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Executive summary 

In this deliverable we present a business modelling methodology to support the evaluation 
and capitalization on business ecosystem opportunities for IoT technologies such as iCore. In 
the iCore project we developed a new cognitive IoT architecture that aims to become the basis 
for an entirely new business ecosystem. This architecture can be deployed in many different 
IoT application contexts, and the number and uncertainty associated with those future 
contexts really is part of the challenge in this business modelling methodology. Traditional 
business modelling methods have been designed according to classical models of the 
encounter between supply and demand, competition and hierarchy within markets. These 
methods do not seem to suffice to create specific IoT business models for increasingly 
entwined markets at the level of infrastructures, devices and content, which requires 
companies to think beyond the boundaries of their traditional realms and develop sustainable 
ways to create and deliver value whilst objects are in use. Especially, new business models are 
required for more horizontal solutions that are part of the IoT context. 
 
We chose an action research approach to develop the business modelling methodology. We 
used conventional (Use Cases) as well as state of the art (e.g. MOBENA) tools and methods and 
adapted these to the needs of the project. We derived a set of requirements for the future 
business modelling methodology for IoT technologies in an early stage that are generically 
applicable in multiple contexts. The future business modelling methodology requirements for 
such challenges are as follows: 
 

1. Establish clarity on the strategic objectives with respect to individual and joint 
exploitation 

2. Facilitate exploration of different future applications and application contexts and 
provide support for evaluation and selection of applications and application contexts 
in the light of strategic objectives and to increase focus for future work 

3. Establish decisions for further focus frequently and iteratively  
4. Facilitate the development and evaluation of value propositions and business models  

a) taking into account the architectural fit with and vested interests in the 
ecosystem of the application context and the potential evolution of that 
ecosystem between now and the applicable future; 

b) taking into account the principal platform strategies extension, establishing 
and re-instantiation or expansion seeding; 

c) that establish and exploit the Virtual Cockpit pattern present in IoT 
applications; 

d) that establish and exploit the specific network effects associated with the 
‘smaller waist’ characteristic of cognitive IoT applications/platforms by 
exploring application expansion opportunities; 

e) that exhibit the IoT business model mind-set shift, characterized by pro-
activeness and updates linked to recurring revenue, complementarity of 
services to installed devices linked to a dynamic ecosystem perspective. 

5. Facilitate selection and engagement of relevant stakeholders for development and 
evaluation of the propositions 

Based on these requirements we developed the future IoT business modelling methodology. 
This methodology is partially generic and partially IoT specific. The specific aspects that the 
cognitive IoT application context brings forward are: 
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 Technology push approach is generic, but the connected context in which technologies 
can be deployed implies that components can be exploited alone and in composition, 
which drives the number of exploitation possibilities. 

 Those components have to fit in an architecture defined in the project and in its 
application context. This interdependence pushes the relevance of platform strategies, 
which is reinforced by the cognitive aspect. Platform strategies typically require 
multisided and community acceptance. 

 Services in IoT context utilize a multitude of connected objects that are typically not 
owned by the service provider. This implies both a cooperative and a competitive 
position, which emphasises the importance of the ecosystem. 

 IoT applications involve data and digital (and virtualized) components, which opens up 
opportunities and even the necessity to build knowledge using cognitive technologies.  

 IoT applications typically also use data on the service requestor. This requires a 
collaborative relationship with the end user. 

In order to support the business modelling in the IoT and exploit the characteristics of the 
technologies developed, we have developed or advanced specifically the following items: 
 

 An analysis of control points based on the architecture and key business roles 

 A method to analyse the structure and dynamics of (digital) ecosystems 

 A method to instantiate IoT applications following the Virtual Cockpit concept and 
identify potential values of iCore 

 A method to instantiate IoT applications following the Dynamic Service Composition 
concept and identify potential values of iCore and synergy in the ecosystem 
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 1. Introduction 

The Internet of Things (IoT) aims to connect billions of machines and other physical objects 
through embedded sensors and actuators. Named as one of the twelve potentially most 
disruptive technologies by McKinsey (2013)1, the IoT is expected to profoundly change the way 
we live, work and do business with each other. From real-time monitoring the performance of 
crucial infrastructures, such as embankments, to tracking packages through logistic processes, 
to measuring the health of cattle, the IoT allows organizations to make better strategic and 
operational decisions regarding the management of their assets; to improve the quality , safety 
and experience of their products and services; to drive down costs and increase revenues; and 
ultimately to revolutionize their business models based on the considerable amount of real-
time data that will become available.  
 
A connected world, in which products are connected any time, all the time, poses new 
challenges for the way companies create and capture value. The traditional approach of one-
time product sales for well-defined market needs has to be reconsidered, because connected 
products can no longer be considered as stand-alone and ‘finished’ at the point of sale. 
Companies operating in the IoT are not only responsible for creating and delivering physical 
objects, but also for every part of the connected service experience throughout the entire life 
cycle of these objects. Connected products provide the entry point to an interconnected web 
of offerings: when you buy a smartphone, you also gain (potential) access to the vast amount 
of complementary applications, services and devices provided by organizations and individuals 
that are in some way affiliated to your smartphone manufacturer. Adding embedded sensors 
and connectivity to objects allows companies to provide customers with dynamic services that 
react to their environment, such as user behaviour. Combining the real-time data of several 
connected objects and learning from past interactions with the environment can lead to 
improved forecasts (e.g. knowing more exactly when and where maintenance of infrastructure 
is necessary), which even makes it possible to address user needs in a predictive and dynamic 
manner. These added functionalities, and the fact that companies can continuously update the 
smart object’s software to fix bugs or provide new functionalities, means that an object keeps 
evolving after being purchased by the customer, offering new features and experiences for the 
user along the way.  
 
Companies operating in the IoT face the challenge of creating and capturing value while the 
smart object is in use, making use of sustainable partnerships with other parties in the IoT 
business ecosystem to expand the amount of objects, software and services associated with 
their solution. They need to envision and create a new business ecosystem connecting their 
solutions with others in order to provide a valuable connected service experience. Tackling this 
challenge requires a different mind-set and approach to traditional business modelling, which 
is mainly aimed at differentiating from competitors either through better features or cost 
leadership. Ideally, a method to develop IoT business models incorporates business ecosystem 
and value network thinking and is built around the key competence of building strong 
relationships with other stakeholders in the IoT domain.  
 
The developments in IoT bring forward a greater complexity in terms of data sources, streams 
and potential applications. Because of the envisaged shift of intelligence towards virtual 
objects (i.e. virtual representations of real-life objects), the actual usage of real-life objects and 

                                                           
1 McKinsey Global Institute (2013). Disruptive technologies: Advances that will transform life, business and the global economy. 
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forthcoming virtual objects can hardly be envisaged at the design phase. However, a paradigm 
shift is expected in object ownership, use and reuse. The future applications, market and 
business ecosystem for iCore technology are surrounded by uncertainty at this moment in 
time. We assume however that due to path dependency the future business ecosystem will in 
some way evolve from today’s market. Nevertheless multiple business ecosystem 
configurations are possible due to the uncertainties the future holds.  
 
There are methodologies to describe and analyse business models and value networks. But 
there is limited material available for developing specific IoT business models. Furthermore, no 
methodology or toolset exists to easily and quickly explore and evaluate the robustness, 
attractiveness and sustainability of the possible options and alternatives for a future business 
ecosystem in IoT. In this report we aim to develop such a method to guide business modelling 
activities for IoT initiatives, based on practical insights and experiences from the iCore project. 
  

1.1. The iCore project 

iCore2 is a European FP7 project that addresses two key issues in the context of IoT:  
1. How to abstract from the technological heterogeneity that derives from the vast 

amounts of different objects that will be connected in the IoT, while enhancing 
reliability. 

2. How to address the interests, needs and wishes of various stakeholders (users, 
hardware providers, software providers, service providers) to ensure the proper 
provisioning and business integrity of iCore features and maximize exploitation 
opportunities. 

The project aims to provide a cognitive framework for the IoT that enables the handling of 
diverse objects and the functions and services these objects provide. The proposed solution 
comprises of three levels of functionality, which are reusable for various and diverse 
applications. These levels are 1) virtual objects (VOs), 2) composite virtual objects (CVOs) and 
3) functional blocks for representing the user/stakeholder perspectives. VOs are cognitive 
virtual representations of real-world objects, such as sensors, devices and other everyday 
objects that hide the underlying technological heterogeneity. CVOs are cognitive mashups of 
semantically interoperable VOs, delivering services in accordance with the user/stakeholder 
requirements. The functional blocks in the third level comprise service templates and domain 
ontologies, which allow quick updates and development of services. Making use of these levels 
of functionality, the framework aims to generate and support, a wider IoT ecosystem in which 
many different parties across various application and usage domains can participate (Figure 1). 

                                                           
2
 www.iot-icore.eu 
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Figure 1 : iCore business ecosystem

3
 

 
While real world or digital objects may be owned and/or controlled by a particular stakeholder 
(the object provider), the VOs can be owned and/or controlled by a different soft component 
provider. And in turn, CVOs may be owned and/or controlled by yet another soft component 
provider who adds value by combining different virtual objects into functional building blocks, 
which through the use of service templates and domain ontologies can be quickly employed in 
domain-specific end-user services by service providers. The platform service provider in turn 
exploits the system to which the software and real world objects are connected and 
coordinates proper execution of service requests. Due to this hierarchical  architectural 
structure, iCore will likely affect the structure of current business ecosystems, but it also opens 
new opportunities for all stakeholders, specifically since iCore abstracts from the 
heterogeneity of more or less existing technologies. Furthermore, the cognitive management 
system of the iCore solution will ensure that the complexity of the ecosystem will be well 
hidden from the different players and stakeholders.  
 
To validate the proposed solution, iCore is implemented in the following use cases and trials: 
smart home, smart office, smart city transportation, smart supply chain management and 
logistics, smart tourist, urban security, smart hospital asset management, and smart theme 
park. 
 

1.2. Objective and approach 

The ambition of the iCore project is to develop a cognitive architecture that could become the 
basis for an entirely new business ecosystem that, due to path dependency, in some way 
evolves from today’s markets. To realize this ambition, the iCore provider has to create a fit 
between the envisioned iCore architecture and the business ecosystem it intends to operate in 
or create. To enter and act in an ecosystem, both new entrants and incumbents have to rely on 
a deep understanding of how the ecosystem ‘lives’: the actors, their relationships and the 
power balance that guarantees the ecosystem’s current existence and determines how it 
reacts to outside shocks, such as the introduction of technological innovations. Hence, to 
develop a viable business model for the technologies such as iCore, we need a thorough 
understanding of 1) how the IoT technology and features could be leveraged to serve or 
enable objectives and strategies of current stakeholders in the business ecosystem in order to 

                                                           
3
 iCore (2013). D1.3 Vision of the future business ecosystem, new roles and models of acceptance. 
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receive their commitment for future engagement and 2) how the existing ecosystem could 
influence the features and implementation of the IoT technology.4 
 
Traditional business modelling methods have been designed according to classical models of 
the encounter between supply and demand, competition and hierarchy within markets. These 
methods do not seem to suffice to create IoT business models for increasingly entwined 
markets at the level of infrastructures, devices and content, which requires companies to think 
beyond the boundaries of their traditional realms and develop sustainable ways to create and 
deliver value whilst objects are in use. This deliverable aims to develop such a method, which 
allows companies to evaluate and capitalize on future business ecosystem opportunities for 
IoT technologies such as iCore.  
 
An action research approach has been chosen with the aim to contribute to both the practical 
strategic issues of the iCore project and the development of a theoretical and operational 
framework to tackle similar IoT business modelling issues. A literature review has been 
conducted to identify existing business modelling methods and their limitations regarding the 
specific IoT business modelling challenge. This report also builds further on and synthesizes the 
concepts developed and applied in iCore D1.35 and D1.56.  
 

1.3.  Report content 

This report describes the future business modelling methodology for cognitive IoT solutions. In 
chapter 2 we first describe the business modelling challenge for cognitive IoT applications. In 
chapter 3 we present a general framework for explorative and agile business modelling before 
zooming in on the IoT specific elements. Chapter 4 till 7 describe the phases and activities of 
the business modelling framework with specific attention to the IoT specific activities and 
outcomes. In chapter 8 the proposed methodology is discussed and questions for further 
research are defined.  

                                                           
4 This assumption is based on the socio-technical perspective. Ref: Bostrom, R. P., & Heinen, J. S. (1977). MIS Problems and 
failures: a sociotechnical perspective part I: the cause. MIS quarterly, 1(3), 17-32. 
5
 iCore (2013). D1.3 Vision of the future business ecosystem, new roles and models of acceptance. 

6
 iCore (2014). D1.5 Socio-Economic Evaluation. 
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 2. The Business Modelling challenge for Cognitive IoT 

applications 

Every R&D project starts with the ultimate goal to either develop valuable new products, 
processes and services or to generate new knowledge that uncovers and enables the 
development of new products, processes and services. Either way, the outcomes of these R&D 
activities should allow the organizations that participate in them to appropriate both tangible 
(e.g. revenues) and intangible value (e.g. innovative brand image) in the future. This is not an 
easy feat: studies report that a stunning 40% to 90% of all new innovations fail (Gourville, 
2006).7 This often happens because intended customers and users are reluctant to part with 
what they know, overweighting the benefits of existing solutions, while companies on the 
other hand overweight the benefits of their innovations, already being positively biased 
towards their new products and services. The result is that there is a large gap between what 
innovators believe the market needs and what the market truly desires. 
 
