloud computing use open forums (physical and virtual) focused on building community 
consensus, exploring emerging trends, and advocating. 

Unified Cloud Interface Project
54

 is an attempt to create an open and standardized cloud 

interface for the unification of various cloud API's as shown in Figure 25. The aim is to create a singular 

programmatic point of contact that can encompass the entire infrastructure stack as well as emerging 
cloud centric technologies all through a unified interface. In this vision for a unified cloud interface the 
use of the resource description framework (RDF) is an ideal method to describe a semantic cloud data 
model (taxonomy & ontology).  

 

 
Figure 25 Unified Cloud Interface

55
 

OMG Activities 

OMG hosted "Cloud Standards Summit"
56

 on July 13, 2009. The goal of the Summit is to initiate a 
dialogue with government IT leaders on the theme of "Coordinating Standardization Activities to 
Remove Government Cloud Computing Roadblocks". Potential government implementers of Cloud 
Computing will supply their feedback on key issues that could delay federal Cloud Computing 
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deployments. These issues will include areas such as security, governance, SLAs, 
portability/interoperability across Clouds, compliance, legacy systems integration, APIs, and virtualized 
resource management.  

Activities by VMware 

VMware
57

 submitted the vCloud API to the DMTF as a way to standardize the API. Although VApps 
follow the Open Virtualization Format (OVF) standard, they include specific VMware features and 
therefore are expected to be implemented only on VMware systems. Thus, VMware is marketing 
vCloud to vendors who run VMware on their servers. 

The Open Cloud Consortium (OCC)  

The Open Cloud Consortium (OCC)
58

: 
- Supports the development of standards for cloud computing and frameworks for interoperating 

between clouds;  
- Develops benchmarks for cloud computing;  
- Supports reference implementations for cloud computing, preferably open source reference 

implementations; 
- Manages a testbed for cloud computing called the Open Cloud Testbed; 
- Sponsors workshops and other events related to cloud computing. 

The Open Cloud Consortium (OCC) and the Open Cloud Testbed include the following centers and 
groups: 

Members 
    * Cisco 
    * MIT Lincoln Labs 
    * Yahoo 
Associate Members 
    * Aerospace 
    * Open Data Group 
    * Sector Project 
Contributing Members 
    * Calit2 
    * Johns Hopkins University 
    * National Lambda Rail 
    * Northwestern University 
    * University of Chicago 
    * University of Illinois at Chicago 
 
Working groups:  

- Working Group on Standards and Interoperability for Clouds that Provide On-Demand Computing 
Capacity. The focus of this working group is on developing standards for interoperating clouds that 
provide on demand computing capacity. For example, what are standard interfaces to storage 
clouds and compute clouds? This working group is also developing a benchmark for clouds that 
provide on-demand computing capacity called MalStone.  

- Working Group on Information Sharing, Security and Clouds: The focus of this working group is on 
standards and standards based architectures for sharing information between clouds, especially 
clouds belonging to different organizations and subject to possibly different authorities and 
policies. This group is also concerned with security architectures for clouds.  

- Working Group on Wide Area Clouds and the Impact of Network Protocols on Clouds: The focus of 
this working group is developing technology for wide area clouds. This includes methodologies and 
benchmarks for evaluating wide area clouds. This working group will also explore through 
experimental studies the applicability of variants of TCP and the use of other network protocols for 
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clouds. This working group has access to the Open Cloud Testbed for wide area experimental 
studies. 
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The Open Grid Forum (OGF) 

The Open Grid Forum (OGF) has officially launched the Open Cloud Computing Interface Working 
Group (OCCI-WG). Its aim is the rapid development of a clean, open API for cloud infrastructure 
delivered on-demand. The Open Cloud Computing Interface (OCCI) group will deliver an API 
specification for remote management of cloud computing infrastructure, allowing for the development 
of interoperable tools for common tasks including deployment, autonomic scaling and monitoring. 

NIST View on Cloud Computing Standardization 

NIST foresees a Federal Cloud Infrastructure
59

. The Federal government identifies minimal 
standards and architecture to enable agencies to create or purchase interoperable cloud capabilities: 

- Agencies would own cloud instances or ‘nodes’ 
- Nodes would provide the same software framework for running cloud applications 
- Nodes would participate in the Federal cloud infrastructure 
- Federal infrastructure would promote and adopt cloud architecture standards (non-proprietary) 
- ‘Minimal standards’ refers to the need to ensure node interoperability and application portability 

without inhibiting innovation and adoption thus limiting the scale of cloud deployments 

Open Virtualization Format (OVF)  

Open Virtualization Format (OVF)
60

 is a hypervisor-neutral, efficient, extensible, and open 
specification for the packaging and distribution of virtual appliances composed of one or more virtual 
computer systems. It aims to facilitate the automated, secure management not only of virtual machines 
but the appliance as a functional unit.  

Cloud Computing Security  

Several organizations including Cloud Security Alliance, Open Cloud Manifesto and NIST state that 
there is a need to define standards for cloud computing

61
.  This set of standards includes privacy and 

security aspects as well. According to a survey led by IDC Enterprise Panel in August 2008, among the 
challenges/issues of the cloud model adoption, security is the major concern worrying the users.  

When interoperability standards are not available, the number of proprietary implementations 
is increasing. This triggers the fact that proprietary implementations cannot be examined against 
privacy and security aspects. Hence, the need for interoperability standards in cloud computing cannot 
ignore security and privacy. 

Service Level Agreements (SLA) Management 

Cloud computing uses the concept of service level agreements to control the use and receipt of 
resources from and by third parties. SLAs commonly include segments to address: a definition of 
services; performance measurement; problem management; customer duties; warranties; disaster 
recovery; termination of agreement. Any SLA management strategy considers two well differentiated 
phases: the negotiation of the contract and the monitoring of its fulfillment in run-time. Thus, SLA 
Management encompasses the SLA contract definition (the QoS (quality of service) parameters), SLA 
negotiation, SLA monitoring and SLA enforcement according to defined policies. The main point is to 
build a new layer upon the cloud able to create negotiation mechanism between providers and 
consumer of services.  

 

 

FP7 Project SLA@SOI 
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SLA@SOI is a FP7 project
62

 researching aspects of multi-level, multi-provider SLAs within service 
oriented infrastructure and cloud computing. An essential part of an SLA-aware infrastructure is a 
scalable and self-sufficient monitoring system capable of monitoring large distributed systems, in real-
time. The monitoring system must support two mutually exclusive perspectives arising from the Service 
Level Agreement, namely the customer’s perspective and the infrastructure/service provider’s 
perspective. The former is interested in the SLA alone, while the latter needs to be able to optimize the 
utilization of the infrastructure. To help process and manage the volume and variety of monitoring 
data, a multi-layer monitoring architecture has been proposed by Infrastructure Management

63
. 

Web Services Agreement Specification (WS-Agreement) 

WS-Agreement
64

 was developed in a joint working group of different partners from industry and 
research in the Open Grid Forum. It defines a language and a protocol to represent the services of 
providers, create agreements based on offers and monitor agreement compliance at runtime.  

It enables:  
- Advertising agreement capabilities of parties 
- Creating agreements based on offers 
- Monitoring agreement compliance at runtime. 

Web Service Level Agreements (WSLA) 

WSLA
65

 is a framework developed by IBM for specifying and monitoring Service Level Agreements 
(SLA) for Web Services. It is able to measure and monitor the QoS parameters of a Web Service and 
reports violations to the parties specified in the SLA. It proposes a formal language based on XML 
Schema to express SLAs and a runtime architecture, and comprises several SLA monitoring services, 
which may be outsourced to third parties (supporting parties) to ensure a maximum of objectivity. 
WSLA language allows service customers and providers to define SLAs and their parameters and specify 
how they are measured. The WSLA monitoring services are automatically configured to enforce an SLA 
upon receipt. 

FP7 Project COIN 

The mission of the European FP7 Integrated Project  COIN (Collaboration and interoperability for 
networked enterprises

66
) is to study, design, develop and prototype an open, self-adaptive, generic ICT 

integrated solution to support the above 2020 vision, starting from notable existing research results in 
the field of Enterprise Interoperability (made available by the Enterprise Interoperability DG INFSO D4 
Cluster and specifically by the projects ATHENA, INTEROP, ABILITIES, SATINE, TRUSTCOM) and 
Enterprise Collaboration (made available by projects ECOLEAD, DBE, E4 and ECOSPACE). 

In particular, a COIN business-pervasive open-source service platform will be able to expose, 
integrate, compose and mash-up in a secure and adaptive way existing and innovative to-be-developed 
Enterprise Interoperability and Enterprise Collaboration services, by applying intelligent maturity 
models, business rules and self-adaptive decision-support guidelines.  

This way, the Information Technology vision of Software as a Service (SaaS) will find its 
implementation in the field of interoperability among collaborative enterprises, supporting 
collaborative business forms, from supply chains to business ecosystems, like a utility, the 
Interoperability Service Utility (ISU). The COIN project will finally develop an original business model 
based on the SaaS-U (Software as a Service-Utility) paradigm on the base of the open-source COIN 
service platform. 

 

FP7 Project Reservoir Project 

                                                           
62 http://sla-at-soi.eu/ 

63 Hierarchical Monitoring Services for Efficient Distributed System Management, http://sla-at-soi.eu/?p=523 
64
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Reservoir project
67

 will introduce an abstraction layer that will allow developing high level 
management components that are not tied to any specific environment. It also aims to provide a 
Service Definition Language, Cross Site management protocols to enable cooperation between different 
Data Centers. 

6. Global Standards One (GS1) and the Internet of Things 
Global Standards One (GS1)

68
 is a family of standards focusing on different aspects of supply chain 

integration such as electronic products codes, product information synchronization and the electronic 
document standards. GS1 was formed in early 2005 by the European Article Number and the Uniform 
Commercial Code organizations when they joined together. EAN and UCC were two organizations that 
heavily contributed to the adoption and proliferation of barcodes. 

In a GS1 Network, the trading partners share three different types of data: 

 Master data (identical for all same articles) 

 Transactional data (describing a business transaction), and 

 Event data describing an event for all individual items with serialized item numbers. An event 
can be a read (observation) made by a company internally or a read made with the help of 
sensor equipment like temperature 

All these data are (primarily) communicated via electronic means, defined according to the 
following four GS1 Standards: 

 EPC (Electronic Product Code): EPC is an extension to the GTIN barcode naming conventions in 
that it includes unique product identity. 

 EPCglobal Network
69

: Event data is communicated and registered with the help of the 
EPCglobal Network. EPCglobal drives the development of the Electronic Product Code (EPC) 
related with RFID standards.  

 The Global Data Synchronization Network (GDSN)
 70

: Master data is communicated with the 
help of the global data synchronization network (GDSN). The Global Data Synchronization 
Network (GDSN) enables product data and location information synchronization so that 
trading partners have consistent item data in their respective systems. 

 Electronic business messaging: GS1 eCom
71

 is the part addressing the transactional data is 
communicated with the help of the standard for electronic business messaging in this family of 
standards. In GS1 eCom, there are two distinct categories: the earlier eCom standards that are 
based on Electronic Document Interchange (EDI), called EANcom and the newer generation 
GS1 XML

72
 which is designed using XML Schema.  
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68 GS1. Global Standard One. http://www.gs1.org/. 

69 EPCglobal. Electronic Product Code Global. http://www.gs1.org/productssolutions/epcglobal/ 

70 GDSN. GS1 Global Data Synchronisation Network. http://www.gs1.org/productssolutions/ 
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71 GS1 eCOM, http://www.gs1.org/productssolutions/ecom/ 
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GS1 EPCglobal Network 

GS1 EPCglobal Network
73

 standards are designed to improve visibility. Visibility is one of the key 
components of the roadmap towards the creation of the Internet of Things vision

74
. 

 
 

 
 

Figure 26 EPCglobal Network Architecture 

 

The EPCglobal Network architecture is based on the following principles as shown in Figure 
26: 

 A unique number (the EPC) to identify each individual instance of a product within the supply 
chain. 

 This unique number is held in an RFID-tag that is attached to that object. 

 As this object moves through the supply chain, it is detected by RFID readers at different 
locations and the information is passed to filtering and collection EPC middleware (Application 
Level Event (ALE)). 

 This middleware aggregates information, removes duplicates, applies appropriate filters and in 
turn passes filtered information to enterprise systems. 

 When IT systems require more information about an object, they use the EPC code from the 
object’s tag or other EPC Manager Numbers to query the Object Naming Service (ONS) or the 
Discovery Service (DS). 

 The ONS will return the Internet address of the EPC Information Services (EPC IS) server of the 
source, which holds information about the object in question 

 A comparison can be made with the Internet Domain Name Service (DNS), which translates 
domain names into their IP-addresses 

 The EPC Discovery Service (EPC DS) will return the Internet addresses of the EPC Information 
Services (EPC IS) servers of all parties where that particular EPC code has been 
(www.epcglobalinc.org) 

 This can be compared to a search engine on the Internet 

 The EPC Discovery Service (DS) will be used if a company does not know where data of a 
specific EPC resides 
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FP7 iSURF Project 

iSURF Project is enabling the collaborative supply chain planning across multiple domains for a 
flexible and dynamic environment and especially to facilitate European SMEs participation to 
collaborative supply chain planning process. The following standards are used in the iSURF Project to 
achieve its following objectives: 

 Develop an Interoperability Service Utility in order to enable the interoperability with the 
existing enterprise legacy applications handling planning (such as ERPs, MRPs, APSs). For this 
purpose, these applications are wrapped as Web services conforming to the W3C standards, 
Simple Object Access Protocol (SOAP)

75
 and Web Services Description Language (WSDL)

76
 and 

served over an enterprise service bus. 

 Enable interoperability in exchanging inter-enterprise planning related data including 
forecasts, inventory and Point-of-Sale (POS) exceptions across domains. iSURF has contributed 
heavily to the OASIS SET TC

77
 to develop the UN/CEFACT CCTS

78
 based semantic definitions of 

electronic business documents and this specification is being used for this purpose.  

 Provide an open source smart product infrastructure for SMEs in order to enable SMEs to 
acquire the supply chain visibility information in real time from the distributed RFID devices. 
The iSURF smart product infrastructure provides the SMEs with the capabilities of gathering 
product information through RFID devices, filtering and aggregating the collected data and 
putting them into a business context. This smart product infrastructure is based on 
EPCGlobal

79
  standards. 

 Enable the definition and execution of inter-enterprise collaboration across multiple domains 
through the Service Oriented Collaborative Supply Chain Planning Process Definition and 
Execution Platform. For this purpose, Collaborative Planning, Forecasting and Replenishments 

(CPFR®)
80

 standard is used. The predefined CPFR® building blocks are combined in to a 

business process and executed through a standard, machine processable business process 
specification language, namely, OASIS ebXML Business Specification Language, (ebBP)

81
. 

 Support the architecture with a Global Data Synchronization
82

 Service Utility which conforms 
to the GS1

83
 standard in order to ensure the accuracy and reliability of master data used in the 

supply chain by developing standard based open platform for SMEs. 

 Ensure the security and privacy of both the real time visibility data gathered through RFID 
devices and the planning and forecasting messages exchanged across enterprises. The 
necessary identity management, security and privacy mechanisms for sharing visibility data 
gathered through RFID devices and for exchanging the planning data between supply chain 
partners are be based on the OASIS standards such as XACML

84
 and SAML

85
. 
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7. Standards on Semantic Interoperability of Electronic 
Business Documents for realizing SaaS-U (Software as a 
Service-Utility) 

The interoperability of the electronic documents exchanged in eBusiness applications is an 
important problem in industry. Currently, this problem is handled by the mapping experts who 
understand the meaning of every element in the involved document schemas and define the mappings 
among them which is a very costly and tedious process.  

In order to improve electronic document interoperability, the UN/CEFACT produced the Core 
Components Technical Specification (CCTS) which defines a common structure and semantic properties 
for document artifacts. However, at present, this document content information is available only 
through text-based search mechanisms and tools.  

UN/CEFACT Core Component Technical Specification 

The essence of UN/CEFACT Core Component Technical Specification
86

 is to design documents from 
standard, re-usable building blocks, called Core Components. The ultimate aim is to make the Core 
Components available from a single common repository for discovery and reuse in designing the 
business documents. 

The initial set of Core Components are designed starting from the business processes and using 
the UN/CEFACT Modeling Methodology (UMM). For example, through the analysis of an invoicing 
business process, it may be revealed that a component is necessary to represent the “tax amount" in 
the invoice. Once, “Tax Amount" is defined as a Core Component, it can be discovered and reused in 
any business document that has a tax amount component. However, to provide interoperability, there 
is a need for a fixed set of reusable data types to represent values in the components consistently. 
Hence the starting point for the design of Core Components is the Core Data Types. 

Core Component Types (CCT) constitutes the leaf-level type space of UN/CEFACT Core 
Components. They specify the basic information types, such as amount, binary object, code and date 
time, and they are built from primitive data types (e.g. binary, decimal, integer, string).  

On the other hand, Data Types define the set of valid values for a Basic Core Component. 
They are based on one of the Core Component Types and further restrict it. In this respect, CCT's 

can be thought of abstract types from which more specialized Data Types are produced.  
A Core Component is a reusable building block for creating electronic business documents. There 

are three types of Core Components: 

 Aggregate Core Component (ACC): A distinct real world object with a specific business 
meaning such as “Address" or “Purchase Order" is termed as an Aggregate Core Component 
(ACC). An Aggregate Core Component has at least one and possibly more Basic Core 
Components (BCC). For example, “Address. Details" is an Aggregate Core Component (ACC) 
containing several Basic Core Component (BCC)s. Currently there are 81 ACCs in the 
UN/CEFACT Common Business Library. 

 A Basic Core Component describes a property of an ACC by using a Core Data Type. For 
example, “Address. Details. Street" is a Basic Core Component (BCC) and is of “Text" Core Data 
Type. Currently there are 528 BCCs in theUN/CEFACT Common Business Library. 

 Sometimes it is necessary to define an association between Aggregate Core Components. This 
is realized through Association Core Components. For example, “Person. Details. Residence" is 
an Association Core Component (ASCC) referencing the “Address. Details" ACC. Currently there 
are 176 ASCCs in the UN/CEFACT Common Business Library. 

                                                           
86 UN/CEFACT Core Components Technical Specification, http://www.unece.org/cefact/ebxml/CCTS_V2-01_Final.pdf 

http://www.unece.org/cefact/ebxml/CCTS_V2-01_Final.pdf
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A Core Component is designed to be context-independent so that it can later be adapted to 
different contexts and reused. When a Core Component is restricted to be used in a specific business 
context, it becomes a Business Information Entity (BIE). In other words, a Business Information Entity is 
a Core Component specialized to a specific business context and given its own unique name. The 
possible business contexts that can be used are defied to be: Business Process Context; Product 
Classification Context; Industry Classification Context; Geopolitical Context; Business Process Role 
Context; Supporting Role Context; System Capabilities Context and Official Constraints Context. 

For example, when the Business Process Context is specialized to “Purchasing", and the 
Geopolitical Context is set to be “EU", the “Invoice. Tax. Amount" BCC becomes the “Invoice. VAT Tax. 
Amount" Basic Business Information Entity (BBIE). Similarly, when an Association Core Component is 
used in a context it becomes Association Business Information Entity (ASBIE) and Aggregate Core 
Component becomes Aggregate Business Information Entity (ABIE).  

OASIS Semantic Support for Electronic Business Document 
Interoperability (SET) TC 

The purpose of OASIS SET TC
87

 is to provide standard semantic representations of electronic 
document artifacts based on UN/CEFACT Core Component Technical Specification (CCTS)  and hence to 
facilitate the development of tools to support semantic interoperability. The basic idea is to explicate 
the semantic information that is already given both in the CCTS and the CCTS based document 
standards in a standard way to make this information available for automated document 
interoperability tool support.  

UN/CEFACT CCTS specifies the semantics of document artifacts in several dimensions: through 
the Core Components Data Types; through the structure of the core components; the semantics 
implied by the naming convention used; the semantics implied by the context, the Business Information 
Entities and the code lists. However, currently this semantics is available only through text-based search 
mechanisms.  

In order to help with the interoperability of the document artifacts, the CCTS based business 
document semantics is explicated. ‘Explicating" means to define their semantic properties through a 
formal, machine processable language as an ontology and the Web Ontology Language (OWL)

88
 is used 

for this purpose.  
The semantics is explicated at two levels: At the first level, an upper ontology describing the 

CCTS document content model is specified. Furthermore, at this level, the upper ontologies for the 
prominent CCTS based standards, namely, GS1 XML, OAGIS 9.1 and UBL are also developed. The various 
equivalence relationships between the classes of the CCTS upper ontology and the CCTS based 
document standard ontologies are defined. These relationships are later used to find the similarities 
among the document artifacts from different document schemas. 

At the next level, the semantics of the document schemas in each standard are described 
based on its upper ontology. The difference between the document schema specific ontology and the 
upper ontology is that the upper ontology describes the generic entities in a document content model 
whereas document schema ontologies describe the actual document artifacts as the subclasses of the 
classes in the upper ontology. 

Furthermore, some semantics is explicated related with the different usages of document data 
types in different document schemas to obtain some desired interpretations by means of such informal 
semantics. The intention is to give the reasoner the same information that the humans use in 
transforming document schemas into one another. 

When these ontologies are harmonized using a DL reasoner, the computed inferred ontologies 
reveal the implicit equivalences and subsumption relationships between the document artifacts. In 
other words, the shared semantic properties of the CCTS based document artifacts together with the 
implicit relationships inferred, help to identify their similarities. As expected, the Harmonized Ontology 
is effective only to discover equivalence of both semantically and structurally similar document 
artifacts. Yet different document standards use core components in different structures. Semantic 
properties of document artifacts are not enough to find the similarity of the structurally different but 

                                                           

87 OASIS Semantic Support for Electronic Business Document Interoperability (SET) Technical Committee, http://www.oasis-
open.org/committees/tc home.php?wg abbrev=set   

88 Web Ontology Language (OWL), http://www.w3.org/TR/owl-features/ 
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semantically equivalent document artifacts; possible differences in structures must be provided 
through heuristics to enhance the practical uses of the specified semantics. This heuristics is about 
possible ways of organizing core components into compound artifacts and is given in terms of predicate 
logic rules.  

Note that a DL reasoner by itself cannot process predicate logic rules and therefore a rule 
engine is used to execute the more generic rules and carry the results back to the DL reasoner through 
wrappers developed. The results involve declaring further class equivalences in the ontology. 

Finally, the similarities discovered among the document artifacts are then used to automate 
the mapping process by generating the XSLT rules. 

The SET Harmonized Ontology contains about 4758 Named OWL Classes and 16122 Restriction 
Definitions conforming to the specification described in this document consisting of the following: 

 All of the CCs/BIEs in UN/CEFACT CCL 07B. 

 All of the BIEs in the common library of UBL 2.0. 

 All of the common library of GS1 XML.  

 OAGIS 9.1 Common Components and Fields 

 The Harmonized Ontology expresses the relationships among the document artifacts of 
UN/CEFACT CCL, UBL 2.0, OAGIS 9.1 and GS1 XML according to SET specifications. 

 The SET Harmonized Ontology is publicly available from 
http://www.srdc.metu.edu.tr/iSURF/OASIS-SET-TC/ontology/HarmonizedOntology.owl 

 
 
Related with performance, an issue that needs to be addressed is whether the gain in 

automation justifies the resources needed to develop the ontological representation of the 
document schemas. In order to reduce this cost, the SET XSD-OWL Convertor tool is provided 
to create OWL definitions of the document schemas. This component converts a CCTS based 
document schema into OASIS SET TC OWL Definition and is publicly available from 
http://www.srdc.metu.edu.tr/iSURF/OASIS-SET-TC/tools/OASISSET.zip. 

Note that, by conforming to a standard ontological representation and hence having all 
the document schema ontologies in a common pool, the users of the Harmonized Ontology 
only need to create a document schema ontology if it is not already in the Harmonized 
Ontology and benefit from all the existing connections when they do so. 

Another issue related with performance is the computational complexity of the reasoning 
process involved. On a PC with 2GB RAM, the Racer Pro 1.9.2 Beta reasoner  takes about 120 
seconds to compute the Harmonized Ontology. Considering that the Harmonized Ontology 
will be re-computed only when a new document schema or a new CCTS based upper 
document ontology is introduced to the system, this performance is quite acceptable. 

 
 
 

http://www.srdc.metu.edu.tr/iSURF/OASIS-SET-TC/ontology/HarmonizedOntology.owl
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8. Semantic Enterprise Interoperability, Frameworks and 
Harmonisation of Related Standards 

Overview of Enterprise Interoperability Standards 

Standardisation is carried out by European and international standardisation organisation as 
well as by industry consortia. There exist several standards that can support particular aspects of 
interoperability like unifying process model representation (CEN/ISO 19440), harmonizing information 
representation (ISO 10303), or enable capturing of software capabilities (ISO 16100). Current efforts are 
more focused on requirements for interoperability in the large by providing a framework for structuring 
interoperability concerns, barriers and approaches for solutions (ISO/CEN 11354). Table 1 provides an 
overview on existing standards and work in progress performed in CEN and ISO. 

 
 Table 1: Standards relevant for an integrated/unifying approach (Ref. IFIP WG5.8) 

Standard 
id 

Name/Description 

CEN/ISO 
11354 

Requirements for establishing manufacturing enterprise process interoperability 
(to be a multi-part set of standards) 

CEN/ISO 
19440 

Constructs for enterprise modelling 

ISO 18629 Process specification language(multi-part set of standards)  

ISO 10303 Standard for Product data representation and exchange (STEP) 

ISO 13584 Parts Library (PLIB)  

ISO 15289 Content of systems and software life cycle process information products 

ISO 15926 Integration of life-cycle data for process plants including oil and gas production 
facilities 

ISO 18876 Integration of industrial data for exchange, access, and sharing (IIDEAS) 

ISO 15745 Framework for Application Integration 

ISO 16100 Manufacturing software capability profiling for interoperability 

ISO 22745 Open Technical Dictionary 

ISO 8000 Data Quality 

Some selected standardization efforts on enterprise interoperability with focus on the business 
/user stakeholders, outside ISO – some of them open standards developed by industry consortia- are 
listed below in Table 2. In this overview, we are not considering (industry) sector specific standards.  

 
Table 2: Standards relevant for an integrated/unifying approach outside of ISO 

Organis
ation 

Name/Description 

CEN-
ISSS EBIF 

CEN eBusiness Interoperability Roadmap  

UN/CEF
ACT 

UN/CEFACT e-Business framework 

ISA/IEC Enterprise-Control System Integration 

OMG Service Driven Architecture (SOA), Business Process Modelling Notation (BPMN) 

OASIS ebXML Business Process Specification  

OAGi Open Applications Group Integration Specification (OAGIS)  

 

Interoperability Frameworks 

There exist quite a number of interoperability frameworks. Comparing architectural frameworks 
addressing enterprise interoperability, there is one unique fundamental property in this standard 
CEN/OSO 11354, namely the dimensions of interoperability barrier and interoperability concern. Other 
frameworks do not identify the interoperability problems explicitly, but define areas of solutions. 
Another difference is in the way of addressing interoperability. Table 3 lists a number of non-
commercial, not national nor sector specific, selected interoperability frameworks. 
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Table 3: Interoperability Frameworks 
Organisa
tion 

Name/Description 

ISO 
15745 

Framework for Application Integration 

CEN/ISO 
11354 

Requirements for establishing manufacturing enterprise process interoperability 

ATHENA 
FP6 IP 

BIF: Business Interoperability Framework
89

 

CEN-ISSS 
EBIF 

CEN eBusiness Interoperability Roadmap  

UN/CEFA
CT 

UN/CEFACT e-Business framework 

OMG Service Driven Architecture (SOA) 

iDABC
90

 European Interoperability Framework for Pan-European eGovernment Services 

 

Framework for Enterprise Interoperability (CEN/ISO 11354) 

The standard is mainly based on several inputs from European R&D projects carried out in 
the enterprise interoperability domain. At first a thematic network - IDEAS (Interoperability 
Development of Enterprise Applications and Software) - was launched  with the objective to 
elaborate a roadmap for interoperability Then two important initiatives relating to 
interoperability development - ATHENA (Advanced Technologies for Interoperability of 
Heterogeneous Enterprise Networks and their Applications) Integrated Project  and INTEROP 
(Interoperability Research for Networked Enterprises Applications and Software) Network of 
Excellence (NoE) have been implemented. 

Based on ATHENA IP and INTEROP NoE, two organizations were created after the completion of the 
two projects to continue the development of enterprise interoperability: VLab (Virtual Laboratory) from 
INTEROP NoE, and EIC (European Interoperability Centre) created by ATHENA IP

91
 

The needs for enterprise interoperability refer to the ability of enterprises (or part of them) to 
interact through the exchange of information and other entities such as material objects, energy, etc. 
Interoperability is a necessary support to allow business collaboration to happen. Enterprise 
interoperability can apply to both inter- and intra-enterprise needs and includes the concepts of 
extended enterprise, virtual enterprise and sub-systems of one enterprise. Interoperability is 
considered as a generic concept, and it is therefore assumed that common problems of interoperability 
failure and solutions to overcome them can be identified and developed for any particular enterprise. 