What we learn from this is that innovation cannot happen in a vacuum. R&D activities should 
not be left only to the engineers and scientists, but a business perspective should be included 
early on in the project. Engagement with stakeholders in the market is crucial to test and verify 
key assumptions about the innovation under development, while at the same time these 
interactions help develop the future market for said innovation. In other words, business 
modelling and development is not an activity that should start as soon as the developers toss 
the innovation over the wall to the marketing and business development departments, but a 
keen sense of what drives potential customers and users should be incorporated throughout 
all stages of product and service development. This insight is not new and has been 
incorporated in several product innovation and commercialization approaches (e.g. 
Roozenburg and Eekels, 19958; Buijs, 20039; Goldsmith, 200310). Recently, a more agile 
perspective to business modelling is increasingly gaining a foothold in the innovation 
management practice through methods such as the Lean Startup, which perceives innovation 
as a grand experiment centred around the question: ‘Can a sustainable business be built 
around this set of products and services?’ (Ries, 2011)11 To answer this question, innovators 
should constantly engage in a process of scientifically validated learning, at the same time 
developing both the value proposition and market commitment, through the loop of ‘build – 
measure market reaction – learn’ (Figure 2). Based on the outcomes of this experiment, they 
can decide to pivot or persevere in the chosen direction. Through each loop of this process, 
innovators can reduce the high levels of uncertainty surrounding innovation activities.  
 
 

                                                           
7
 Gourville, J.T. (2006) Eager Sellers and Stony Buyers: Understanding the Psychology of New-Product Adoption. Harvard Business 

Review, June, p.99-106 
8
 Roozenburg, N. F., & Eekels, J. (1995). Product design: fundamentals and methods (Vol. 2). Chichester: Wiley. 

9
 Buijs, J., (2003) Modelling Product Innovation Processes: from Linear Logic to Circular Chaos, Creativity and Innovation 

Management, Vol. 12 (2), pp. 766-93. 
10

 Goldsmith, H. R. (2003). Model of Commercialization. ArFansas Small Business and Technology Development Center, available 

from: http://asbdc. ualr. edu/technology/commercialization/the _model. asp. 
11

 Ries, Eric (2011). The Lean Startup: How Today's Entrepreneurs Use Continuous Innovation to Create Radically Successful 

Businesses. Crown Publishing. 
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While incorporating a business perspective and developing a market are challenges for every 
innovative venture, including innovations in an IoT context, there are several specific 
challenges that need to be tackled to generate a sustainable business for innovations such as 
iCore. In the following section we will outline these specific challenges, based on the insights 
and experiences gained throughout the development of the iCore cognitive architecture. At 
the end of this chapter we will summarize these learnings into several requirements for a 
future business modelling method for IoT innovations. 
 

2.1. Specific cognitive IoT business modelling challenges 

The iCore project, as many projects in its class, can be characterised by being technology R&D 
driven in a phase that is referred to as the Fuzzy Front End (FFE) of Innovation12. This means 
that it revolves around a number of concepts and relevant scientific and technological 
challenges that are believed to have, once solved, a substantial societal and economical 
potential. As it is in the FFE phase, there is, however, still a large distance to actual 
exploitation, which implies risk and uncertainty. This is also why such projects receive funding 
from the European Union.  
 
In order to increase chances of success of the innovation, it makes sense to confront the 
innovation as early as possible with the potential market. Even though still early, this is a 
confrontation of technology-push and hypothetical demand-pull. This is typically done by 
envisioning a product or service that would be enabled by the technology under development 
and exposing that to stakeholders. This type of acceptance testing will confirm whether the 
innovation is meaningful to the application domain and may bring forward additional 
requirements for acceptance. If the technology is relatively generic, meaning that it can be 
applied in many contexts, as is the case with iCore, the acceptance testing should be done for 
multiple application contexts. In iCore we introduced different use cases and trials.13 These 
should shed a light on questions such as: which application contexts are of interest? Should the 
iCore implementation be the same in every domain or significantly different? Which of the 

                                                           
12

 Koen et al. (2007), Providing clarity and a common language to the ‘fuzzy front end’. Research Technology Management, 44 (2), 

pp.46-55 
13

 The use cases are described in the following iCore deliverables: D6.2 Final proof of concept prototype for Smart Home: living 

assistant; D6.3 Final proof of concept prototype for Smart Office: easy meeting; D6.4 Final proof of concept prototype for Smart 
city: transportation; D6.5 Final proof of concept prototype for Smart business. 

Figure 2: Lean Startup process (Ries, 2011) 
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application contexts has a particular potential to host a first successful iCore application and 
scale up from there? This latter question should shed light on potential seeding strategies for 
iCore14  
 
Another characteristic of projects like iCore is that they are networked, meaning that a 
consortium of various business and academic players collaborate to develop an integrated 
solution that meets the mutual objective outlined in the project plan. The consortium parties 
also invest individually, in anticipation of achieving scientific or societal impacts and progress 
of their own economic assets. It is in this context of project ambitions and individual 
investments where the business modelling challenge should be positioned. The implication is 
that multiple potential products or services can originate from the project: not only the 
integrated solution as developed within the project, but also the individual components that 
can form the basis for other new products or services; stand-alone or even in combination with 
the portfolio of the project partners. Each of these partners is typically focused on its own 
markets.  This is partially expressed in their involvement in specific project use cases and trials. 
Thus, the combination of generically applicable technology in an early phase and a consortium 
of partners with individual agendas who collaborate in an integrated project increases the 
number of potential products or services that can be envisioned, developed and tested. 
Therefore multiple markets need to be considered to identify viable seeding strategies. This 
multitude of options calls for a smart approach, as evaluating all options is not feasible in 
practice. 
 
In the iCore project, as in many other technology R&D driven projects, the partners collaborate 
not only to develop an architecture that serves as a blueprint for cases in which developed 
concepts can be instantiated, but they also develop actual components and demonstrators 
adhering to this architecture to realize proof of the concept and illustrate the perceived value. 
The knowledge and experience gained from this work, as well as the defined concepts and 
actually coded components, are the basis for future exploitation. It is an objective for the 
Future Business Model Methodology to influence the developers and architects with 
requirements stemming from potential future applications and architectural decisions now to 
maximize exploitation potential. 
 
Technologies, such as the ones developed within iCore, adhere to an architecture. However, 
this is also true for the application contexts in which these technologies will be implemented. 
How well iCore’s components and architecture fit the ‘architecture’ (i.e. business ecosystem) 
of the application context defines not only iCore’s technical interoperability, but also defines 
the roles that can be played and control points that can be leveraged within the specific 
application context. Incumbent players in the intended application context have installed 
bases of components and systems, next to other vested interests, which define the incentive 
structure for the business ecosystem and thus the potential for gaining acceptance of new 
technologies. In other words, when probing for acceptance, we implicitly or explicitly expect 
the stakeholder to invest or commit to a proposition. We do this by illustrating how iCore is of 
benefit to the specific stakeholder (i.e. iCore creates value that can be captured by the 
stakeholder), taking into account the stakeholder’s role and position in the ecosystem. This 
means that, in order to understand and potentially increase acceptance, the value that iCore 
(or its components) brings will have to be translated and interpreted in the perspective of 
actors in their application context and ecosystem. This may lead to additional domain-specific 

                                                           
14

 See iCore (2013). D1.3 Vision of the future business ecosystem, new roles and models of acceptance. Section 5.1, pp. 124-125 
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requirements and improvements of the innovation that can only be identified based on 
exposing iCore to a specific application context.  
 
Exploiting solutions in an architectural context brings forward two extreme strategies for 
positioning; horizontal or vertical. Horizontal solutions try to gain demand by being as 
interoperable as possible (~open). ). Solutions can be horizontal with respect to one 
application context, but the term horizontal can also apply to implementations that span 
different application contexts. Vertical solutions, on the other hand, target interoperability 
with a specific subsystem (~ proprietary). The structure of existing business ecosystems 
determines which implementation would be the most feasible in that specific context. 
Therefore the business ecosystem is an important aspect to take into consideration when 
thinking about commercialization strategies for newly developed architecture-based 
technology. In general strategies can differ per application context. 
 
So far, the characteristics being discussed apply to any collaborative architecture-based R&D 
project. The iCore project specifically aims to develop a cognitive framework for the IoT that 
enables the handling of diverse objects and the functions and services these objects provide. 
Therefore, we will now elaborate on the specific characteristics of IoT technology that are 
expected to affect the future IoT business models. IoT applications can be characterised by 
connectedness and an interaction between physical and virtual objects. A specific characteristic 
of the IoT is that operations defined in software can be reused and applied to many – both 
physical and virtual – objects. This calls for economies of scale and scope, which can be offered 
by platforms containing solutions through which many objects are interconnected. These 
platforms provide a so-called ‘small waist’ between supply and demand sides, which are 
mutually reinforcing: stakeholders supplying something on the platform are attracted to the 
platform if is provides access to a fair amount of stakeholders demanding their offering, and 
vice versa. This is also referred to a network effects (Eisenmann et al., 2006)15 (Figure 3). The 
commercial success of such a platform eventually depends on its critical mass of active users, 
as this will result in increased transactions among consumers and between consumers and 
resource providers.  
 

                                                           
15

 Eisenmann, T., Parker, G., and Alstyne, van, M.W. (2006). Strategies for Two-Sided Markets. Harvard Business Review (October). 
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Figure 3: Network effects in multi-sided markets (Eisenmann et al., 2006) 

 
 
The interaction between the physical and virtual objects reflects the basic ‘measure and 
control’ pattern that characterises IoT applications. It is executed by gathering information via 
sensors and other data sources (measure) and influencing the real world by using processed 
information to affect actuators (control). This basic measure and control pattern enables the 
optimization of product/service performance and prediction of events, such as maintenance. 
In this report we refer to this as the ‘virtual cockpit business model’. 
 
A very specific aspect of the iCore project is that it adds cognition to IoT. The essence of 
cognition is that usage of memory leads to increasingly better decision making processes, 
which ultimately can be executed autonomously by the cognitive IoT system. Better choices 
can be made with respect to objects, CVOs, VOs to increasingly improve the fulfilment of 
service requests by users, but also to optimize system performance (e.g. choosing to not keep 
objects online to improve resource efficiency). The cognitive aspect of iCore is utilized by the 
dynamic service composition pattern. This implies that cognitive IoT services are composed 
upon request with the best available and suitable resources. This does not only include real-
time responses (e.g. due to disruptions) but also includes prediction of availability and 
disruptions of events in the real world as well as for the service providing components.   
 
This implies that cognitive IoT applications thrive on increased traffic and data processing and 
on more and more connected objects and usage, because that increases the number of 
observations necessary to learn, recognize patterns and make better choices. Cognition is thus 
expected to reinforce the ‘smaller waist’ platform characteristic that IoT applications already 
have: successful deployments of cognitive IoT applications not only require a relatively large 
degree of connected objects (supply), but also a large degree of actual usage (demand) and 
some time to learn/train.  
 
With a growing number of active stakeholders and connected objects, opportunities for 
optimization of specific stakeholder needs increase, since there will be more service requests 
and more connected objects and thus data to improve decision making processes. Thus, 
cognitive IoT business modelling should thus facilitate the exploration of expanding the scope 
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of the application. This is not necessarily the same as a seeding strategy; generic technology 
can be applied in different not necessarily connected contexts. Application in the next context 
can be achieved by expansion of the prior context or by instantiating a new platform. 
Obviously in the latter case the degree of reuse is less. 
 
As a result of connectedness and growing intelligence, implicitly the tendency of IoT is to share 
all with all. This is expected to drive specialisation rather than vertical integration. In practice 
players are often active on multiple levels, i.e. are somewhat vertically integrated. Thus, in 
general, players will have to deal with other players – who might be a competitor on one level 
and complementary one on another. This interdependency is referred to as coopetition and is 
typical in a connected context. 
 
Another thing that successful IoT and specifically Cognitive IoT applications have in common is 
in fact that they realized a shift in mind-set from traditional product and service mind-set. This 
mind-set is best characterized by stating that IoT applications typically complement and 
enhance devices almost continuously by utilizing new data and new updates. This does not 
only pose different requirements to the relation with the end-user, who might need to give 
more upfront commitment (e.g. by providing personal data and streams to feed learning 
processes). It also changes the focus of monetary transactions from 1 off to subscription – 
nicely in line with updates. Furthermore, the complementarity with other players emphasizes 
that these business models are interdependent on the business ecosystem. Cognitive IoT 
business modelling should facilitate the consideration of this mind-set shift. 
 
Given that Cognitive IoT applications can be associated with smaller waist platform business 
models, several basic exploitation strategies present themselves. An obvious one is to form the 
platform itself. This has specific challenges, such as building both ‘demand’ and ‘supply’ 
simultaneously. A strongly related consideration is whether a seeding strategy is desirable. If 
so, the re-instantiation or expansion strategies appear. An alternative however is, depending 
on the structure of the application context, to become an extension to an existing platform. 
This adds Dynamic Service Composition and cognitive features to an existing platform. This 
may be a viable access strategy for accessing an application context, but it creates strong 
dependency with respect to available growth strategies. 
 
Given the multitude of potential application contexts and the inherent uncertainties both in 
these contexts as well as in the further development of the underlying technologies (and 
alternatives), it will be practically impossible to evaluate all options and propose a high 
probability and maximally successful access and growth strategy for iCore. This is amplified by 
the different positions and agendas of the project partners. In settings where the project is 
aimed at joint or coherent exploitation strategic objectives aid to select and compose a 
suitable access and growth strategy. Examples of strategic objectives are growth in users, 
maximize profit over the next 5 years, demonstration for buy-out or IP licensing, etc. For 
example a growth strategy would focus on actual community building rather than exploring 
the many options. In the case of this project the focus was to attract and collaborate with 
stakeholders in the trials. The strategy appeared to maximize chances for adoption by existing 
players in the market. Other guiding principles such as open or proprietary, independence may 
also provide clues to narrow the solution space and increase focus. The consequence for 
projects like this is that the impact of the business modelling activities is limited to structuring, 
presenting options, considerations, but not actual decisions with respect to exploitation.  
 
In fact this is a keep all options open strategy and that limits the possibility to spend effort to 
iterate and add more detail to value propositions and gather deeper requirements by engaging 
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with stakeholders. Eventually this results in limited progress in approaching any market and no 
clear conclusion with respect to the actual viability or lack thereof of a proposition in a specific 
market. This doesn’t mean that there is no exploitation potential of the developed 
technologies, specifically as combined with partners’ portfolios, but that’s less visible and 
demonstrable as a project result. 
 

2.2. Requirements for a future cognitive IoT business modelling 
methodology 

From the reasoning presented above we can derive a number of requirements for the future 
business modelling methodology for projects with the following characteristics: 
 

 Partially subsidized collaborative technology R&D project with a heterogeneous set of 

partners; 

 Specific IoT technology (cognition based dynamic service composition) in an early 
stage that is generically applicable in multiple contexts. 

The future business modelling methodology for such challenges should: 
 

1. Establish clarity on the strategic objectives with respect to individual and joint 
exploitation 

2. Facilitate exploration of different future applications and application contexts and 
provide support for evaluation and selection of applications and application contexts 
in the light of strategic objectives and to increase focus for future work 

3. Establish decisions for further focus frequently and iteratively  
4. Facilitate the development and evaluation of value propositions and business models  

a) taking into account the architectural fit with and vested interests in the 
ecosystem of the application context and the potential evolution of that 
ecosystem between now and the applicable future 

b) taking into account the principal platform strategies extension, establishing 
and re-instantiation or expansion seeding 

c) that establish and exploit the Virtual Cockpit pattern present in IoT 
applications. 

d) that establish and exploit the specific network effects associated with the 
‘smaller waist’ characteristic of cognitive IoT applications/platforms by 
exploring application expansion opportunities. 

e) that exhibit the IoT business model mind-set shift, characterized by pro-
activeness and updates linked to recurring revenue, complementarity of 
services to installed devices linked to a dynamic ecosystem perspective 

5. Facilitate selection and engagement of relevant stakeholders for development and 
evaluation of the propositions 
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Evaluation 

 3. Explorative and Agile Business Modelling  

In the previous chapter we explained the various elements of the business modelling challenge  
projects such as iCore are facing and we derived a set of generic and IoT-specific requirements 
for an IoT business modelling approach. In general we can say that the activities of each 
innovation project can be divided into three classes, being i) project internal activities, the 
activities that are performed within the project to ‘build’ technologies, value propositions and 
business models; ii) external activities, the activities that expose the outputs of the project to 
the outside world, engage with stakeholders to gather insights to ‘feed’ the course of the 
project and to create commitment for acquiring the outputs of the project; and iii) the 
governance activities that ensure learnings from the interactions between the project and 
external world are incorporated in the development process and decisions are made on the 
project scope, the interactions and development activities within the project and on the 
interactions with the outside world. The internal activities can be characterised as ‘push’. They 
include sheer technology development, but also the development of business and value 
insights reasoning from the internal capabilities. The external activities can be characterised as 
‘pull’ and include analysis of application contexts, elicitation of stakeholder requirements and 
building relationships with and commitment of the market. Through feedback loops from 
internal to external activities and back, the value proposition and eventually the business 
model are generated and validated, integrating a thorough understanding of the business 
ecosystem including potential partners and customers with new technologies and key 
competencies of companies in the innovation project. 

 
 
 
 

 
During the project we have developed and executed several parts of the future Cognitive IoT 
business modelling methodology. In deliverable D1.3 we have presented and executed the first 
iteration of a future IoT business modelling methodology (Figure 4), which detailed two tracks: 

Figure 4: The first iteration of the business modelling methodology in D1.3 
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an architecture based track A (internal) and a business ecosystem track B (external based on 
the MOBENA method16). 
 
This preliminary methodology mainly focused on the development of visions for the future 
business model and ecosystem of the iCore architecture. It defined the business ecosystem 
context that is expected to influence or be influenced by the iCore development and 
generated potential strategies for future business implementations. In D1.5 the steps of the 
preliminary methodology have been elaborated with additional steps to generate domain 
specific value propositions for the iCore technology and validate them with key stakeholders in 
the selected market domains. In this current deliverable we have consolidated the insights 
from both D1.3 and D1.5, adding some new elements when practical experience and evolving 
knowledge made us update the list of requirements for such a methodology. Guided by these 
requirements, listed in paragraph 2.2, in the following paragraph we present the process 
outline of the methodology illustrating the main stages, their purpose, activities and 
outcomes. A more detailed elaboration on the IoT-specific components of the methodology 
will follow in Chapter 4-7. 
 

3.1. Business modelling: a lean process outline 

The methodology consists of four major phases, each aimed at reducing the amount of 
uncertainty concerning the future exploitation of the technology under development. Note 
that this is visualized with the light green areas that shrink throughout the process from top to 
bottom in   

Figure 5.  
 
These four phases are, starting from the top of the figure:  
 

1. Vision and strategy formulation aimed at defining the strategic context;  
2. Opportunity identification aimed at discovering a viable problem/solution fit; 
3. Value proposition development aimed at creating a feasible product/market fit;  
4. Business implementation aimed at scaling the market for the developed innovation.  

These phases do not represent a purely sequential process. Iterations between phases might 
be required when assumptions (i.e. hypotheses) the innovators believed validated in previous 
phases are falsified later on in the process. Also, the scaling phase is never the end of a 
business modelling process. New opportunities might be discovered once the developed 
proposition is in use, prompting a new cycle of the business modelling methodology.  
 
Within these 4 main phases, we distinguish 3 parallel and interacting processes that were also 
detailed in the first iteration of the methodology (see Figure 4), being: 
  

 Build activities (called Track A in the first iteration of the methodology);  

 Measure activities (called Track B in the first iteration);  

 Learn activities. These activities form the governance process in which insights are 
translated in decisions regarding project milestones.  

                                                           
16

 Battistella, C., Colucci, K., De Toni, A. F., & Nonino, F. (2012). Methodology of business ecosystems network analysis: A case 

study in Telecom Italia Future Centre. Technological Forecasting and Social Change. 
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Figure 5: Explorative and agile business modelling methodology 
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A more detailed explanation of the 4 main phases will follow in Chapter 4 till 7. Here we will 
elaborate on the three parallel processes that occur in each phase. 
 
The yellow loops in Figure 5 indicated the build activities.  These loops contain the 
activities that reason from the technology (push) and ‘translate’ the architecture in value 
networks and business values. Obviously the R&D activities that are responsible for the actual 
advancement of the technology are relevant in developing new business models. These 
provide the technological basis for future exploitation, which, influenced by interactions with 
the outside world, are translated into acceptable value propositions. This process is 
continuous, refining architectural visions and concepts, into demonstrators for specific use 
cases, and trials testing products and services in practice. Clearly, both demonstrators and 
trials deploy actually produced technology in specific services in application domains and are 
therefore important illustrations of future exploitation and means to engage external 
stakeholders. Therefore the selection of these is of great importance and should thus be 
guided by governance and informed by interactions with stakeholders in the market.  
 
The blue loops indicate the measure activities.   These types of activities include all the 
market and actor related analyses and evaluations to elicit stakeholder requirements, discover 
market needs, validate the acceptability of developed value propositions and create market 
commitments, such as active communities using the technology (i.e. pull). This is the focal 
activity when business modelling is concerned, as viable business models only can exist by the 
grace of market acceptance.    
 
The light green areas and green milestones represent learn process.   Prior to and 
during the project a number of scoping decisions need to be made. This is important in order 
to be able to converge and add detail to the business modelling activities in order to ‘get closer 
to the market’. In the case of iCore this governance process is especially important, since the 
architecture is developed by a consortium of both research and industry partners. Since 
partners, specifically industry partners, are investing in such a project they should have proper 
rights to focus on specific applications in order to increase chances of commercial exploitation.  
In this view, the governance process also includes deciding on the engagement and attraction 
of new stakeholders and the building of the community. These are important decisions that 
should be agreed on early in the project, as interactions with these stakeholders and 
communities will significantly influence the course of technology and business development. 
The governance process we describe here has similarities with stage-gate processes applied in 
industry. Ideally it should be considered if the processes within the company and within the 
project can be aligned. This is not always feasible due to involvement of different departments 
(R&D vs. business).  
 
Obviously a field like IoT is in continuous development and new insights as well as new 
potential opportunities might present themselves during the course of the project. The project 
structure should be open to deal with these. This means deciding on treating it as an extra 
opportunity or as a replacement of another. The new opportunity should be treated with 
roughly the same set of analyses and consultations as the existing opportunities. This will cost 
additional budget and time.  
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3.2. Specific Cognitive IoT business modelling 

In the previous section we introduced an approach for explorative and agile business 
modelling. This approach is quite generic and can be used for all innovations, including IoT 
business models. However, for the specific aspects of cognitive IoT that the application context 
brings forward are: 
 

 Technology push approach is generic, but the connected context in which technologies 
can be deployed implies that components can be exploited alone and in composition, 
which drives the number of exploitation possibilities. 

 Those components have to fit in an architecture defined in the project and in its 
application context. This interdependence pushes the relevance of platform strategies, 
which is reinforced by the cognitive aspect. Platform strategies typically require 
multisided and community acceptance. 

 Services in IoT context utilize a multitude of connected objects that are typically not 
owned by the service provider. This implies both a cooperative and a competitive 
position, which emphasises the importance of the ecosystem. 

 IoT applications involve data and digital (and virtualized) components, which opens up 
opportunities and even the necessity to build knowledge using cognitive technologies.  

 IoT applications typically also use data on the service requestor. This requires a 
collaborative relationship with the end user. 

These aspects do not only affect which elements are of importance in the business models 
(which elements, e.g. position w.r.t. ecosystem), but also how to develop these (i.e. 
interactively to achieve adoption). Note that some of the elements of cognitive IoT can also be 
used for other specific IoT applications.  
 
The following 4 chapters describe each of the 4 identified phases by detailing the activities in 
the build, measure and learn loop. These descriptions are not exhaustive, but mainly focus on 
the specific cognitive IoT challenges that need to be tackled in the business modelling process.  



 

D.1.4 Future Business Model Methodology 

 

Date: 03/10/2014 Grant Agreement number: 287708 Page 24 of 60 

 

 4. Phase 1: Vision and strategy formulation  

Prior to or at the start of a new shared innovation project, agreements on the conditions and 
obligations throughout the project must be made.17 This ensures that the proper governance 
structure is in place to take decisions on the strategic direction and scope of the project 
throughout all phases. 
 
The activities in phase 1 will clarify the strategic context of the shared innovation project, 
starting from the current strategic positions of project partners and informed by opportunities 
and threats in the external world. In this phase (architectural) vision and the strategic 
objectives for the project are clarified and validated against the state of the art and future 
social, technological, economic, ecologic and political developments in existing business 
ecosystems. This phase will result in clear strategic search fields, i.e. areas that are expected to 
provide opportunities that fit the vision and strategic objectives of the project, to guide the 
ensuing R&D and market development processes. 
 
The remainder of this chapter provides theoretical background and describes how the vision 
and strategy formulation phase can be executed focussing on the IoT specific aspects (Table 1). 
 

Table 1: Overview of phase 1 contents 

Process Outcomes 

Build Architectural Vision 
Strategic Objectives 
Ecosystem position  
Platform strategies  

Measure Business ecosystem scan 
Platform seeding 

Learn Strategic Search Fields (milestone) 

 
 

4.1. Build: Strategic objectives and architectural vision 
 
An Architectural Vision, including a view on the high-level architecture and especially the 
functions it pursues, should be identified at the start of the project in order to be able to 
understand the R&D direction that the project has in mind and to be able to translate that into 
potential value for stakeholders in the market. This architectural vision should be validated 
against developments in existing business ecosystems and adapted accordingly. 
 
Based on the determined vision, Strategic Objectives of the project should be defined at the 
beginning of the project with consent of all partners, as were it a business. Key aspects such as 
openness, desired ecosystem position and platform strategy should be decided upon. It can 
also be the case that the project partners cannot yet determine this, which widens the project 
scope dramatically. The discussion on the project’s strategic objectives involves some degree 
of openness on partners’ IP, strategic objectives and exploitation strategies in order to align 
the strategic objectives of all parties involved. A potential means to address this is by a 

                                                           
17

 In the context of EU-funded projects like iCore, this is the Grant Agreement and the consortium agreement. 



 

D.1.4 Future Business Model Methodology 

 

Date: 03/10/2014 Grant Agreement number: 287708 Page 25 of 60 

 

workshop on such strategic dilemmas. During the project, specifically when making decisions 
these strategic objectives should be used as guiding principles.   
 
In the next section, we highlight two important strategic considerations for a (cognitive) IoT 
architecture, namely: 
 

1. Enhancing an existing business ecosystem 
2. Creating a new business ecosystem  

 Enhancing an existing business ecosystem or creating a new one? 4.1.1.
 