The multiple-part standard preEN CEN/ISO 11354 defines a Framework for Enterprise 
Interoperability and specifies processes and underpinning metadata. These data need to be in place to 
establish or to enable enterprise interoperability solutions for Manufacturing Enterprise Processes 
(MEP) and their models. The framework establishes a base for interoperation in unified, integrated and 
federated environments of manufacturing enterprises, named interoperability approaches. 

Further, four interoperability concerns are identified Data, Service, Process, and Business: Data are 
used by services, including Web services. Services are employed by processes to realize business of the 
enterprise. From another point of view, the goal of an enterprise is to run its business. To realize the 
business, one needs processes. Processes employ services that in turn need data to perform activities. 
This context is illustrated in Fig 3. 

 

                                                           
89 ATHENA Deliverable D.B3.1, 2007 

90 http://europa.eu.int/idabc 

91  D. Chen, D. Shorter: Framework for Manufacturing Process Interoperability-CEN/ISO 11354, Standards Workshop at the I-
ESA 2008 , http://www.interop-vlab.eu/ 

http://europa.eu.int/idabc
http://www.interop-vlab.eu/
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Figure 3. Categories of interoperability concerns (Source ATHENA 2007) 

 
Finally, an interoperability barrier viewpoint is identified to capture the incompatibilities and 

mismatches that obstruct the sharing and exchanging of information and other entities. Three 
categories of barriers are defined, conceptual, technological and organizational. 

 
The framework is designed with the above mentioned three viewpoints addressing approaches 

concerns and barriers of interoperability and shall express the needs of the stakeholder who is 
concerned with interoperability issues.  Figure 4 shows the Framework for Enterprise Interoperability  

 

 
Figure 4. Framework for Enterprise Interoperability  

 
The framework describes the different categories of interoperation and their particular 

requirements. It is concerned with the operational interworking of MEPs, including the interoperability 
of their supporting software applications. It focuses on enabling the communication rather than 
defining the communication itself, and is thus independent of specific technologies. Further details of 
the framework, components and relationships are presented in the Annex. 

The standard is originating from the European projects ATHENA and INTEROP. Part 1 of the 
standard – Framework for enterprise interoperability - has been at least partly supported by the 
INTEROP project, part 2 - Requirements for ICT-enabled Enterprise Interoperability - has been started as 
a new work item after project completion. The work is carried out by CEN TC310 WG1 and by ISO TC 
184 SC 5 WG1  

 

Harmonization of standards 

It is noted that there are already several standards in place and some under development that 
need to be placed in a taxonomy of standards relating to the Future Internet and that there is also 
research work to be done in identifying where the gaps are and in applying the standard specifications 
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to fill in these gaps. In doing this there needs to be work to coordinate the knowledge of what is being 
done in RTD and what is already available in standardization (world-wide). 

Further, It has been observed that often useful specifications developed by RTD are lost to 
standardization because they are part of the final output of the Project process and neither time nor 
money is available to introduce them to standardization.  

Another issue is that many standards supporting interoperation are developed by both 
Standards Development Organisations (SDOs) and industry consortia, both building on 
research results. However, with no coordination between the different organizations these 
standards are providing neither a coherent nor a sufficient set of solutions.92 

 
The European Commission recommends in their recent White paper, titled ‘Modernising ICT 

Standardisation in the EU - ¢ƘŜ ²ŀȅ CƻǊǿŀǊŘΩ the following measures: 
o Allow for a more integrated approach in ICT standardisation and the use of ICT standards and 

specifications; 
o Strengthen collaboration and cooperation in ICT standards development, both Europe-wide 

and globally. 
o Strengthen competitiveness of industry and fair competition by fostering the implementation 

of standards and specifications; 

                                                           
92 K. Kosanke, R. Martin: Enterprise and Business Process – How to interoperate? The Standards View, Standards Workshop 

at the I-ESA 2008, http://www.interop-vlab.eu/ 

http://www.interop-vlab.eu/
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It is considered that a project should be created (under Call 5 and as a Coordination Action) to 
ensure that there is complete harmonisation of standards and which ensures a dialogue between the 
standardisation environment and the RTD environment. This project should be designed to influence 
research with respect to standardisation and influence standardisation by disseminating the work of 
projects. In particular it should look towards a more general Interoperability Framework that covers the 
Future Internet and especially the Internet of Things and the Internet Service Utility more directly that 
the existing work in B2B interoperability.  

9. Analysis of Existing and Needs for Future User Oriented 
Standards in FInES 

As the previous sections show there is no lack of tools available or in development of methods, 
frameworks and standards that can or will be used in FInES. This section concerns users and the first 
consideration is to define who the users are. To date much of the work has concentrated on the B2B 
area and less to the B2C and little to the B2M areas. Yet with the Future Internet both consumers and 
machines will become users of the tools we are considering and no “thing” provided it conforms to the 
requirements of being a describable entity, that can be discovered and managed will be exempt. 
Similarly no area in business, in premises of any sort or activities by any entity or person will be exempt 
from the reach of the the Future Internet, the IoS or the IoT. We therefore need to look at the classes of 
“user” and what the environments of these classes may be. 

B2B 

The Business to Business area has been the most clearly developed area for Process and document 
interoperability to date and its boundaries are well defined (being the subject of much of the work of 
the Enterprise Interoperability Cluster. There is probably not too much to add to existing work other 
than to note that these processes will reach out in the form of Cloud Computing to the processes of 
consumers and people at home as well as small businesses. This implies a far greater need for flexibility 
of approach in defining the environment of the consumer or end user. Analysis will be required to 
understand what will be needed to create (for instance) and SME link to a customer/consumer to 
supply a product or service and then support the product or service but tear down the initial link. 

B2C 

The Business to Consumer area is something new. Largely the facilities are not yet in place to 
enable a business process communicate with end users unless they are using ITC devices and while 
most people do have PCs and Mobile devices, there is no population wide understanding or acceptance 
of being able to link business processes with consumer choice with the financial methods for payment 
(which may be in either direction since it could include micro employment as well as micro purchase). It 
should be noted that any X2Y model may be reversed to a Y2X set of processes, where in this case, 
consumers will be initiating processes to interrogate Businesses (or at least their processes). 

B2M 

There are already a range of potential Business drivers that will require interaction with devices, 
sensors and things in almost any environment. In the commercial environment these are well 
documented and in areas such as energy efficiency there is beginning to be a real business (possibly 
human survival) requirement to be able to manage the energy use of almost anything in any premises 
or environment, the same is true for assisted living where in another worldwide requirement to reduce 
healthcare and support expenditure by using systems and applications to help care for people at home. 
Entertainment is another area where there are many reasons for a Business to be driving content into 
an entertainment system. In all cases, this may be a push B2M system or a pull M2B system and thus be 
an extension of Cloud Computing.  

 

B2A 
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It is highly likely that Businesses such as health, care and energy will wish to spawn Applications 
into various environments and interface with them. While Applications may be seen as an extension of 
local M2M transactions they may simply be proxied processes carrying out a set of services in a 
particular environment and contained in a local processing device of sufficient capability. Included in 
this class would be A2A (Application to Application), A2M and A2C. It is highly likely that most of the 
processes in this are will be autonomous (self regulating and self healing)  and only requiring interaction 
with their parent business processes when they require external intervention of any kind. Again once 
an application is in place it may pull services from the Business environment.  

C2C 

It is almost certain that there will be myriad instances of Consumer to Consumer activity in many 
different business, leisure and private. These will work through a wide range of Businesses and 
applications and their scope will be limited only by the imagination of the human race. What will be 
important is the issue of ease of communication, MMI and privacy, indeed as soon as any of these 
classes escape from the B2B environment, privacy, security and trust become paramount.  
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General Requirements 

What characterizes all of the above classes is: 
 

 Each of the entities has a distinct identity, description and (as appropriate) can be discovered 
and managed. 

 Apart from the B2B environment there is no limit to the variety and complexity of the activities 
and underlying processes, but they will only work if there are standardized ways of invoking 
standard methods and applications to enable what is wanted when it is wanted by whatever 
raises a requirement. 

 There will be major complexity and many unknowns in the interaction of various activities and 
this will include multiple calls on specific entities by different services, applications and 
processes.  

 We really have no idea about what future services, applications or requirements will be, 
except that for them to work there needs to be a general interoperability framework. 

 
It will be essential to carry out work / research to identify the available and required elements that 

will be or need to be available. 

 It will be essential to create an universal framework starting with the basics and then plugging 
in the “bricks” of processes, methods and entities so that any “A”, “B”, “C” or “M” can be 
utilized to make the activity happen.  

 Any of these future scenarios must be capable of analysis, diagnosis, manipulation and 
rectification since outside the B2B environment we can no longer control what people will 
throw into the complex mix of the Future Internet. Therefore we must be able to test the 
Interoperability of all and any of the Business, MMI, Application, and process entities for their 
conformance in any potential environment (and we don’t at this time have a handle on what 
even a small fraction of these will be). Therefore the Framework has to be highly pragmatic, 
understandable, useful and user friendly. 

The real challenge is to take the existing standardization and utilize it within a standard framework 
so that the aims of the Future Internet can be realized.  

In realizing this challenge it is considered that an Integrated Project should be proposed that 
analyses the existing work of Interoperability Frameworks and carries out integration of existing work 
and the tools to enable automatic discovery, configuration and management of “things” by services 
(SaaS-U). This project should lead to more general conformances, testing and certification of 
interoperable things and the services that will utilize them. 

10. Conformance and Interoperability Testing Standards and 
Initiatives 

Interoperability is a major challenge of today’s business applications. Several standards have been 
developed and some are still under development to address the various layers in the interoperability 
stack: the communication layer, the document layer and the business process layer. Hence, there are 
several alternative standards for each layer.  Profiling is used to overcome this problem which is 
predetermining the combination of the standards and even further restricting them to provide 
interoperability. Whether it is a single standard addressing specific layer in interoperability stack or an 
interoperability profile referencing several layers in the interoperability stack, without properly testing 
the systems, guaranteeing the interoperability is not possible. 

Interoperability and Conformance testing involves checking whether the applications conform 
to the standards so that they can interoperate with other conformant systems. It is clear that only 
through testing, correct information exchange among applications can be guaranteed and products can 
be certified.  

The interoperability stack involves the following layers: 
1. Communication Layer:  This layer covers the range from transport and communication layer 

protocols like HTTP to higher level messaging protocols such as Simple Object Access Protocol 
(SOAP) or ebXML Messaging. Furthermore, security, reliability and other quality of service 
protocols and extensions over the messaging protocols are also considered in this layer. 
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2. Document Layer: This layer addresses the content of messages and administrative documents 
which are exchanged among applications.  Restrictions specified by the standards may include  

 The document structure and semantics;  

 Code lists and taxonomies in use, and 

 Semantic rules among data elements. 
3. Business Process Layer: Integration profiles and some of the standards provide their 

restrictions in accordance with a business process which models an identified real life use case. 
The business process layer, either presented in a formal business process specification 
standard such as ebXML Business Process Specification Schema or with an informal workflow 
definition like IHE interaction diagrams, provides a message choreography, exception flows 
(error handling) and other business rules for the eHealth application roles participating the 
process. 

Currently, there are testing tools, test suites and testing committees which individually address a 
specific standard or one of the above layers. However, integrated testing frameworks which do not 
hard code a specific standard at any layer (because different communities may use different standards) 
and are capable of handling testing activities at all layers of interoperability stack are necessary for 
conformance and interoperability validations. Moreover, ensuring correctness of produced data or a 
business result according to operational semantics of the real life use case is another motivation for 
testing activities. In fact, this is as crucial as achieving plug-and-play interoperability. Therefore, test 
frameworks should extend the automation of testing to cover the real life semantics of the business 
cases.        

It is considered that this extension should form the second phase of the proposed Integrated 
Project. It should call on existing work as detailed above but make this fully extensible for the IoT. In 
addition it should detail the requirement for Test Beds and future commercial facilities and carry out 
experimental implementation at various facilities in Europe.  

The ultimate Goal of this project will be to remove the Interoperability Barrier and open any 
environment (B2B, B2C, B2M and Services and Applications in Business, Domestic and Commercial 
premises) to reliable and effective pre product testing in an efficient and economic manner. It is 
considered that doing this will release a wave of new products and services that will enable and greatly 
increase the competitiveness of Europe and its Gross Domestic Product. 

CEN/ISSS Global Interoperability Test Bed (GITB) Project 

The main objective of GITB
93

 is to develop, under EU support and guidance,  a set up of a 
comprehensive and global eBusiness interoperability test bed system in a global collaboration of 
European, North American and Asian partners. This objective is planned to be achieved in three phases, 
the current project covering phase one. 

Hence, the objective of the current project phase is to prepare a feasibility study for a “Global 
eBusiness Interoperability Test Bed”. The global test bed would be designed to support eBusiness 
standards assessment and testing activities from early stages of eBusiness standards implementation, 
to proof-of-concept demonstrations, to conformance and interoperability testing. The project is hosted 
by the CEN/ISSS eBusiness Interoperability Forum.  

Future Projects seen as necessary 

Coordination Action 

It is considered that steps should be taken to ensure that there is maximum harmonisation of tne 
large set of existing and developing standards in the area of the Future Internet and for Interoperability 
of services and things/devices and which ensures a dialogue between the standardisation environment 
and the RTD environment. This project should be designed to influence research with respect to 
standardisation and influence standardisation by disseminating the work of projects. The project should 
ensure that all current and future projects under the life of the CA must ensure they have links and 
outputs into standardisation and where insufficient resources have been allowed for this, ensure 
activities are established to overcome such shortfalls. The project should hold knowledge dissemination 
events that attract both the research and the standardisation communities In particular it should look 

                                                           
93 http://www.ebusiness-testbed.eu/about-gitb/ 
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towards a more general Interoperability Framework that covers the Future Internet and especially the 
Internet of Things and the Internet Service Utility more directly that the existing work with B2B 
interoperability.  

Integrated Project 

 
While there has been significant effort and funding to ensure that the activities of the Enterprise 

Interoperability Cluster are realized in standardization under such projects as GITB and the eBITs 
coordinated by CEN, and there are many standards that are moving towards a global interoperability 
conclusion, it is noted that for the Future Internet and especially for the Internet of Things (any 
intelligent device, object, sensor, application in any premises or environment) and the Internet Service 
Utility or Internet of Services (which are the processes and systems that utilize the “things”) there is still 
no Framework or Solution which will remove the barriers from large scale adoption and utilization of 
intelligent devices and new and innovative services. We know already that some sectors have a 
pressing need for interoperability across large numbers of objects and devices and these include 
Assisted Living and Smart Grids and while it is not the objective of any project under Challenge 1 of the 
2009-2010 Work Programme for FP7 to address these sectors, the research and development for an 
Interoperability Framework that can be used, can identify and use smart devices and objects, can have 
new services and applications written easily to utilizes the devices is a prerequisite for these and many 
other sectors being able to provide interoperable solutions.  

It is considered that without an overall framework there will be a barrier to effective and 
efficient adoption of new services in these sectors and in general across any environment where large 
numbers of dissimilar devices under multiply different systems and protocls exist. (It is recognized that 
while there are certain unifying technologies such as IP, Web Services and as it becomes widely used 
Cloud Computing, there are nevertheless a vast range of existing and proprietary solutions that will 
persist and with which any solution will need to interwork with). 

The initial proposal of this report is that there should be an Integrated Project to address this. 
It should be phased to build the framework, to identify all the relevant tools and work out how best as 
relevant to specific applications, services and environments, they can be called or plugged into the 
framework and used. To prepare detailed requirements and specifications for test environments, the 
actions required for testing for interoperability and for designing applications and services and flexing 
their interactions to confirm conformance or identify shortcomings.  

As a second phase it is suggested that there should be field implementation in a number of 
test environments across Europe and in parallel as the test environments through practical experiment 
reveal the effectiveness of the framework, the requirements should be taken into standardization and 
converted into ENs for the Interoperability conformance and certification of products and services 
under the Future Internet. 

It is also considered that under this phase, the research organizations and test houses that are 
partners in the project will be encouraged to commence commercial businesses to undertake 
conformance under the emerging standards and utilizing the facilities developed under the phases of 
the Integrated project. It should be emphasized that this activity will be expected to result from the 
Integrated project and not be part of it.   

The Phases of the Integrated project might be similar to the diagram below: 
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11. Conclusions 
This report demonstrates that there is much work in progress and completed in the area of the 

Enterprise Interoperability which is being standardized now. Although more is undoubtedly needed the 
B2B area of services and business processes is now well understood and standardization is well 
advanced. 

There are very many initiatives and standards work in progress in the areas of Cloud 
Computing and the Semantic Web and the task here is to make sure that there is understanding across 
all the initiatives of what is being done, has been done and needs doing. The outcome of this work 
should be coordination of a standards framework for all of the tools and processes in the Future 
Internet space and an understanding by researchers as to what needs doing to complete the gaps and 
bridge any divide between approaches and methodologies. 

What appears to be needed in the Future Internet space is a way of taking the research and 
delivering ways of making it work seamlessly across the whole range of systems, devices, applications 
and “things” of the Future Internet. We need to develop ways in which we can test and confirm 
Interoperability and ensure all the elements of the Future Internet can work together and interoperate 
as required and in conformance with known standards and certification.  

There is a good case for project proposals to be prepared under FP7 Call 5 in order to 
coordinate the links between RTD and Standardisation and for a large scale project to deliver that 
widescale usability of the Future Internet.  

It can reasonably stated that if we can remove the barriers to the widespread deployment of 
“Things” and enable the delivery of clever, innovative services and applications, the benefits to the EU 
in terms of increased GDP, in enabling Energy Efficiency, in securing Assisted Living and in many other 
areas the benefits will be very significant. 

All of this however, needs a close correspondence between RTD and Standardisation in the area of 
the Future Internet. 
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Chapter: Research in Business Models 

Overview of the State-of-the-Art 
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1. COIN  

 
Condensed project summary   
 
The mission of the COIN IP is to study, design, develop and prototype an open, self-adaptive, 

generic ICT integrated solution to support the COIN 2020 vision, namely: ά.ȅ нлнл ŜƴǘŜǊǇǊƛǎŜ 
collaboration and interoperability services will become an invisible, pervasive and self-adaptive 
knowledge and business utility at disposal of the European networked enterprises from any industrial 
sector and domain in order to rapidly set-up, efficiently manage and effectively operate different 
forms of business collaborations, from the most traditional supply chains to the most advanced and 
ŘȅƴŀƳƛŎ ōǳǎƛƴŜǎǎ ŜŎƻǎȅǎǘŜƳǎΦέ The project has the following motto: “Enterprise Interoperability and 
Enterprise Collaboration ŀǊŜ ǘƘŜ ǘǿƻ ǎƛŘŜǎ ƻŦ ǘƘŜ ǎŀƳŜ /hLbέΦ It builds upon the established research 
in Enterprise Interoperability (EI) and Enterprise Collaboration (EC), and extends that research into a 
business-pervasive, software-as-a-service environment, targeting the Interoperability Service 
Interoperability (ISU) paradigm for the final phase of the COIN System. 

 
Description of business models activities, or activities which relate to the development of 

business models 
 
COIN has a dedicated work package to conduct business model research for the ISU (known in 

the project as Software-as-a-Service Utility – “SaaS-U”), taking due account of the emerging Future 
Internet infrastructures. This work is executed closely with the COIN exploitation activity, and 
contributes to the COIN demonstration of its technical research via six test cases in Supply Chains, 
Collaborative Networks and Business Ecosystems.    

 
Objectives of those activities 
 
The objectives of the business models research in COIN are: 

 To develop an integrated Value Proposition of EI/EC 

 To investigate and apply the notion of Open Innovation to the field of EI/EC 

 To develop a range of possible business scenarios and models for the implementation of the 
SaaS-U concept 

 To adapt the above findings to the COIN integrated solution (COIN System) in all its various 
aspects. 

 
Main results so far   
 
1. Value proposition and business models in the research field of EI/EC (FP6 Projects) 

The project has performed an assessment of the above work. 
2. Value proposition and business models for SaaS 

The project has analysed the various business aspects and market trends for SaaS. 
3. Utility paradigm for business models 

The project has reviewed the existing literature on applying the utility paradigm to the 
development of business models and has initiated a comprehensive analysis of the economic 
foundations for utility services. 

4. Industrial partners’ initial perspectives in relation to 2 and 3 
The project has identified industrial cases from project partners as candidates for SaaS-U 

business models (from the IT, Energy, Health, Tourism and Automotive sectors). It has 
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initiated work on developing the value proposition, in particular innovation scenarios, and 
business models for those candidate cases.    

5. Dissemination 
The project has been actively promoting the ISU/SaaS-U concepts in a number of forums, 

including in the Future Internet settings of EU research. It will be holding a dedicated 
business models public consultation event in Brussels on 21 January 2010, to further the 
dissemination and to validate the first public deliverable on SaaS-U Business Models.    

 
Conclusions so far 
 
In respect of point 1, FP6 project work on business models were/had: 

 Application and/or technology specific 

 Process, as opposed to service, oriented 

 Limited coverage of value chain 

 Known and generally fixed business partner relationships  

 Focused on efficiency and/or cost reduction (though not necessarily backed up by figures) 

 Limited consideration of business models, which were generally assumed rather than 
specifically articulated; theoretical framework where it existed has not been applied 

 Limited coverage of value proposition, with a degree of cost/benefit analysis in some. 
 
In respect of point 2, SaaS has huge promises but many challenges, concerning: 

 Design and development 

 Revenue models 

 Sales and compensation 

 Partners and distributors 

 Customer service and loyalty 

 Product support and maintenance 

 Research and development 

 Legal 

 Valuation and funding 

 Exits and liquidity 

 SaaS pure-play vs. dual-play (e.g. S + S) vs. X-play 
and a confusing marketplace concerning: 

 Categorisation and positioning of players 

 Multiple technology and/or business paradigms 

 Shifting market messages. 
 
In respect of point 3, there is:  

 Very limited existing literature on the utility paradigms for business models 

 The established economic theories are not supportive of utility paradigms, despite that utility 
as such has been a cornerstone of economics as a scientific discipline, starting with Adam 
Smith  

 The concept of utility has high potential in advancing the notion of “economic values”; this 
has found particular resonance in the global crises of 2008/2009, the economic debates of 
which are continuing worldwide.   

 
In respect of point 4, there are many challenges for industrial partners to embrace the utility 

paradigm due to:  

 Novelty of the concept for mainstream business 
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 Fit with corporate goals 

 Unproven financial models and uncertain investment profile  

 Timeframe. 
 
In respect of point 5, it is noted that the ISU/utility paradigm is finding echo in the service 

infrastructure considerations for the Future Internet, the research of which has an increasing   
emphasis on the social and economic impacts of Future Internet technologies.  

 
Main issues 
 
The ISU/utility paradigm challenges: 

 Existing market structures 

 Existing business and financial models 

 Existing economic foundations and theories. 
 
The message that innovation and open competition rests upon a common service infrastructure 

with (1) guaranteed properties, (2) design principles based on the aspirations for the Internet as an 
open, universal and neutral infrastructure, and (3) a strongly regulated (not necessarily by 
governments alone and by using existing instruments) governance and collaboration model; is 
difficult to gain acceptance by market incumbents.    

 
Outlook 
 
First public deliverable will be released in January. A public consultation event addressing the 

above issues will be held on 21 January 2010 in Brussels.  
 
Further information will be published on the COIN website in the coming weeks, 

http://www.coin-ip.eu/.   
  
 
 

http://www.coin-ip.eu/
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2. COMMIUS 
 
Condensed project summary   
 
The Commius project aims to provide an easy and almost-zero-cost way for small and medium-

sizes enterprises to electronically interconnect and collaborate. For this purpose, we use E-Mail as 
the main interaction medium and the primary user interface. By this, we offer an adaptable and 
flexible system to manage inter-enterprise business processes and to support the daily work of the 
users. 

 
Description of business models activities, or activities which relate to the development of 

business models 
 
To develop and to exploit research results, Commius focuses on a community-based business 

model. For the implementation of this approach, the project has or will undertake the following set 
of activities: 

 

 Analysing Market Situation and Business Models: We have performed surveys and analytical 
work on the state of the art of collaboration, existing support for SMEs and interoperability 
requirements of SMEs, which confirmed that there is a need for systems such as Commius. 
To characterise the market and to define the exploitation strategy for the Commius Solution, 
we performed a market review based on surveys and interviews with potential end-users.  

 Establishing the Commius Community: To develop and to exploit the Commius results, we 
have discussed and evaluated several potential business models and we came up with the 
community-based approach. Accordingly, we have set up the Commius Community that 
comprises potential users and stakeholders. Currently, we are in the process of enlarging this 
Community by workshops and dissemination events. Furthermore, we are actively 
disseminating the results of the project with material and events focused on specific 
stakeholders’ groups. In these events, we encourage the participation in surveys, we collect 
feedback and try to involve SMEs that are not participating in the project. Further, we 
organise face to face meeting with SMEs interested in collaborating and defining specific 
business opportunities. Moreover, the end-users participating in Commius provide 
requirements and feedback for the Commius Solution. 

 
Objectives of those activities 
 
The activities carried out by the project partners aim to achieve two objectives: 
 

1. Providing SMEs with the Commius Solution: Following the open source paradigm, the 
Commius Community will be provided with freely available core software components. 
An easy to install solution is pursued, where SME can download and make installation of 
the Commius Business Modules. 

2. Improvement of solution based on community feedback: After the release of a first set of 
“Commius Business Modules” addressing simple and common business cases, the 
Commius Solution will be adjusted and improved according to the feedback of the 
community. This will enable the project to identify and provide a set of Commius 
Business Modules that are highly demanded by the Community. 
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Further, we plan the following commercial services in order to generate revenues: 

 Provision of services to configure and customise Commius Business Modules. 

 Development of specific System Connectors to support integration with ERP and legacy 
systems. 

 Deployment of on-line services for the SMEs which have adopted Commius. 

 Development of Business Modules addressing specific cases. 
 

Main results so far   
 

 Study and conceptual elaboration of the solution envisaged addressing the scientific 
challenges; including requirements gathering, state of the art analysis, specification of overall 
system architecture. 

 Development and first demonstration of the main software components in an integrated 
scenario. 

 Definition of the overall business model for the project exploitation, based on an open 
source approach. 

 
Public Deliverables are downloadable at: 
http://www.commius.eu/index.php?option=com_remository&Itemid=2&func=select&id=31 
 
Conclusions so far 
 

 We largely collected feedback and SMEs are highly interested in the Commius approach. Due 
to the positive feedback from the community and the scientific advances, the partners 
believe that the technology developed could have great potential and chances to be 
successfully exploited. 

 It seems that the Community can be created and the number of participating organisations 
will exceed the critical mass. 

 The partners look forward to the results of the detailed market analysis in order to better 
value the chosen business model. 

 The integrated prototype of the Commius platform is expected in July 2010. At this time, we 
will be able to fully evaluate the system with our user partners. In the meantime, we have 
created prototypes of separate components (system, semantic and process layers), that have 
been demonstrated already. 

 
Main issues  
 

 Match the user’s expectation and needs. After the first requirements gathering, the project 
momentum led to the fast development of the prototype and the planning of the piloting to 
demonstrate the capability and the maturity of the Commius technology. In a second 
iteration, the matching of the solution and user requirements should be re-confirmed. 

 Define a suitable and sustainable business model. An overall business model adapted to 
generic SME requirements has been conceived; detailed business models for specific SME 
types and market segments will be described, defining concrete actions and steps for a 
successful exploitation of the project outcomes. 

 Create a Commius community able to support the Open Source approach. The success of the 
project exploitation relies on the support of a community which maintains and upgrades the 
software components. An initial Community has been established. The first Open Source 
software components will be available soon. 

http://www.commius.eu/index.php?option=com_remository&Itemid=2&func=select&id=31
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Outlook 
 

 The final project phase includes piloting of the Commius prototype with the involvement of 
the end-users and should allow testing and verifying the technology developed. 

 If a set of reliable and well documented software components are to be released, the 
partners believe that an active Open Source community can be created. 

 Concrete business exploitation possibilities are envisaged in the three pilot sites, in Spain, 
Greece and Italy. 

 A Commius community has been established and dissemination actions (such as early 
distribution of software components) are being performed to encourage and support it.  
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3. iSURF 

 
Condensed project summary   
 
The iSURF Project is enabling the collaborative supply chain planning across multiple domains for 

a flexible and dynamic environment and especially to facilitate European SMEs participation to 
collaborative supply chain planning process.  

 
Description of business models activities, or activities which relate to the development of 

business models 
 

 Develop an Interoperability Service Utility in order to enable the interoperability with the existing 
enterprise legacy applications handling planning (such as ERPs, MRPs, APSs). For this purpose, 
these applications are wrapped as Web services conforming to the W3C standards, Simple Object 
Access Protocol (SOAP) and Web Services Description Language (WSDL) and served over an 
enterprise service bus.  

 iSURF Deliverable 4.4.1 is available from 
http://www.srdc.com.tr/isurf/index.php?option=com_content&task=view&id=35&Itemi
d=53  

 Enable interoperability in exchanging inter-enterprise planning related data including forecasts, 
inventory and Point-of-Sale (POS) exceptions across domains. iSURF has contributed heavily to 
the OASIS SET TC to develop the UN/CEFACT CCTS based semantic definitions of electronic 
business documents and this specification is being used for this purpose.  

 The source codes are available  from http://isurf.svn.sourceforge.net/viewvc/isurf/trunk/ 
   

 iSURF Deliverable  4.3.1 is available from 
http://www.srdc.com.tr/isurf/index.php?option=com_content&task=view&id=35&Itemi
d=53  

 iSURF ISU tools have been deployed to a Cloud Provider, Amazon EC2,  
http://79.125.15.30:9090/ISU/web/  

 Enable designing electronic business documents by using the core components in the 
UN/CEFACT Core Component Library (CCL) by constraining them to the defined context. iSURF 
developed the eDoCreator tool that provides a graphical environment for the customization and 
re-use of UN/CEFACT CCTS based document schemas. Using this tool, we developed ten new UBL 
documents for exchanging planning data according to CPFR®. These new documents are 
currently being analyzed by UBL PCS Committee and will be a part of UBL 2.1 Schemas.   

 iSURF Deliverables  4.1.1 and 4.2.1 are available from 
http://www.srdc.com.tr/isurf/index.php?option=com_content&task=view&id=35&Itemi
d=53  

 iSURF eDoCreator tool has been deployed to a Cloud Provider (Amazon EC2) based on a 
request from the UBL Community, http://79.125.15.30:8080/srdc/eDoCreator/  

 The viewlets presenting how to use this tool are available from 
http://www.srdc.com.tr/index.php?option=com_content&task=view&id=229&Itemid=20
3&lang=en 

http://www.srdc.com.tr/isurf/index.php?option=com_content&task=view&id=35&Itemid=53
http://www.srdc.com.tr/isurf/index.php?option=com_content&task=view&id=35&Itemid=53
http://isurf.svn.sourceforge.net/viewvc/isurf/trunk/
http://www.srdc.com.tr/isurf/index.php?option=com_content&task=view&id=35&Itemid=53
http://www.srdc.com.tr/isurf/index.php?option=com_content&task=view&id=35&Itemid=53
http://79.125.15.30:9090/ISU/web/
http://www.srdc.com.tr/isurf/index.php?option=com_content&task=view&id=35&Itemid=53
http://www.srdc.com.tr/isurf/index.php?option=com_content&task=view&id=35&Itemid=53
http://79.125.15.30:8080/srdc/eDoCreator/
http://www.srdc.com.tr/index.php?option=com_content&task=view&id=229&Itemid=203&lang=en
http://www.srdc.com.tr/index.php?option=com_content&task=view&id=229&Itemid=203&lang=en
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 Provide an open source smart product infrastructure for SMEs in order to enable SMEs to acquire 
the supply chain visibility information in real time from the distributed RFID devices. The iSURF 
smart product infrastructure provides the SMEs with the capabilities of gathering product 
information through RFID devices, filtering and aggregating the collected data and putting them 
into a business context. This smart product infrastructure is based on EPCGlobal standards.  

 The source codes are available  from http://isurf.svn.sourceforge.net/viewvc/isurf/trunk/  

 iSURF Deliverables 5.1.1, 5.2.1 and 5.3.1  are available from 
http://www.srdc.com.tr/isurf/index.php?option=com_content&task=view&id=35&Itemi
d=53  

 Enable the definition and execution of inter-enterprise collaboration across multiple domains 
through the Service Oriented Collaborative Supply Chain Planning Process Definition and 
Execution Platform. For this purpose, Collaborative Planning, Forecasting and Replenishments 
(CPFR®) standard is used. The pre-defined CPFR® building blocks are combined into a business 
process and executed through a standard, machine processable business process specification 
language, namely, OASIS ebXML Business Specification Language (ebBP).  iSURF Tools also enable 
the creation of ready to deploy executable process definitions in WS-BPEL.  

 The source codes are available  from http://isurf.svn.sourceforge.net/viewvc/isurf/trunk/  

 The viewlets of this tool are available from 
http://195.142.27.166:8080/iSurf/CPP_Viewlet/  

 iSURF Deliverables 6.1.1, 6.2.1 and 6.4.1 are available from 
http://www.srdc.com.tr/isurf/index.php?option=com_content&task=view&id=35&Itemi
d=53  

 Support the architecture with a Global Data Synchronization Service Utility which conforms to 
the GS1 standard in order to ensure the accuracy and reliability of master data used in the supply 
chain by developing standard based open platform for SMEs.  

 The source codes are available  from http://isurf.svn.sourceforge.net/viewvc/isurf/trunk/  

 iSURF Deliverables  7.1.1, 7.2.1 and 7.3.1 are available from 
http://www.srdc.com.tr/isurf/index.php?option=com_content&task=view&id=35&Itemi
d=53  

 Ensure the security and privacy of both the real time visibility data gathered through RFID 
devices and the planning and forecasting messages exchanged across enterprises. The necessary 
identity management, security and privacy mechanisms for sharing visibility data gathered 
through RFID devices and for exchanging the planning data between supply chain partners are be 
based on the OASIS standards such as XACML and SAML.  

 iSURF Deliverables 4.5.1, 5.4.1 and 7.4.1  are available from 
http://www.srdc.com.tr/isurf/index.php?option=com_content&task=view&id=35&Itemi
d=53  

http://isurf.svn.sourceforge.net/viewvc/isurf/trunk/
http://www.srdc.com.tr/isurf/index.php?option=com_content&task=view&id=35&Itemid=53
http://www.srdc.com.tr/isurf/index.php?option=com_content&task=view&id=35&Itemid=53
http://isurf.svn.sourceforge.net/viewvc/isurf/trunk/
http://195.142.27.166:8080/iSurf/CPP_Viewlet/
http://www.srdc.com.tr/isurf/index.php?option=com_content&task=view&id=35&Itemid=53
http://www.srdc.com.tr/isurf/index.php?option=com_content&task=view&id=35&Itemid=53
http://isurf.svn.sourceforge.net/viewvc/isurf/trunk/
http://www.srdc.com.tr/isurf/index.php?option=com_content&task=view&id=35&Itemid=53
http://www.srdc.com.tr/isurf/index.php?option=com_content&task=view&id=35&Itemid=53
http://www.srdc.com.tr/isurf/index.php?option=com_content&task=view&id=35&Itemid=53
http://www.srdc.com.tr/isurf/index.php?option=com_content&task=view&id=35&Itemid=53
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References:   
Simple Object Access Protocol (SOAP), http://www.w3.org/TR/soap/ 

Web Services Description Language (WSDL), http://www.w3.org/TR/wsdl 

OASIS Semantic Support for Electronic Business Document Interoperability (SET) Technical 
Committee, http://www.oasis-open.org/committees/tc_home.php?wg_abbrev=set  

UN/CEFACT Core Components Technical Specification, 
http://www.unece.org/cefact/ebxml/CCTS_V2-01_Final.pdf 

EPCglobal. Electronic Product Code Global, http://www.gs1.org/productssolutions/epcglobal/ 

Voluntary Interindustry Commerce Standards (VICS), CPFR - An overview, May 
2004, http://committees.vics.org/committees/cpfr/CPFR_Overview_US-A4.pdf, last visited on August 
2008 

OASIS ebBP - ebXML Business Process, http://docs.oasis-open.org/ebxml-bp/2.0.4/OS/ 

GDSN - GS1 Global Data Synchronisation Network, http://www.gs1.org/productssolutions/gdsn/ 

GS1 - Global Standard One, http://www.gs1.org/ 

XACML, http://www.oasis-open.org/committees/xacml/ 

SAML, http://www.oasis-open.org/committees/security/ 

 
Objectives of those activities 
 
See above. 
 
Main results so far   
 
See above. 
 
Conclusions so far 
 
The i2010 Strategy Framework has explicitly identified interoperability as a key bottleneck that 

should be tackled. 
 
The  iSURF project addresses this “grand challenge” by providing the “iSURF Interoperability 

Service Utility” that will enable companies to exchange planning data seamlessly, although they may 
be using different the message exchange standards or proprietary formats of legacy applications. In 
addition, the iSURF eDoCreator tool has a high exploitation potential; it is already decided to be used 
by UBL Procurement Subcommittee and Transportation Subcommittee to generate the schemas of 
UBL 2.1 documents. 

 
Main issues 
 
No comment so far.  
 
Outlook 
 
The iSURF architecture will be deployed in the premises Fratelli Piacenza S.p.A by May 2010.  

http://www.w3.org/TR/soap/
http://www.w3.org/TR/wsdl
http://www.oasis-open.org/committees/tc_home.php?wg_abbrev=set
http://www.unece.org/cefact/ebxml/CCTS_V2-01_Final.pdf
http://www.gs1.org/productssolutions/epcglobal/
http://committees.vics.org/committees/cpfr/CPFR_Overview_US-A4.pdf
http://docs.oasis-open.org/ebxml-bp/2.0.4/OS/
http://www.gs1.org/productssolutions/gdsn/
http://www.gs1.org/
http://www.oasis-open.org/committees/xacml/
http://www.oasis-open.org/committees/security/
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4. K-NET 
 
Condensed project summary  
 
K-NET explores how different services to manage social interactions in a networked enterprise 

can be used to enhance knowledge and knowledge management (KM) services. The key hypothesis 
of K-NET is that the context under which knowledge is collectively generated and managed can be 
used to enhance this knowledge for its further use within intra-enterprise collaboration.  

 
Description of business models activities, or activities which relate to the development of 

business models 
 
K-NET has two tasks that deal with business models activities: 
 T7.4 User Interest Groups, aiming at creating industrial communities in which the project 

results will be disseminated, and 

 T8.9 Socio-Economic Study, with the objective of fully assessing the impact of the project 

results. 
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Both of these tasks belong to the work package of Dissemination and Exploitation, aiming at 
taking the project results to a wider audience, at European level. 

 
Objectives of those activities 
 
The industrial SMEs in the project are establishing User Interest Groups (UIGs), inviting industrial 

companies of different sectors and other organisations to set up a community where the project 
results will be tested and disseminated. The companies involved in the UIGs (including the three 
SMEs in K-NET’s consortium) will test the project results, in different levels of detail. The companies 
will not only provide feedback on the project results but also allow RTDs to better understand the 
impact of the solutions developed. The RTD partners are supporting the SMEs in this process of 
identifying and selecting the most representative companies, starting in a first step with the ones 
that have privileged business relations with the K-NET SMEs (which K-NET terms “participant’s 
ecosystem”). These organisations, which will be contacted directly by the K-NET SMEs, may be 
suppliers, customers, professional or industrial associations, commercial partners, chambers of 
commerce, regional RTD centres or even the regional government. In a second step it is expected to 
reach a wider audience thanks to the dissemination potential of industrial associations, chambers of 
commerce or regional administrations.  

 
The K-NET concept is designed to provide benefits for industrial partners in both short and long 

term. In the short term, the end-user partners will receive a set of new services for specific 
processes; in the long term, the functionality of the services will be applicable for many different 
processes, opening up new business possibilities. The services will allow companies to improve their 
collaborative work within networked enterprises, with both suppliers and their customers. The key 
benefits will be in opening up new business models for cooperation within the Networks.  

 
The project will develop a Socio-Economic Study aiming at fully studying the applicability and 

usefulness of the solutions developed. This study will be based on the testing results from the UIGs 
and will assess the impact that the project results can have on the wider European SMEs. 

 
 
Main results so far  
 
The project has developed an early prototype of its services, including: monitoring of user 

interaction, context extraction and knowledge enhancing. In addition, the three industrial SMEs in 
the consortium have finalised the respective assessment of the early prototype (October 2009). The 
first feedback provided by the SMEs was very positive, but only more intensive use of the full 
solutions will allow the identification and support of new business models. 

 
Conclusions so far 
 
K-NET aims to contribute to the competitiveness of manufacturing SMEs by opening up 

possibilities for new business models for cooperation, based on improved means for knowledge 
sharing within the networked enterprises. So far, partners have concluded that an adequate 
framework to support knowledge enhancing within a network can lead to the creation of more 
knowledge. This new knowledge, resulting from intra-enterprise collaborations, can open up new 
business opportunities and represent added-value in products. However, these possibilities are still 
being studied. 
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Main issues  
 
To fulfil the main objective of enhancing intra-enterprise knowledge, K-NET wants to identify the 

context of collaboration activities. The main challenge up to now has been to find the correct balance 
between the amount of information that can be acquired from the user in an implicit form (through 
monitoring how different systems are used), and what has to be explicitly requested from the user, 
to allow an adequate extraction of the context. The context of a collaboration activity defines the 
possibilities of how to enhance knowledge to better suit that activity. 

 
Outlook 
 
A wider test of the project results, involving the UIGs, will only be performed when the full 

prototype has been developed (after July 2010). 
 
The socio-economic study, presenting conclusions about possible new business models enabled 

by K-NET’s results, will only be available at the end of the project (November 2010). 
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5. SPIKE 
 
Condensed project summary   
 
SPIKE aims at researching and developing a software service platform for the easy, fast and 

secure setup of short-term business alliances. 
 
Description of business models activities, or activities which relate to the development of 

business models 
 
As part of our first version of the SPIKE use plans, we carefully analysed the market for existing 

collaboration tools, our open source strategy and possible business models and business plans 
(confidential SPIKE Deliverable D10.1a Use Plans, publicly available at the end of the project).  

 
In short we distinguished the following characteristics: 

 Products and services 

 Value creation 

 Coordination and control 

 Information sharing 

 Infrastructure. 
 
Additionally, we conducted a competitive analysis of the SPIKE project and competing tools such 

as e.g. OpenGroupware, Open-Xchange and the like. Furthermore, we shed some light on the open-
source strategy of our project, meaning we clearly analysed different Open Source licenses and their 
impact on possible business models for a "SPIKE product". Of particular interest was how the 
integration and reuse of existing components (and their licensing) impacts the business model of the 
overall SPIKE platform. Moreover, we identified possible business models for all partners in the 
consortium. 

 
Last but not least, we conducted an online survey on business models for collaboration 

platforms. We contacted about 600 companies and almost 100 primarily small companies 
participated. 

 
Objectives of those activities 
 
See above. 
 
Main results so far   
 

 Competitive analysis of existing groupware/collaboration tools 

 ROI calculation for one of our application cases 

 Impacts of chosen licenses for the SPIKE platform towards possible business models 

 Impact of integrated/reused existing software component and libraries on potential licensing 
options for the SPIKE platform (and therefore on potential business models) 

 Basic results from our survey: 
- about 55% on average are working in different cooperative projects with varying 

partners 
- only less than 60% of them currently have tool support (meaning more than email) 



135 

 

- all of the participants are expecting more collaborative projects for the near future  
- the amount of companies that are willing to use a platform operated by a third party 

and the amount of companies that can imagine to operate a collaboration platform 
as a potential new business model are nearly equal 

- the more IT knowledge the companies have, the less likely they want to use a 
collaboration platform operated by a third party and the more likely they want to run 
a platform, especially for their projects. 

 
Conclusions so far 
 
We have seen that there is a huge interest in comprehensive tool support for inter-company 

collaborative projects and that the current tool support is rather poor. However, the desired 
functionality significantly differs between different industry sectors and depends on the "IT maturity" 
of the particular company. 

 
Main issues  
 
The biggest problem for a software service platform like SPIKE is still that service orientation, 

especially across companies and sectors, is currently not yet as widely spread and mature as 
desirable. However, awareness and the will to change is rising, especially as companies recognise (1) 
the potential of and need for collaborative projects and (2) service orientation as a prerequisite to 
easily join collaborative projects and provide services. 

 
Outlook 
 
We expect to see more and more switching to service orientation and joining forces in 

collaborative projects. Furthermore we think that tool support and especially collaboration platforms 
will become more important and demanded. However, we do not think that there will be a single 
platform/tool that satisfies all needs, as the needs are too various. Still we think that providing tools 
and operating collaboration platforms might be an interesting business model in the medium-term 
future. The degree of support and integration of these tools and platforms into companies’ workflow 
will rise as companies switch to service orientation and "networked enterprises". 
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6. SYNERGY 
 
Condensed project summary   
 
SYNERGY is researching the requirements for, and feasibility of, provision of services to support 

sharing of knowledge between enterprises collaborating in virtual organisations.  
 
Description of business models activities, or activities which relate to the development of 

business models 
 
The SYNERGY Description of Work explicitly states that: 

“the results of this [SYNERGY] research are aimed at providing services which could be 
integrated into the offerings of an ISU, it is not the intention to duplicate research proposed 
elsewhere into the policy, strategy, delivery and operation of ISUs in general. Rather this 
research will define the way in which ISUs in general can provide the essential infrastructure 
for knowledge oriented collaboration”. 

 
SYNERGY is explicitly concerned with establishing the feasibility and structure of services for 

knowledge oriented collaboration and knowledge sharing in collaboration. At the time of proposing 
this STREP it was clear that other projects were to be proposed to investigate the business process, 
policy and other issues pertaining to the creation and operation of ISUs, and, as predicted, such 
projects have indeed been funded. SYNERGY, as quoted above, explicitly wished to avoid duplication 
of this work, and focused on the provision of services for offer by any future ISU, regardless of 
business model. 

 
Nevertheless SYNERGY researchers have an interest in this topic, and indeed include partners 

who would ultimately wish to exploit the results of SYNERGY research. These fall into two categories: 
a) End-users: partners who would wish to make use of SYNERGY services through ISUs to 

establish collaboration pools (CPs), which can lead to VO creation, operation and ultimate 
termination. This can be developed as either direct take-up of services from an ISU, or 
orchestration of ISU services to support a particular CP, as an added value service. 

b) Service developers: partners who would wish to exploit the continued development of 
SYNERGY based services through the usual open source business models. 



137 

 

In the case of b) there are clear existing open source business models available. In the case of a) 
the impact on business model requirements for ISUs to successfully deliver SYNERGY services to 
potential customer is being considered in the exploitation planning activities of SYNERGY. Scenarios 
for exploitation of SYNERGY services are currently being elaborated, and will define constraints and 
criteria (to use established product design terminology) for the design of ISU business models. 

 
Objectives of those activities 
 
The primary objective of this activity is to ensure there is a feasible exploitation path for 

SYNERGY research, particularly by providing a communication tool for potential users of SYNERGY 
services as well as potential ISU providers of these services. 

 
The collateral objective of defining ISU business model design constraints and criteria stems from 

this.  
 
Main results so far   
 
This is a current activity in SYNERGY, just commencing, and expected to continue towards the 

end of the project (January 2011). No public domain results are yet available. 
 
Conclusions so far 
 
See above. 
  
Main issues  
 
To support a recovering EU economy, ISU business models must make coherent offerings of 

services to support enterprise collaboration accessible to SMEs for all the well-established reasons, 
as well as to larger enterprises. This must include accessibility in terms of:  

a) Price structure, allowing pay-per-use for services, with a granularity allowing progressive use 
from initial minimal use of basic services, developing to sophisticated use of orchestrated 
services, as SMEs in particular learn, gain confidence in their own ability to use the 
technology, and gain confidence in the benefits offered by the technology. 

b) The need for up-front investment should be minimised, both in terms of initial purchase of 
equipment or licence rights, and in terms of the time and effort required of SME personnel. 

c) Enterprises without specialist ICT skills base must be offered a path to utilise ISU services 
with minimum education and training demands. The ISU business model needs to include the 
provision of services to support initial take-up by enterprises with little or no experience in 
the use of software services. The provision of an affordable SME enterprise interoperability / 
enterprise collaboration support platform through ISU services is needed to allow full 
exploitation of the technology becoming available. 

d) ISU business models need to support both direct sales of services, and provision to value 
added orchestrators. 

e) ISU business models must also recognise the essential contribution of service 
developers/providers, who extend and evolve service offerings through, for example, open 
source business models. 

  
Outlook 
 
No comment so far. 
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7. OPAALS  

 
Condensed project summary   
 
FP6 NoE addressing the interdisciplinary theory of digital ecosystems. The most important output 

of OPAALS from the point of view of Internet of Services is a distributed transaction coordination 
model for the run-time execution of complex, long-running business transactions in online 
environments that is true to SOA principles (loose coupling, local autonomy). This model has been 
integrated with a distributed accountability, identity and trust model. These models have been fully 
integrated with a P2P network architecture, they are being implemented as Open Source projects, 
and will be tested with real SMEs before the end of the project.  

 
OPAALS has also developed an Open Knowledge Space to support research collaboration and 

knowledge production in the Future Internet, along with in-depth socio-economic analyses of 
development, ICT adoption, and innovation policies with many case studies from Europe, India, Brazil 
and Rwanda. 

 
Description of business models activities, or activities which relate to the development of 

business models 
 
OPAALS does not develop business models specifically, but there are 4 activities that are relevant 

to business models: 

 We work on the business modelling language SBVR (Semantics of Business Vocabulary and 
Business Rules) and in particular towards the dynamic instantiation of business workflows 
from declarative SBVR specifications 

 We study socio-economic theories that can provide a context for new business models 
related to ICT use and adoption, in particular Open Source 

 We have developed a distributed transaction coordination model that solves the information 
asymmetry and the monopolistic dynamics currently prevalent in centralised transaction 
coordination scenarios. Although this is strictly a technical result, its business relevance is 
strong due to the cost reduction implications 

 We have developed distributed Accountability, Identity and Trust models that are essential 
for conducting business transactions on P2P networks. 

 
Objectives of those activities 
 

 The objectives of our SBVR work are to lower the barrier of adoption for non-technical 
people and to enable dynamic service composition 

 We are looking for methodologies, processes, theories and models that can achieve 
sustainable socio-economic development catalysed by ICTs 

 Achieve a true SOA (loose coupling, local autonomy) over a reliable and efficient P2P 
network as the best infrastructure for SMEs 

 Free individual business/economic agents and service providers from centralised certification 
authorities for identity and accountability, and enable peer-based trust and reputation 
mechanism. 
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Main results so far   
 
SBVR vocabulary has been extended to handle workflows 

D2.1, available at http://files.opaals.org/OPAALS/Year_1_Deliverables/WP02/ 
D2.2 available at http://files.opaals.org/OPAALS/Year_2_Deliverables/WP02/ 
D2.3, D2.4, D2.5, D2.6, available at 
http://files.opaals.org/OPAALS/Year_3_Deliverables/WP02/ 
 

Many interesting ideas on methodologies and architectures informed by social science have been 
developed and reported in the following: 

D3.6, available at http://files.opaals.org/OPAALS/Year_2_Deliverables/WP03/ 
D8.1, D8.2, available at  
http://files.opaals.org/OPAALS/Year_1_Deliverables/WP08%20/ 
D8.3, available at http://files.opaals.org/OPAALS/Year_2_Deliverables/WP08/ 
D7.1, D7.2, available at http://files.opaals.org/OPAALS/Year_2_Deliverables/WP07/ 
D11.1, available at http://files.opaals.org/OPAALS/Year_2_Deliverables/WP11/ 
D11.2, D11.3, D11.4, D11.5, D11.6, D11.7, D11.8, D11.9, available at 
http://files.opaals.org/OPAALS/Year_3_Deliverables/WP11/ 

 
Extremely strong theoretical results have been obtained in computer science, which are currently 

being implemented and will be tested in early 2010 with real companies: 
D3.1, D3.2, available at http://files.opaals.org/OPAALS/Year_1_Deliverables/WP03/ 
D3.3, available at http://files.opaals.org/OPAALS/Year_2_Deliverables/WP03/ 
D3.7, D3.10, available at http://files.opaals.org/OPAALS/Year_3_Deliverables/WP03/ 

 
Additional deliverables on distributed accountability, identity, and trust:  

D4.2, available at http://files.opaals.org/OPAALS/Year_1_Deliverables/WP04/ 
D4.1, D4.3, D4.4, available at  
http://files.opaals.org/OPAALS/Year_2_Deliverables/WP04/ 
D3.8, D3.9, D3.11, available at  
http://files.opaals.org/OPAALS/Year_3_Deliverables/WP03/ 

 
Conclusions so far 
 

 Dynamic instantiation of business workflows from declarative models will require more solid 
results from the mathematics of bio-computing applied to computer science constructs 

 Social dynamics and democratic processes are indeed very important elements of economic 
sustainability 

 Distributed transaction coordination model over a Dynamic Virtual Super-Peer P2P network 
is feasible but challenging to implement 

 Distributed accountability, identity and trust have been implemented and are being 
integrated in the Surrey distributed transaction and P2P framework for digital ecosystems. 

http://files.opaals.org/OPAALS/Year_1_Deliverables/WP02/
http://files.opaals.org/OPAALS/Year_2_Deliverables/WP02/
http://files.opaals.org/OPAALS/Year_3_Deliverables/WP02/
http://files.opaals.org/OPAALS/Year_2_Deliverables/WP03/
http://files.opaals.org/OPAALS/Year_1_Deliverables/WP08%20/
http://files.opaals.org/OPAALS/Year_2_Deliverables/WP08/
http://files.opaals.org/OPAALS/Year_2_Deliverables/WP07/
http://files.opaals.org/OPAALS/Year_2_Deliverables/WP11/
http://files.opaals.org/OPAALS/Year_3_Deliverables/WP11/
http://files.opaals.org/OPAALS/Year_1_Deliverables/WP03/
http://files.opaals.org/OPAALS/Year_2_Deliverables/WP03/
http://files.opaals.org/OPAALS/Year_3_Deliverables/WP03/
http://files.opaals.org/OPAALS/Year_1_Deliverables/WP04/
http://files.opaals.org/OPAALS/Year_2_Deliverables/WP04/
http://files.opaals.org/OPAALS/Year_3_Deliverables/WP03/
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Main issues  
 
Insufficient resources were allocated to the research in the mathematics of bio-computing, 

therefore this part of the project is lagging behind the others. 
 
SOA principles have been upheld successfully in the current release of the DE architecture. 
 
 
Outlook 
 
The DE approach as has been reported, formalised, and applied in and by OPAALS is gradually 

taking hold in different parts of the user base, regions inside and outside Europe, and other EU 
research projects. We expect different aspects of our research to be taken up and exploited by a 
number of different stakeholders from academia, industry and policy-makers over the coming years. 
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8. DEN4DEK 
 
Condensed project summary   
 

DEN4DEK is a Thematic Network that aims to share and disseminate knowledge, allowing 
regional and local governments to plan an effective deployment of Digital Ecosystems technology 
and infrastructure. 

  
Description of business models activities, or activities which relate to the development of 

business models 
 
The different projects under the umbrella of the Digital Ecosystems (DEs) have not identified 

specific business models, so far. In any case, the DEs methodology is suitable for those activities 
involving many partners sharing common needs, goals or infrastructure. Small communities will not 
significantly benefit from the adoption of this approach. Indeed, the adoption of DEs by potential 
user communities has been scarce up to now. 

  
Objectives of those activities 
  
In spite of the intrinsic interest of the DEs approach sincerely raised by different communities, 

the actual implantation is still disappointingly low. In fact, that is the main reason why DEN4DEK was 
conceived; that is, as an attempt of promoting the creation of different deployment plans and 
enlarging the community of potential users. 

  
Main results so far   
 
The first preliminary results will be presented and discussed at the next DEN4DEK internal 

meeting that will be held on 3 & 4 December 2009. Several DEN4DEK partners will present 
deployment plans targeting communities from tourist services to regional administrations to biotech 
parks. 

  
Conclusions so far 
 
See next item. 
  
Main issues  
 
Prior to the publication of the first deployment plans and their realisation, some conclusions can 

be advanced and some lessons learned from previous experiences. The potential structuring effect of 
technology was patently overestimated: it was actually expected that technological infrastructure 
itself could foster the economic development at different scales, but this has proved not to be 
sufficient. Consequently, the DEN4DEK project is focusing more on the final impact of the 
deployment of the DEs; thus, fulfilling the specific needs of the target communities and providing a 
more comprehensive assistance within the framework of DEs. 

  
Outlook 
 
The DEN4DEK project is emphasising the following aspects:  
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 Policy strategies which can be adopted for DE deployment, how to introduce the DEs in 
regional innovation plans and strategies, and how to build political support for DE 
deployment  

 Socio-economic impact of DEs deployment  

 DEs adoption strategies, deployment and knowledge transfer plans. 
 



 

 

Chapter: FIA Stockholm Breakout Session 

What does Future Internet mean for enterprise? 
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Background and Objective 

 
This breakout session was the first opportunity of an open, dedicated discussion of the topic of 

“Enterprises” in the FIA setting, focusing on the problem statement: What will the Future Internet 
deliver for Enterprises?  

 
The objective of the session was to elicit opinions from a broad spectrum of stakeholders of FIA, 

with a view to creating a common baseline for identifying and prioritising issues in research. Building 
on that, the intention was also to determine, where possible, what needs to be done to ensure that 
European enterprises including SMEs would benefit from Future Internet research and its outcomes. 
The session had an emphasis on the application of Future Internet technologies in support of 
business innovation and enterprise transformation. 

 
The caretakers were Man-Sze Li (FISO, FISE), Sergio Gusmeroli (FISO, RWI), Jean-Dominique 

Meunier (FCN), Michele Missikoff (FISO) and Sergios Soursos (FISE), with the support of Stefano De 
Panfilis (Future Internet PPP) and Paul Moore (FCN). The preparation of the session involved the 
Future Internet Enterprise Systems (FInES) Cluster of DG INFSO94, which has over 600 registrants to 
its activities.    

 
The session was divided into two parts. The first included position statements from 

representatives of initiatives and stakeholders in the field.  The second included three parallel 
knowledge cafes which actively engaged the participants. The knowledge cafes covered: Visions & 
Policy aspects, Socio-Economic aspects, and Technology aspects. 