Strategies for IoT projects should take into account that actors in an IoT context are mutually 
dependent on each other for their survival. The collective health of an IoT business ecosystem, 
described by its productivity, robustness and niche creation, is an indicator for its success 
(Iansiti & Levien, 2002).18 Individual firms, however, can influence the collective health through 
several strategies (Figure 6).19  

 
Figure 6: Business Ecosystem Strategies (Iansiti & Levien, 2004) 

 
A keystone actor provides the reliable common set of assets that other actors can use to easily 
connect to each other or to efficiently build new products and services.  Hence, this actor 
fulfils the platform role in the ecosystem. A successful keystone strategy aims to both create 
value and share this value with other participants in the ecosystem, as the survival of the 
keystone is dependent on the number of other players that use the keystone’s platform. This 
strategy is most recommendable when aspiring to become a platform leader.  
 
If the central actor in an ecosystem creates little value, but tries to capture as much value as 
possible from other actors, this actor plays the role of value dominator or landlord. This is not 
a sustainable strategy in the long run, as the value dominator will deplete the ecosystem of its 
value causing it to collapse in the end. A physical dominator, on the other hand, does 
contribute to the value creation process, but tries to control and manage most part of this 
process through vertical or horizontal integration. This aggressive strategy will push other 
actors out of the marketplace, not allowing the emersion of an extensive ecosystem.  

                                                           
18 Iansiti, M., & Levien, R. (2002). Keystones and Dominators: Framing the Operational Dynamics of Business Ecosystems. Boston, 
Estados Unidos. 
19 Iansiti, M., & Levien, R. (2004). Strategy as ecology. Harvard business review, 82(3), 68-81. 
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Most players within a healthy business ecosystem will not play a keystone or dominator role, 
but create value and innovate through specialisation and differentiation in specific market 
niches. These niche players need to thoroughly understand the ecosystem they operate in, so 
they can successfully leverage complementary resources and capabilities from other actors in 
the ecosystem. 
 
The architecture that the iCore project develops could function as a basis for a completely new 
business ecosystem, fulfilling the role of a keystone, managing widely distributed assets and 
sharing part of the value generated by those assets with its business partners, or physical 
dominator, controlling the assets it needs by acquiring partners and taking over their functions 
in the business ecosystem. However, the iCore project could also consider specializing in 
producing specific architectural components and implementing them in existing solutions as an 
add-on. In this case, iCore would first follow a niche strategy, which might evolve in a more 
central ecosystem role once many existing solutions have been adapted to fit the iCore 
architecture. 
 
Establishing a platform 
 
If iCore’s strategy focuses on creating a marketplace for the IoT, iCore would fulfil the function 
of a multi-sided platform (MSP): it creates value by enabling direct interactions between 
distinctly different user groups on both the supply and demand side. Both object providers and 
soft component providers position their merchandise on the iCore marketplace and the service 
provider configures its services for the end-user based on the ingredients on offer. In this 
service a consumer device that interacts as an object with the platform may be deployed 
(Figure 7).  

 
Figure 7: iCore as a multi-sided platform 

 
To succeed, platforms in industries such as software, portals and media, payment systems and 
the Internet, must get on board all sides of the market (Rochet & Tirole, 2003). 20 The 
commercial success of such a platform eventually depends on its critical mass of active users, 
as this will result in increased transactions among consumers and between consumers and 

                                                           
20 Rochet, J.-C. and Tirole, J. (2003). Platform Competition In Two-Sided Markets. Journal of the European Economic Association 
1: 990–1029. 

 
Soft Component Providers 

End users 



 

D.1.4 Future Business Model Methodology 

 

Date: 03/10/2014 Grant Agreement number: 287708 Page 27 of 60 

 

resource providers (Eisenmann et al. 2006).21 The value of a platform grows as the platform 
matches demand (Armstrong and Hagel, 1997).22 Ideally the platform collects revenue from all 
sides. However, one side is often subsidized in order to generate network effects by increasing 
the number of subsidy-side users, in turn attracting producers who are willing to pay to reach 
the customers (Eisenmann et al., 2006).  
 
So what does this mean for the iCore if the consortium decides to pursue a platform strategy? 
To become successful, the iCore platform service provider (PSP) must attract distinctly 
different user groups and keep them satisfied: object providers (OPs), service providers (SPs), 
soft component providers (SCPs) and indirectly the end-user who also can play one of these 
roles. SPs benefit from the availability of (and competition between) numerous objects and 
soft components. More and better choice of objects and soft components allows the SP to 
configure more valuable services at potentially better prices. Vice versa, the more SPs, the 
more potential demand for the objects and soft components that are available on the iCore 
platform. These are the expected cross-side network effects.  
 
The iCore platform can also provide its users several same side network effects. The more SPs 
are connected to the platform, the more service templates and domain ontologies they can 
share and enhance. This reduces time-to-market of new services and can improve existing 
services. For soft component providers, availability of good reusable components allows for 
more interesting combinations and enhancements of technology with a focus on innovation 
and complements rather than duplication. For object providers, who can be either object 
owners of manufacturers, availability of other objects represents less need for investments. So 
there is more focus on addition rather than duplication of objects and data. However, in 
practice, we often see vertical integration strategies, such as service providers who control 
their own sensor networks and data processing to achieve a competitive advantage. This 
implies that sharing these assets with potential competitors is not as straightforward. 
Nevertheless, an important part of the relative advantage of an iCore platform could be 
determined by the value of combined live data and information that is offered to the (end) 
user.  
 
Concluding, developing an ecosystem platform is a complicated strategy, which is heavily 
dependent on the involvement of external stakeholders. When deciding to pursue this 
strategy, it is important to involve external parties (OPs, SPs and SCPs) as soon as possible in 
the project, so they can experiment with the solutions under development. This way the 
project can learn from the interactions with stakeholders, while at the same time market 
commitment and an active community can be created. 
 

4.2. Measure: Initial scan of business ecosystems 
 
One of the novel aspects of IoT Business Modelling is that successful IoT applications require 
embedding in and complementarity to a business ecosystem. To inform the decisions 
regarding the vision and strategy of the project, it is preferable to include an outside 
perspective on current business ecosystems at this stage of the project. An exploration of the 
current business ecosystems that will likely influence or be influenced by the R&D activities 

                                                           
21 Eisenmann, T., Parker, G., and Alstyne, van, M.W. (2006). Strategies for Two-Sided Markets. Harvard Business Review 
(October). 
22 Armstrong, A., & Hagel, J. (1997). Net gain: Expanding markets through virtual communities. MA: Harvard Business School 
Press. 
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can provide the project partners with a perspective on the external opportunities and threats 
for new technology development. This initial scan of current business ecosystems consists of 
the following steps, which will be elaborated on in the second phase: 
 

1. Identify the boundary, main players, technologies and products/services of current 
business ecosystems in which the innovation will be implemented. 

2. Analyse the attractiveness of the business ecosystems based on its main 
characteristics and future trends and developments. Carry out a quick scan of some 
main ecosystem indicators, including its economic dimension, market barriers, and 
future trends and developments.  Identify the key social, technological, economic, 
ecological and political drivers of change related to the scope of the business 
ecosystem in a chosen time frame and identify which ones offer opportunities or 
threats to the project. 

The initial business ecosystem scan can be carried out as desk research or by interviewing 
market experts. This step is meant to validate hypotheses regarding the project vision and 
objectives and improve them. 
 
Platform Seeding 
 
One of the main questions the measuring activities should answer at this stage of the process, 
when considering adopting a platform strategy, is which existing business ecosystems would 
provide an attractive environment for expanding initial seed applications into other 
applications and domains. As an architecture innovation, iCore could become the basis for an 
entirely new business ecosystem in the future, if the iCore PSP succeeds in attracting distinctly 
different user groups with diverse needs and keep them satisfied. This means that for the 
horizontal ambition and potential of the iCore platform, the acceptance and exploitation of a 
single real-time data application does not suffice. However, this first application can serve as a 
so-called ecosystem seed23, which we currently observe as the dominant expansion strategy in 
the IoT service space. A seed is a viable first application that allows for growing and moving 
into other applications and domains, thereby horizontally expanding the ecosystem (Figure 8). 
    

                                                           
23 Fischer, G., & Herrmann, T. (2011). Socio-technical systems: a meta-design perspective. International Journal of 
Sociotechnology and Knowledge Development (IJSKD), 3(1), 1-33. 
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Figure 8: Position of the iCore platform business ecosystem in various ecosystems for a horizontal 

expansion strategy 

 
 

4.3. Learn: Strategic search fields 
 
It is likely that the formulation of an architectural vision and strategic objectives will require 
several iterations between building and measuring activities. If hypotheses from the build 
activities are proved invalid while measuring the market, the consortium should pivot and 
update their vision and objectives. This process continues until a match is found between 
internal objectives and external ecosystems that seem to provide a fertile ground for achieving 
the project objectives. A SWOT matrix, confronting the consortium internal strengths and 
weaknesses with external opportunities and threats, can be used as a tool to identify these 
strategic search fields. Once a decision is made on which search fields to focus on the 
remainder of the project, the second phase can commence. It is important that the number of 
strategic search fields is narrowed down at this phase of the project, as activities in the next 
stages become more elaborate. A high number of search fields will increase the workload in 
later phases of the project. 
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 5. Phase 2: Opportunity Identification 

Given that the technology being developed within the iCore project is quite generic, it can be 
applied in multiple applications and domains, we propose an exploratory phase in which use 
cases and application domains are generated and consecutively evaluated. The objective of 
this phase is to diverge and narrow down to a set of validated opportunities, converging the 
problem and solution space, which in the consecutive stage can be detailed into concrete 
value propositions. The main components of this phase were previously described and 
executed in D1.3. 

Table 2: Overview of phase 2 contents 

Process Outcomes 

Build Idea generation and concept development: unique system characteristics 
Use cases 
Key architectural business roles and values  
Architecture control points 
Refined  business ecosystem strategy 

Measure Structure and dynamics of business ecosystems  
Identifying key stakeholders and their needs 
Acceptability of proposed solutions 

Learn Evaluation and selection of viable use cases 
Refined business ecosystem strategy 

 

5.1. Build: Technical and business use cases 

In this step, the R&D process continues with the generation of ideas and concepts that fit 
within the chosen vision and strategic search fields of phase 1. The characteristics of the IoT 
solution will become more defined through R&D activities. In the case of iCore, the IoT solution 
under development is quite generic, but should be able to attract many participating 
stakeholders in different application domains. In the early stage of the project one can allow to 
diverge and explore many conceivable applications, as long as they fit within the previously 
defined strategic search fields. This could include use cases covered in literature or imagined 
by the project partners, but to unlock as much creativity as possible and engage the outside 
world, a call for use cases could also be considered. This may already attract interest from 
potential stakeholders. This generation of application ideas should be considered as a first 
iteration of Value Propositions, and should thus include statements on the perceived values for 
stakeholders.  
 
The form the technical IoT solution takes during this phase influences the potential to create 
and capture value for the project partners and external stakeholders in specific use cases. It is 
therefore important to not only develop ideas about the technological architecture at this 
stage, but also develop ideas about the desired business ecosystem configuration in the 
application domains. Which key business roles will be fulfilled by the project partners and 
which key roles are outsourced to external business ecosystem stakeholders? At some specific 
points in the system architecture, these key business roles can assert direct and indirect 
decision rights over (a subset of) system components and the relationships between those 
components. Based on these architectural control points, more concrete strategies for 
business roles to capture value and assert vertical control can be generated. In the next 
subsections we will elaborate on these aspects. 
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 Designing an architecture of participation 5.1.1.

For all the advantages platform technologies such as iCore seem to offer, platform providers 
often struggle to create acceptance from multi-sided networks. According to Eisenmann et al. 
(2006)24 platform managers all make the same mistake of creating strategies relying on 
assumptions that apply to products without network effects. The distinct character of platform 
industries demands new approaches. To create content and user traffic on the platform, 
aspiring platform providers should design an architecture of participation (O’Reilly, 2004)25. 
This means that the platform design should stimulate contribution as the default behaviour by 
designing a system with high modularity and well-defined interfaces that can be easily built on 
by others and performs a valued function (see Textbox 1). 
 

  
Textbox 1: Architecture of participation heuristics (Muegge, 2013, p.8)

 26
 

 

  

                                                           
24 Eisenmann, T., Parker, G., and Alstyne, van, M.W. (2006). Strategies for Two-Sided Markets. Harvard Business Review (October) 
25 O’Reilly, T. (2004). The architecture of participation. Available from: 
    http://oreillynet.com/pub/a/oreilly/tim/articles/architecture_of_participation.html 
26 Muegge, S. (2013). Platforms, Communities, and Business Ecosystems: Lessons Learned about Technology Entrepreneurship in 
an Interconnected World. Technology Innovation Management Review, (February 2013: Platforms, Communities, and Business 
Ecosystems). 

1. Small modular applications. 

2. Well-defined interfaces that place few constraints on interoperability. 

3. Transparency of system design. 

4. A small core and well-defined extension mechanism, also described as a 

tightly-controlled cathedral surrounded by an open bazaar. 

5. Rival ideas and solutions compete with one another in a free market. 

6. Low barriers to entry for new users. 

7. Outside contributions are welcomed and compete on a level playing field 

with contributions from within the platform community. 

8. User value, as assessed by users, is the criterion for selecting solutions. 

9. Users have the credible capability to fork the project, providing strong 

incentives for developers to be responsive to users. 

10.Contribution is the default behaviour of using the system. 

11.Users trust the system. 

12.Users can do something themselves that previously required a professional 

operator. 

13. Value is extracted from what users already do without requiring behaviour 

change. 
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 Key technical features translated into key business roles and values 5.1.2.

In order to understand the potential business roles and values the IoT solution can create, we 
must understand the technical features. In the case of iCore, some of the main features of the 
solution are illustrated in Figure 9.  
 

 
Figure 9: Key features of the iCore architecture 

 
Functional roles are derived from the technical/functional architecture concepts that are being 
developed during this stage. From these roles the key business roles are derived by 
considering which roles control the performance of the application. Understanding the roles 
and values helps to instantiate this concept in concrete application domains to assess the fit. 
Note that this activity is ‘application agnostic’, meaning that it will provide a blueprint for the 
potential business ecosystem, which will have to be configured based on the chosen use case 
domains. An example of such a blueprint can be found in Figure 10, which should be mapped 
to the stakeholders in the actual use case ecosystem. In practice we will observe many 
combinations and integrations of these architectural business roles.  
 
 

 
Figure 10: Key Business Roles based on the iCore architecture 

 
An overview of the potential business values that the solution might bring follows from a 
translation of the features and functionalities into concrete values. In general, the IoT provides 
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users with 4 generic functionalities, in ascending order of technological complexity: 
monitoring; control; optimization and prediction; and autonomic operation. At its most basic 
implementation, IoT applications will provide users with more data (monitoring), which will 
provide them with the following potential values: 
 

 Increased (perceived) quality of the real world object, process or situation that is 
being monitored; 

 Risk reduction 

 Improved decision making processes 

 Cost reductions 

 Revenue increases, because more (accurate) information may lead to the discovery of 
new markets or the ability to improve products/services to existing markets 

 The possibility to delay investments, for example in new machinery or major repairs 

The iCore project aims to provide a highly sophisticated cognitive IoT architecture, which could 
also enable autonomous processes. As such, it can bring additional potential values to its 
stakeholders, of which some are illustrated in Figure 11. These values will be the main 
ingredients for developing comprehensive value propositions in the next phase: proposition 
definition. 
 
The activities to define key architecture-based business roles and values can be considered 
technology push: hypotheses about business roles and values are generated reasoning from 
the technology. These hypotheses need to be validated in the chosen use case context with 
actual stakeholders from the domain.  
 
 

 
Figure 11: Key values of the iCore architecture 
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 Control points, vertical integration and platform strategies  5.1.3.

A concept may be specifically of interest to system industries like the IoT, is the architectural 
control point, stemming from “system component[s] whose decision rights confer architectural 
control over other components” (Woodard, 2008, p. 361).27 Controlling certain architectural 
features can profoundly influence the entire business community. Hence, to understand how 
the architecture under development allows stakeholders to capture value, it is necessary to 
understand how managing the settings of one component can be used for one’s own benefit. 
As in practice many players will play multiple roles and are to some extent vertically 
integrated, it makes sense to see how combinations of the control points following from the 
technology architecture can be deployed to capture value.  
 
By inspecting the control points related to the architectural business roles, we derived the 
following potential strategies leveraging the iCore architecture control points. These will be of 
influence in both value creation and value capturing and thus need to be considered while 
developing the Value Propositions:28 
  

 The business need for sustainable competitive advantage drives exclusivity which 
drives vertical control; 

 Virtualization and cognitive technologies make the objects potentially less unique. This 
drives on the one hand differentiation of object providers by means of qualities and on 
the other hand seeking prioritized or guaranteed use from the platform or one of the 
components (vertical control); 

 Virtualization and cognitive technologies make the soft components potentially less 
unique; 

 If exploitation of the soft component and the actual object lies with different entities, 
their interests are in conflict; 

 The PSP has the option for a neutral (fair) or a commercial (pay for priority) approach; 

 The PSP has a first mover advantage in identifying business opportunities; 

 The PSP controls which objects to keep alive. 

Next to these vertical control point strategies, in order to further understand the fit of the 
technology with a potential application domain, it is suggested to generate scenarios how the 
application can scale to a successful horizontal platform if that is in line with the earlier defined 
strategic objectives.  
 
  

                                                           
27 Woodard, J. (2008), "Architectural Control Points", Third International Conference on Design Science Research in Information 
Systems and Technology (DESRIST 2008), Atlanta GA, 7-9 May 2008. 
28

 In D1.3 we also presented some alignment strategies to balance the potential negative effects of these strategies, which are 

omitted here. 
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5.2. Measure: Business ecosystems, stakeholder needs and 
acceptability 

In today’s complex and dynamic world in which networks of different actors provide the main 
instrument for value conversion, winners are defined by the network externalities they can 
leverage within a web of actors across industries. This view implies that the business 
environment in which one operates is no longer beyond the influence of individual actors. 
Organisations should effectively use their capacity to form strong relationships to relate their 
activities and assets to those of customers, suppliers, competitors and governing organisations 
within their business context (Håkansson & Snehota, 2006).29 This can only be achieved by 
understanding the interconnected business models of actors in a network and the forces that 
influence such networks.  
 
The build activities during this phase have generated several use case scenarios to strategically 
leverage the features of the conceptual IoT solution to control the business ecosystem. With 
the measuring activities, we will validate these use case scenarios against the structure and 
dynamics of business ecosystems in practice and reconfigure them to fit the application 
context. Which ecosystems to evaluate is determined by the chosen use cases.  
 
Before starting this evaluation, it is wise to pre-select the most interesting use cases based on 
the earlier defined vision and strategic objectives, because the ecosystem analysis described in 
this section is quite extensive. During this phase interactions with key stakeholders are also 
encouraged, as it will provide richer insights in their needs and allows to start creating market 
acceptance for the new innovation.  
 

 Analysing the structure and dynamics of business ecosystems  5.2.1.

To understand the forces and behaviours that drive current business ecosystems several 
elements need to be analysed: the firm, network, performance and governance (Anggraeni et 
al., 2007). 30 31 The Methodology Of Business Ecosystem Network Analysis (MOBENA)32 offers a 
comprehensive framework to analyse business ecosystems by determining the characteristics 
and roles of single ecosystem actors, analysing the network structure that connects them and 
assessing future developments that may shape the future ecosystem. This methodology allows 
us to elaborate on the initial business ecosystem scan and analyse the ecosystem on a more 
detailed level. Below the steps of the methodology are adapted to our purpose and further 
detailed. 
 
  

                                                           
29 Håkansson, H., & Snehota, I. (2006). No business is an island: The network concept of business strategy. Scandinavian Journal of 
Management, 22(3), 256-270. 
30 Anggraeni, E., Den Hartigh, E., & Zegveld, M. (2007). Business ecosystem as a perspective for studying the relations between 
firms and their business networks. In ECCON 2007 Annual meeting. 
31 D2.4 iCore System governance model reflects the governance of iCore 
32 Battistella, C., Colucci, K., De Toni, A. F., & Nonino, F. (2012). Methodology of business ecosystems network analysis: A case 
study in Telecom Italia Future Centre. Technological Forecasting and Social Change. 
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STEP 1: Define the boundary, elements and relationships of current ecosystems in which the 
innovation will be implemented 
 
This step is aimed at gaining insight in the current business ecosystem in which the innovation 
will be introduced. An ecosystem is essentially a large network in which the constitutive 
elements are linked by mutual relationships. So the actions in this step are designed to identify 
the system’s boundary, its main elements and the relationships between those elements: 

a) Define the boundary of the current business ecosystem analysis based on the 
generated use case 

b) Identify relevant current business ecosystem elements: business roles and actors who 
perform them, technologies, current products/services and environment (e.g. market 
constraints and regulations) 

c) Identify the tangible and intangible relationships between the ecosystem elements. 
The relationships among the constitutive elements can be mapped using a connection 
matrix: a matrix where the vertical and the horizontal axes contain the list of identified 
ecosystem elements. The relationships between these elements are classified as 
follows: “0” - No relation, “1” - Intangible Relation33, “2” - Tangible Relation, “3” – 
Future relation34 
 

STEP 2: Visualise and validate the ecosystem model 
 
The objective of this step is to create a visual representation of the business ecosystem, by 
graphically transposing the connection matrix from the previous step, using network 
visualisation software. To compare network visualisations, the following criteria are used for 
graphical representation: 

 Nodes: Different colours are used to differentiate between ecosystem roles. The size 
of the node indicates the centrality of the role to the ecosystem. 

 Links: The weight of the link indicates the type of relationship between nodes, as 
indicated in the connection matrix. 

We propose the involvement of domain experts in this step to validate and refine the outcome 
of the business ecosystem model.  
 
STEP 3: Analyse the ecosystem’s behaviour to define drivers and barriers to adoption of the 
new innovation 
 
This step is dedicated to analysing the ecosystem with the purpose to understand the current 
ecosystem’s main characteristics and predict its behaviour towards the proposed innovation. 
This involves understanding how the value is created and distributed inside the ecosystem in 
order to define a viable positioning strategy to capture part of this available value. 
The ecosystem analysis involves five relevant dimensions. Table 3 shows all relevant 
dimensions and a non-exhaustive list of possible indicators per dimension. Indicators can be 
selected case by case depending on the investigation purposes. 
  

                                                           
33 Def. “All the informal, ad hoc – yet critical supporting exchanges of information support and benefits.” (Allee, 2010, p. 35), 
which are not contractual and not directly paid.  
34 Def. “Formally structured or contractual interactions directly generating revenue or funding” (Allee, 2010, p. 35) 
REF: Allee, V. (2010). How is value really created? The Value Networks Approach. The Matrix-Post cluster innovation policy, 35 
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Dimension Investigation purposes Relevant indicators 

Economic dimension How much value is circulating 
through the ecosystem? 

Sales; revenues; EBITDA; 
investments; cash flow; 
subscribers; trends; revenue 
structures; business models 

Physical structure How many actors are there, 
which role do they perform 
and where are they located? 

Total number of players; 
number of (main) players per 
industry; geographical 
presence  

Attractiveness What are the barriers to 
enter and compete in the 
business ecosystem? 

Porter’s 5 forces; legal 
barriers; technological 
barriers 

Relationship analysis Which actors play a central 
role in the ecosystem? 

Number of links with other 
ecosystem actors; size; 
unique capabilities; power 

Control points At which points in the 
ecosystem can management 
be applied to create 
opportunities for creating 
and capturing value?  

Regulation; standards; degree 
of vertical integration 

Table 3: Ecosystem behaviour analysis dimensions and indicators 

 
In this step, we look again at control points. But this time control points are defined as parts of 
the value network at which management can be applied through economic power (Allee, 
2002; Value Chain Dynamics Working Group, 2005; Eaton et al., 2010).35, 36 , 37  This power can 
be defined based on both transaction cost theory (Coase, 1934; Williamson, 1981)38, 39 and the 
resource based view (Wernerfelt, 1984; Prahalad & Hamel, 1990).40, 41 To define which points 
in the value network can be characterised as control points and evaluate the success of 
business models utilizing them, the Value Chain Dynamics Working Group at MIT (2005) 
proposes four criteria: 
 

 Interchangeability – How easily can other actors provide a similar control point? 

 Demand – How much market share can the control point capture? 

 Value – How much value can the control point capture? 

 Time – How will the three parameters above change over time based on triggers from 

the environment? 

 
STEP 4: Identify future trends and developments that are relevant for forecasting future 
ecosystem evolution scenarios 
 

                                                           
35 Allee, V. (2002). The Future of Knowledge: Increasing Prosperity through Value Networks, Butterworth Heinemann, Boston 
36 Value Chain Dynamics Working Group (2005). Mobile services in the communication industry, MIT Communications Future 
programme, MIT 
37 Eaton, B. D., Elaluf-Calderwood, S. M., & Sørensen, C. (2010). The role of control points in determining business models for 
future mobile generative systems. In Mobile Business and 2010 Ninth Global Mobility Roundtable (ICMB-GMR), 2010 Ninth 
International Conference on (pp. 459-463). IEEE. 
38 Coase, R. H. (1937). The nature of the firm. Economica, 4(16), 386-405. 
39 Williamson, O. E. (1981). The economics of organization: the transaction cost approach. American journal of sociology, 548-577. 
40 Wernerfelt, B. (1984). A resource‐based view of the firm. Strategic management journal, 5(2), 171-180. 
41 Prahalad, C. K., & Hamel, G. (1990). The core competence of the corporation. Boston (MA). 
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Where the previous steps in this track focus on analysing the internal factors that drive the 
business ecosystem behaviour, this step focuses on the external trends and developments that 
could force the business ecosystem to evolve in the future and could provide favourable 
conditions for implementing the iCore platform. We will explore these future developments as 
follows: 

a) Identify the key social, technological, economic, ecological and policy drivers of change 
related to the scope of the business ecosystem and chosen time frame.  

b) Rank the identified trends and developments in a certainty/impact matrix. The drivers 
that are classified as both uncertain and of high impact (Figure 12) are most important 
for forecasting the future evolution of the business ecosystem. 

 
Figure 12: Generating scenarios by ranking trends and developments on their uncertainty and impact 

 
STEP 5: Evaluate business ecosystem potential for introducing the new innovation and 
expanding its market 
 
Based on the insights gained from step 1-4 the business ecosystem’s potential for introducing 
the new innovation and expanding its market can be evaluated. This can be done on the 
following three criteria: 

 Market attractiveness: How much potential does the ecosystem have for creating and 
capturing value (and thus profit)? 

 Fit with the technical system values: To which extent are business ecosystem’s needs, 
wishes, structures and future developments compatible with the features of the 
technical system/innovation? 

 Control point leverage: To which extent is it possible to leverage the architecture 
control points in existing business ecosystems?   