 
 

Key Points from Presentations and Discussions  

 
Visions & Policy aspects (moderated by Man-Sze Li and Jean-Dominique Meunier, with the 

support of Stefan Schuster) 
 
Question: In Europe, only 13% of enterprises use ICT for inter-enterprise collaboration. The figure 

for SMEs is still less. What can be done to improve this situation? 
Discussion: Compared to large enterprises, SMEs have huge barriers in ICT adoption: awareness 

problems (SMEs are not aware of what is available in the “technology/application basket”), resource 
problems (e.g. technology watch), ICT skills problems. Critical mass is key. Targeted measures for 
SMEs are needed in:  

 Education, knowledge dissemination and knowledge exchange  

 Greater involvement in research 

 Clear value proposition of collaboration with others 

 Trust (eg. hosting data in cloud, remote backup of sensitive data); measures need to focus on 
conveying trust 

 Public availability of data (eg. address databases) would benefit SMEs. 

                                                           
94 http://cordis.europa.eu/fp7/ict/enet/ei_en.html  

http://cordis.europa.eu/fp7/ict/enet/ei_en.html
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Question: Commoditisation is a key trend in the ICT landscape. How can ICT providers benefit in 

providing (low to zero cost) commodities/utilities? 
Discussion:  

 This question applies to all technologies (eg. mobile phones, etc.); therefore is not specific to FI. 

 The question is about motivating infrastructure investments. It is abut ROI and rules.  

 It will be a trial and error process. Solution will emerge organically. 

 Market dynamics will define the solution to this problem. Don’t try to anticipate market 
dynamics, assuming that were possible. Solution is likely to be related to policy (define the 
regulations and policies that set the playing field, but leave the details to be sorted out by the 
market dynamics). 

 How important is the public ICT infrastructure? Is it in the public interest to be 
supported/provided by government? 

 Low to zero cost utility provision requires policy decisions (deregulation and market dynamics) to 
enable the development of appropriate business models under market conditions. 
 
Question: People, Things, Services and Content are currently four fairly self-standing research 

streams. Is it an issue? 
Discussion: 

 How can people be connected to content? Is content driving technology or vice versa? What is 
the role of the service platforms relative to the rest? What is the glue between the pillars? Could 
it be the innovative aspect that is being looked for in research? 

 FI discussion goes largely in the direction of how to do it (technology), and not what we can do 
with it (application). 

 Pillars don’t seem to mix very well (as such they don’t seem to have a business relevance). 

 The silo way of research may be the reason for the pillars. Silo thinking is not the right way. The 
EC is too silo oriented up to now in terms of research policy. 

 Collaboration between the pillars needs to be looked for and be motivated. It should not be 
assumed. 

 Innovation life cycle is not generally covered by SMEs (they hardly follow the entire innovation 
life cycle - Idea, Opportunity, Research, Experimentation, Development, Commercialisation). This 
needs to change. 
 
Question: “European way to the Future Internet” - what are the specific European issues we are 

looking for and how can we leverage them to develop a key position?  
Discussion:  

 Culture, language and Value Systems are key differentiating factors.  

 European enterprise landscape is based more on SMEs than, for example, the US economy. This 
should be turned into an advantage. 

 In some countries (e.g. Spain), it is difficult for SMEs to adopt new technologies. Regulation can 
also be a hindering factor. 

 The Internet is a worldwide issue, not a European specific issue.  
 
Question: What are we waiting for? What are enterprises waiting for? Do enterprises really care 

about FI? 
Discussion:  

 We need more business from FI! 

 We need more concrete description of what the FI is all about 
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 FI is a continuous thing (there will always be a today and a tomorrow). Therefore the notion of 
what are we waiting for is meaningless. 

 We cannot sell the advantages of FI if it is still not deployed. 

 Use Ethnography (studying people and what they want) and apply the insight to FI development. 

 But the opposite is also true - we have this technology, what possible usage patterns can you 
imagine? This is the essence of serendipitous innovation 

 
Social-Economic aspects (Moderated by Sergios Soursos and Paul Moore) 
 
The approach in this area should be set by the enterprises; specifically, enterprises should set the 

questions. We need to solve concrete real problems and not a technological proof of concept. The 
innovation should not only be technological. We need to establish examples of how FI can improve 
the way the enterprises work, including examples of new emerging business models, concerning 
both big enterprises and SMEs.  

 
Internal structure vs. External Relationships of enterprises: The former is more important.  The 

latter comes as a second step. The (expected) changes will lead to more “fluid” structures and the 
boundaries between the “inside” and “outside” of a company will become increasingly blurred. 
Enterprises may become less structured but need the capability to restructure itself in response to 
business development. There is a need to focus on collaboration among enterprises and SMEs that 
will allow them to be more competitive. 

 
Nature of Work: We need to study the new forms/ways of work that (will) emerge, how they 

evolve and how FI technologies can help towards this direction. Trust & Privacy are very important 
issues, and not only from the technology perspective. 

 
Internet technology adoption by enterprises is still low. Reasons for non-adoption include:  

 Lack of awareness of available technological solutions by particularly smaller companies 

 Profit-driven decisions by enterprises impede initial investments, e.g. IPv6 and PKI are not (fully) 
used 

 High costs on operation and maintenance (here, cloud computing can potentially offer solutions) 

 Long term goals of FI vs. short-term objectives of enterprises 

 Constantly changing technological landscape does not provide any assurance 
The main question is whether the adoption of technologies will lead to financial success. We 

need to come up with examples of new business models that will make FI technologies viable. 
 
Additional issues requiring further discussions: IPR, the role of users in the overall picture, new 

contracts and governance system to manage relationships, evaluation methods of enterprise 
adoption of (Future) Internet technologies.  

 
 
Technology aspects (moderated by Sergio Gusmeroli and Michele Missikoff)  
 
Using Social Network paradigm / tools in the enterprise 

 Distinguish the internal vs external (open) use 

 Enterprise constraints 

 We consider employees in a broad sense, but in an open scenario there is a problem of trust & 

security 

 Risk of working for another enterprise 
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 Masses of data generally means cost in the economy,  the value of data needs to be understood 

 Measuring and compensating more productive people in the enterprise 

 Problems of private life  (e.g. working late in the morning) 

 The local (national) culture may make the difference (e.g. trust, hierarchy, etc.) 

 

Internet of Content & Knowledge 

 Dramatic change in Corporate IPR, not in ñpersonal IPRò 

 There will be a gap in the future, how will it be addressed 

 There will be a gap also in terms of the technology used by individuals (e.g. at home) and in the 

enterprise 

 Who holds the Knowledge? Employees or the employers? 

 Proposal: introduce new business patterns that will be an asset of the enterprise 

 Divergence between legal (enterprise owns) and factual (employee owns) situation for IPR 

 Enterprise of Experience: it is a form of content / knowledge 

 

Internet of Things and distributed knowledge / decision making 

 Increment of sources for Business Intelligence: sensorsô networks, processesô traces, etc. 

 Intelligence built into machines, that contribute to decision making 

 What about things that start to behave differently from the expected pattern? 

 Increasing the number of intelligent entities will not increase the global intelligence of the 

enterprise. Another view is that smart devices can reduce the amount of information flowing 

(preprocessing is performed locally) 

 Reducing message traffic to alarms, when something goes wrong 

 

Enterprise in the Cloud 

 Under what conditions would enterprises migrate into the Cloud? 

 Clouds will come certainly. Company will benefit: savings driven strategy. 

 We need to better define ñCloudò: Corporate? Yes (e.g. BMW.) Public? é 

 Quality and accountability are needed. 

 Difference between SMEs and Large Enterprises in their needs.  

 Migration will be application dependent. Non-critical apps are more promising for clouds  

 

FI universal business infrastructure? 

 The current infrastructure is still relevant in 20 yearsô time, because it requires big investment that 

will not be ñthrown awayò 

 Some innovative enterprises, e.g. eBay, will base their full business on FI 

 But many enterprises still run Cobol programs. Too costly to change 

 We have legacy that will not disappear 

 Role of Government? Divergent views were expressed 
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Conclusions and Next Steps towards Valencia 

 
Discussions at the three knowledge cafes have elicited a wide range of issues and opinions. 

Further discussion involving even more stakeholders in an open setting is needed. The session 
concluded on the following next steps: 

 

 Populating the session wiki with all the materials related to this session (http://services.future-
internet.eu/index.php/Enterprises). 

 Continuing the discussion via the session wiki and engaging all interested stakeholders in the 
discussion, including Open Consultation. 

 Investigating the possibility of preparing a Position Paper on the enterprise topic in the FI 
context. 

 Continuing the debate in a dedicated session in FIA Valencia (request has been made to the EC). 
 

Note on Follow-Up  

 
Subsequent to FIA Stockholm, a large set of materials relating to the session have been made 

available at http://services.future-internet.eu/index.php/Enterprises, including detailed description 
of the problem statement of the session, presentation slides, additional contributions, open 
consultation and survey of the prioritisation of research topics, and the results so far of the ongoing 
survey. Please use the above link to access the full set of documentation related to the session, and 
participate in the open consultation via the session wiki. 

  
  

http://services.future-internet.eu/index.php/Enterprises
http://services.future-internet.eu/index.php/Enterprises
http://services.future-internet.eu/index.php/Enterprises


 

 

Chapter: FIA Valencia Breakout Session 

What does Future Internet mean for enterprise? 
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Background and Objective  

 
This session was motivated by the outcome and follow-up activities of the FIA Stockholm 

Enterprise session. The FIA Stockholm session debated the problem statement “What will the Future 
Internet deliver for Enterprises”. The debate continued via open consultation on the FIA Enterprise 
public wiki for 3 months after the event, leading to a set of tentative priority topics for further 
investigation.    

 
The objective of the FIA Valencia Enterprise session was to further advance the above results by: 

 Stimulating additional debates on several of the priority topics 

 Attracting new inputs from a broad spectrum of stakeholders of FIA 

 Reaching agreement (where possible) on the direction of the Future Internet research that 
would motivate, enable and support enterprises, including SMEs, to achieve their business 
aspirations and objectives, thereby creating a positive impact on the economy and society.  
 

The multi-disciplinary nature of the enterprise domain was emphasised in the Stockholm 
discussion and subsequent consultation. Accordingly, the Valencia session was targeted at all 
interested parties in Future Internet research and development.  It was specifically organised to 
encourage energetic debates and active participation in advance of, during and after FIA Valencia. 

 

 Organisation 

 
The session was planned by the caretakers in close consultation with the Future Internet 

Enterprise Systems (FInES) Cluster of DG INFSO, taking into account the Cluster’s recent 
publications95. A set of inputs was collected from interested parties via open consultation on the FIA 
Enterprise wiki in the run up to Valencia. Blog and Twitter were used in the preparation of and during 
the session. The session was blogged in real time on the FIA Enterprise Blog, which was also used to 
collect real time feedback and questions during the session. A total of 194 persons registered for the 
session. Just under 100 persons physically attended the session.  

 

Session Description 

 
Recent research and ongoing consultations suggest that the new drivers for prosperity and 

growth will come from innovation and from using resources better, where the key input will be 
knowledge. Future competitiveness will be driven by factors far beyond conventional economic 
dynamics. Instead, the focus is increasingly on conserving and making more effective use of energy, 
natural resources and raw materials; it is also on social cohesion, tackling unemployment and 
fostering social inclusion. European enterprises have the opportunity to thrive in this post-crisis 
landscape by means of environmentally and socially responsible business innovation and creativity.  

 
  

                                                           
95 http://cordis.europa.eu/fp7/ict/enet/ei_en.html.   

http://cordis.europa.eu/fp7/ict/enet/ei_en.html
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Enterprises of the future are envisioned to be ever more open, creative and sustainable – they 
will become Smart Enterprises. Smart enterprises will reap competitive advantage through 
innovation. Innovation is at work at different levels. It includes not only products, services and 
processes; but also the organisational model and the full set of relationships that comprise the 
enterprise’s value chain. The unifying glue is the enterprise’s business model. New value propositions 
and business models will arise, generating new demands for and from ICT. The Future Internet will 
best support and enable enterprises by directly meeting requirements as determined by the business 
models. It will give enterprises a new set of capabilities not possible today. Specifically, Future 
Internet will enable enterprises to innovate through flexibility and diversity in experimentation with 
new business models, structures and arrangements. 

 
The time has come to consider what Future Internet systems may be, that will deliver to and 

deliver for future enterprises.  Whatever they might be, one thing is certain – those systems will not 
be based on technologies in silos. Instead, it is envisioned that they will directly reflect the “DNA of 
the Future Internet” so that they are, for example, simple to use, adaptable to dynamic needs, 
customisable to highly specialised markets, affordable to small budget holders, as well as having the 
required technical attributes of accessibility, reliability and interoperability. They will be enterprise-
centric rather than technology-centric. The availability of such systems would lead to an explosion of 
adoption by particularly SMEs. The DNA of the Future Internet would become the building blocks for 
potentially an unlimited array of value-added enterprise applications.  

 
The session focused on the following themes, emphasising the central role of innovation in 

catalysing Europe’s economic recovery and pursuing future growth and prosperity: 
 

 Vision: Smart Enterprises of the future and Innovation as a business routine 

 Business Models: business models to support new value propositions and drive new business 
values    

 Future Internet Systems: next generation systems that will support enterprises to innovate 
and thrive in the post-crisis landscape. 

 

Speakers Panel 

Welcome and Introduction, by Man-Sze Li (Lead Caretaker) 

Ms Li described the context of the enterprise research within the ICT research landscape. She 
also presented the result of the open consultation on the research priorities for the enterprise 
domain which started in the FIA Stockholm enterprise session. While a range of opinions had been 
expressed, there was unanimity among all contributors on “business models and relationships” as 
the top priority. The majority of the contributors also attributed high importance to better definition 
of the Future Internet research streams (and the positioning of enterprise research within these), as 
well as the impact of the Future Internet on enterprises particularly in relation to SMEs.  The overall 
message was: 

 For enterprises, “business as usual” is over 

 The Future Internet research, including the forthcoming PPP, needs to produce positive high 
impact on society at large, and bring concrete benefits to European enterprises 

 There is a need to understand, define and specify the “DNA” of  the Future Internet (e.g. 
values, properties, attributes, and ultimately standards) 
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 Ȱ&)Î%3 - What can FI technologies deliver for enterprises and what can 
ÅÎÔÅÒÐÒÉÓÅ ÁÓ Á ÒÅÓÅÁÒÃÈ ÄÏÍÁÉÎ ÃÏÎÔÒÉÂÕÔÅ ÔÏ ÔÈÅ &) ÒÅÓÅÁÒÃÈ ÁÎÄ &) 000ȱȟ 
Stefano De Panfilis, Engineering / EFII 

 
Mr De Panfilis recalled the starting point of the FI research and described 3 main groups of 

beneficiaries of the FI: citizens, (dynamic) communities and enterprises. For the enterprise, the FI is a 
significant opportunity, at least indirectly; example: selling an app allowing painting with fingers on 
iPhone for a few dollars - the developer is now a millionaire! Mr De Panfilis discussed the potential 
direct impact of the FI on enterprises. This is possible if enterprises evolve, and are willing to change. 
To achieve this, FI supporting technologies are needed, which he identified as “XaaS”.  He then 
described the vision of the EFII regarding the FI Core Platform, described as “a unified and 
consolidated open architectural approach that globally coordinates the creation, deployment and 
execution of applications by using hardware, software, network enabling capabilities etc”. Such a 
platform is itself based on generic enablers, requiring high flexibility, standardisation, factorisation 
from common needs, and easy adoption and evolvability. He suggested: why not a Use Case project 
from the FInES community?  

 

 Ȱ4ÈÅ &ÕÔÕÒÅ )ÎÔÅÒÎÅÔ ɀ 3!0ȭÓ 6ÉÓÉÏÎ ÉÎ ÁÎ %ÎÔÅÒÐÒÉÓÅ #ÏÎÔÅØÔȱȟ 4ÈÏÍÁÓ -ÉÃÈÁÅÌ 
Bohnert, SAP Research CEC Zurich  

 
In attempting to establish what may be the emerging requirements for enterprises, Mr Bohnert 

presented evidence to demonstrate that services are driving economies. Global business networks 
are emerging, global competition is increasing, and risks and risk potentials are also increasing. An 
SAP survey shows that the main business applications to drive ICT innovation are Web based 
services, business intelligence, and modelling & design. The concept for the Future Internet requires 
a holistic framework. He discussed the value proposition of Internet of Things (IoT) and showed a 
video of integrated car communications with advanced features, as an example of the business 
opportunities that IoT can offer. The Internet of Services (IoS) is the foundation of the Web-based 
service economies – it is an open service platform enabling the activities of the various communities 
of network participants, and is itself supported by network enabler and foundation (secure network 
infrastructure, IoT, cloud computing). Mr Bohnert discussed the value chain of IoS and SAP’s proposal 
for a Universal Service Description Language (USDL) in addressing the needs arising from diversified 
partnerships. Finally, he presented the architectural recommendation from the Future Internet 
Research Alliance (FIRA) being spearheaded by SAP. The FIRA recommendation is not to be confused 
with the G15 Proposal.       
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Ȱ7ÈÁÔ ÄÏÅÓ &ÕÔÕÒÅ )ÎÔÅÒÎÅÔ ÍÅÁÎ ÆÏÒ ÅÎÔÅÒÐÒÉÓÅȩȱȟ -ÉÇÕÅÌ "ÏÒÒÁÓȟ !ÎÔÁÒÁ 
Information Technology  

 
Mr Borras presented from the perspective of an entrepreneurial SME. He highlighted the 

difficulties and issues of technology & research for SMEs. Security, trust and usability are still big 
problems, and there are major risks associated with cloud computing; e.g. who has control of my 
data? Moreover, is cloud computing yet another buzz word, and is it really about SaaS? Also, which 
provider’s approach will prevail? For enterprises, Future Internet means software and services 
become a commodity. Web 2.0 has dealt a blow to the “semantic faith”. What will become of 
semantics in Web 3.0; indeed, will there be a Web 3.0?  There is a need for semantic grid on the 
consumer side – semantics for competitive intelligence. However, the Collaborative Web is a “leaking 
faucet for enterprises” - the growth of collaborative and 2.0 environments rapidly increases the 
leaking of commercially sensitive information. Therefore, the Future Internet also means Company 
Intellectual Rights management for enterprise. This is a research topic that needs to be added in the 
FInES research roadmap.  

 
A brief update of the FInES Research Roadmap was given by the roadmap rapporteur Michele 

Missikoff.  

Open Discussion Panel  

The panellists included all speakers and caretakers. The debate was conducted via active 
interaction with the session participants.  

 

Vision: Smart Enterprises of the future and Innovation as a business routine, 
moderated by Man-Sze Li, IC Focus, and Stefano De Panfilis, EFII 

 
Topics presented by the caretakers: 
1. Exit from the crisis - what does it mean for enterprises? 
2. Enterprises of the future - is it time to re-think and even to re-invent the nature of business, 

the characteristics of enterprises and the role of firms in a potential “new global order”? 
3. Innovation Union - what is the role of FI for enterprise (and especially SME) innovation?  
4. In terms of European research in FI, does it make sense to consider “enterprises” as a generic 

research domain? 
 
Issues raised and debated from the floor included:  

 Robustness of the Internet? What happens if catastrophic failure occurs? If everything is 
online, what is “Plan B” to deal with emergencies?  

 What about enterprises of the present? Are we discarding the old? Or can the old be 
“upgraded”? How do we get from the now to the future? 

 What about SMEs that aren’t or can’t afford to be “ICT savvy”? 
 Reinventing products – what does this really mean? Can generic strategies be applied? 

From the Panel: 

 The panel offered several opinions on getting from the now to the future. On the one hand, 
backward compatibility needs to be maintained in order to enable enterprise growth and IT 
support tools could help with this (e.g. maturity models investigated in the COIN IP). On the 
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other hand, a revolutionary path to the FI could also be expected, because the context for 
doing business has changed and will continue to change. It was asked whether there is such a 
thing as a Future Internet that can be “switched on”? Potentially, the FI is an evolution that 
also supports revolution. Importantly, enterprise mission, organisation, intangibles need to 
be looked into.  There was a view that the (re-) invention facilitated by the Internet is not 
about the business per se, but the enterprise’s market position and enterprise interaction. In 
sum, there is a need to reconcile evolution and revolution, which is potentially a major 
challenge. 

 Some panellists also expressed the view that Web 2.0 tools should be more extensively used 
in the enterprise environment, particularly important for SMEs. This could open up 
significant opportunities. 

 There was unanimity on the Panel that FI needs to be based on open standards and should 
be relevant to enterprises of all sizes. The Internet must be a community, and an inclusive 
one. Once again, the need to increase the awareness of SMEs of the FI opportunities was 
underlined.   

 One panellist expressed the view that “If you go into business, you want to win”. Future 
enterprises need to think carefully what value they offer and how. These include both “hard” 
(financial) and soft (non-monetary) values. Especially in light of the global crises in financial 
systems and other environmental challenges, ǘƘŜ ƴŀǘǳǊŜ ƻŦ άǿƘŀǘ ōǳǎƛƴŜǎǎ ƛǎέ ƛǎ ǇƻǘŜƴǘƛŀƭƭȅ 
changing. More so than before, those willing to take risks are more likely to succeed. That 
said, given that Europe “missed the boat” on Web 2.0 and many new opportunities on the 
Web, how can this be addressed? 

 

Business Models: business models to support new value propositions and drive 
new business values, moderated by Michele Missikoff, CNR, and Jean-Dominique 
Meunier, Technicolor 

 
Topics presented by the caretakers: 
1. What will be the key drivers for business models in the Internet economy of the future? 

Á Technology? Customers and end-users? Organisations and staff? Public Sector and 
laws & regulations? Others? 

2. What will be the characterising elements of those business models? 
Á Value proposition (goods and services)? Business processes and enterprise 

architectures? New value creation paradigms? New forms of innovation and IPR? 
Others? 

3. Are there emerging examples of those business models? 
Á e.g. Apple/Google Apps factory, emerging idea of iAd, SaaS-based business models, 

Amazon Mechanical Turk, Daimler Car2go etc. 
4. What are the lessons that can be learnt so far? Are there already major barriers to business 

model experimentations? 
Á e.g. Cultural resistance? Lack of innovation attitude? Inertia of enterprise 

organisations? Cost of re-engineering? Lack of appropriate or new skills?  
 
Issues raised and debated from the floor and from the panel:  
 

 Several views were expressed on the implications and impact of the trend towards ICT 
commoditisation. It was observed that ICT companies might need to focus on value added 
services (possibly “giving the rest for free”). A statement from the SAP speaker at the PPP 
launch of the previous day was recalled: “Greatest innovation comes from commoditised 
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businesses”. The present SAP speaker mentioned his company’s Business By Design product 
as an example of addressing customer needs, on demand – this product has features set ten 
times over that of Salesforce. The general view was that with commoditisation, the 
customer voice is getting stronger. ICT providers need to transform themselves and 
continuously evolve their offerings.        
 

 Several views were also expressed on the patterns of emerging business models. There was a 
view that the new models are dependent on traditional models of enterprises; companies 
want to improve their business, whether the models are about the Future Internet is 
irrelevant. Others stated that there are huge changes even in traditional enterprises such as 
automotive, leading to the observation that there may be “no such thing as traditional 
enterprises”.  Yet others drew a distinction between US enterprises and European 
enterprises - the former are (already) largely Internet-based, whereas European enterprises 
tend to use the Internet as a means to expand on the existing business. There are however 
major exceptions to this, notably European mobile players which have emerged from 
completely different industries being examples of transformation.  The question then 
becomes: Do we just think about evolving existing businesses rather than thinking outside 
the box?  

 

 There was a concern of the timeframe from research to innovation, typically 5 years. This is 
a long time for SMEs and does not induce them to get more involved in research. 

 

 It was stated that many world leaders in ICT are not European based. There was a view that 
such leadership is also “not telco based”. It was asked: Can an entirely new industry be 
launched in Europe based on services?  It was stated that if following others, we will always 
lag behind. Again the mobile industry was mentioned as an example of new businesses 
“starting from nothing”. Was this achievement a one-off, or can it be replicated?  The 
fragmentation of Europe as a market such as in languages and cultures is a weakness, but it 
could potentially be turned into unique opportunities. There was a general view that the PPP 
is a key opportunity for forming a new platform to bolster the strength of Europe.  

 

Future Internet Systems: next generation systems that will support enterprises 
to innovate and thrive in the post-crisis landscape, moderated by Sergio 
Gusmeroli, TXT, and John Kennedy, Intel 

 
Topics presented by the caretakers: 

1. Which FI technologies will specifically help revolutionise Enterprise Systems (FInES)? 
- Future Network (Universal Business Infrastructure / Networks Convergence) 
- Internet of Services (Cloud Computing / Service Web / Public Data Access) 
- Internet of Things (Sensor Networks / Smart Objects / Distributed Intelligence) 
- Internet by/for People (Social Networks / Empowerment / Enterprise 2.0) 
- Internet of Contents/Knowledge (3D Media / Fifth freedom / Openness)  

2. In which Product Lifecycle phase(s) is FI representing the most promising post-crisis exit 
strategy for European Industrial SMEs? 

- New product development (3D Models / Virtualization / Open Innovation LLs) 
- Sustainable manufacturing (Smart / Virtual / Digital Factory of the Future) 
- EU Single Marketplace (virtual-physical points of sale / collective intelligence) 
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- After Sales Services (extended products / intangibles / dismantling / recycling) 
- Where to start from for ICT as a Service in Industry? (Privacy / Legal / Trust / Security) 

3. Is FI an Innovation Opportunity for European ICT SMEs? 
- What is the role played by EU ICT SMEs in the Internet of the Future? 
- Infrastructure, Platform, Software, Consultancy as a Service? 
- Smart-Niche Applications (Use Cases) on top of an Open Core Platform? 
- Is what sense “Openness” intended/understood? Open Source / Common Specifications / 
Standards? 
- Closed Innovation / Collaborative Innovation / Open Innovation (Living Labs)? 
- Is partnership with ICT Big Names mandatory? Just EU or also US Big Names? 

 
Issues raised and debated from the floor and from the panel, regarding particularly what do the 

FI technical pillars mean for business:  
 

 The view was expressed that combinations of FI technologies are needed to deliver value. 
The bottom line is what combinations deliver the most value. The FI PPP is exactly addressing 
this. The PPP is not about developing new technologies, but about making existing generic 
enablers federatable and integratable so that specific instances can be built together. The 8 
use cases to be selected for the FI PPP should be able to provide broad understanding of the 
application of generic enablers and the sharing of these enablers across application areas. 
The 5 most promising use cases are expected to lead to large scale pilots.  

 
 There was a general view that the FI gives Europe a significant opportunity to maximise 

value for businesses, individuals and society. The discussion of value is important for going 
forward. For example, is there a valid comparison between the US and European approach to 
value? What about the rest of the world; what if China buys companies based in Europe? 
Indeed, is there a difference between the perspectives of Eastern Europe and Western 
Europe on FI?  Living Labs were said to offer one way of helping to identify values. 
 

 According to a contribution from a Slovenian participant, a Danube River region is now 
forming. The river used to be the border, but now is bringing companies from neighbouring 
countries together. New ways are needed for companies to work together - cross border, 
experimental, and powered by ICT to create new and better businesses. Stakeholders in the 
region are keen to engage with the broader FIA Enterprise community. If FI could add value 
to regional developments, it holds out even more opportunities on a global scale. 
 

 The question was asked which mechanism is available to extract lessons from individual 
projects for application to other sectors. For example:   

o Lessons from Smart Grids development could be applied to other sectors 
o Many lessons could be learnt from projects regarding SMEs 
o What does the transition to services mean for product based companies 
o How do businesses get value from data in the future?  
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There was a suggestion that the Framework Programme needs to be updated to enable 
better sharing of the lessons learned. It was also asked whether the Knowledge and 
Innovation Communities (KICs) being established by the European Institute of Innovation and 
Technology (EIT) address this particular issue. 

 
 Several views were expressed along the lines of businesses need education to see the 

opportunities presented by the FI. There is still a considerable gulf between the research 
community and the business community as users of the technologies. 

 

Conclusions and Next Steps  

The following messages emerged from the presentations and discussions:  

 Everyone acknowledged that the opportunities of the Future Internet for enterprise are 
immense, both indirect and direct 

 There were concerns raised including trust, failover alternatives, ease of use for SMEs, 
leaking of IP, and of course cost 

 There was consensus that FI is relevant to existing “traditional” enterprises, as well as to 
entirely new industries. Indeed as mentioned by the SAP speaker in the formal launch of the 
PPP, commoditised businesses often generate the greatest innovation. Examples were given 
of the “traditional” automotive industry embracing Internet of Things, and of SMEs dedicated 
to Finger Painting iPhone applications 

 The customer voice is getting stronger – businesses that listen will be more successful 

 Evolutionary improvements of technology will enable revolutionary business models – this 
will need to be reconciled 

 Companies need to be prepared to learn, to evolve, to change, maybe even to transform. 
And not necessarily just in relation to their products or their services; but also their vision, 
their values, and their business processes 

 There were many references to successes in US and elsewhere. But if we follow others all the 
time, then we will never be in the lead. Enterprises need to think out of the box: the FI will 
enable a whole new world of business 

 Interesting insight were given into perspectives of both EFII / ‘G15’ and FI Research Alliance 

 There was broad support for a proposal for FInES to contribute a Use Case to the FI PPP 

There was a wide spectrum of views on the kind of business models which would be promising 
for European businesses and how FI technologies could support and enable them. There was a 
general view that this needs to be pursued in FIA Ghent. The session agreed that a useful session 
topic would be scenarios for the future of businesses on the Internet. 

The present session was motivated by the community for the community. The discussion will 
continue on the FIA Enterprise wiki, blog and twitter. All interested parties were invited by the chair 
to be actively engaged. 

 

  



 

 

Chapter: Future Internet Enterprise Systems Research Roadmap 



 

 

Foreword 
 
Future Internet Enterprise Systems (FInES) is a relatively recent term that describes a 

field of activity with the aim to improve the manner in which enterprises, by means of 
Information and Communications Technologies (ICT), can cope with any challenge. This 
combined research domain supported by the Commission over a number of years is also one 
element of the overall research field of the Future Internet, with a specific research focus on 
ICT adoption and usage by enterprises. 

 
In June 2009, a FInES "cluster" meeting took place in London. As the Seventh Research 

Framework Programme (FP7) was reaching to its mid-term, this was a milestone event, 
where flagship EU projects representing a broad range of stakeholders of the research 
community in the enterprise networking area were invited to express their views on the state-
of-the art and the future perspectives. As part of this concertation process, a new Research 
Roadmap Task force was launched by the projects and the community members 
participating, around new challenges for businesses in Europe. 

 
The present document is the result of the effort delivered by this Task Force, supported 

by a process of open consultation on the future of Future Internet Enterprise Systems 
research coordinated by the European Commission, over a period of almost one year. It is 
intended to represent the shared view of interested stakeholders in the Future Internet 
Enterprise Systems research field who contributed to its development.  

 
The Research Roadmap took a broad perspective that spans the full scope of FInES, as 

identified in the FInES Position Paper presented at the London Cluster meeting. To promote 
a new generation of ICT-enabled enterprise systems and sustainable businesses, the 
document emphasises the need for a multidisciplinary research approach to support 
disruptive concepts. It pledges for better innovation, where scientific research should come in 
balance with the engineering-wise focus, enforced also with a more business-oriented 
approach.  

 
The FInES Research Roadmap is a collective effort of all interested stakeholders in the 

FInES domain, spearheaded by the FInES Research Task Force. It will certainly not cover all 
the issues to support the competitiveness of our industry and SMEs. It is rather an input to 
every community wanting to convert value innovation into a business routine. We hope it 
will bring closer the research community and the policy makers in defining new directions to 
be taken today, to empower Europe and its enterprises. 

 

  



 

 

1. Introduction 
ñYou never change things by fighting the existing reality.  

To change something build a new model that makes the existing one obsolete.ò 

    (Buckminster Fuller) 

 

General Scope and Objective of the Document 

The Future Internet Enterprise Systems (FInES) Research Roadmap aims at defining new research 
challenges, in the context of a general reference framework for European enterprises, for the FInES 
research domain. Such research challenges are motivated by a long-term, highly innovative vision, 
with 2020 as the time horizon96.  

The Roadmap builds upon the baseline established in existing key Cluster reference documents, 
in particular the FInES Cluster Position Paper that has expressed the first global vision and policy and 
research recommendations following the re-orientation of the FInES Cluster. The latter has brought 
together constituencies of three major research streams: Enterprise Interoperability, Enterprise 
Collaboration, and Digital Ecosystems. This research roadmap intends to address ICT-based 
enterprise innovation with a futuristic, even provocative, perspective; leading potentially to 
incremental and emergent or radical and revolutionary changes in thinking, practices, products, 
processes, or organizations. 

The FInES Research Roadmap is a collective effort of all interested stakeholders in the FInES 
Cluster, spearheaded by the FInES Research Task Force. This document is an input to the next FP7 ICT 
Work Programme 2011-12. 

Scope of the FInES Domain 

The Future Internet is expected to give rise to new opportunities of creativity and innovation, to 
enable new forms of participation and collaboration, to catalyse further the formation of networked 
enterprises and business ecosystems that span from the local to the global, thereby ushering in a 
new generation of enterprise systems. FInES describes a field of activity with the aim to enabling 
enterprises, including SMEs, by means of ICT, to exploit the full potential of the Future Internet. The 
Internet thus is seen as a universal business environment in which new values can be created by 
competing as well as collaborating enterprises, by incumbent as well as new, through innovation in a 
level playing field and with sustainable positive benefits for the economy, society and the 
environment. Individual enterprise systems of the future are likely to be leaner, more adaptive, 
flexible, innovative, and open. They need to enable value innovation at the business level. They also 
need to deliver value beyond economic value and drive innovation that meets a set of business 
objectives and sustainability concerns much broader than those of today, including societal and 
environmental objectives. 

It is important that FInES builds on existing reality, analyses emerging economical behaviors and 
considers the current globalization trends and new markets (e.g. India, China, and the Middle East). It 
is imperative for us to assess the current effectiveness of and the potential improvement to classical 
enterprises models and common business practices.  

The FInES Cluster has already demonstrated its capacity to contribute to this elaboration, which 
involves: (1) a wealth of multiple disciplines, (2) inter- and intra-enterprise complexity, and (3) inter-
dependencies among different business and socio-economic areas. We are aware that there are 
several open questions regarding the model of future enterprises and their characteristics, the ICT 
trends and the future solutions, the relevance of the latter for enterprises, as well as the costs and 
benefits associated with their adoption. And, as the final key question, what generation processes 

                                                           
96

 We believe that more short/medium-term studies are better performed in an industrial context (e.g., by 
consultancy agencies). 



 

 

and types of values would the future enterprise be able to deliver to customers and the society at 
large? A key consideration of this ability is the extent to which the future enterprise would adopt a 
markedly innovative behaviour (with innovative organization and process models), with the support 
of deeply innovative ICT solutions. 

Method of Work  

The approach 
One of the main concerns of the task force, at the beginning of the work, was to avoid a 

technology-driven approach, i.e., to start from the emerging (and foreseeable) technological 
innovations and then to figure out how best to use them in future enterprises. Instead, we have 
proceeded with an enterprise-oriented approach, i.e., to figure out what kind of enterprises we can 
envisage for the future, what will be their characteristics and requirements, and how future ICT 
solutions would be able to support the envisaged future enterprises. This approach led to a “top-
down” organization of the work, with a layered structure of key questions, as provided in Table 1. 
This report will try to answer to these questions. 

 

Societal 
Vision and 
Values 

What will be the socio-economic context in which 
future enterprises will operate? 

Future 
Enterprises  

Grand Objectives 

What will be the desirable qualities that (hopefully) 
will characterise future enterprises? 

FInES                  
Research 

Challenges 

Having identified a set of desirable qualities, what 
are the research lines for developing future enterprise 

systems able to support those qualities?  

Future 
Enabling 

Technologies 

What are the relevant ICT solutions that allow FInES 
to be developed in order to support the achievement of 

the above Research Challenges?  

Table 1 – The FInES Research Roadmap Stack 
 

Task Force activities and organization 
The report is based on the work of the FInES Research Roadmap Task Force and the contributions 

of the FInES Cluster members. The activity has been organised into four phases. Phase 1, starting in 
September 2009 with the launch of the Table of Content, asking for contributions from the FInES 
Cluster members, and focusing on Chapters 1 and 2. It was concluded at the end of November 2009 
with the release of the first draft document that covered the first two chapters. Phase 2, starting in 
parallel with the conclusion of Phase 1, aimed at the consolidation of Chapters 1 and 2, and the 
development of Chapters 3 and 4. It led to the release of the FInES Research Roadmap V2.0 
document. Again, the end of Phase 2 triggered the start of Phase 3 that produced a final draft, 
Version 3.0, merging and integrating the outcomes of the two previous phases, and adding Chapter 5 
to cover the State-of-the-Art, and the Chapter 6 with the Conclusions. Finally, Phase 4 has concluded 
the process with an extensive consultation and refinement of work, leading to the release of the 
official Research Roadmap.  

The drafting and the collection, integration, and organisation of the contributions has been 
performed by the FInES Research Roadmap Task Force. The task force comprises Michele Missikoff 
(Rapporteur), Samia Drissi, Raphael Giesecke, Antonio Grilo, Man-Sze Li (Cluster Co-Chair), Nikolay 
Mehandjiev, and Dirk Werth. The Task Force has been supported by a review panel composed by 
Sergio Gusmeroli, Stephen Pattenden, and Hans Schaffers. Furthermore, the work has been achieved 
with a wide support of the members of the Cluster, both at an individual and project level, and 



 

 

facilitated by the Head of the Cluster, Cristina Martinez, of the European Commission, and, in the 
concluding phase, her assistant Nikolas Provatas.  

Content of the Document  

In order to achieve the aims of the Research Roadmap, the document is structured into six 
chapters, plus this introductory Chapter 0.  

In Chapter 1, after this Introduction, the document starts by defining the Vision and Values in 
accordance with the scope and ambition of the FInES Cluster, aiming at anticipating the paradigms 
and concepts that will characterize the future European knowledge society. The socio-economic 
drivers, the role of ICT in value production, and the relationships among the different cultures and 
constituencies, will be considered. In this sense, this chapter aims at drawing the main contours of a 
possible future context in which European enterprises will operate. 

Chapter 2 identifies the Grand Objectives, represented by a number of desirable qualities (e.g., 
transparency, accountability, sustainability) that will characterize future enterprises. To organize the 
presentation better, each of the qualities is described and labeled as an ideal kind of enterprise. For 
example, a Green Enterprise is characterized by the respect of the environment. Each of the 
proposed labels intends to provide a high level description of a specific dimension of future 
enterprises, their role in society, and how they may operate and produce value in future. The 
description also indicates a number of objectives, the achievement of which will need high quality 
multidisciplinary research. 

Chapter 3 addresses 8 Research Challenges that need to be tackled in the next decade, for the 
purpose of fostering a deep renewal of enterprises towards the Grand Objectives described in 
Chapter 2. In particular, the Research Challenges identify 8 research areas that are necessary to 
support the emergence of the next generation of enterprises, which are capable of achieving the 
Grand Objectives illustrated in the previous chapter. Here the key message is “continuous, open 
innovation”. This is to be achieved not only through technology, but also by leveraging the scientific 
bases and fighting the cultural and disciplinary fragmentation, in order to provide innovative, 
integrated “socio-technical” solutions. This chapter will also consider, with reference to the Research 
Challenges, the main barriers that prevent enterprises from adopting innovative solutions. 

Chapter 4 addresses specific innovative ICT solutions, including methodologies, that will be 
needed to support the achievement of the Research Challenges. This chapter provides a 
comprehensive reference grid that includes those ICT solutions that, despite being considered 
strategic for future enterprises, are generally not sufficiently covered in the existing ICT innovation 
trends.  

Chapter 5 aims to identify the most advanced ICT solutions available today, with particular 
attention to the key achievements of past projects, presented in the form of a state-of-the-art 
review. The objective is to promote the reuse of existing advanced solutions. We know there are 
cases where existing solutions can be either directly used or easily extended, thus avoiding new 
development from scratch. The outcome of this chapter can be contrasted with the outcome of the 
previous chapter, for deriving important indications of ICT research directions useful for future 
enterprises. 

Chapter 6 provides overall conclusions and recommendations. Specifically, it will recap the main 
indications stemming from the Research Roadmap elaboration, focusing also on the results that may 
be achieved in implementing the recommendations in this Research Roadmap, as a starting point for 
guiding future research initiatives.   

 

2. Vision and Values 
ñDream of the future, learn from the past, but live in the presentò 

(Anonymous) 



 

 

Context Change and Enterprise Transformation  

After a decade in preparation, the Treaty of Lisbon came into force on 1 December 2009. This 
achievement is however tempered by major structural challenges confronting the EU, of which 
systemic weaknesses in financial regulatory frameworks and institutions exposed by the 2008/9 
economic crisis constitute one pronounced example. In initiating work on the EU 2020 Strategy, the 
European Council noted that “The time has now come … above all, to look ahead”. In view of the 
economic and social impact of the crisis, in view also of the challenges posed by ageing populations, 
increasing inequalities and climate change, a new approach is needed more than ever (European 
Council, 2009). Important issues, singled out by the Council in need of examination, include the 
benefits offered by a “greener” economy, the improvement of the business climate (especially for 
SMEs and the industrial base), and the enhancement of the knowledge base in the European 
economies, including research and innovation. 

The recent financial crisis is taking a heavy toll on enterprises. However, critical times are 
opportunities for change. A time for deep transformation for Europe is also a time for deep 
transformation for enterprises based in Europe. As stated by the European Commission, the exit 
from the crisis should be the point of entry into a new sustainable social market economy (as already 
enshrined in the Lisbon Treaty)97, which is moreover a smarter, green economy. The new drivers for 
prosperity and growth will come from innovation and from using resources better, where the key 
input will be knowledge (European Commission, 2009). In other words, the social-economic as well 
as policy context within which Europe’s enterprises will operate in the coming years is rapidly 
changing. Future competitiveness will be driven by factors far beyond conventional economic 
dynamics. Instead, increasingly the focus is on conserving and making more effective use of energy, 
natural resources and raw materials; it is also on social cohesion, tackling unemployment and 
fostering social inclusion. European enterprises have the opportunity to thrive in this post-crisis 
landscape by means of environmentally and socially responsible business innovation and creativity. 
The time has come to re-consider value creation, business values and practices, thereby 
demonstrating European openness to the groundswell of citizen opinion and to the world, as well as 
openness to new ideas and solutions. This openness will be based on knowledge, powered by 
intellectual capital, and grounded in efficient, fair and transparent rules.   

The scope of the FInES Cluster makes it particularly well-placed to advance European research 
that anticipates the qualities of future enterprises and equips them with ICT solutions to confront the 
future with confidence and integrity. The FInES Cluster Position Paper has already made a first sketch 
of the path towards sustainable value creation by enterprises, focusing particularly on new business 
models, business flexibility and business agility. Building on that foundation, this chapter sets out a 
number of key drivers for enterprise transformation, followed by a vision statement for future 
enterprises.  

Key Drivers for Enterprise Transformation and Future Enterprise 
Environments  

 The Overall Context: Digitalisation, Individuals and Enterprises  
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 See Article 3(2) of the Treaty which sets out the economic constitution of Europe’s single market. The 
term “social market economy” was coined by Ludwig Erhard and Alfred Müller-Armack in 1946. As noted by 
Erhard in his book “Wohlstand für Alle” (Wealth for All), “An economic policy may only be called social where 
it makes sure that economic progress, higher performance and productivity growth in the end will benefit the 
consumer” (quoted by Viviane Reding in her speech on “Digital Europe – Europe’s Fast Track to Economic 
Recovery”, The Ludwig Erhard Lecture, Lisbon Council, Brussels, 9 July 2009).  Social market economy 
combines private enterprises with government regulation to establish fair competition, social welfare and 
specific policy goals. As Erhard also observed, “the free market economy did not need to be made social but 
was social in its origin”. 



 

 

Europe is set to become ever more digital in the years to come. There is already a new 
generation of “digital natives” applying technologies in novel ways in particularly the social sphere. 
Social networking, blogging, podcasting, twittering and “wikinomics” are beginning to make - or 
perhaps are already making - a mark in the way enterprises communicate with their (would be) 
customers, partners and employees (however the use of such technologies, e.g., over privacy threat 
or information leakage, should not be underestimated). The concept of “open innovation”, for 
example, has become fashionable to describe external sourcing of ideas, capabilities and know-how 
via sharing and collaboration with interested parties “out there” (e.g. end users)98. A new 
“architecture of participation” is emerging for companies to do business (O’Reilly, The Architecture 
of Participation, 2004), (O’Reilly, What is Web 2.0, 2005). Several years ago, IBM published a report 
on the future of the enterprise, suggesting that a common set of interests, goals and values – called 
“the endeavour” – provides the necessary glue between individuals or entities, relegating the role of 
the organisation to the orchestration and facilitation of those endeavours (IBM, Global Information 
Outlook 2.0). These ideas contributed to the company’s more recent Smart Planet initiative, based 
on the notion that digital savvy customers are driving corporations to re-imagine their business 
models (IBM, Smart Planet, Visions). The future outputs of enterprises will be integrated into our 
lives; they will work in more personal ways and adapt to our individual needs.     

Enterprises therefore need to respond to and potentially help shape two related trends: 
increasingly flat social interactions and structures, and extreme customisation on a massive scale. 
The former implies new forms of ICT-enabled collaboration outside hierarchical structures and 
controlled media, of which “open innovation”, “collective intelligence” and “agile organisations” are 
examples. The latter implies not only that future products and services will enable individuals to 
express their unique identities, but also technology as a facilitator will become firmly “human-
centric”, based on the (multiple) uniqueness of the individual as opposed to the collective of group 
patterns. Enterprise competitiveness will simultaneously need to address a more participative as well 
as collaborative social culture and processes, and extreme customisation (as in the target “market of 
one”) along a potentially fully elastic “long tail” of the demand curve.  

All the indications are that the service sector of the economy will acquire increasing importance. 
A key insight is that the service component of a transaction – arising from any mode of production – 
must provide added value as an innovative differentiator. This has important consequences for 
business strategies: how to deal with the exceptions of the market?99 Future enterprises will not be 
able, by themselves, to provide let alone dictate the context of business activity. Instead, they will 
need to focus even more than before on their value proposition and delivery as shaped by their 
characteristics, activities and relationships (which may be called an “ecosystem”). 

Value lies at the centre of our consideration of the future of enterprises. There are three 
dimensions to this consideration: policy & governance, technology and business-economics. In the 
following subsections, we discuss, in turn, each of the key drivers as well as obstacles that may 
mitigate the effects of those drivers. The overall view is that the main obstacle is not the lack of 
technologies, but the lack of courage in advancing new ideas particularly beyond the existing 
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 In contrast with the strictly linear and “funnelling” approach to innovation practiced within the closed 
world of corporate confines. This has subsequently been generalised to “collective intelligence”. See 
(Chesbrough, 2003)  

99
 As such, it makes little sense to speak of a fixed value chain because value generation as a critical 

differentiator is required to be extremely dynamic, delivered on demand, and dealing continuously with the 
exceptions of the market of one. Concepts such as “value network” and “value ecosystem” have been 
proposed by scholars. Research within the FInES Cluster suggests that the more forward looking companies 
have found it increasingly difficult to apply the value chain concept with its assumptions of linear processes and 
stable, clearly delineated competitive forces. See, e.g., the Cluster’s report on Value Proposition for Enterprise 
Interoperability, 2008 http://cordis.europa.eu/fp7/ict/enet/ei-isg_en.html 
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economic context with its structural bottlenecks and imagination to find innovative solutions. Also, 
we should be reminded that the origin of business is social as much as economic. Economic growth 
does not arise just from adding more labour and more capital, but importantly from new and better 
ideas expressed as different types of progress, while at the same time without jeopardising the well 
being and choices for future generations. Possibilities do not add up. They multiply100.    

 Policy & Governance: Knowledge, Ownership and Control  

The EU has already put forward free movement of knowledge as a fifth freedom. Knowledge 
should be available to all, no matter where it is situated. The central role of knowledge in the digital 
economy is expected to be reinforced in the EU 2020 Strategy, which will advance the “European 
Knowledge Area”, underpinned by a world-class knowledge infrastructure, from which all actors 
including enterprises will benefit101. The diffusion, acquisition and use of knowledge as intangible 
assets, or intellectual capital, will be critical for the success and indeed survival of future enterprises. 
Tapping into such assets will offer especially great opportunities for SMEs – the “mainspring of 
Europe’s economic resurgence” (Reding, 2009).    

For some time, the EU has sought to introduce a renewed strategy for intellectual property 
rights, which it links to measures for narrowing the digital divide. But we are faced with two opposite 
and apparently opposing phenomena: the search for new business models and customisation, versus 
the clinging to traditional (high value) rights notably copyrights and IPRs102.  Intellectual capital 
includes not only the generally acknowledged human capital, but also the less studied and 
understood structural capital (how to bridge people inside with the people outside) and relational 
capital (the extended network or ecosystem). However, the latter two classes are expected to have a 
far greater role in the shaping of future business missions and models. Specifically, ownership of 
intellectual capital may not preclude others from having a share in the ownership of such capital103. 

It has already been widely noted for a long time that from an economic perspective, information 
has peculiar characteristics compared to tangible goods – its consumption does not reduce its 
availability (non-rivalry) and its possession does not prevent others to possess it (non-
excludability)104. Conventional economic models are not designed to take account of these features 
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 This is adapted and expanded from Paul Romer’s work on New Growth Theory. He wrote: “Economic 
growth occurs whenever people take resources and rearrange them in ways that are more valuable … Every 
generation has perceived the limits to growth that finite resources and undesirable side effects would pose if 
no new recipes or ideas were discovered. And every generation has underestimated the potential for finding 
new recipes and ideas. We consistently fail to grasp how many ideas remain to be discovered. Possibilities do 
not add up. They multiply.” Source (Romer) 
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 European Commission ibid. As noted by the Commission, SMEs make up 99% of all enterprises and 

account for over 100 million jobs, and innovative start-ups can generate value added jobs right across Europe. 

102
 Amartya Sen, the Nobel Laureate, has likened the “ignorance trap” relating to intellectual capital to the 

“poverty trap” where an individual’s economic success is setting dependent.  See the contribution of Leif 
Edvinsson to the present Roadmap, in which he reports the conversation with Professor Sen on the occasion of 
the Nobel Prize ceremony where Sen collected his prize. 

103
 The analogy is that Linux users and developers do not mind that “their” ownership of the Linux 

Operating System on “their” machines does not preclude others in owning the same. 

104
 See, for example (DeLong, 2000) and (Mansell, 2009). As formulated by Mansell, one can give 

information to someone else and still possess it (non-rivalrous) and information cannot be taken back once it 
has been given and receivers can pass it on without giving it up (non-excludable). Note that these 
characteristics of information is a key basis for the definition of the Interoperability Service Utility (ISU) – the 
first Grand Challenge of the Enterprise Interoperability Research Roadmap developed by the predecessor of 
the FInES Cluster, and initially published by the European Commission in 2006. See  
ftp://ftp.cordis.europa.eu/pub/ist/docs/directorate_d/ebusiness/ei-roadmap-final_en.pdf 
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of information. But the digital economy, and the knowledge infrastructure supporting it, must 
embrace them. It is not so much that ownership and control are slipping away; indeed some current 
debates and measures of commercial actors suggest precisely the opposite. Rather, new notions of 
ownership and control of intangibles, and their exploitation as capital and revenue, are needed. 
Furthermore, there is a distinction between ownership and control over the means of information 
(the communication device and mechanism), the act of informing (the communication as an 
information flow), and the information itself (which may be capitalised and with which rights are 
associated), even if all three are often conflated into one contiguous and – consequently – confused 
debate.  

The spill over of Web 2.0 into the enterprise environment is inevitable and will only rise105. With 
increased communications comes the pressure of openness and to open up. On the one hand, there 
are rising concerns about security and privacy. On the other hand, transparency is becoming a new 
“currency” that enterprises may deploy to their own strategic advantage. According to research, 
companies that are open perform better; in other words, the reason to be open is not a moral 
argument, it is a business argument (Tapscott & Ticoll, The Naked Corporation: How the Age of 
Transparency Will Revolutionize Business, 2003) (Tapscott & Ticoll, The Open Enterprise, 2009). 
However, transparent information does not necessarily become shared; transparent information also 
does not automatically become knowledge which adds value.  More must be done to understand (a) 
the nature of intangibles, (b) the role and relationships of intangibles in respect of enterprises, (c) the 
approach to handling intangibles by enterprises, (d) the relationship between openness, information 
and knowledge, and (e) the kind of knowledge infrastructures that may be required to support 
enterprises. Promising technologies, such as those envisioned for the Future Internet, will not by 
themselves provide answers to these core questions.  

 Technology: Infrastructure Models  

ICT is set to become ever more all-pervasive, with major implications for doing business. The 
latest articulation of this vision in European Research is the federating theme of the Future Internet. 
For enterprises, the major issue is not more sophisticated technologies per se, but technologies that 
will increase the value of their offering. To do so, technologies must enable enterprises to 
continuously innovate as a business routine. That innovation includes not only products, services and 
processes, but also value innovation (see next sub-section).  

In the future, a potentially unlimited array of high value-added capabilities, fine-tuned to the 
precise needs of the end-user, will be enabled by software-based services, delivered on-line, on-
demand and in real-time. Those services will be simple to use, adaptable to dynamic needs, 
affordable to small budget holders, as well as having the required technical attributes of accessibility, 
reliability and interoperability. This would lead to an explosion of ICT adoption by particularly SMEs, 
according to research performed within the FInES Cluster. It has been suggested that a whole new 
level of commerce which is active in a grey area between enterprises, consumers, and consumers 
with consumers would become possible. Equally, it has been argued that this could enable those in 
developing countries to find and build their own way of development [17].  

For this to happen, the software-based services markets must be fully open and competitive; 
existing barriers to entry need to be lowered and eliminated so that newcomers are not unduly 
disadvantaged relative to the incumbents. One major proposal from the research field is the 
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 Thanks to the ubiquity of the Internet and the pervasiveness of the Web, citizens of the information 
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 Century discovered that they could interact with their social groups in new ways. 

The ability to shape and extend one’s digital environment at home and at work was supported by highly 
effective and affordable - even free - search and related tools. The drive to codify and organise knowledge was 
harnessed by community projects like Wikipedia. 



 

 

availability of a universal ICT infrastructure model that all could exploit, including at the level of 
software-based services which are the building blocks for enterprise applications.  

Over the years, many infrastructural models and associated architectures have been advanced in 
the research environment, including client-server, distributed, P2P, Grids and so on; many have failed 
to deliver impact beyond research. The latest trend is so-called Cloud Computing, which combines 
notions such as infrastructure-as-a-service, platform-as-a-service, and software-as-a-service. 
Alongside the technical discussions are business discussions as regards notably the business models 
for clouds, policy discussions as regards governance of clouds (which might lead to lock-in), as well as 
European strategy debates on the importance of clouds for the digital economy (such as the call for 
European clouds by Viviane Reding for ensuring benefits to European SMEs (Reding, 2009)). 

In summary, there is a move away from the current Internet that is dominated by intelligence in 
the form of personal computers linked to a shared server at the end of a relatively dumb network 
(Zittrain, 2008). Google, Amazon and other global service providers have clearly demonstrated how 
technological innovations allied with novel business models could transform society’s activities, 
habits and cultures on unprecedented scales with unprecedented speed. The achievements of such 
technologies are presently challenging the structure of the ICT industry. They are also signposting 
how the Future Internet might develop, including the control of critical resources enabled by 
particular infrastructure models. The eventual impact on enterprises will be substantial, in terms of 
not only how and where enterprises would run their businesses, but also the way in which 
enterprises build business relationships and markets, and the extent to which ICT supports business 
level innovation.        

 Business & Economics: Towards a New Value System  

The recent global financial and economic turmoil has left few enterprises untouched. New 
business narratives are necessary to identify where businesses should go. The introductory remarks 
to this section indicate that there are three lenses through which business objectives could be 
viewed: at the economic level, at the environmental level, and at the social level. While business 
competitiveness has traditionally focused on the first, all the indications are that the second and the 
third will play an increasing role in determining the contributions of enterprises and ultimately the 
valuation of a “business” in future markets. In short, how the “success” of enterprises is to be 
perceived, measured and rewarded. Evidence includes:  

 The limitations and indeed unreliability of conventional business accounting and market 
capitalisation practices are the more visible in light of recent global turmoil, with the financial 
markets subject to reform and greater regulation across the world 

 Traditional economic models have been put under stress and into questions in their failure to 
guide policy making; additionally they fail to deal with information as a resource unrestricted 
by the scarcity principle which undermines those models 

 The accounting of economic performance is not sufficiently reflecting the transition of 
especially the developed world from a production-oriented economy to a service-oriented 
economy and to the more recent knowledge-oriented economy 

 The ascendancy of Internet-based markets where the creation of economic surplus is based 
not solely on the exchange of goods and services, but “soft” factors such as reputation, trust, 
other forms of goodwill, even “community spirit”; money is not the only currency of those 
markets and the network effects generate new dynamics alien to the traditional production 
paradigms 

 Internet-enabled phenomena such as pro-sumption, co-creation, the open source model of 
“production” and related open innovation, as well as the trend towards fusion between the 
physical and the virtual world, are raising issues regarding the nature of assets and their 
means and modes of “production” 



 

 

 New markets (including modes of exchange) for natural resources are emerging, including 
different forms of alternative energy, carbon emission and trading, smart grids, etc.  

 Perhaps most important of all, society at large is no longer satisfied with attributing pure 
economic improvements as the dominant - or even the - driver of social progress, and with  
economic measurement as an infallible yardstick for society’s “well being”.  

The “Stiglitz Report” (Stiglitz, Sen, & Fitoussi, 2009)
106 , commissioned by the French President 

Sarkozy 
 , is a clear signal of the global concerns about the shortcoming of present tools of economic 

and social performance measurement, mismatch between market prices and things (or qualities) 
that society (i.e. people) value, and the nature of societal goals. As the report puts it: “what we 
measure shapes what we collectively strive to pursue - and what we pursue determines what we 
measure”.   

Looking ahead, we believe our present system of business values is no longer adequate in 
supporting the full range of business goals that future enterprises would consider as relevant and 
important. Enterprises in formal terms as legal entities vested with rights and obligations will 
undoubtedly have new obligations due to regulatory as well as social pressures. Conversely, we 
argue that enterprises should be given new rights to capabilities that would help them to innovate in 
a changing world, of which ICT should be a key enabler. These would include, for example, access to 
and exploitation of knowledge (section 1.2.2), value-added capabilities and the underpinning ICT 
infrastructure model (section 1.2.3); the right not to be locked into specific ICT systems; and the 
opportunity of meaningful choices of ICT solutions.   