 Horizontal expansion potential: To which extent does the business ecosystem offer 
opportunities to horizontally expand into new domains? 
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 Identifying and engaging key stakeholders 5.2.2.
While analysing the business ecosystems related to the use cases, a good overview of all stakeholders 
currently participating in the business ecosystem is created. To identify which of these stakeholders 
should be engaged to create commitment for the IoT solution, the stakeholders in existing business 
ecosystems can be mapped to the blueprint of key architecture-based business roles that has been 

created previously during this phase. The resulting stakeholders can be clustered based on their 
power in the ecosystem and their interest ( 

Figure 13). The stakeholders in the lower right corner of the matrix are the ones that are 
expected to be most relevant to engage in order to create acceptance in the business 
ecosystem for the new technology. It is important to find out what their current practices and 
needs are in order to validate the added value of the ideas and concepts that are being 
developed within the project. Ideally, the stakeholders can experiment early on with the 
technology that is being developed in the project. This can kick-start the development of 
communities that are necessary to create a successful platform innovation (see 5.1.1.). 
 

 
 

Figure 13: Power/Interest grid 

 

5.3. Learn: Viable use cases and business ecosystem strategies 

After several iterations through the build and measure activities in this phase, it should be 
clear which use cases could be feasible both in technical and business terms and how the 
project should go about to engage stakeholders in existing business ecosystems. In order to 
establish further focus and commitment in the ensuing phases of the development process, 
the governance process should ensure a selection of viable use cases that the project considers 
worth pursuing. In the case of generic IoT technology, such as iCore, the total set of use cases 
should be heterogeneous to be able to explore different domains, while being within the 
boundaries of the total project workload.  
 
To make the selection of use cases, the total set of potential application domains should be 
evaluated against: 
  

a) the extent to which the domain would benefit from the technology under 

construction;  

b) expected viability in the existing business ecosystem taking into account the vested 

interests and needs of incumbent players; 

c) support from partners in the project, since they would be putting effort in the 

development of the use case; 

d) potential to leverage architecture control points to create and capture value for both 

the project partners and other stakeholders in the use case’s business ecosystem 
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This evaluation should be considered as a test of the hypothesis “Use Case XYZ is a clear-cut 
case of an application utilizing [technology] in [application domain] and is expected to be very 
desirable and supported by both project partners and key stakeholders in the [application 
domain].” It is desirable to include external stakeholders  or experts in this evaluation. 
Consider using one ‘wildcard’ for a use case that seems attractive, but for which a clear cut 
business ecosystem does not yet exist. 
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 6. Phase 3: Proposition Definition 

After selection of the applications and domains that are considered opportunities, these 
opportunities should be further specified and detailed into something that stakeholders can 
understand and value. In an iterative manner propositions are validated with stakeholders and 
further refined. The objective of this phase is to achieve ‘commitment’ from stakeholders for 
further collaboration (after the project). In the governance process it should be defined which 
(amount of) commitment is required to continue the project. This phase is therefore mainly 
characterized by the objective to create a product/market fit. 
 

Table 4: Overview of phase 3 contents 

 

Process Outcomes 

Build Developing iCore value propositions  
IoT applications as a Virtual Cockpit  
Applying dynamic service composition  
Self-checking the IoT value propositions  

Measure Validating and improving with stakeholders  
Learn Value capturing  

Selection of value propositions for business implementation 

 

6.1. Build: Cognitive & Dynamic IoT business model generation 

The purpose of this activity is to develop acceptable value propositions and accompanying 
business models that capture the essence of some of the developments of the project in a 
feasible and evaluable format. In order to support the development of these value 
propositions and business models we have composed a toolset that helps to highlight the 
specific characteristics of IoT solutions that are both cognitive and enable the dynamic 
composition of services. This toolset includes the following tools, which will be described more 
elaborately in the next subsections: 
 

 The value proposition and business model canvas 

 Virtual Cockpit business model blueprint 

 Dynamic Service Composition for real world service delivery 

 IoT characteristics checklist 

With these tools practitioners should be equipped to develop meaningful value propositions 
for cognitive and dynamic IoT solutions. We expect that these will not be neither perfect nor 
complete in the first iteration. Several lean iterations will be necessary to converge the 
problem and solution space. Therefore we suggest initially focusing on the key aspects of the 
value proposition and gradually adding more detail to arrive at a full-fledged business model. 
Continuously validate the developed value proposition(s) in the form of hypotheses with the 
stakeholders. Try to implement both technical and market insights in the trials and 
demonstrators to illustrate certain aspects as much as possible. After a number of iterations, 
time or response it should be formally decided to continue or stop further developing the 
value proposition(s) and business model. 
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 Developing value propositions 6.1.1.

In order to be able to validate the business value of iCore with external stakeholder and to be 
able to report about that later, a so called value proposition needs to be developed. This is a 
template that describes what is offered to the stakeholder and how it produces value for him 
by ‘creating gain’ (benefit) or ‘relieving pain’ (cost reduction, easing a task). This thus refers to 
the functionalities delivered by the solution. See the graphical canvas in Figure 14. 
  

 
Figure 14: Value Proposition Canvas  (Strategyzer, 2014)

42
 

 
This canvas captures the essence of the popular ‘Business Model Canvas’43 and helps to 
articulate hypotheses about the solution’s intrinsic variables and their usefulness for the 
targeted customer/user in relation to current competing and complementing practices and 
solutions available to these stakeholders. As such, the value proposition canvas can be viewed 
as a graphic representation of acceptance theories, such as the Technology Acceptance Model 
(TAM) (Rogers, 1989)44 and Innovation Diffusion Theory (Rogers, 1995)45, on which we will 
come back in the measure activities of this phase in section 6.2.  
 
  

                                                           
42

 Strategyzer (2014). The Value Proposition Canvas. Available from: http://www.businessmodelgeneration.com/canvas/vpc 
43

 Osterwalder, A., & Pigneur, Y. (2010). Business Model Generation: A Handbook For Visionaries, Game Changers, And 

Challengers. 
44

 Davis, F. D., (1989). Perceived Usefulness, Perceived Ease of Use, and User Acceptance of Information Technology. MIS 

Quarterly 13(3): 319-340. 
45

 Rogers, E. (1995). Diffusion of Innovations. (4th ed.). New York, NY: The Free Press 
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 The Virtual Cockpit business model blueprint 6.1.2.

Neither the value proposition nor the business model canvas themselves contain specific IoT 
aspects, such as the potential interdependency between platform, service provider and object 
provider or the complementary relationships in an IoT ecosystem. However, it is possible to 
determine business model elements that are exemplar for IoT solutions, resulting in a business 
model blueprint that can be adapted to fit specific IoT contexts. We named this blueprint the 
‘Virtual Cockpit’ business model.  
 
The Virtual Cockpit is a predefined Business Model Canvas that contains elements that are 
common to each cockpit or control room. Examples of common functional patterns, which 
have been identified in a large number of typical IoT use cases in D1.1,46 include (Figure 15): 
 

 
Figure 15: IoT patterns 

 
• Localization – finding objects that meet criteria, in order to [objective] 
• Process- and information organisation – ensuring availability of information to 

facilitate decisions and make processes interoperable and executable and resilient, in 
order to [objective] 

• Device and access management – ensure availability and control of devices, in order to 
[objective] 

• Event driven – detect deviations from thresholds in order to execute processes or 
prevent certain situations, in order to [objective] 

• Big data management  - detect patterns in data to identify developments, e.g. to 
predict certain situations, in order to [objective] 

All these patterns can be positioned in context of the process to achieve some objective. Such 
an objective can be to control the continuation of something as planned, to detect anomalies 

                                                           
46

 iCore (2012). D1.1 Use cases definitions and scenarios 
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or avoid certain risks, but also to identify and seize opportunities (e.g. in sales). It is easy to see 
measure/control/improve loops in the primary business process of the IoT application. 
Therefore we state that IoT applications can be seen as a Virtual Cockpit. For all applications 
one can imagine the structure and contents of the Virtual Cockpit.  
 
Typically, a cockpit measures, monitors and displays processes, objects, key performance 
indicators etc. If certain thresholds are reached, measures will have to be taken. These can be 
predefined or be designed on the fly. This depends on the extent to which the business 
process that the cockpit is supporting is fixed/static or dynamic. 
 
In order to describe the Use Case / Demo / Trial as an IoT application it helps to describe it by 
conceiving its Virtual Cockpit. To do this right, you have to understand the business process / 
objective of the stakeholder. 
 
What a Virtual Cockpit looks like in general 
 

 
Figure 16 General Virtual Cockpit business model 

 
Above we captured the business model canvas for the virtual cockpit. The core of this canvas is 
in identifying the key resources that are used to perform the key activities of the Virtual 
Cockpit. The key activities in a Virtual Cockpit, or IoT application, are measuring, monitoring, 
predicting and correcting. In any application this may take on different forms. E.g. in a Smart 
Orchard the humidity and nutriments in the ground may be measured and, in combination 
with expected rainfall and ideal growth models, lead to specific and individual treatment 
schedules. These can be activated by a controllable tap, but also as an instruction to personnel. 
Similarly, for a traffic advisory application, current and expected traffic can be combined with 
weather forecasts to update the weight of arcs in a network to recalculate the route using a 
shortest path algorithm. The resulting advice is displayed on the traveller’s navigation device. 
In all IoT applications these activities take on different forms, but essentially belong to the 
same family.  
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This also applies to the key resources. The core of resources is obviously defined by sensors, 
data processing and actuators. The latter may be specific controls such as light switches or 
water taps, but also include displays to instruct human beings. The data processing may be as 
simple as an if-then-else (e.g. if room-temperature is above 36 degrees Celsius then turn on 
Airco), but it can be more advanced, such as a shortest path algorithm or a face recognition 
engine. The data processing as described above is thus a combination of actually measured 
data as well as predefined knowledge and processing (e.g. a database of faces, algorithms, 
street plans, business rules (36 degrees)). Clearly new observations can be added to this base, 
so the role of these resources will change over time.  
 
Not all resources will be controlled by the company delivering the Virtual Cockpit service. It 
may depend on measurements performed by somebody else’s sensors (e.g. weather forecast), 
but also on somebody else’s algorithm (e.g. online transcoding). So, the service delivery can be 
composed of resources owned or controlled by different players. This also applies to the 
activities – those can be delivered by different players as well. This observation emphasizes 
that service composition will easily cross organizational boundaries – if supported via a 
platform. Also, if the Virtual Cockpit provides ‘control room’-like services, these can be 
provided to a ‘business owner’. In that case the business owner must allow business 
operations to be monitored. This applies for controlling the whereabouts of devices in a 
hospital as well as for travellers in the city.  
 
Resources and activities, both within or outside the company’s boundaries, will incur costs, 
potentially both in capital expenditure for devices or processing facilities, as well as 
operational expenditure (e.g. in maintenance, power consumption etc.). The distribution 
thereof should be weighed against the values such an application produces. This is reflected in 
the value proposition, which in general is to achieve ‘control’. This means avoiding specific 
risks (getting too hot) and/or evidence of compliance (goods transported within conditions) or 
moving towards an objective (a business objective or traveling somewhere). 
 
By applying the Virtual Cockpit Business Model to a specific application it will be easier to 
describe it as an IoT application. In the next section we will describe how it can be improved. 
Key questions to instantiate the Virtual Cockpit in context of the demo/trial are: 
 
1. Who is the “business owner” and what is the process to support? 
2. What is being measured or predicted, using what data or sensors?  
3. How/when is determined if action is required? (E.g. when I say “I need a parking space” or 

when pressure is above 60 bar) 
4. How is determined what action should be performed? (E.g. predefined, user 

determined,…) 
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How a Virtual Cockpit is improved with iCore 
 
In the business model canvas of Figure 17 we illustrate how the Virtual Cockpit business model 
can be improved using iCore: 
 

 
Figure 17 The Virtual Cockpit model enhanced by iCore 

 
The red text indicates how and where applying iCore components adds value to an application. 
Again, we start with the key resources: iCore allows using more and heterogeneous types of 
sensors, actuators and datasets. This allows for easy use of third party objects, but also for 
gradual replacement of objects. iCore helps to filter and display the relevant information on 
the display of the Virtual Cockpit and therefore the user can handle more information and thus 
maintain better control and make better decisions. Business rules, contingency plans etc. can 
be reused and its performance can be monitored and thus the efficacy of the “corrective” 
action can be increased. In general terms this brings forward specific benefits in the business 
process (quality, security, strategic choices and future benefits) and some of these benefits can 
be monetized in specific cases (cost savings, revenue increases, postponements, future savings 
or revenues).  
 
Of course there are also costs associated with applying iCore to the Virtual Cockpit. Firstly, 
objects will have to be virtualized and registered. Also, business rules and knowledge will have 
to be codified. It may take some time for the system to learn to come to an acceptable level of 
control. If another party’s resources or services are used then there might be a cost associated 
with that usage. 
 
To identify the value of iCore the red text in the canvas above should be made concrete in 
context of the application. Key questions to guide the illustration of the value of iCore in 
context of the demo/trial if it is conceived as a Virtual Cockpit are: 
 
1. What additional sensors/actuators and datasets are being used? 
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2. What (predefined) business rules, contingency plans and context information is used?  
(E.g. templates) 

3. Is it learned about and improved upon? 
4. How does that improve control with respect to the stakeholders’ core business process? 

See Section 6.1.4 for an example of the Virtual Cockpit. The approach presented above focuses 
on the delivery of an IoT service to an end user. This is the context in which iCore is going to 
play a role, but it will not necessarily be the role of the service provider. Implicitly the role of 
iCore is to enable this (and many more) service providers to play and enhance this role and 
facilitate the collaboration with other parties in doing so. 
 

 Applying Dynamic Service Composition to real world services  6.1.3.

An important characteristic of iCore is that (digital) services are dynamically composed as a 
response to a service request. In this way available resources and available knowledge can be 
linked to be used in a service. By trying to see the business process of the Stakeholder, both 
the one offering the service and the one being served, as a dynamic (or programmable) service 
process, this reveals additional potential values for iCore.  
 