A tentative listing of business values for future enterprises may include, but not limited to: 

 Revenue and profit 

 Reputation  

 Efficient use (and conservation) of physical resources, natural resources and raw materials    

 Environmental footprint 

 Employee relationships 

 Business partner relationships   

 Customer relationships 

 Exploitation and use of knowledge, especially in its tacit and implicit forms (Mäki, 2008 ) 

 Business transparency and corporate governance 

 Social responsibility.  
The above are interdependent. They also place a greater emphasis on the demand side to drive 

business value. Whilst it may be conventional wisdom to believe that the pursuit of profit is 
inconsistent with any or all of the others, the issue is that current economic valuation and “standard 
measures” (and pricing) do not adequately account for all the costs incurred. The valuation and 
measures would change especially when sustainability is taken into consideration, where the cost is 
computed not by short term techniques such as net present value, but by more meaningful 
attribution of externalities, opportunity costs, and realistic assumptions and choices about the 
future.      

A new system of business values logically leads to new business models and the need to 
innovate. In light of recent market failures and the greater role that has been expected from and 
indeed played by government, business arrangements other than pure commercial enterprises are 
more regular features in the new business climate. In many sectors including ICT, in Europe and 
elsewhere, public-private partnerships are being formed as part of the economic recovery package. It 
may be the case that different kinds of business arrangement would be needed for different sectors 
as well as different geographic regions at different points of the economic cycle. The social market 
economy, allied with the drive for a smarter and greener economy, and leveraging the capability of 
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the Internet, is expected to provide greater freedom for business model and business arrangement 
experimentation.     

Vision Statement: Future Internet based Enterprise Systems 2025 

By 2020, the Internet will become a universal business environment on which new values can be 
created by competing as well as collaborating enterprises through innovation in a level playing field. 
Within this environment, FInES will become a transparent and invisible part of the business 
operation, available and affordable to all enterprises as required. It will make optimal use of the 
capabilities provided by a universal service infrastructure based on the concept of the 
Interoperability Service Utility (ISU)107. It will support and enable the full range of enterprise qualities 
as described in Chapter 2 of this Research Roadmap. 
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3. Grand Objectives of FInES 
ά¢ƘŜ ǾƛǎƛƻƴŀǊƛŜǎ ŀǊŜ ǘƘŜ ǘǊǳŜ ǊŜŀƭƛǎǘƛŎ ǇŜƻǇƭŜέ  

   (Federico Fellini) 

Introduction 

This chapter focuses on enterprises and their anticipated distinct features in the year 2020. It 
highlights enterprise characteristics that are likely to become relevant to the next generation of 
Enterprise Software Applications based on the Future Internet (referred to as FInES). Some of these 
characteristics are visible already (e.g., environmental orientation), others may emerge only later and 
will evolve by 2020. Note that the Grand Objectives are not intended to suggest that enterprises 
must adopt new organizational structures or business models. Instead, they are intended to 
anticipate a number of qualities and capabilities (e.g., transparency, innovation aptitude, and 
knowledge-oriented keenness that successful enterprises may exhibit in the future. Such qualities are 
not depicted as precise targets to be reached; rather, they represent directions along which an 
enterprise can proceed, progressively improving over time. In this respect, a Grand Objective can be 
seen primarily as an “intention”, as a commitment to proceed in the indicated directions. From this 
perspective, pursuing the long term Grand Objectives will bring visible benefits in the short term. 

We anticipate that reaching a Grand Objective will not be just another linear process. Effective 
innovation strategies will be necessary, capable of removing (or, at least, reducing) the roadblocks 
that are to be found along the pathway. Thus, the following Chapters 3, on the Research Challenges, 
focus on innovative ICT systems with which to support enterprises in their progressive evolution 
towards the Grand Objectives. We are also aware that technology per se is not sufficient and this 
evolution needs to take place in a comprehensive socio-technical perspective, according to the main 
lines identified in the previous chapters. 

The Grand Objectives as enterprise qualities 

We view the Grand Objectives as being connected to a set of complex processes that will take 
place both inside and outside (in business ecosystems and the society at large) an enterprise, 
progressively introducing deep changes in its nature and behaviour. To describe such changes, we 
introduce a wider notion of quality than is used today.  

The European Framework for Quality Management (EFQM) has already successfully expanded 
the philosophy and practice of Total Quality Management (TQM). The EFQM approach has been 
extensively disseminated and is widely accepted in Europe and beyond. We suggest further 
extending the current notion of enterprise quality, including other issues, such as environmental 
impacts and ethical issues. We therefore introduce the notion of the enterprise Quality of Being. This 
will be the approach adopted for this chapter. 

Concretely, we address different dimensions referring to distinct features that characterize the 
Quality of Being (QoB) of an enterprise. We believe that the QoB deeply influences not only the way 
an enterprise operates, the management style, the relationships with employees and staff, with 
clients and partners, the marketing strategies and practices; but also the carbon footprint, the level 
of social responsibility; and finally, the enterprise’s contribution to the overall development of 
society at large. 

In essence, the FInES Grand Objectives will be a kaleidoscope of qualities likely to be pursued by 
enterprises over the next decade. In this chapter we do not intend to elaborate on how such qualities 
can be acquired by an enterprise, what such an enterprise should do, what organization model it 
should assume, and, more specifically, what technological solutions it should adopt. The former 
themes are left to the entrepreneur’s initiative; the latter one will be addressed in the next Chapters 
3 and 4. 

Below, a brief description of proposed QoBs for future enterprises is presented. To make the 
presentation less abstract, the QoBs are illustrated in the form of a number of exemplary enterprises. 



 

 

The Grand Objectives as exemplary enterprises 

In this central section we illustrate a number of enterprise qualities. Please note that they are not 
independent of each other and we expect that a future enterprise will exhibit a certain blend of the 
different exemplar enterprise qualities described below. 

 Inventive Enterprise 

This is the primary dimension of the successful enterprise of the future. It refers to the essential 
traits of a very innovative enterprise, impacting a large number of aspects, primarily the 
organization, the processes, and the products. It requires continuous (even disruptive) changes for 
improvement, while ensuring its operations run profitability and deliver value. Its main distinctive 
features are an inventive vision, flexibility and continuous change. It is active, grows and improves 
like a complex living entity, displaying non-linear behaviour108. Tight organization and control may 
reduce flexibility, therefore Inventive Enterprises may be characterised by partially organized 
structures, where several components are endowed with great autonomy109 and are not subject to 
tight central control. In an enterprise context this means a strong delegation from the top to the 
lower operational levels, allowing the development and production units large margins of autonomy 
of means and strategies, while intermittently coordinating for common business goals. Control over 
an Inventive Enterprise will involve different approaches capable of defining and managing 
incomplete models. These “partial” methods and models can be coupled to feedback mechanisms110 
and embedded controls that, even in case of unpredicted critical situations, will be able to minimise 
the negative impact of such events. 

The other primary traits concern the innovation on products and the capacity of a continuous 
repositioning on the market. The previous FInES publication “Value Proposition for Enterprise 
Interoperability” (Cordis.lu, 2009), references the strategic positioning of an enterprise according to 
two different competition scenarios, referred to as “blue ocean strategy” and “red ocean strategy”. 
The two scenarios are connected to the capability of an enterprise to innovate. The blue ocean 
scenario reads: Companies competing on blue ocean strategies simultaneously pursue differentiation 
and low cost. Their aim is not to out-perform the competition in the existing industry, but to create 
new markŜǘ ǎǇŀŎŜ ƻǊ ŀ άōƭǳŜ ƻŎŜŀƴέΣ ǘƘŜǊŜōȅ ƳŀƪƛƴƎ ǘƘŜ ŎƻƳǇŜǘƛǘƛƻƴ ƛǊǊŜƭŜǾŀƴǘΦ ¢ƘŜȅ ŀŎƘƛŜǾŜ ǘƘƛǎ 
through value innovation, i.e. introducing radical innovations in the products, services, processes, etc. 
that are genuinely valued by customers. 

This QoB is highly synergic with the two following ones: the Cloud Enterprise, characterised by 
loose production connections, and the Cognizant Enterprise, since a great quantity of knowledge 
needs to be continuously exchanged among its parts, and with the outside world, typically across 
fuzzy boundaries. 

Cloud Enterprise  

This dimension refers to an enterprise whose boundaries cannot be definitively defined, i.e. what 
is in and what is out, the “external” and the “internal” sections of the value network. We strongly 
believe that this is an already known and used (e.g., through cloud computing and crowd sourcing) 
paradigm that will continue to develop in the future. More specifically, this QoB implies the capability 
of relying on a flexible, potentially unrestricted set of value production units, operating in places and 
according to processes largely outside the control of the main organization, sometimes even 
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unknown. Intermediate (raw) products are typically fabricated (elsewhere) with a low level of 
coordination, but with clearly defined agreements on time and quality of the produced goods and 
services. Additionally, in the supply level agreement, the prime partner will be qualified to introduce 
production conditions such as low energy consumption, low carbon footprint, aiming at short supply 
chains (primarily moving ideas instead of things), and the respect of human rights.  

This paradigm applies both to the production of tangible goods in the manufacturing world, to 
the production of services, and to the composition and mash-up of digital intangible goods, like the 
web services in the software world. In particular, a Cloud Enterprise, owing to the inherent non-
hierarchical nature of its networked structure, is often playing simultaneously the role of consumer 
and provider of goods and services, including IT services. 

Examples of Cloud Enterprises are the majority of Open Source Software production, but also App 
Store, Amazon Mechanical Turk, Netflix Prize, BellKor Pragmatics Chaos, and in a traditional sector, 
such as automotive, the FIATMIO initiative (FIAT, 2010); furthermore, in a less commercial context, 
we need to recall Wikipedia. As a client-side counterpart there are new ways for customers to be 
organized and accumulating better negotiation power, see, e.g., CarrotMob.org. 

 Cognizant Enterprise 

This dimension concerns the enterprises capable of reaching beyond knowledge management, 
opening the possibility of fully acquiring not only specific knowledge, but also the way to use it, the 
context and the expected effects of its adoption, risks and alternatives, etc. 

Currently, enterprises are adopting advanced ICT solutions for gathering, storing, organising, and 
accessing enterprise knowledge easily. Going beyond that requires that people make extensive and 
flexible use of explicit enterprise knowledge; relevant knowledge should be identified and delivered 
to the right person at the right time in the right manner (often proactively). Today a Knowledge 
Management System (KMS) is capable of managing documented (i.e., explicit) knowledge, typically 
sector- and application-based (i.e., applicative knowledge). We believe that the development of a 
knowledge-based economy requires a significant enhancement in knowledge management, primarily 
by extending the current notion of enterprise knowledge. An important step forward will be when 
the enterprise will be able to go beyond concrete applicative knowledge, adding higher forms of 
knowledge (on semantic and “meta” levels), such as the rationale, motivations, and information 
about the operational context. Essentially, a Cognizant Enterprise will be able to better use specific 
(technical, applicative) knowledge in conjunction with all the other knowledge assets, capable of 
guaranteeing an effective behaviour. Another aspect is the proactive attitude in knowledge delivery, 
with a sensible KMS capable of “sensing” specific situations and forwarding useful information, plus 
context and background, to the actors involved.  

Another important feature of the Cognizant Enterprise is the capacity of managing and using 
knowledge to mull over itself, exhibiting learning capabilities. The knowledge will be used to rethink 
its own organization (see also the Inventive Enterprise), restructuring its processes, production, 
logistics, marketing, finances, and HR management, according to the newly acquired knowledge. To 
this end, it uses methods and tools aimed at observing and keeping traces of the activities, recording 
the effects of actions, i.e. practical experiences leading to successes or failures, which will be 
systematically elaborated and stored for future reuse. Traces of enterprise operations, and therefore 
material for enterprise learning, will be also extracted from things (supported by the emerging 
Internet of Things), equipped not only with sensors, but also with computing and storage facilities, 
and capable of notifying their states and evolutions (see the notion of a FInER in the next chapter). 

This new way of managing knowledge, also at the basis of open innovation, is related to the idea 
of Cloud Knowledge. It means that the knowledge assets of a Cognizant Enterprise will not be limited 
to the resources stored locally, but its scope will span over the full Internet, having the possibility of 
accessing knowledge resources at a global level (supported by the emerging Internet of Knowledge). 



 

 

In a systematic way, internal and external knowledge will be related and complemented. Ultimately 
human capital, organizational capital, and relational capital will be developed into knowledge assets. 

 Community-oriented Enterprise 

This is a rich and articulated QoB with many facets that impact both the internal way of 
organising the business and the positioning of the enterprise in the socio-economic context. An 
important trait concerns the transparency and accountability. It is alleged that the economic 
downturn is largely due to the absence of adequate levels of transparency and traceability of specific 
financial products (e.g. mortgage-backed securities in the subprime crisis), but probably this episode 
highlights a more general problem of transparency, accountability, and social responsibility. The 
latter, in particular, has a wider impact when referred to as CSR: corporate social responsibility. In 
fact, CSR has an extensive significance, as explained in the following description111: “CSR policy would 
function as a built-in, self-regulating mechanism whereby business would monitor and ensure its 
adherence to law, ethical standards, and international norms. Business would embrace responsibility 
for the impact of their activities on the environment, consumers, employees, communities, 
stakeholders and all other members of the public sphereΦέ 

The features of a Community-oriented Enterprise pertain in principle to the NGOs and many 
(former) public owned enterprises that operate with a marked social orientation. But here we intend 
to go beyond the category of non-profit organizations, aiming at a more general quality that will 
progressively permeate future successful enterprises. We expect by 2020 the emergence of trends 
towards non-monetary profits: value profits. These profits will be measured by other means than 
monetary currency, following the logic of the recent “Stiglitz report”112. The primary target of a 
Community-oriented Enterprise is the attention to people, managing services – both from and 
towards people and their internet representations (e.g., avatars). An early, successful instantiation of 
these services has been crowd sourcing. Our fantasy as of today does not yet enable us to imagine 
the complete gamut of possibilities of maximising such human-oriented values. Tentatively, we 
predict that areas of medical care, well-being, supporting the helpless as well as further 
humanitarian and human basic needs will be mostly attractive. Also we forecast that the ownership 
of such enterprises will move towards defined communities, either by topic or (geographical) area. 
These communities may exist anywhere within the private-public-NGO triangle. Last but not least, 
we assert that Community-oriented Enterprise is a quality that will be a requisite attribute for 
traditional industrial sectors, as a general attitude and with renewed focus on socially orientated 
values not least because of the increased transparency and openness delivered by the future internet 
where almost any corporate action may become visible and judged by its peers and customers.  

 Green Enterprise  

This QoB is tightly connected to the recognition that enterprise profit should not be obtained by 
offloading part of the costs onto the society at large, and onto future generations113. The concern 
about the environment should not be simply considered as compliance with the existing laws and 
regulation, it should be integrated into the “DNA” of the enterprise: into its organisation, processes, 
products, after-sales relationships, till to its advertising and marketing styles. 

In selecting the enabling technologies, in deciding how to proceed along innovative programmes, 
in all the enterprise activities there are wide possibilities of adopting a “green attitude.” Formerly, a 
green attitude has been perceived as giving rise to additional costs for the enterprise. But the 
opposite is becoming more widely accepted. The first movers in this direction (see for instance the 
hybrid car manufacturers) are enjoying a competitive advantage. This will surely continue in the 
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future, and the Green Economy is generally considered, particularly during this difficult economic 
situation, one of the sectors with the most promising prospect for growth. 

 Glocal Enterprise 

With the advent of globalization, enterprises have been pushed to operate at an international 
level in terms of sourcing, production and markets, as well as finance and technologies. This process 
has promoted a number of improvements for the economy of the planet, allowing for new business 
scenarios, with new players entering the scene. But at the same time, especially where the 
enterprises do not show transparency and social quality (see above), globalization is producing 
hardship and difficulties for part of the populations in both advanced and developing countries. 
Globalization is with us, and it will remain. Thus rather than fighting against it, a number of 
corrections to limit its downsides must be introduced. One of the most significant is the possibility of 
conjugating two apparently contradicting dimensions, i.e., local and global, merging them into a 
virtuous blend referred to as “glocal”.  

A Glocal Enterprise will be able to understand and think at a global level, while being aware of 
the local levels in which it operates, acting in harmony with its geo-social surroundings. To achieve 
this, it is necessary to show a specific kind of flexibility, necessary for instance to adapt products and 
production processes to the culture and needs of a given geographic area. This includes, for instance, 
adopting different marketing strategies depending on the regional characteristics, the locally 
available technology, the financial conditions, the availability and costs of natural resources, as well 
as cultural and religious diversity. 

If we switch from the spatial to the temporal perspective, this quality is reinterpreted along a 
timeline, referring to the capacity of the enterprise to be active and aligned with the present time 
while at the same time looking far ahead to be ready for future challenges. A foresight enterprise 
shall be looking ahead not only in terms of innovation, but also (see the Cognisant and Green 
Enterprises) being capable of “trading” an immediate advantage for a better future improvement or 
a reduced future detriment, to itself and to the society as a whole. 

  



 

 

Conclusion 

In this chapter we presented a set of Grand Objectives for future enterprises, by using a method 
that illustrates such Grand Objectives through an exemplary set of enterprises, and their Qualities of 
Being. These are labelled as: 

 Inventive Enterprise 

 Cloud Enterprise 

 Cognizant Enterprise 

 Community-oriented Enterprise 

 Green Enterprise 

 Glocal Enterprise 

 



 

 

We expect that the future enterprises will use the Future Internet and, in general, the innovative 
ICT solutions to achieve a virtuous blend of the above qualities. However, we believe that such 
virtuous evolution will not happen spontaneously as a result of the technological innovation taking 
place within a universal trend of growth and progress. On the contrary, the achievement of the 
above qualities needs careful and dedicated studies, capable of following a roadmap for the 
evolution of socio-economic systems, and tenacious endeavours to proceed along indicated 
pathways. It is evident that the mere existence of such a roadmap may help, but will not be sufficient 
to achieve the outlined objectives. There is a strong need for two main drivers: (i) a constant and 
determined governance of the organisational development and innovation processes; (ii) the 
systematic identification of barriers (such as the defence of the “status quo”) and their removal. Such 
barriers are the real opponents to innovation and change; their systematic monitoring and the 
deployment of counter-strategies to eliminate them are essential elements of achieving the Grand 
Objectives. 

 

4. The FInES Research Challenges 
άLƴ ǘƘŜ ŦƛǊǎǘ ŘŜŎŀŘŜ ƻŦ ǘƘƛǎ ŎŜƴǘǳǊȅ ǿŜ ōǳƛƭǘ ǘƘŜ ƳŜŀƴǎ ǘƻ ǳƴŘŜǊǎǘŀƴŘΣ ƛƴ ǘƘƛǎ ŘŜŎŀŘŜ  

we need to build ǘƘŜ ƳŜŀƴǎ ǘƻ ŎƘŀƴƎŜέ ό!ƴƻƴȅƳƻǳǎύ 
 
An enterprise that intends to pursue the objectives indicated in the previous chapter, while 

retaining its competitive edge, needs to adopt innovation as its driving force. For this reason, FInES 
research challenges will have innovation as their key trait. Innovation is primarily a business attitude, 
independent of the business sector (aerospace, furniture, banking, etc.) or the enterprise 
department (marketing, production, human resource, etc.). Accordingly, the Research Challenges 
described in this chapter will be sufficiently general to impact on a FInES, irrespective of the type of 
enterprise or enterprise department. 

A continuous innovation in the enterprise and its business requires special characteristics (e.g., 
agility, evolvability) for the supporting ICT systems. To this end, we believe that a FInES should be 
highly modular, based on a federation of “smart”, interoperable components that we will refer to as 
Future Internet Enterprise Resource (FinER). A FInER will represent the digital image of some entity 
(tangible or intangible, simple or complex) in the real world, provided with four key features: public 
identity, computing, storage, and networking capability. A FInES will be implemented (and will 
evolve) by gathering and interconnecting different FInERs, characterised by different functions and 
granularity, located in (possibly) different places (typically, in the “cloud”), provided by (possibly) 
different suppliers. 

In essence, we expect that the future research activities aimed at FInES will consider the 
following points: 

1. The driving force of a FInES is its orientation to continuous business innovation. 

2. A FInES will be capable of smoothly evolving while operational, i.e., while supporting (“in 

vivo”) the enterprise in doing business (guaranteeing the daily work of enterprise resource 

management). 

3. FInES functions and capabilities will be directly defined and shaped by business experts, 

without the intermediation of ICT experts or going through any form of software production 

cycle. 

4. FInES will be based on the Cloud Computing paradigm and will consist of a cloud of 

cooperating FinER components. 



 

 

According to the above points, we define for FInES six operational Research Challenges (RC) 
plus two strategic Research Challenges: 

RC1 – FInES federated open application platform 
RC2 – FInES awareness and intelligence platform, for monitoring a running FInES, and the 

context, to discover innovation needs and opportunities 
RC3 – FInES re-design for innovation 
RC4 – Innovative FInES implementation recasting 
RC5 – FInES meta-knowledge infrastructure 
RC6 – FInES interoperability & cooperation infrastructure 

Then, we have the two strategic Research Challenges: 
RC7 – FinER: the FInES constituent 

RC8 – FInES Science Base: the foundational scientific methods 

In this chapter, the above RCs will be expanded and better specified, aiming at providing some 
concrete indications for the future research activities in this area. 

Introduction 

A possibility for this chapter was to start from the primary industrial departments and functions 
(Finance and Controlling, Human Resources, Marketing, Production, Logistics, R&D, etc.) of an 
enterprise, trying to identify the possible evolutions and research challenges for the corresponding 
enterprise software applications. Another possibility was to start from the list of Grand Objectives 
illustrated in the previous chapter, identifying the research lines for the ICT solutions needed to 
achieve them. Either option risks being too analytic, failing to seize the essence of the paradigm shift 
that (hopefully) we will witness in the next 10 to 15 years. Such a paradigm shift is represented by 
the progressive drifting of the focus of Enterprise Systems, both for a single enterprise and, 
moreover, for networked collaborative enterprises, from enterprise resource management (that will 
undergo a progressive commoditization process) to enterprise innovation management. 

Enterprise software applications were introduced almost half a century ago, aiming at 
automating three key areas of the enterprise: accounting, payroll, and resources & inventory 
management (Rettig, 2007). Since then, ICT has tremendously evolved: computers, communications, 
software methods and tools, interfaces; as have, in parallel, the markets, enterprise competition and 
production systems. However, the large majority of enterprise software applications (ESA) are still 
mainly dedicated to the management of enterprise resources. 

We believe that there is an increasing need for changing the above picture, primarily because 
current ESA are too rigid and can hardly support continuous enterprise innovation. We expect that 
future research on FInES will provide the solutions to fill the gap between the (continuously 
changing) business needs and the ICT systems serving those needs (gap in terms of functionalities, 
but also in terms of delays in developing / re-engineering the required new functionalities). Finally, 
FInES research should be capable of changing the technological nature of the offered ICT solutions, 
by systematically introducing a number of non-functional features, such as interoperability, 
scalability, and evolvability, by design, i.e., as inherent characteristics and not as additional features. 

Shifting from Enterprise Resource Management to Enterprise Innovation 
Systems 

The shift from management-centric to innovation-centric enterprise systems will represent a 
major discontinuity in current ICT solutions and will pose key research problems. This research will be 
successful only if, in parallel, Future Internet, and the supporting technologies (from Internet of 
Things to Software as a Service, from Social Networking to Semantic Knowledge Management) will be 
consolidated and openly available. In particular, the paradigm of the Cloud Technologies appears 
able to provide the necessary flexibility and agility that today’s enterprise systems are far from 
exhibiting. 



 

 

Enterprise resource management is a complex discipline that (in general) is well understood and 
encoded in enterprise software applications, like, e.g., ERP systems. Such ESA, that represent today 
the key technology for an enterprise, exhibit a high degree of complexity and, when deployed in an 
enterprise, often require a long and expensive customization/development process, not compatible 
with the agility and flexibility required by future enterprises (Umblea, Haftb, Ronald, & Umble, 2003). 
In fact, enterprises entering into a dimension of continuous and fast paced innovation call for a 
completely new way of conceiving and implementing enterprise systems. Another important aspect 
is the progressive adoption of networked collaborative enterprises and cloud enterprises, for which 
we need to rethink the boundaries, and their ICT systems need to span beyond the traditional 
enterprise borders (that, according to the mentioned Grand Objectives, will progressively fade way). 
Therefore ESA will be one of the first targets of the research. 

Open enterprise innovation (Chesbrough, Vanhaverbeke, & West, 2006) is the key driver. 
Innovation can hardly take place within one single enterprise: it needs open boundaries and a 
continuous knowledge exchange. Such an exchange takes place downstream (according to the Figure 
3.1), promoted by research organizations and universities, but also upstream, driven by new markets 
and products. 

Effective and consistent innovation can be achieved only if the three key fields: research, 
production, and market are tightly connected and there is a knowledge infrastructure that 
guarantees the continuous and smooth flow of information, experiences, scientific results, including 
production and market feedbacks. Figure 3.1 is a sketch of this idea, with a circular knowledge 
infrastructure that seamlessly connects all the playing fields with the central innovation field. 

 
In Figure 3.1 each cloud represents, simultaneously, a set of characterizing activities and a 

number of different players, e.g., academia, industry, financial institutions, government, etc. The 
players are not rigidly positioned in one specific cloud, but may play different roles acting in different 
fields. For instance, an advanced enterprise can be positioned in all four clouds, while a university is 
mainly on the first cloud, but can be active also in the others (e.g., providing training courses for a 
commercial market or promoting academic spin-off). 

The FInES Research Challenges 

This is the central section that focuses on the 8 FInES Research Challenges. They intend to 
represent (again, as already done with the enterprise qualities in Chapter 2) more research directions 
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than precise scientific objectives. According to our vision, the proposed research challenges will be 
(supposedly) pursued to variable extents; nevertheless we believe that even partial results will bring 
benefits to the enterprise world. 

 RC1 ɀ FInES federated open application platform 

This research challenge focuses on the identification of the guidelines for a service platform 
devoted to business operations and enterprise resources management, i.e., all the value-producing 
activities of an enterprise, in a continuous innovation perspective. In such a perspective, the business 
activities may be constantly subject to changes that may impact on a single area of the enterprise or 
cut across several of them. But the day-by-day activities cannot be stopped when introducing 
enterprise innovations and, accordingly, upgrading the ICT systems. The changes to the running 
systems will continuously happen. Depending on the nature of changes, in certain cases there can be 
a parallel running of new and old versions of the system.  

Another objective of this RC is the extensive adoption of Cloud technologies. We expect that 
FInES computations will be achieved by services offered by FInERs, running “somewhere outside” in 
the digital sky. The same is true for the enterprise data, largely dispersed in some smart components 
(again FinERs), having autonomous processing, networking, and storage capabilities. This research 
challenge will identify new plarforms and architectures, open, federated, and trusted, aimed at 
optimally managing highly componentised architectures, where the business logic will be defined by 
business process models, enriched with business rules. Among the key enabling services there will be 
advanced search and dynamic composition of business services and resources, with effective 
orchestration and seamless interoperation, for the daily, value-producing business operations. In this 
kind of open, federated platforms, we expect that consistent research activities will aim at improving 
also non-functional aspects, such as trust and security.  

 RC2 ɀ FInES awareness and intelligence platform 

This research challenge addresses the problem related to the capacity of an enterprise to look at 
its own operations, understanding how it is doing, identifying innovation needs and opportunities, 
but also shortcoming and problems to be corrected. Here the research activities will aim at improving 
and integrating extensive monitoring, assessment, and forecasting capabilities into the FInES 
application platform envisaged in RC1. During the FInES operations (doing business) the constant 
observation of the enterprise reality, activities, performances, outcomes, quality, etc. is highly 
necessary. But equally necessary is the observation of the operating context: competitors as well as 
international markets, costs of resources, financial markets, and new technologies. Research 
achievements are expected, capable of capturing and representing the above observations, to be 
then carefully analysed and assessed in short to medium time perspectives, by business experts. The 
monitoring and gathered knowledge will feed activities able to identify the needs and opportunities 
for innovation. Such knowledge will be encoded in a rigorous form, ready to be used by advanced 
intelligence and analysis tools, and the outcome will be made available for the software 
environments that will emerge from the next RC3. 

 RC3 ɀ FInES innovation-oriented continuous (re)design environment 

This research challenge concerns methods and tools conceived for business people, to allow 
them to specify, and contextualize in the enterprise, the innovation needs and opportunities 
discovered inside and outside the enterprise world (thanks to the outcomes of RC2). Business 
specification methods and tools, simulation, what-if methods will be available to support business 
experts' work. The emergent enterprise engineering methods, business process modelling tools, 
enterprise ontologies, represent some of the research directions that will contribute to RC3. Here 
modelling methods, tools, and notations (that may be formal or informal, diagrammatic or textual) 
will be particularly relevant. We expect that important scientific results will come also from research 



 

 

on Controlled Natural Language (Kuhn, 2007). The objective is to allow business experts to specify, in 
a precise and unambiguous ways, the innovations to be introduced at a business level, identifying 
where to intervene and how. Innovation and Change (I&C) specifications will be business-oriented, 
therefore avoiding any reference to the ICT dimension and the re-engineering of the underlying ICT 
systems. But the business specifications will eventually be precise and unambiguous, therefore 
making possible the mapping to the technical world and, ultimately, a rigorous selection of the new 
system components. With this approach, the responsibility of FInES development is markedly in the 
hands of business people. (In this perspective, the current problem of Business/IT Alignment 
(Luftman, Papp, & Brier, 1999) will simply disappear, since FinER components will directly implement 
business entities, and changes in the enterprise models will be fully mirrored by the new FInES 
specifications and therefore the FInER-based platform.) 

Here, an important research area will address the problems that an enterprise faces in 
maintaining a unity of vision and action in a multiplicity of situations and conditions. Here once more 
we expect an important change of paradigm, diverging from the current approaches where we tend 
to design everything, to keep everything under control. We believe that in the future a FInES will 
interact with components provided with a large autonomy, in an open and federated approach, and 
the interactions will take place on a service base, disregarding inner details.  

 RC4 ɀ FInES implementation recasting platform 

Here the research objectives will be the identification of methods and tools aimed at 
transforming the I&C specifications into technical specifications and then a renewed running FInES. 
Since we expect that a FInES will be totally based on “intelligent” components (FinERs), the FInES 
Recast will be driven by the I&C specs and will be performed by: (i) search and retrieval of the new 
candidate FInERs; (ii) selection of the best fit FinERs; (iii) getting them together and (iv) integrating 
them in the running systems. The research in RC4 will identify solutions capable of supporting 
continuous innovation taking place “in vivo”, i.e., the upgrade and evolution of the FInES without 
stopping the ongoing business operations. Therefore a FInES will be able to always keep on its 
operational and running state. In this perspective, changes will be continuously applied and there will 
not be major releases as in today’s software systems. This RC concludes the four main sections of 
what will be a FInES ICT business environment. The two following RC represent two key 
infrastructures necessary to support the FInES philosophy. 

 RC5 ɀ Meta-knowledge infrastructure 

All the solutions stemming from the research activities proposed in the previous sections, RC1 to 
RC4, will be based on a constant flowing of business and technical knowledge. Here the research 
challenge proposes again a paradigm shift: from knowledge repository to knowledge flux. This RC5 
addresses new methods and ICT solutions necessary to go beyond the existing knowledge 
management tools, fully deploying the idea of Internet of Knowledge (IoK). In fact, FInES knowledge 
will not be stored using the knowledge repository solutions we use today, that will survive only for 
specific cases. New solutions are needed to manage highly dispersed collections of knowledge 
fragments, directly positioned at the sources (typically, the FInER components), where they are 
generated and maintained. For instance, a drilling machine will be an intelligent component of the 
IoK, capable of knowing not only its duties and capability, but also of storing its characteristics and 
the memory of its past activities. Such a memory will be (selectively) made available to other FInERs 
that may need to retrieve it.  

The research will identify solutions for knowledge repositories that will exist at a “meta” level, in 
the form of ontologies and semantic directories, necessary for the indexing of all the resources over 
the Net. Among the offered services, based on such a meta-knowledge infrastructure, we expect 
effective solutions for the semantic search and retrieval of FInERs, for the semantic routing of 



 

 

information (i.e., information delivered not on the bases of a network address, but on the bases of 
the explicit or implicit information needs), for extensive ontology-based semantic annotation. 

 RC6 ɀ FInES interoperability & cooperation infrastructure 

This research challenge addresses one of the key problems that the emerging FInES approach 
raises: the fact that a FInES architecture will be highly federated, and therefore inherently 
“fragmented.” A FInES will not exist as a defined system, e.g., as a fixed collection of software 
components, the large majority of the computations will be performed by intelligent interconnected 
“entities”, i.e., the FInER material and immaterial components. The research activities in this RC will 
provide the ICT solutions to “glue” (in a digital way) together the different components and make 
them cooperate in a seamless way. To this end, the Interoperability Service Utility (ISU)114 will be fully 
developed and widely available. 

But since a FInES is inherently a socio-technical system, the human FInERs (more precisely, their 
digital image) will play here a central role. In this case, we expect the emergence of research 
solutions capable of managing interactions based on different paradigms, offering services that 
represent an evolution of, e.g., today social networking, cooperative decision making, and the ICT 
solutions for social and business transactions. Seamless cooperation between people, things, and 
computers will be fully deployed. 

Since the basis of the FInES implementation is represented by the notion of a FinER, the next 
research challenge will be fully dedicated to this essential element of the FInES strategy. 

 RC7 ɀ FinER: the FInES constituent  

This RC foresees a progressive implementation of a rich, complex, articulated digital world where 
elements, referred to as FinER (Future Internet Enterprise Resources), will largely reflect what exists 
in the real (analogical) world. We expect that the FInER world will include all possible objects, 
creatures, entities, both simple and complex, animated and inanimate, tangible and intangible, that 
can be found in the real world. But that world will include also entities that we cannot find any more 
(e.g., since they existed once upon a time, but then ceased to exist), that we cannot yet find today, 
but we may find in the future (such as a simulated artefact before its implementation), and finally 
that never existed in the past nor will exist in the future (such as the Unicorn, Sherlock Holmes, or an 
aborted project).  

We expect that such FInER entities will have a unique identity (e.g., according to IPv6 or URI115) 
and will be constantly connected (transparently, in a wired of wireless mode) to the Internet, 
reachable anytime, anywhere, by any other FInER. Depending on its real world nature and 
capabilities, a FInER will be able to perform from very simple operations, such as providing its 
identity and state (e.g., in terms of its current property values), to complex operations. For instance, 
a FInER training course will be able to provide, when queried, the names of teachers and attendees, 
the room where it takes place, the teaching material, etc. A FInER business process (BP) will be able 
to evolve in time, proceeding along its steps, looking for other FInERs (e.g., web services, material 
resources, people, etc.) necessary to achieve its duties. 

An enterprise will be a rather complex FinER; its components can be produced by the enterprise 
itself, like a business strategy (an example of an intangible FInER) or by someone elsewhere (e.g., a 
service forecasting the BRENT cost). We expect that advanced research will soon be capable of 
defining how to produce their correct description, specification, and composition starting from 
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  The first Grand Challenge of the Enterprise Interoperability Research Roadmap developed by the 
predecessor of the FInES Cluster.  
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 Universal Resource Identifier, see Berners-Lee et al., 2005: 

http://gbiv.com/protocols/uri/rfc/rfc3986.html 



 

 

simpler FInERs116. The creation of a FInES (i.e., a FInER enterprise) will be largely based on the 
availability of a rich digital world from where the FInER components of the enterprise will be 
acquired, very similar to what exists in the analogical world. FInER elements will move in and out of 
the enterprise cloud (e.g., when hiring a new employee, dropping a project, activating a new 
partnership).  

FinERs can be organised into 5 categories connected as a pentagon, where the enterprise is 
defined in terms of, and operates in cooperation with, FinERs representing: people (Per), public 
institutions (Gov), tangible (Tan) and intangible (Int) objects. This is illustrated in Figure 3.2. 

In the figure, the FInES Pentagon, where the nodes correspond to the 5 FInERs categories, 
represents a totally connected pattern, since in principle each FInER can communicate with any other 
one. Furthermore, there are loopy links that represent the cooperation among FInERs of the same 
category. For instance, an enterprise can be connected and interact with other partner enterprises, 
or access to (the public information about) competitor enterprises. Let us see each node in more 
detail. 

 
Fig. 3.2 – The FInES Pentagon 

 
Tan ς Tangible entity. This is a FInER that will be made available by the research of future Internet of 

Things (IoT). We expect that, depending on the complexity and the role of a Tan, the 
corresponding FInER will have computational, behavioural, networking, and memory with 
more or less advanced capabilities. RFID and nano-computing will play here a central role. In 
terms of capabilities, they will go from a minimum of presenting itself, when queried (or “hit” 
by a wireless request, in case of the simplest FInERs without a power autonomy) to a 
maximum of complex functionalities of an engineering artefact (such as an aircraft, aware of 
its characteristics, components, etc.), where the computing capabilities of the whole (e.g., 
self-diagnosis) will include also the sum of its components' capabilities. (But, obviously, will 
have emergent features not derivable by the sum of its components.) 

Int ς Intangible entity. This is a FInER that represents, as anticipated, any possible immaterial object, 
method, artefact. Similarly to a Tan, also in this case they may go from simple to very 
complex. But the main difference is that they exist only in a digital form (e.g., as a knowledge 
base entry, as a web service) even if some parts can be Tan (e.g., the room of a training 
course). Therefore, an Int, as a whole, is a social or conceptual entity (e.g., a virtual 
organization, a marketing strategy, a soccer game) and, being immaterial, it exists with its 
identity and the associated capabilities somewhere in a computing cloud. 
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Per ς People. This kind of resources tightly corresponds to natural persons in the real world. Indeed 
this is a complex FInER, since a person may have different roles (employee, father/mother, 
tennis player, etc.) and different kinds of records (e.g., medical, fiscal, legal, etc.). 
Furthermore, we need to consider also the diachronic dimension, since the Per will be also 
aware of his/her past experiences and events. How all this will be represented is a 
challenging research question, but we are confident that within a decade, concrete results 
will be practically available. 

Gov – Public Administration. Here we will have the FInERs representing the organizations, offices, 
and functions of the Public Sector (Government). In our perspective, we do not consider the 
Gov at large, but only the specific aspects that concern the interaction with enterprises (this 
limited perspective can be easily extended, if needed, e.g., in a PPP context). A single public 
office will appear as a complex FinER, offering services and exhibiting behaviour, composed 
by other FInERs and, as illustrated in the Pentagon, interacting with all the other FInERs 
needed to accomplish its duties. 

Ent ς Enterprise. An enterprise is a complex, articulated entity. A FInES will be a coalition of FInERs 
components, working together to implement the corresponding real world enterprise. Such 
FinERs will be selected and composed according to the specifications produced in RC3 and 
implemented according to the methods identified in RC4. The main FInER components will be 
organized according to enterprise functions and departments: from production to marketing, 
from human resources to technological infrastructures, from research and development to 
finance and control. Today, ESA in enterprises (such as SCM or CRM, CAD/CAM or ERP) are at 
the same time highly specialized, pervasive, and still not fully interoperable. Such a situation 
is further aggravated when we address global companies, that operate in different markets 
and produce in different regions of the planet. We expect that, thanks to FInER and ISU 
solutions, the mentioned difficulties will progressively fade away. 

 RC8 ɀ FInES Science Base 

This is a foundational research challenge that will cut across all the other RCs. The objective here 
is to provide sound scientific foundations to the FInES research activities, avoiding researches that 
often tend to be too technology-driven. FInES is emerging as a complex research domain, where 
different scientific disciplines converge, together with empirical practices, engineering techniques, 
and technological solutions. When technology start to be the driving force of a research, it is easier 
to get concrete results in a short term, but at the same time the results will be dependent on the 
selected technologies. Technologies evolve at a very fast pace, and technological waves follow one 
another; past experiences show that solutions tightly connected to a specific technology are difficult 
to be updated when the latter is outperformed by a new, more convenient technology. We expect 
that research activities founded on solid scientific and mathematical basis will have a longer life. 
Furthermore, the produced solutions will have clearly defined properties and foreseeable behaviour, 
often supported by suitable metrics and measurement techniques. 

Conclusions 

In this chapter we described 8 major research challenges related to a new generation of 
enterprise systems referred to as FInES. The illustrated RCs are primarily motivated by the need for 
an open innovation paradigm, to be structurally embedded in future enterprise systems. This is the 
major challenge that calls for a substantial research effort at European level, since the presented 
objectives are hardly reachable by a fragmented research community. Furthermore, the outlined 
research activities need to gather a number of different disciplines together, since once again the 
richness and complexity of the needed socio-technical solutions cannot be obtained by a single 
disciplinary scientific community. In essence, FInES represents a research domain where successful 
initiatives need an interdisciplinary approach, gathering competences that go from 



 

 

telecommunication to knowledge engineering and linguistics, from enterprise engineering to 
business modeling and sociology, from economics to mathematical logic and graph theory. 

As anticipated, the RCs illustrated in this chapter intend to draw a number of research directions 
rather than precise scientific objectives. The extent to which the indicated directions will be covered 
will depend on many factors, among which of paramount importance will be the availability of 
supporting technologies. The next chapter will address this fundamental part of the FInES Research 
Roadmap.  

 
  



 

 

5. Future Internet Enterprise Systems ɀ Emerging and 
Supporting Technologies 

ά¢ŜŎƘƴƻƭƻƎȅ ƛǎ ƴŜƛǘƘŜǊ ƎƻƻŘ nor bad; nor is it neutralΦέ 
(Melvin Kranzberg) 

Introduction 

Enterprise Innovation is often regarded as business-driven. However, history demonstrates that 
it is often the case that a new technology stream enables new innovations in general and new 
Enterprise Systems in particular. Therefore, we follow a two way approach: On the one hand, we 
base our roadmapping analysis in the research challenges that are presented in chapter 3 by 
performing a top down objective-driven process from the conceptual research challenges into the 
technological sector. On the other hand, we investigate the current technology situation from the 
bottom up. This reveals new technological trends that are currently emerging which will affect 
enterprise systems in the future. Consequently, in order to analyse emerging technologies and to 
evaluate their effect on the research in Enterprise Systems, we follow this methodological approach: 

 We start by identifying technologies that have arisen in the last few years and have gained a 

certain momentum. From these technologies, we determine the behaviour of the current major 

technological streams and extrapolate them into future time periods. On this base, we analyse 

the potential impact and show the consequences for the research challenges. But this analysis 

is mainly based on extrapolating the current technological situation. 

 In order to identify upcoming technologies, we screen for current technological developments 

that although immature are likely to be successful. We examine this portfolio and select 

promising initiatives that have the potential to influence the business domain and enterprise 

systems most. 
 

Following this methodology, we cover a wide range of individual development initiatives in order to 
reduce the risk of overlooking significant technologies. Moreover, in addition to identifying and 
describing the technologies, we correlate them with the research objectives identified in chapter 3. 
By these means, we provide a comprehensive and coherent view on supporting technologies and on 
their contexts. 
 

Research Challenges and Emerging Technologies and Approaches 

Chapter 3 of this Roadmap has identified the following 8 Research Challenges: 
RC1 – FInES Innovation-oriented open application platform 

RC2 – FInES Awareness. i.e., monitoring a running FInES, assessing its operations and 
outcomes, and the context to discover innovation needs and options 

RC3 – FInES re-design for innovation 
RC4 – Innovative FInES recasting 
RC5 – FInES meta-knowledge management 
RC6 – FInES interoperability and cooperation support 
RC7 – FInER: the foundational element of the FInES approach 
RC8 – FInES Science Base: the foundational scientific methods 
 

Among these, the last two are strategic research challenges and the first six are operational ones. 
The operational challenges are related as shown on the left of Figure 4.1: The Operations are a short 
name for RC1: FInES Innovation-oriented open application platform, which is established as a result 
of RC4: Innovative FInES Recasting and RC3: FInES Re-design for innovation. RC2 – FInES Awareness 



 

 

(Monitoring and Analysis) collects information and metrics to be used for the Re-Design from the 
sensors established in the “Operations” level.  

The Open Platform and Operations challenge is supported by RC6: Interoperability and 
Cooperation support, which in turn depends on RC5 – FInES Meta-Knowledge Management.  
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Fig. 4.1 Emergent Technologies and Approaches in Relation to the FINES Research Challenges 

 
These dependencies between the different research challenges give us the levels at which we 

can seek support from innovative emerging technologies and approaches. These can be divided into 
three groups, represented as columns in Figure 4.1 – Emergent Communications Technologies; 
Organisational Concepts and their supporting technologies; and Roadmapping Enterprise 
Applications Systems. Each of these groups will be reviewed in a separate section below, after a 
general introduction to Enterprise System Technologies demonstrating their linkage. 

Understanding Enterprise System Technologies 

An Enterprise System (ES) is a complex socio-technical system. In order to understand and 
analyse this system better, we will proceed to decompose the ES structurally. Mainly, enterprise 
systems can be differentiated into a social and a technical part. The social part describes how people 
work in an enterprise or ecosystem. It is related to the organisational structure. Therefore we call 
this part the organisation system. The other part is related to all kinds of technical systems, which we 
will further decompose. In respect to information, we can differentiate three kinds of operations 
with information: (i) systems that mainly process information, i.e., application systems; (ii) systems 
that mainly transfer information, i.e., communication systems that transport information from one 
entity to another; and (iii) non-ICT technical systems, i.e., systems whose core function does not deal 
with information (e.g., manufacturing robots, automated inventories). Consequently, technical 



 

 

enterprise systems can be divided into the above four categories of systems. Each of these systems 
can either have an intra- or an inter-organisational focus. 
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Fig. 4.2 Categories of an Enterprise System 

 
In our analysis, we will mainly focus on the aspects of business (the organization system) and of 

ICT (application and communication systems).  

General trends 

The guiding current trends in technologies are decentralisation and socialisation. The first is 
ranging from enterprise organisation concepts, e.g. dynamic business ecosystems, via software 
architectures, e.g. Software-as-a-Service paradigms, to hardware technologies, e.g. mobile devices 
and RFID/NFC (Near Field Communication). Both logical and physical centralistic structures are being 
dissolved towards structures where the components have their own resources and the autonomy to 
control them. Socialisation is the other major trend. It also affects both the business domain, e.g., by 
mass customisation and viral marketing, and the technical domain, e.g., by Web 2.0 software. 
Following this line of evolvement, we will come up with an environment that is fully decentralised 
and social-oriented. Small and highly specialised enterprises whose core competence relies on their 
human resources are densely interconnected both by ICT itself and by ICT supported social 
relationships. In these dynamic ecosystems the computational power is provided by the devices that 
are tagged to things and humans and that are highly networked. 

Emerging organisational concepts and supporting technologies  

The way people work in an enterprise already is and increasingly will be influenced by the 
possibilities offered by participative, social software and intelligent components that can proactively 
work in decentralised, loosely coupled structures. Thus, going beyond static models of organisational 
systems and corresponding ways of IT development, emerging technologies for adaptive business 
process modelling, participative software development, and flexible yet stronger automated 
interconnections between players in the value chain (e.g. customisation) will allow the development 
of optimised, dynamic business ecosystems. To enable such systems, the following emerging and 
supporting technologies can be expected to play a major role: 



 

 

Collaborative Enterprise Networks - Interconnection of enterprises is one of the most important 
trends in the information age. As a consequence, there emerge different concepts on 
networked enterprise practices.  E.g., they strive for a loose coupling of organisational 
systems that requires only minor changes of internal systems but still enables the 
automation of cross-organisational processes. The emphasis is more on collaboration 
processes that form the baseline for flexible business networks. In special cases, these 
networks are created ad-hoc on a spontaneous business opportunity and they will dissolve 
after the opportunity is closed.  

Participative Business Engineering - The fast and correct integration of (business) requirements is a 
traditional goal of software development. In this context, methods for Participative Business 
Engineering should be developed, that support the incremental development of 
organisational systems by making use of the collective intelligence of multiple stakeholders, 
as well taking into account other contextual factors.  

Social Mining Techniques - To analyse requirements for generic products as well as organisational IT 
systems expressed in user communities, Social Mining Techniques need to be developed. 
Such techniques derive information from the mainly unstructured data that people place in 
IT systems (e.g. email or communities) and from the contents of the communication between 
them.  

Business Ecosystem Modelling - The participative approach should also be used for Business 
Ecosystem Modelling, representing a number of interlinked enterprises (either large or small 
enterprises, including for example Globalised Micro Businesses), which collaborate and 
compete within a given marketplace segment. This field enhances the traditional discipline of 
enterprise modelling and enlarges its scope. 

Business Modelling - In a similar vein, methods and tools for Business Modelling should be 
developed that depict the overall business model of an organisation (e.g. “the essence of a 
business”) in order to support the automatic analysis of its business performance and to 
provide for (automated) adaptations of the business model.  

Comprehensive Business Simulations – Based on Business Ecosystem Modelling data and Business 
Model specifications, economic systems can be simulated. Such simulation models based on 
ecosystem principles can be used by both analytical and predictive tools. For example, the 
model can replicate existing systems in order to discover patterns in the way inter-company 
relationships react to change. In the predictive mode, changes in the norms governing the 
business ecosystem can be experimented with, and "what if" scenarios played out. In order 
to obtain a continuous alignment and system optimisation, (real-time) analysis and predictive 
methods should be combined.  

Business Rules - For the sake of optimisation, flexible, fast adapting business models and 
organisational systems are wanted. However, these need to follow Marketplace norms and 
rules. To describe these norms and validate enterprises that follow them, approaches for 
formalising the organisational and legal norms governing a certain marketplace or a business 
ecosystem have to be developed. Building on such formal representations as well as 
representations of the tasks to be achieved by components, the behaviour of organisations 
can be guided and analysed according to the rules specific to their context. In order to 
comprehensively analyse and predict the behaviour of organisational systems, inter-
disciplinary technologies need to be developed that integrate multiple aspects of decision 
making, as done for example in Behavioural Economics.  

GRC - Further, technologies for Governance, Risk Management, and Compliance (GRC) need to be 
enhanced, paying attention to more complex environments and large amounts of data to be 
processed. Technologies for modeling rules, adapting them flexibly and analysing intelligently 
the underlying systems, have to be created. 



 

 

Security, Privacy and Trust - Organisations running FInES have to open their firewalls and networks 
for external users of collaborating companies. As well, the power of individuals by e.g. Web 
2.0 techniques, raises additional security and privacy risks for such distributed environments. 
Hence, those trends (decentralisation and socialisation) change existing concepts 
fundamentally and evolve computing to the next stage. However successful, efficient and in 
particular secure operation of such environments requires an immense degree of further 
research in the fields of computer security, privacy-enhancing technologies and trust 
mechanisms for organisations, FInES, and individuals. 

Emerging Communication Technologies 

The main driver in communications is convergence. This trend affects all major areas, in 
particular:  
Convergent networks: Different kinds of networks (wireless or wired, P2P or meshed, ...) for 

different purposes (voice, video, data, control, …) are being homogenised and share 
protocols and formats. But convergence is more than a simple basic technology trend, as 
more and more features are included in the networks. This development started with the 
quality-of-service aspects that are needed to be addressed in all transportation layers and 
components. Newer developments incorporate more application-side aspects in the 
communication. One example is identity-aware networks. In those, the communication 
infrastructure authenticates user and uses this user data, and the associated user profile, for 
on-instance-customisation of the communication (e.g. the routing). In this respect, the 
border between applications and communications is increasingly blurring.  

Wireless Communication is another steady trend. On the one hand, this means that communication 
devices are connected via radio-frequency channels. More and more communication 
scenarios are influenced by mobile technology. Starting with regular voice technology, 
continuing via data communications on the mobile, and then to Wi-Fi last mile connectivity, 
wireless increasingly substitutes the wired connection. This is expanding to all kind of ‘smart’ 
things, connected by RFID and NFC. 

Real World Web: Due to the fact that sensors and small devices are penetrating daily life in all 
respects and that the correlating communication channels are spread mesh-like over the 
different domains, the real world communication is no longer distinct from the technical 
communication. This leads to wide-spanning and all-to-all-connecting networks, e.g., 
discussed as the Real World Web. 

Ubiquitous Communication: Following this line of development, there will be no differentiation 
between real communications – in speech, script or gesture – and its correspondence in the 
digital world. Ultimately, it drives towards ubiquitous communication. 

Smart-Product Infrastructures: Targeting the real-time identification and tracking of products 
associated with RFID tags, these technologies for example will facilitate and speedup the 
information visibility in supply chains.  

Mesh-Sensor Networks: Wireless architectures are mainly centralised. In regards to wireless 
communications, the technological direction points towards a decentralised architecture at 
the side of the “front store devices” (mobiles, terminals, etc.) and a centralised architecture 
at the side of the backend infrastructure. At the front store, terminals and devices will be 
structured like Mesh-Sensor Networks. This means that they build up wireless ad-hoc 
networks based on mobile devices where in a peer-2-peer manner available routing 
resources are used in the most efficient way.  

Communication as a Service: At backend, the communication infrastructure will further be 
consolidated, standardised and partially virtualised. By this, the technical infrastructure will 
be organised as Communication as a Service. 

 



 

 

Roadmapping Enterprise Application Systems 

The main technological paradigms of decentralisation and socialisation foster an apparently clear 
picture of future internet enterprise systems. However, examining technological trends that are still 
too immature to get wide attention but that incorporate high innovation potential, the picture could 
change.  
Tera-architectures are one example. The foundation is the trend that all kinds of systems capture, 

collect and report more and more data about its environment. Examples are temperature-
measuring-RFID-tags or geotagging mobile applications. In future, probably everything 
electrical will potentially communicate its status, what it is doing, where it is, and what 
the environment is doing in its vicinity. The amount of information collected by these 
devices will grow rapidly, resulting in system environments that have to deal with multiple 
terabyte of data – mainly in real-time (see FInER in previous chapter). The achievement of 
such decentralised, network-connected structures is one of the technological challenge of 
the future.  

Applications with proactive behaviour are another example. The main paradigm of the current 
technological streams is to record and to process transactions (in the wider sense). There, 
ICT has a passive or at most a reactive behaviour. In order to best support humans and 
organisations, systems have to foresee the upcoming activities and provide assistance for 
things that even haven’t started yet. Systems should initiate changes rather than reacting 
on events, in terms of investigating several information sources, performing an internal 
forecast, and updating accordingly the related processes. This is similar to a prefetching 
activity within a CPU: Things are anticipated risking that the activity might be useless. But 
in fact this contradicts to the initiative of Green IT, aiming at reducing energy 
consumption and eliminating useless or effect less activities. On the other hand, proactive 
forecasting can predict the non usage of resources and shut down energy using devices if 
it is foreseen they will not be necessary. 

IaaS or PaaS: On the one hand, future software systems have to fulfil the requirements of changing 
organisational settings, e.g., support flexible yet controllable business ecosystems. On the 
other hand, developments in software systems trigger organisational development by 
expand the way these can work. Recent trends observable in emerging and supporting 
technologies in the field of basic software and infrastructure include for example software 
related to cloud computing like IaaS or PaaS (Infrastructure/Platform as a Service). 
However, existing solutions for cloud technology focus on the solutions offered by specific 
vendors (e.g. Amazon) or on clouds inside organisations. To make the market for 
resources in the cloud larger and more transparent, developments are needed that 
enable the usage of resources also beyond such limited areas; therefore, methods to 
specify the searched resources and to ensure the correct (trustworthy, reliable) delivery 
of the resources are needed.  

Interoperability as a Service: Due to the increasing permeation of networks and the increasing 
number of heterogeneous components comprised in them, future infrastructures need to 
offer advanced interoperability technologies. Here recent trends like the Interoperability 
Service Utility (ISU), aiming to establish “out of the box” services that provide 
interoperability, will be elaborated. These trends envision interoperability support as a 
utility, like capabilities that needs to be supported by an enabling system of services, for 
delivering basic interoperability to enterprises, independent of particular IT deployment. 
The ISU is specifically envisaged to provide interoperability as a technical, commoditised 
functionality, delivered as a service. 

Knowledge Representation and Semantic Modeling: However, to allow such services to work, they 
need underlying concepts for matching syntactically heterogeneous concepts to each 
other, i.e. advanced, scalable technologies to obtain Semantic Interoperability. Knowledge 



 

 

Representation and Semantic Modeling techniques are needed for the reconciliation of 
different eBusiness documents for collaborative planning, further covering the semantic 
mediation of available services, by providing information to express meaning of the data 
and of the vocabulary referenced by the interface. Formal automated reasoning needs 
precise representation of knowledge, in such a manner as to facilitate human knowledge 
inferencing. 

Federated, Open and Trusted Platforms (FOT): In summary, the mentioned above technologies 
should support Federated, Open and Trusted Platforms (FOT) in which the smart 
applications of the future internet can run.  

Internet of Services (IoS):  This is also expressed in the idea of the Internet of Services concept, 
where services of all areas of life can easily be found, composed and executed over 
networks. To realise this aim, the merging of technologies known from SOA, semantic 
web and Web 2.0 is necessary.  

Software as a Service (SaaS): Complementary to the trends described above, emerging and 
supporting technologies in the field of application software will elaborate the Software as 
a Service (SaaS) concept. Here again, concepts for discovering, executing and composing 
trustworthy services need to be improved.  

Automated Service Discovery and Configuration: Also, technologies that automatically deduce 
characteristics of the searched service need to be enhanced, for example context-
dependent technologies like Mobile Search. In this context, intelligent Matchmaking and 
Negotiation Mechanisms need to be developed, enabling both the discovery of resources 
with certain attributes and the automated agreement on monetary or other conditions of 
service execution. See section on the FInER in the previous chapter. 

Intelligent and smart components: This could be realised via agents, or, more generically, by 
software components that incorporate some intelligence. Therefore, knowledge-
representation and other AI techniques need to be combined to create components 
which are proactive in pursuit of set goals and can be used to both represent and support 
items at different levels of abstraction - from information repositories and people to 
interacting enterprises. Such components can use standard high-level languages to 
exchange information, negotiate a sale or another contract, and even to argue with each 
other about what would be the best course of action.  They can then serve as a building 
block for relation approaches such as business ecosystem modelling.  