The previous section introduced the Virtual Cockpit as a pattern to enhance and translate 
existing applications into IoT applications. The second means of identifying iCore value and to 
derive a value proposition is by applying the concept of ‘Dynamic Service Composition’ to the 
real world business process of the stakeholder (being served or servicing). In the iCore system, 
we try to dynamically compose (or program) IT (digital) services based on a Service Request. 
We found that trying to see the business process of the stakeholder (both serving and being 
served) as a dynamic (or programmable) service process, this reveals potential values for iCore, 
because it reveals opportunities for building and reusing knowledge, reusing objects and 
services. This approach is likely to include other sub activities and other stakeholders with their 
own objectives in scope. This is because in real life business processes do depend on objects 
and services stemming from other parties. (E.g. the scope of someone trying to find a parking 
spot grows to someone with a need to travel to an appointment, or, the scope of an online 
shop grows to a company trying to manage goods deliveries in desirable timeslots for its 
customers.)We have set up the following procedure to do this step by step (Figure 18): 

 
Figure 18: Dynamic Service Composition procedure 

The following questions apply: 
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1. Who is the “business owner” and what is the process to support and the goal that s/he 

tries to achieve? 

2. What sub activities appear in this process? The answer here and above determine the 

scope (e.g. travelling, parking somewhere or parking in this exact parking lot). Try to 

explore with objectives behind objectives. 

3. What objects are related to these sub activities? E.g. bus, schedule, parking lot, 

appointment, venue, map,… These objects provide links to other players. 

4. What new possibilities does connecting these objects provide? 

5. What information can be collected for the sub activities in order to control it? E.g. 

timetables, reliabilities, usage, actual availability,… This provides opportunities for 

coding and growing knowledge. 

6. What new possibilities does accumulating data or knowledge provide? 

7. Who owns the objects and the data and what do they try to optimize or control? Here 

the new stakeholders come into view. Which stakeholders can complement? 

8. What type of information or objects do they want to share, how can they be helped 

with data or with alternatives? (E.g. public transport provides an alternative travel 

modality, obsoleting the need to park at all – or providing a complementary service). 

Adding alternatives to select from adds degrees of freedom to the ‘optimization 

challenge’, but adding new stakeholders, objectives and constraints adds complexity. 

9. Describe the joint stakeholders’ optimization problem. This is the potential value of 

iCore. E.g. iCore can potentially optimize the travelling of people through the city, 

while optimizing the load of public transport, parking lots and minimizing search traffic 

and increasing traffic flow. However, addressing such a challenge will require sharing 

of data and potentially trading off of individual objectives against another’s objective. 

10. Do you see potential network effects? E.g. a large number of stakeholders of the same 

type? Assess the likelihood of the ‘participation architecture’ (See 5.1.1.) to succeed. If 

a specific domain is chosen, community building should start ASAP. This is a critical 

milestone and should be covered in the governance. 

11. What solutions and services do these stakeholders already use? If these limit the 

degree to which stakeholders are willing to share information and objects, the joint 

optimization problem can only be partially optimized.  

12. What are the remaining optimization problems? Which value propositions might 

create values and how can value be captured? 

13. Which is the best one to pursue?  What business models ensure that all stakeholders 

are willing to accept the proposition? 

In the approach presented above we apply the dynamic service composition pattern to real 
world business processes to identify ‘spots’ for applying cognition and dynamic (or 
programmed) service composition. This approach, as well as the Virtual Cockpit, has a focus on 
value creation, specifically deploying iCore technologies. Creating value is only one part of the 
story. In general parties do not only want to create value, but also to capture some value 
(probably monetary) in return to sustain or meet their strategic objectives. These returns can 
be determined by the money that customers are willing to pay for the value created, but it can 
also be indirect, e.g. as with advertisements where a knowledge base on customers becomes 
the actual asset that is being exploited. Designing the value capturing requires good 
understanding of the assets of the players involved and the value created. See section 5.2. 
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 Application of Virtual Cockpit and Dynamic Service Composition 6.1.4.

In Table 5 we applied the Virtual Cockpit and Dynamic Service Composition concepts to the 
stakeholders in the transport value chain of the related demo. You can see that different 
business processes can be composed and that iCore provides value for multiple stakeholders 
simultaneously. 
 

Table 5: Example of Virtual Cockpit and Dynamic Service Composition 

Stakeholder Virtual Cockpit Dynamic Service Composition 

Client (e.g. a goods 
producer) 

Business process in which 
goods delivery is a sub-
activity*. Insight in suppliers’ 
stock and goods in transport 
need to be aggregated. 

Supply of goods in controlled 
conditions in timeframe. 
(Goods’ origin is subject) 

Logistic company 
(Stakeholder being served) 

Logistic service: transport of 
the goods (planning, 
realization, conditions) 

Composition/adaptation of the 
transportation plan of certain 
goods, including use of 3rd 
party resources 

Service/solution provider 
(Stakeholder serving) 

Performance in the broad 
sense of the logistic cockpits 
installed at different 
customers (including 
deployment and 
maintenance). 

Composition of a logistic 
cockpit, using (information) 
resources of the logistic 
company 

Service/solution developer Design and development 
progress (awkward to apply 
the Virtual Cockpit concept 
to this) 

Design and development of a 
cockpit to the specs of the 
service/solution provider, 
using existing components. 

* The cockpit of the client (with a different scope) may be developed by another service provider: complement or 

competition? 
 
This illustration shows that by applying the different concepts different potential values of 
iCore can be identified. This is valuable in exploring and shaping the Value Propositions and it 
can also be used in collaboration with stakeholders. 
 

 Self-checking the IoT Value Proposition 6.1.5.

Although business models for successful IoT applications are not abundantly documented in 
scientific literature, the practitioners’ literature is starting to show some convergence on the 
commonalities in successful business models in IoT. This convergence shows a ‘shift in mind 
set’ – not per se a paradigm shift, but rather specific aspects that dominate. It makes sense to 
check developed value propositions against this checklist that includes aspects like 
complementarity in the ecosystem, subscription and updating of the offer. The IoT 
characteristics checklist is described in section. 
 
In the recent years there has been a lot of attention for IoT as well as for business models, but 
the combination of the two is still in an early phase. Nevertheless the first signals for 
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convergence are appearing. Turber and Smiela (2014)47 derive 4 requirements for IoT business 
models from Service Dominant logic. The business model:  

1. Explicates all involved ecosystem participants of the external environment (Ecosystem 
is operant resource and to be seen as lever of competitive advantage) 

2. Depicts customer as operant resource (rather than operand = solely receiving) 
(Customer and partners as co-creator and co-producer of value.) 

3. Charts monetary and monetary benefits for all ecosystem partners (Their incentives to 
participate can be both monetary and non-monetary) 

4. Network-centric, rather than firm-centric (Collaboration is essential ) 

They conclude that the VISOR approach defined by El Sawy and Pereira meets all but the third 
requirement.48 In a less scientifically underpinned article in the Harvard Business Review 
Gordon Hui presents the following table on IoT Business Models.49 
 

Table 6 Value creation and capture: the IoT mindset (Hui, 2014) 

 
 
Based on the above, we derive the following critical check-up questions for an IoT value 
proposition before validating it with stakeholders: 
 

1. How does the focal company for the business model collaborate with its customers 
and with the partners in the ecosystem?  

2. How does the offer utilize intelligence to frequently update and adapt? Does it justify 
recurring revenues? 
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49 Hui, Gordon (2014). How the Internet of Things Changes Business Models. Harvard Business Review Blog Network, July 2014 



 

D.1.4 Future Business Model Methodology 

 

Date: 03/10/2014 Grant Agreement number: 287708 Page 51 of 60 

 

3. Does the business model align the incentives of complementary partners in the 
ecosystem (win-win)? Who gains if you gain and vice versa? 

6.2. Measure: Validating and improving with stakeholders 

The purpose of validation with stakeholders is twofold: initially to identify (additional) 
requirements and eventually to achieve acceptance. Acceptance should lead to or include 
‘commitment’ to be or stay involved in the future. First we need an understanding of what is 
meant by ‘acceptance’.  User acceptance is defined as the demonstrable willingness within a 
user group to employ information technology for the task it is designed to support. Lack of 
user acceptance is a significant impediment to the success of new technology innovation. 
When talking about acceptance a distinction can be made between the more hypothetical 
attitudinal acceptance – or ‘acceptability’ (Schade and Schlag, 2003)50 – and behavioural 
acceptance by employing the information technology for the tasks it is designed to support. 
Before introducing a new technology, such as iCore, attitudes are the most relevant factors to 
predict the extent to which the innovation is likely to be adopted, as these attitudes are 
expected to guide the behaviour after implementation.  
 
Acceptability, however, is a complex construct. This is illustrated by the system acceptability 
framework of Nielsen (1994)51. To understand whether a system is good enough to satisfy the 
needs and requirements of users and other potential stakeholders, and thus acceptable, 
Nielsen (1994) proposes a model that determines acceptability based on both social and 
practical attributes (Figure 19). 
 

 
Figure 19: Model of the attributes of system acceptability (Nielsen, 1994) 

 
Social acceptability and practical acceptability should both be met in order for a system to 
become acceptable. In The Netherlands, for example, the Electronic Patient Dossier, which 
would provide vast benefits for storing and retrieving information about a patient’s medical 
treatments, was met with fierce societal opposition, causing the government to withdraw the 
system for now. There are several factors that can influence the public opinion about new 
technology, such as knowledge, perception and fear (Assefa & Frostell, 2007).52 In forming this 
opinion, people seem not hindered by absence of knowledge, using cognitive shortcuts, such 
as social values to pick and choose information publicized by mass media that confirms what 

                                                           
50 Schade, J., & Schlag, B. (2003). Acceptability of urban transport pricing strategies. Transportation Research Part F: Traffic 
Psychology and Behaviour, 6(1), 45-61. 
51 Nielsen, J. (1994). Usability engineering. Access Online via Elsevier. 
52 Assefa, G., & Frostell, B. (2007). Social sustainability and social acceptance in technology assessment: A case study of energy 
technologies. Technology in Society, 29(1), 63-78. 
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they already believe (Scheufele & Lewenstein, 2005; Popkin, 1991).53, 54  It is therefore 
important that communication efforts about IoT in general and iCore in specific are framed to 
help citizens make a connection with their own lives and values (Nisbet & Scheufele, 2007).55 
 
However, not every socially acceptable technology will become adopted. This is also 
dependent on the practical value it delivers to the stakeholders involved. In the past decades 
various studies have examined how and why new information technologies are adopted. Many 
of these have employed the Technology Acceptance Model (TAM) (Figure 20), which assists in 
measuring the perceived practical use of a new technology (Davis, 1989).56 In this model the 
adoption and speed of adoption of a particular technology is determined by the perceived 
usefulness and the perceived ease of use. These perceptions – which are influenced by 
external variables such as system characteristics – affect the attitude towards usage of a new 
technology which in turn influences the actual technology usage. 

 
Figure 20: Technology Acceptance Model (Venkatesh & Davis, 1996) 

 
Even though TAM has been criticized for its theoretical foundation of the intention -> actual 
use linkage (Bogazzi, 2007)57 and has been adapted and extended in many ways to 
accommodate the ever changing reality of IT environments, resulting in theoretical confusion 
about the commonly accepted version (Benbesat and Barki, 2007)58, it is still perceived as one 
of the most influential acceptance models in the IS domain.  
To understand the external variables in TAM that could drive adoption of the iCore platform 
and its applications, we can use the Innovation Diffusion Theory (IDT) of Rogers (1995)59, who 
defines 5 intrinsic characteristics of innovations that explain an individual’s decision to adopt 
or reject an innovation. Note that these can be articulated with the help of the value 
proposition canvas: 
 

 Relative advantage – What is the added value of the innovation over existing 
offerings?  

                                                           
53 Scheufele, D. A., & Lewenstein, B. V. (2005). The public and nanotechnology: How citizens make sense of emerging 
technologies. Journal of Nanoparticle Research, 7(6), 659-667. 
54 Popkin, S.L. (1991). The Reasoning Voter, Chicago: University of Chicago Press 
55 Nisbet MC, Scheufele DA. The future of public engagement. The Scientist [Internet]. 2007;21:38-44 
56 Davis, F. D., (1989). Perceived Usefulness, Perceived Ease of Use, and User Acceptance of Information Technology. MIS 
Quarterly 13(3): 319-340. 
57 Bagozzi, R. P. (2007). The Legacy of the Technology Acceptance Model and a Proposal for a Paradigm Shift. Journal of the 
association for information systems, 8(4), 3. 
58 Benbasat, I., & Barki, H. (2007). Quo vadis, TAM. Journal of the Association for Information Systems, 8(4), 211-218. 
59 Rogers, E. (1995). Diffusion of Innovations. (4th ed.). New York, NY: The Free Press 
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 Compatibility – To which extent is the innovation compatible with people’s current 
practices? 

 Complexity – To which extent do users perceive the innovation as difficult to 
understand and use? 

 Triability – How easily can the innovation be experimented before making the 
adoption decision? 

 Observability – How visible is the innovation to others (e.g. the user’s social 
network)? 

Later research has extended this list by suggesting the following additional characteristics 
(Karahanna et al., 1999; Barnes and Huff, 2003):60 61 
 

 Image – To which degree does the innovation enhance one’s image or status? 

 Trust – To which extent does the user perceive the innovation provider as 
trustworthy? 

 Evaluating with stakeholders 6.2.1.