Visualisation and Interaction technologies: Moreover, building on current trends from the 
convergence of real and virtual worlds (e.g. augmented reality), suitable Visualisation and 
Interaction means need to be developed to help creating, modifying and analysing 
complex business systems. 

  



 

 

6. Assessment of Key Achievements of Past Projects and Beyond 
ά²Ŝ ŀǊŜ ŘǿŀǊŦs standing on shoulders ƻŦ Ǝƛŀƴǘǎέ 

(Bernard de Chartres) 

Introduction  

This Chapter uses the research challenges identified in Chapter 3 to report on the main areas of 
existing technology and research work and the extent to which they cover the emerging technologies 
and research issues identified in Chapter 4.  The analysis is informed by existing projects within and 
beyond the FInES cluster, e.g. COIN, CuteLoop, iSURF, K-NET and many others. It covers projects 
contributing to the interoperability, RFID and digital ecosystems dimensions of the cluster.  In this it 
utilizes the vision that by 2020 enterprise collaboration and interoperability services should become 
an invisible, pervasive and self-adaptive knowledge and business utility at disposal of the European 
networked enterprises from any industrial sector and domain in order to rapidly set-up, efficiently 
manage and effectively operate different forms of business collaborations, from the most 
traditionally supply chains to the most advanced and dynamic business ecosystems. 

Chapter 4 focused on three main aspects of emergent technology and research challenges: 
Emergent Communication Technologies, Organisational Concepts and Supporting Technologies, and 
Enterprise Application Systems.  It itemised a number of emergent technology and research 
challenges, and aligned them under each the three areas and against one or more of the research 
challenges identified in Chapter 3 (see Figure 4.1.)  Figure 5.1 complements this and illustrates how 
these items are covered by the eight main areas of research and technology state-of-art reviewed in 
this chapter.  Inevitably, there are some gaps, mainly because some of the emergent technology and 
research challenges are still at very early stages of their lifecycle and there is no significant body of 
research.   

The eight main areas of research and technology state-of-art reviewed in this chapter are as 
follows: Smart Products and Security and Policies under the Emergent Communications Technologies 
column,  Socialisation and Digital Business Ecosystems under the Organisational Concepts column, 
and Intelligent Software, Operational Infrastructure, Software Services and Enterprise 
Interoperability under the Enterprise Application Systems column.   These will be reviewed in turn. 
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Fig. 5.1 - Coverage of R&D themes by the eight main areas of SoTA discussed in this Chapter. 

 



 

 

State-of-the-Art  

Below the FInES State-of-the-Art analysis is reported according to the mentioned three main 
technological categories. 

 Emergent Communication Technologies 

Smart Products 
Within a matter of several years, an entire industry has been built around Smart products and 

networked devices, as revolutionary intelligent products. This session introduces the state-of-the-art 
on top of the RFID standards, which are the core smart-enabling technology.  Currently EPC 
(Electronic Product Code) has been established as a global standard in this area, initiated by the 
collaboration of GS1 and Auto-ID Center after the emergence of RFID technology. 

As the new applications require new standards when dealing with the increased data 
communication, a further standardization initiative called EPCGlobal Network has been launched by 
EPCGlobal, a joint venture between GS1 and GS1 US, addressing the changing requirements in the 
field. The aim of the EPCGlobal is to effectively create an “Internet of Things” that establishes the 
connection between software and real objects. The Electronic Product Code (EPC) Network allows 
immediate, automatic, and accurate identification of any item in the supply chain of any company, in 
any industry, anywhere in the world, as well as the tracking, tracing, monitoring and triggering of 
events. With the global adaptation of EPCGlobal, it is expected that the supply chain visibility will be 
enhanced.   
D{м D5{bϰ (Global Data Synchronisation Network) supports that by offering an automated, 

standards-based global environment that enables secure and continuous data synchronisation, 
allowing all partners to have consistent item data in their systems at the same time. The Global Data 
Synchronisation Network (GDSN) connects retailers and suppliers, via their selected data pools, to 
the GS1 Global Registry™.  The GDSN vision is being realized today by thousands of retailers and 
manufacturers worldwide who are reaping the benefits of live implementations. Global Registry 
membership covers multiple sectors across North America, Latin America, Europe and Asia Pacific. 

Being an active research area, in this respect several EU-projects have been launched at the 
example of BRIDGE, CuteLoop and iSURF. 

 
Security and Policies 
Trust and Security remain the most critical issues, raising awareness when designing and 

launching new technologies. Therefore many European projects have focused on security topics, 
which aim at bringing to light new concepts related to risk analysis, privacy and dependability. In this 
respect the Journal of Computer Security (European Commission C. , 2009)117 has launched a special 
issue highlighting the results of six projects funded under the 'Information society technologies' (IST) 
Thematic area of the EU's Sixth Framework Programme (FP6): ANTIPHISH118, S3MS119, SECOQC120, 
OPENTC121, PRIME122 and HUMABIO123. 

From a technological perspective that relies on service-oriented-architecture as latest state-of 
the-art, several standards bodies have been developing standards and specifications to provide 
comprehensive security schemes for web services; such as the World Wide Web Consortium (W3C), 
the Organization for the Advancement of Structured Information Standards (OASIS), and Liberty 
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Alliance. The prominent standards and specifications include XML Signature, XML Encryption, XML 
Key Management Specification (XKMS), Security Assertions Markup Language (SAML), XML Access 
Control Markup Language (XACML), and WS-Security. 

 Organisational Concepts 

The terms of virtual organization and virtual clouds refer actually to the trends in the theory of 
socio-economical transformation of the classical organisational structures.  In the virtual organization 
companies come together for a common purpose and present themselves as a single (virtual) entity 
whilst retaining their independence. Many organisational concepts contribute to this vision; here we 
focus on socialisation and digital business ecosystems. 

 
Socialisation 
From the technological perspective "Web 2.0" has been the revolutionary technological 

paradigm, which contributed in facilitating interactive information sharing over web applications, as 
well as interoperability, user-centric design and collaboration on the World Wide Web. Currently 
Web 2.0 includes web-based communities, hosted services, web applications, social-networking 
sites, video-sharing sites, wikis, and blogs.  

Building on that, new emerging approaches are being explored in the perspective of the 
Knowledge Society and enterprise context for enhancing a better involvement of customers in the 
product life-cycle.  Hence the term Enterprise 2.0 becomes currently more and more applicable, 
referring to the introduction and implementation of Web 2.0 technologies in the enterprise business 
and commercial contexts, by including rich Internet applications, providing software as a service, and 
using the web as a general platform. Additional information about the customer context for the 
enterprise products can be provided by the social network analysis (Newman, 2003) (Jamali & 
Abolhhassani, 2006) (Mika, 2007)  

In this space, the FP7 EU-project K-NET124 is exploring how to enhance knowledge 
management for a company by using services which manage social interactions in a 
networked enterprise. 

 
Digital Business Ecosystems 
In the network era competitiveness of companies is reduced when decision making is 

inconsistent due to incomplete understanding of the impact of decision on the organization. This 
requires collaborative, open and transparent, self-organizing and always evolving systems, known as 
Digital Business Ecosystems, which refers to a business community of organizations and interacting 
individuals in an environment of networked organizations.  Enabling this vision requires supporting 
cooperation and collaboration, knowledge-sharing, open and adaptive technologies, as well as 
evolutionary and scalable business models. Beyond Second Life and Facebook, Digital Ecosystems are 
becoming currently an active research area, for example the OpenGrid-Wide Marketplaces and Social 
Geo Tagging Systems. 

The FP6 EU-project OPAALS125  is in this respect a multi-disciplinary network of research 
excellence which aims at building a sustainable interdisciplinary research community in the emerging 
area of Digital Ecosystems and to develop an integrated theoretical foundation for Digital Ecosystems 
research, which spans three widely different disciplinary domains: social science, computer science, 
and natural science.  

In the enterprise context many standardization efforts on different enabling disciplines have 
been realized, such as on the knowledge-sharing establishing a Supply-Chain Operations Reference-
model (SCOR) or formalizing the processes between the trading partners through Collaborative 
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Planning, Forecasting, and Replenishment (CPFR), which helps partners to agree upon a joint plan 
and forecast, monitor success through replenishment, and recognize and respond to any exceptions. 

 Enterprise Application Systems  

Intelligent Software 
The current developments in ubiquitous embedded devices, RFID and sensor networks make it 

imperative to move beyond traditional experts systems view toward interactive and proactive 
computing behaviour. Systems of the future should act proactively to human behaviour, monitoring 
and responding without constant human supervision, using devices that can configure, adapt and 
maintain themselves and decide what actions should be taken given a certain situation. These 
devices are conceptualized as agents and multi-agent systems, which can manifest self-organization 
and complex autonomous behaviours. The challenge for the research community is to explore and 
investigate the implications and issues related to having hundreds or thousands of networked 
computers and devices per person, and to overcome the significant challenges on the road to 
realizing the vision of proactive computing. Being a multidisciplinary research area, Proactive System 
architectures are building on artificial intelligence technologies in terms of dealing with uncertainty 
and ability to anticipate human needs and acting on them; wireless technologies, as a requirement 
for deep networking; and Macro-Processing technologies to provide a fluid mechanism for 
computations to move from one node to another; further focusing in the future on the socialization 
paradigm on making computing personal. 

Industry has been interested in this research topic for many years. In 2001, INTEL opened a lab to 
develop proactive computing technologies; working toward environments in which networked 
computers proactively anticipate our needs and, sometimes, take actions on our behalf126; focusing 
on technologies that could be commercialized in the 2005 to 2010 time frame.  Also on national 
level, the Board of the Academy of Finland in cooperation with the French Ministry for Research and 
New Technologies has been decided on November 2001 to launch a three year Research Programme 
on Proactive Computing (PROACT). The programme was carried out during 2002–2005. At the 
European commission many initiatives have been launched in FP6, to be enhanced during FP7. For 
example, the ICT-FP7-workprogramm 2009-2010 has been including several FET Proactive Initiatives 
at the example of “Self-Awareness in Autonomic Systems”, which aim at investigating the concepts 
and implications of self-awareness, as being a key enabler to autonomic behaviour, and the 
challenges in modeling, engineering and building self-aware autonomic systems. 

In this respect the FP7 EU-project SAPERE127, which has been funded under Call-5, FET proactive, 
Goal 8.5: Self-Awareness in Autonomic Systems; is aiming at developing a highly-innovative 
theoretical and practical framework for the decentralized deployment and execution of self-aware 
and adaptive services for future and emerging pervasive network scenarios. 

Operational Infrastructures 
The operational infrastructures reviewed here offer the support needed for the organisational 

concepts of virtual organisation and digital business ecosystems.  The next generation of cloud 
computing technology, for example, is being adopted for applications related to supporting extended 
collaboration among global supply chain processes. Since cloud computing is providing the capability 
of flexibly outsourcing the supply chain collaboration software and infrastructure needs in a much 
more efficient manner.  Rather than paying and maintaining for peak use, this technology offers the 
flexibility to add on the fly, based on overall business process and supply chain network model. 
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Software-as-a-Service (SaaS) 
SaaS is one of the fastest growing segments of the of the software industry, because it enables 

enterprises to meet their business objectives in a more cost-effective way than traditional packaged 
applications. SaaS relies on the Service-Oriented Computing paradigm (SOC) which includes Service-
oriented Architecture (SOA), and both are based on the concept of a service, aiming to bring the 
benefits of loose coupling and encapsulation to integration at an enterprise level. 

An Enterprise Service Bus (ESB) is a message-based, distributed, integration solution based on 
open standards that provides routing, invocation, and mediation services to facilitate the interactions 
of disparate distributed information technology resources (applications, services, information, 
platforms) in a reliable manner.  In relation to SOA the ESB is mostly a physical piece of software 
(“the infrastructure”) while the SOA itself is the encompassing guideline (“the architecture”). Many 
vendors nowadays offer ESB products or products to set up or implement an ESB.  

Web Services are building blocks for creating open distributed systems, and allow companies and 
individuals to make their digital assets available worldwide. Web Services support re-usability of 
software as well as dynamic access to remote software services or components. IBM defines Web 
Services as: "Web Services are self-contained, self-describing, modular applications that can be 
ǇǳōƭƛǎƘŜŘΣ ƭƻŎŀǘŜŘΣ ŀƴŘ ƛƴǾƻƪŜŘ ŀŎǊƻǎǎ ǘƘŜ ²ŜōΦέ The following characteristics of Web Services will 
form the heart of the next generation, distributed Internet systems: 

 Interoperability: any Web Service can interact with any other Web Service, because of new 
standard protocols as SOAP supported by all of the major vendors. 

 Ubiquity: Web Services communicate using HTTP and XML. Therefore, any device that 
supports these technologies can both host and access Web Services. 

 Low barrier to entry: the concepts behind Web Services are easy to understand and free 
toolkits from vendors like IBM and Microsoft allow developers to quickly create and deploy 
Web Services. 

 Wide industry support: all of the major vendors are supporting the surrounding Web Services 
technology, e.g. Microsoft .NET platform, or IBM Visual Age. 

 The core Web Services standards were jointly developed and submitted to the W3C. 
Semantic Web Services use the vision of the Semantic Web: enriching “traditional“ syntactically 

oriented web pages and services with semantics, giving a formally expressed meaning for the 
information presented on the web pages and the functionality provided by the web service, using: 

 a knowledge representation structure; 

 a language for encoding the meaning; 

 tools for semantic modeling and semantic annotation.  
 

The SaaS paradigm in turn fits well fit the ISU concepts and can be seen as a software application 
delivery model where a software vendor develops Web-native software services and hosts and 
operates them for use by its customers over the Internet. Customers do not pay for owning the 
software itself any longer but rather for using it on-demand. They use it through an API accessible 
over the Web and often written using Web services.  



 

 

Enterprise Interoperability 
Relying on SAAS the EU FP7 IST IP Project COIN128 has refined the paradigm of Enterprise 

Interoperability through the identification of the a set of Service Categories towards Enterprise 
Interoperability assessment , aiming at improving interoperability, mainly for SMEs, by reducing the 
costs of data reconciliation, systems integration and business processes synchronization and 
harmonization: 

 Model-driven Interoperability Services support enterprises to formalise, exchange and align 
models that are relevant to set up collaborations. They refer to Meta-Modeling, Language 
Engineering, Model Mapping and Transformation, as well as Method Engineering. 

 Enterprise Modeling Interoperability Services support enterprises to factually cooperate 
with other, external organizations in spite of e.g., different working practices, legislations, 
cultures and commercial approaches. They include Enterprise Modeling, Enterprise Models 
Interchange, Enterprise Models Deployment, and Enterprise Interoperability Maturity 
Assessment.  

 Business Process Interoperability Services support enterprises to make proper external 
views of enterprise internal processes synchronized by a collaborative inter-enterprise 
business process. They address Cross-Organizational Business Process Modelling, Semantic 
Business Process Modelling, Business Processes Management, Business Process Monitoring, 
and Business Process Analysis.  Semantic business processes propose a paradigm shift in 
business process modeling from the behavioural to the declarative approach. Among the 
emerging proposals there are ConDec (Pesic & van der Aalst, 2006), PSL (Conrad & 
Gruninger, 2005), and BPAL (De Nicola, Missikoff, & Tininini, March, 2008.). 

 Semantic Mediation Interoperability Services support enterprises to apply ontology-based 
techniques for semantic mediation such as semantic reconciliation of business documents in 
order to support interoperability among heterogeneous software applications. They are 
presented through the Ontology Building, Semantic Annotation, Semantic Reconciliation and 
Semantic Search and Retrieval.  These are expanded in separate paragraphs below. 

o Ontology Building is a complex process established by (Gruber, 1993), (Gruninger & 
Fox, 1995), and (Uschold, King, Moralee, & Zorgios, 1998). A complete ontology 
development process, METHONTOLOGY, is proposed by (Fernández, Gómez-Pérez, & 
Juristo, 1997). (Sure, Staab, & Studer, 2004) proposes OnTo-Knowledge, an ontology 
development process consisting of six main phases. Finally, UPON (Unified Process 
for ONtology building) (De Nicola A., 2009) is an incremental and use-case driven 
methodology for ontology building that is based on the Software Development 
Unified Process and uses UML. 

o Semantic Annotation or semantic enrichment helps to tag information elements and 
services with ontological expressions. Tools and methods exist for annotation of 
structured documents, like web service descriptions, business documents schemas, 
mainly support data mediation and reconciliation, (e.g., ASTAR (ATHENA IP, 2006), 
MWSAF (Patil, Oundhakar, Sheth, & Verma, 2004), WSMO Studio (Kerrigan, 2006). 
Other methods and tools focus on annotation of unstructured resources, mainly text 
document, audios, videos (e.g., Cohse (Bechhofer & Goble, 2001), MnM (Vargas-
Vera, Motta, Domingue, Lanzoni, Stutt, & Ciravegna, 2002), OntoMat Annotizer 
(Handschuh, Staab, & R., 2003) and mainly support search and retrieval issues. 
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o Semantic Reconciliation aims at seamless interoperability of software applications 
that were not initially developed for this purpose by using ontology-based 
techniques. The vision is of seamless information interoperability enabling process 
interoperability. Information interoperability has received much attention both in AI 
and DB community, where several approaches have been proposed for both Data 
Integration (Lenzerini, 2002) (Calvanese, et al., 2008), and Data (Kolaitis, 2005) (Haas, 
2005). 

o Semantic Search and Retrieval is enabled by semantic annotations of resources.  
Search requests are also formulated as ontology expressions. This allows the 
computation of the degree of similarity between the request and the resources, 
using classic information retrieval metrics (e.g., cosine similarity etc.), or metrics 
specialised to the topology of an “is-a” taxonomy (Lin, 296-304), (Kim & Candan, 
2006), (Li, Bandar, & McLean, 2003.) 

 Data Interoperability Services support enterprises to exchange and share business 
documents among organizations, by filling interoperability gaps related to the payload 
(format and content) and to the messages and/or structures to be exchanged. They refer to 
Data Mapping, Data Infrastructure Framework, Business Document Modelling, Business 
Document Interchange, and Business Document Process Integration.  

 

7. Conclusions and final remarks 
ά!ƴ ŜƴǘŜǊǇǊƛǎŜ ƛǎ ŀ ŎƻƳǇƭŜȄ ŀǊǘƛŦŀŎǘΣ ŀ όǇŀǊǘƛŀƭƭȅύ ƻǊƎŀƴƛȊed entity that is primarily made of 

ǇŜƻǇƭŜΣ ōȅ ǇŜƻǇƭŜέ ό!ƴƻƴȅƳƻǳǎύ 
ά¢he members of an organization are not passive instruments, but are themselves designers who 

use the organization to further theiǊ ƻǿƴ Ǝƻŀƭǎέ όIΦ {ƛƳƻƴύ 

FInES Research Roadmap as a practical instrument  

The FInES Research Roadmap (RR) is the result of an intense and wide work carried out in the 
context of the FInES Cluster. It contains a number of indications, considerations, elaborations, and 
guidelines that (hopefully) will be useful to the FInES community: to Cluster members (and, may be, 
beyond it) in the definition of future research activities and project proposal and to other 
stakeholders in their offices. But it would be beneficial if this document could be used also as a 
practical instrument during the projects preparation and, later, the projects deployment and carrying 
out; to this end the FInES RR can be used for a benchmarking of the research directions that projects 
follow through. Using the FInES RR as a benchmark may yield positive outcomes for both the projects 
and the RR itself. To this end, we propose the idea of complementing the FInES Research Roadmap 
with a set of assessment maps that a project may use to position its research activities (see Annex C). 
In so doing we may have the following advantages: 

- Provide a clear indication of where a given project is contributing in the global research 

strategy of the Cluster. 

- Identify possible research topics that were not included in the FInES RR but that appear 

relevant for the strategies of the Cluster (in fact, the maps are open structures). 

- Provide an assessment of the FInES RR in terms of its validity, i.e., its capacity of 

representing the research topics of the Cluster projects. 

- Contribute to a systematic evolution of this document, including new research topics and 

identifying the topics that appear obsolete or out of scope, with the concrete help of the 

projects. 



 

 

The assessment maps proposed in Annex C are derived from the content of the RR on the three 
key areas: technology, enterprise systems, and enterprise qualities. Below we revisit the main issues 
addressed in this report, drawing a ‘fil rouge’ that traverses the different chapters. We do this by 
inverting the sequence of the presentation: in essence, here we switch from the top-down approach 
of the previous chapters to a bottom-up approach, i.e., starting from the technological issues. 

FInES research: the technological view  

The technological support to a FInES is a crucial issue. The possibility of achieving the FInES 
envisaged in this report mainly depends on the availability of innovative ICT solutions. Some of them 
are already available and some are expected to be released in the next decade. 

Chapter 5 can be seen as a starting point of our bottom-up analysis, it is essentially a State-of-
the-Art and its organization mirrors that of Chapter 4, reporting the foreseeable technology 
requirements for FInES. Both chapters are organized according to 3 main categories: (i) 
Communication Technologies, (ii) Organizational Issues and Technologies, (iii) Enterprise Application 
Systems. Specifically, it focuses on 8 key technological areas that emerge for their relevance to the 
FInES. In particular, we have the technologies for Smart Products and Security and Policy, in the 
networking area; technologies for Socialization and Digital Business Ecosystems, in the Organizational 
domain; then, in the Enterprise Application Systems: Intelligent Software, Operational 
Infrastructures, Software Services, and Enterprise Interoperability. In this chapter there is an 
illuminating figure that shows the links between these 8 technological areas and the rich map of 
future technologies reported in Chapter 4. In the latter chapter, the same 3 technological categories 
are elaborated in depth, showing also what the respective positionings are in the achievement of a 
FInES. Chapter 4 organises the matter in 26 technological areas that, starting from what exists today, 
are likely to emerge in the future. The general trends identified concern technologies aimed at 
achieving systematic decentralization and socialization objectives in future enterprises; strategic 
characteristics for FInES that are complex socio-technical systems.  

In conclusion, the rich catalogue of emerging ICT solutions shows that future FInES research will 
have a wide base of suitable technologies; we can say that technology will not be the limiting factor, 
potential problems will come from the capability of enterprises in adopting them effectively. 

Future Enterprise Systems and their supporting technologies  

Here we shift the focus, positioning FInES in the center, showing that the Research Challenges 
reported in the Chapter 3 will be concretely supported by the technologies presented in Chapter 4.  

The key idea of a FInES, described in the Research Challenges of Chapter 3, concerns the 
development of a new breed of enterprise systems orientated to enterprise innovation, rather than 
to the traditional value-making business operations. In this evolution, we foresee that enterprise 
systems will undergo a double transformation, in the underlying philosophy and the overall 
architecture. For what concerns the latter, a FInES architecture will be highly componentised, made 
of FInERs residing in and outside of the enterprises, offering the required services. The evolution is 
towards a progressive commoditisation of the traditional business operations, opening therefore a 
large perspective to the service economy (with FInERs and their commoditised digital services easily 
found on a large, global market). The other transformation will be towards the blurring of the 
presence of the technology in our everyday lives, it will become invisible because of a massive 
process of embedding in increasingly intelligent business entities that will appear to the end-users in 
their familiar (analogical) forms, positioned in their usual working and living contexts. Here the 
underlying idea is that computational components and the computing systems will be the 
representatives of real business entities (i.e., the FInERs). 

The technological support to FInES is clearly depicted in the matrix of Figure 4.1, where the first 
column on the left reports the 6 operational Research Challenges (out of the 8 Research Challenges, 
being the last two of a strategic nature) of FInES. 



 

 

Getting to the 6 operational Research Challenges, they are represented as the headers of the 
rows in the mentioned matrix. Such a matrix represents the interlinking of the future technologies 
with the FInES Research Challenges. The Figure 4.1 provides a global picture conveying a positive 
expectation on the support of technology for the achievement of the FInES Research Challenges. In 
fact, as anticipated, we can reasonably argue that the indicated technologies will be developed to a 
good level of maturity in the next decade. 

Chapter 3 indicates that the signature of a FInES will be enterprise innovation. Innovation 
requires continuous change, e.g., in the technological systems, in the enterprise organization, assets, 
value proposition, business model, alliances and partnerships, financial and marketing strategies. The 
8 Research Challenges propose a philosophy and an architectural paradigm that aim at fostering not 
simply a behavioral attitude towards an effective dynamism, but also the exploration of innovation 
opportunities and ideas. The proposed FInES architecture will be able to foster enterprise innovation, 
but its actual achievement depends on people and their mental attitude. 

The socio-economic context in which enterprises will operate 

Another key part of this report is represented by the 6 Grand Objectives to be sought by the 
enterprises in the next decade (i.e., their qualities of being). We are aware that some of these 
objectives may appear far from the existing socio-economic culture. But there is a growing 
awareness that the latter is progressively leaving the scene to post-industrial socio-economic 
development models. The current ‘modern’ socio-economic development models are scarcely 
compatible with the planet resources, but also with the industrial globalized, hi-tech scenario. As 
usual, there will be forces that resist these socio-economic trends and, in the short term, they may 
be wining in term of monetary profit. But, in the midterm, those enterprises that take the risks to 
push forward a deep change, in the direction of the Grand Challenges, at the end of the decade will 
be positioned in the forefront of the new socio-economic development process. It is expected that 
this paradigm shift will not proceed rapidly nor in an uniform way. As usual, different forms, different 
models, different values will coexist for some times, and the achievement of the Grand Challenges 
will progress intermittently. But we need to bear in mind that these considerations are mainly valid 
for the western industrialized countries, while the emergent economies still need a more traditional 
(more ‘modern’) development model. It is expected that there will be a long term global 
convergence. 

The Grand Objectives will not materialise spontaneously, they require a continuous endeavour to 
be achieved, and then maintained (since History does not proceed linearly). Adopting continuous 
innovation, open knowledge, a community-oriented paradigm, or a green attitude requires for an 
enterprise a dynamic stability (according to complexity theory) in the context of turbulent scenarios 
(1). For this reason, the research challenges of FInES are fundamental to achieve and maintain the 
Grand Objectives of future enterprises that, in turn, will guarantee the vision of Chapter 1. 

Concluding remarks 

According to many analysts, Europe (and the Western countries in general) is facing a long period 
of economic turmoil, caused by a number of converging factors. Such factors are both internal and 
external to such economies. Among the internal factors, the analysts indicate the current trends of 
the financial markets that are progressively honing their strategy, in a loosely regulated arena; a 
second factor is represented by the pressure of the emerging Future Internet to change the 
fundamentals of the traditional business models: from open innovation to pro-sumption, from co-
opetition to crowd-sourcing, the business horizon is witnessing a number of opportunities that are 
challenging enterprises, but at the same time offer them unprecedented chances.  

The external factors (sketchily labeled under the term ‘globalisation’) are mainly induced by the 
emerging economies, primarily of the Far East, both on the demand side, with their increasing need 
for natural resources, energy, raw material, and on the supply side, with their massive low cost 



 

 

production potential. Both sides are altering the business logic on which European socio-economic 
models has been structuring its development in the last century.  

These are the main reasons why European enterprises cannot continue doing business as usual: 
new business models and, more in general, new life style will be soon a necessity. The economic 
trends of the last decade, with economic bubbles followed by sudden downturns, revealed the high 
instability of Western economies, with rapid change of directions, from economic expansions to swift 
downturns. It is a form of alternating ‘fast economy’ that produces social instability. Many experts 
would trade this fast, but troublesome economy with a more stable ‘slow economy’, where we will 
accept a more limited growth (if not a steady, soft economic downshift (2)) accompanied by a better 
governance over the socio-economic phenomena. Therefore, when talking about innovation, it is 
necessary to agree in what direction it should be deployed, avoiding the illusion of a future long-
lasting sustained economic growth (3). 

The globalization is pushing Europe to change, to innovate deeply, to reconsider the positioning 
of the different players in increasingly complex socio-economic scenarios. The players, who are 
numerous, manifold, and increasingly interconnected, include enterprises, with partners and 
competitors, business and civil society, citizens and customers, government and social organizations, 
operating at national and international levels. They face a constant recombination and repositioning 
of relative interactions, with old forms of separation and new opportunities of cooperation and 
integration. 

The theory tells us that the complexity cannot be easily mastered (4); at the same time it tells us 
that there are different dimensions: social, political, financial, economic, and technological, that tend 
to evolve with different logics and rationales. We know that the technological dimension plays a 
double role. It is a pervasive, enabling reality that provides solutions necessary to the other 
dimensions to develop and achieve their objectives. But at the same time, technology has its own 
objectives and evolves along ‘independent’ trajectories, endogenously defined. This double nature of 
the technology makes the objectives of this report particularly difficult to realise. And, for this 
reason, in our work we tried to avoid a ‘closed’ approach, a self-referential method centered on a 
technological perspective. Conversely, there is a growing need for a comprehensive vision capable to 
yield a strategic governance of such complex scenario. This is why the report opens with the first two 
chapters that have a focus largely independent from the technology. Chapter 3 can be considered 
the hinge between the socio-economic dimension and the technological dimension. And, at the same 
time, the part of the report that describes the actual research challenges of FInES. 

In conclusion, we believe that this report should be considered a starting point rather than a 
concluding word. It presents a number of issues and some research lines that may be useful as 
reference points, not as a final truth. Reference points are important, especially when sailing in 
troubled waters, no matter if we are travelling towards them or we are leaving them behind us. We 
hope that this effort will be useful for some and will contribute to the future achievements of our 
FInES Community. 
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