The purpose of this task is to evaluate the value propositions with the selected stakeholders. 
The value proposition canvas has captured several hypotheses regarding the characteristics of 
the solution under development and the expected usefulness. In this step these hypotheses 
need to be checked with actual stakeholders in the market. This validation process need not be 
a single contact. Because platform innovations require communities of stakeholders, it is 
actually preferable to expose stakeholders multiple times to the solution and value 
propositions and involve them as co-creators in the project. Also, targeting persons with 
decision power in organizations that can become key partners in the business ecosystem for 
the new technology can help to achieve commitment.  
 
This collaborative approach requires more involvement on part of the stakeholder. At some 
point the proposition can be evaluated in a larger sample, but that depends on the 
platform/exploitation strategy (e.g. a platform enhancement strategy requires acceptance of 
the platform owner). Furthermore, the community can be engaged with trial or beta versions 
of the product. This allows testing other aspects of acceptability than ‘business proposition 
acceptance’. 
 

6.3. Learn: Value capturing 

In the introduction the concepts value creation and value capturing are mentioned. This is to 
distinguish the ability to generate something potentially useful (as technology R&D) from the 
ability to receive benefits (compensation) from generating value as well. Typically this will be 
directly from the user in the form of monetary compensation, but it may also follow different 
business models. For example, like in the tele-monitoring services, the final user is the patient 
and generally benefits the service for free by the hospital (the service provider) that pays the 
platform provider. Another example is the case where the final user benefits the services for 
free, often also providing access to its personal data, while indirect revenues flows come from 
third parties, like the advertisement industry. Whatever the business model chosen, the 

                                                           
60 Karahanna, E., Straub, D. W., & Chervany, N. L. (1999). Information technology adoption across time: a cross-sectional 
comparison of pre-adoption and post-adoption beliefs. MIS quarterly, 183-213. 
61 Barnes, S. J., & Huff, S. L. (2003). Rising sun: iMode and the wireless Internet. Communications of the ACM, 46(11), 78-84. 
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bottom line is that Value Propositions must be used and thus be acceptable. Therefore that is 
the main focus. 
 
In general, if value creation and value capturing are not in line, the creator’s resources will 
soon deplete. Therefore our view on the business modelling in an IoT context is that for all 
roles in the ecosystem the balance of creation and capturing should be acceptable. This 
requirement is not explicitly addressed in a singular activity, but it is intertwined in the process 
in the following ways: 
 

 The analysis of the innovation for architectural control points provides potential 
positions for capturing value (“push”) (see 5.1.3.)  

 The analysis of the structure and dynamics of the ecosystems of the Use Cases 
provides also the control points and the vertical integration of assets. These thus 
provide insight in the incentive structure of stakeholders and perspectives towards 
acceptation of the iCore Value Propositions (“pull”) (see 5.2.1.) 

 The Value Propositions and the related interviews specifically address evaluation of 
the pains relieved and gained benefits versus the cost (in the broad sense) of adopting 
the proposition, i.e. the interview focuses on eliciting such trade-offs (see D1.562) 

 When evaluating an iteration of Value Propositions all stakeholder perspectives 
(including those of the project and its partners) must be evaluated on creation and 
capturing balance (or costs and benefits (in the broad sense)) to ensure ecosystem 
balance. (See 5.2.1.). The process of iteratively adapting the joint innovation based on 
the expected values of the stakeholders is referred to as a Value Case and can be seen 
as a multi-stakeholder multi-value generalisation of an individual financial business 
case.63 
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 iCore (2014). D1.5 Socio-Economic Evaluation 
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 van Scheppingen, Arjella, et al. (2012) A value case methodology to enable a transition towards generative health management: 
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 7. Phase 4: Business implementation 

The final stage of the business modelling process is aimed at launching the developed products 
and services to the market and expand the market and business ecosystem. In this stage the 
build and measure activities converge to one continuous process (as shown in Figure 5), 
therefore we do not distinguish these steps separate.  
 

7.1. Build and measure: Formal business planning activities 

We highlight the most important milestones to acquire in this phase. The milestones are the 
following: 

 
 Business Case: If and when the value propositions and business models are developed 

to a satisfactory level, it makes sense to set up a business case to compare the cost 
and benefits from each perspective to see if value creation and value capture are 
sufficiently balanced according to the criteria of the stakeholders. Business cases can 
use data generated from real life deployments such as trials or demos. 

 Business Plan: If the business models and cases are satisfactory then these can be 
further developed into a business plan that sets out how the business is going to be set 
up and run. Note that due to the developed approach uncertainty is reduced such that 
you should be able to achieve this milestone. If not, you should go to a previous phase.  

 Sustainable Commitment: One of the aims of this methodology is to achieve 
commitment from the selected stakeholders to further the development of the 
technology and turn it into a real life application. Who’s deciding and based on what 
and what commitment entails is to be defined in the governance process. 

7.2. Learn: Continuous refinement 

Note that a business ecosystem goes through several stages, from birth to death. Technologies 
that successfully survive the ecosystem birth stage and become both socially and practically 
acceptable will be diffused to a wider market in the expansion stage (Moore, 1993)Error! 
Bookmark not defined.. Expansion of the ecosystem will only succeed if a large demand can 
be stimulated for the new IoT offerings and if the concept can be scaled up to meet this 
demand. This stage is characterized by competition with other ecosystems and firms for future 
leadership in the subsequent stage. In this leadership stage the structure of the ecosystem will 
stabilise and become more formalised through e.g. standards and interfaces. Strong actors in 
the business community will position themselves as central ecological contributors to keep 
bargaining power of other actors in the ecosystem. This will allow them to set the strategic 
directions of the ecosystem by determining the technological standards and future 
investments in new innovations. To maintain and extend the leadership position, platform 
service providers should make decisions regarding the scope (e.g. which compliments can be 
made by others?), product technology (e.g. how should the architecture look like?), 
relationships with external complementors (e.g. decisions regarding control, cooperation and 
competition) and the internal organisation (e.g. how to co-evolve the platform while 
maintaining the leading position?) (Cusumano & Gawer, 2002).64 A mature business ecosystem 
needs to keep innovating to prevent obsolescence by new technologies and communities. 
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Once new entrants threaten the ecosystem’s position, it either has to renew itself by 
incorporating new innovations or structural reorganisations, or it will face its death (Moore, 
1993)Error! Bookmark not defined.. 
 
Thus, throughout all the stages of the ecosystem lifecycle it is necessary to continuously 
monitor the business models and plans based on feedback from the environment and update 
if necessary. A well-suited design of this learning process gives room to continuously improve 
and scale the business model and accompanying business ecosystem. This process in not 
further elaborated in this work, since it is out of scope for this project.   
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 8. Discussion and further research 

In the iCore project we developed a methodology for cognitive IoT business modelling. An 
illustrative process figure is developed and described. We applied, validated and improved this 
methodology by applying it to several use cases of the iCore project. Below we discuss the 
insights obtained by designing and applying the business modelling methodology. For a 
complete summary of the work presented in this deliverable, see the executive summary. 
 

8.1. Discussion  

The methodology presented in this deliverable is an expansion of the work presented in D1.3. 
In that work we distinguished Track A - iCore System Acceptability and Track B - Existing 
Ecosystems to subsequently confront them to derive a platform strategy. The iterative 
development with project partners and validation of iCore technology based Value 
Propositions with different stakeholders proved a valuable yet labour-intensive addition that is 
needed to converge to commitment of stakeholders to further development.  
 
Although the core of the approach developed in D1.3 remains intact, we identified the need to 
add two important aspects to the process. These are strategy and governance. Prior to and 
during the project some strategic alignment is required to leverage the partners’ exploitation 
incentives in driving both the scoping and development of demos and trials as well as the 
development of Value Propositions with stakeholders in markets of their strategic interest. 
This also applies to decisions on scoping and further detailing of demos, trials and value 
propositions during the project.  
 
A governing process that ensures consent with converging focus and scope should be in place. 
This cannot all be fixed prior to the project, as the insights improve and the domains change. 
Furthermore, we believe that the capabilities to advice on or decide for a partner w.r.t. to 
focus and scoping does not always lie with the personnel engaged in the project, typically R&D 
activities. Therefore we suggest establishing something like a ‘business advisory board’, 
composed of project partners. This may be opened to external stakeholders. 
 
For the development of Value Propositions three types of capabilities are essential:  
 

i) understanding of the functional properties of the technologies under construction,  

ii) being able to translate these to potential business values, and  

iii) being able to specify these values in the domain of a stakeholder in the application 

context.  

This implies a great deal of multidisciplinary interaction. This can and should be planned in 
advance. 
 
Another expansion that this work has brought forward is to put the business modelling 
specifically in context of the project, rather than a stand-alone methodology. This reveals, as 
described above, the need for governance and strategic alignment. This explicitly 
acknowledges the fact that this is, as many, a multi-party innovation. Failing to accommodate 
for that will hamper progress and convergence and thus the efficacy of the business modelling 
activities (as well). 
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In the course of the project a number of trials have been shaped to incorporate iCore 
technologies. Along with this the project has been able to commit new partners to invest in 
this technology under construction. Initially the intended strategic direction of the project was 
to ‘generate, or support, a wider IoT eco-system which can and will be used by many different 
parties and types of users and stakeholders’, in other words device a platform strategy. This 
direction changed in cases, such as the Trento hospital trial, to an ‘add-on-to-existing-
platform’-strategy. A perfectly valid exploitation strategy (or opportunity?) in which an existing 
solution is enhanced, or upgraded, to incorporate the characteristics developed in the project. 
This change however puts different requirements on the table when it comes to business 
modelling. Instead of identifying an application context in which to instantiate and grow the 
platform community to establish network effects, the challenge becomes identifying the 
application and stakeholder that is willing to incorporate the technology. This puts less 
emphasis on identifying the ecosystem structure and dynamics and it doesn’t require putting 
effort in establishing the multiple sides of the platform, as that has already been established to 
some extent. For the add-on strategy a more intimate collaboration with the solution owner is 
required. This has been established in the trial. The consequence is however that the project 
can exert less control on the impact in the domain or on the diffusion of the technology. We 
would like to point out that both strategic directions (establish the platform versus add-on) are 
valid; one does not a prior prevail over the other. However, they do imply a trade-off. 
 
In this project a number of Use Case and technology demonstrators have been developed. The 
purpose of them is to focus on realizing a working deployment of the concepts. Thus on the 
one hand it is practical, on the other hand it is also provides exposure of the advancements of 
the project to those who are interested, including potential stakeholders. This means that 
these can very well be used to strengthen the Value Propositions pursued for exploitation. 
However, that implies that the scope of these demos is hard to determine prior to the project. 
We believe that some flexibility in focus and tuning towards the Value Propositions is 
worthwhile to pursue. 
 
Since this project, as many, is technology R&D driven it would be rare that any Value 
Proposition developed would be ‘bulls-eye’, even though at proposal stage effort has been 
dedicated to identifying the state-of-the-art and societal relevance as well as partners’ 
commitments have been acquired. In order to be able to improve we advocate a ‘lean’ process 
in which key hypotheses with respect to acceptance (i.e. Value Propositions) are iteratively 
tested with stakeholders and improved. In the course of this project we have been able to 
perform only one iteration across the board. Nevertheless the collaboration with stakeholders 
in the trials has probably lead to an informally improved understanding of what is valued by 
the stakeholder. Consequently we have not been able to determine that, although we’re 
confident, the coherent set of Value Propositions in the various applications leads to an 
acceptable balance of value creation and value capturing. It seems that the maturity of the 
Value Propositions is not yet in that stage to perform such an evaluation.  
 
The generic nature of the technologies developed in this project, as foreseen, can be applied in 
many different combinations, in many different applications and many different contexts, 
potentially leading to completely different sets of business requirements. Although the work 
performed in this project clearly shows how to assess the structure and dynamics of 
application ecosystems, it has been deemed impractical to assess all exploitation possibilities 
to select the ‘best’ strategy. With the multiple perspectives and stakes involved it would 
already be challenging to identify what criteria would define ‘best’; instead we propose and 
deployed a process in which the first set of Use Cases can be very broad (e.g. 30), but gradually 
converges to a detailing of around 5 Value Propositions to deal with the many opportunities 
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and perspectives. Conversely, the level of detail pursued also gradually moves from 
exploratory to in-depth. The ecosystem analyses provide insights into the characteristics of 
contexts in which the technology would be adding value (such as architecture control points 
and vertical integrations), so assessment of another application context can be performed 
relatively quickly. Nevertheless, the methodology cannot provide statements on applications 
that have not been considered, but we are confident that this approach leads to focus and 
commitment. 
 
Based on the methodology presented in Figure 21 and the discussion above, we can derive an 
“ideal” project outline. 
 

 
Figure 21: Ideal Project Outline 

 

8.2. Further research 

Although the methodology proposed in this report is broadened, as compared to what was 
proposed in D1.3, mainly by linking it to strategic alignment, governance and embedding it in 
the project context, there are still some gaps to fill. We will introduce a few aspects that could 
use further attention: 
 

 How to achieve strategic alignment prior to the project and how to maintain that over 
the course of the project? How to incorporate that in the governance of the project? 

 What are ways of achieving commitment from internal and external stakeholders, how 
to select these and how to embed these in the project? 

 How to determine, given a set of Value Propositions, if value creation and value 
capture is in balance? What criteria must be met in order to be in a position to do 
that? Can we derive business modelling requirements from that, already earlier in the 
process? 

 Value creation and capturing is strongly related to the control points. Changes in how 
these are used and introduction of new technologies will cause dynamics in the 
ecosystem. How can we model and assess these better and quicker? 
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 The R&D consortium may not be the exploitation consortium. Which capabilities are 
required? How can the transition be made smoothly and transparently? 

 How to design learning processes in the last phase of the IoT business modelling 
methodology? 
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