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ABSTRACT

Understanding the business framework in the Inteofiérhings
and Services (I0TS) ecosystem is an essential qurisite for the
successful deployment and exploitation of new sewiand
applications. 10TS infrastructures are often focuse software
developers, researchers and technologists, but essfod
deployment of real-life applications depends on #indlity to
demonstrate business potential, i.e. realistic audtainable
business cases in selected domains.

The present paper aims at describing a theoreticdl practical
foundation for performing business modelling of @bex, multi-
stakeholder oriented eBusiness services based T dnablers,
such as Hydra middleware components. The main fofute
paper will be on modelling business performance IS
applications involving product companies and on Howderive
new and innovative value propositions from emergssgvice
concepts.

Categories and Subject Descriptors

K.6.1 [Management of computing and information systems]:
Project and People Managemenstrategic information systems
planning, systems analysis and design, systemsopevent

General Terms
Your general terms must be any of the followingdesignated
terms: Management, Design, Economics.

Keywords
Business models, value models, process models, iress
sustainability.

1. INTRODUCTION

The EU research project Hydra is developing a neiddte for
creating Networked Embedded Systems, where heteeogs
devices co-operate to achieve a given goal [1]. Fhalra
middleware allows developers to incorporate hetemegus
physical devices into their applications by offgrieasy-to-use
web service interfaces for controlling any typepbi/sical device
irrespective of its network technology such as Rioth, RF,
ZigBee, RFID, WiFi, etc.

Hydra incorporates means for Device and Servicecdysry,
Semantic Model Driven Architecture, P2P communamgtiand
Diagnostics. Hydra enabled devices and servicesbeasecure
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and trustworthy through distributed security anctiao trust
components of the middleware.

The Hydra SDK (Software Development Kit) will beedsby
developers to develop innovative Model-Driven aggions with
embedded 0TS interoperability using the Hydra radeare.

Furthermore a Device Development Kit (DDK) will peovided
that enables device manufacturers to produce loE®led
devices.

2. IOTSAND PRODUCT COMPANIES

0TS technologies will bring huge business oppdties: for
manufacturers of industrial products. Everythingnfra pump, a
building door, an industrial machine, and an officthermostat
will have the potential to be networked thus creata huge
network of interconnected devices.

Product companies traditionally have expanded theisiness
monolithically from the core manufacturing to varsodegrees of
integrated maintenance concepts. Offerings typicaficlude

logistics support for customers, installation andhmissioning of
products and various degrees of maintenance senAdleof these
offerings are closely related to the firms’ own giwots and do not
substantially increase the business risks; neitterthey add
significant value to the business processes ovel above

maintaining a competitive position in the markdt [2

Product companies can use device networking teolyes to
reduce costs, reduce installation time, improvesatifeness,
neutralise learning differences, bridge knowledgpsg gain more
customers, and pursue new business opportunitiesdubt
companies can also position their 10TS enabledcésvinto a
customer service relationship that enhances bothntes and
customer retention.

In the last couple of decades, product companie® ladready
added numerous new services to their businessnsystich as
supply chain management, service management anideségvel

management, etc. These services often introduceticaud

economic benefits into the value creation calculssch as
customer loyalty and customer retention, and lead/dt new
models such as customer asset management and eusisset
management of services, etc. Common for most cfethusiness
models is the increased complexity and hence gieafi loosing
the necessary metrics for value computation, vatidaand

evolution. Moreover, the business models tend tadbatively

static.



Product companies will soon realise that in the neerld of

0TS, device networking is not only possible, iteissential for
their future business. In a market where custoronerginuously
ask for more complex and integrated services,aniscipated that
0TS applications and intelligent services can heluce the risk
that arises when product companies move from wabwn

physical products to global services with increasmhagement
responsibility.

Hence, with the introduction of 10TS offerings, quietely new
business models are needed to identify and expii@imuch more
dynamic value creation and to model the exchangpraducts,
services, information and resulting values amongadyically
emerging constellations of multiple stakeholdersose the
business system. The ability to correctly identthye value
creation and the involved actors often means tHéerdnce
between success and failure of a new I0TS offering.

3. BUSINESSMODELS

The notion of “business models” has increasinglgrbesed in
recent years to describe the utterly complex enwirent in which
firms and organisations are operating; having tal déth new
disruptive technologies, such as I0TS, and rapiciyanging
demand patterns. In this environment, firms muststantly move
and re-position themselves. In order to do so stractured way,
they use so called “business models” to help thexkenthe right
choices.

In Hydra, we prefer to see business models as tafaet, which
aggregates the value a firm offers to one or séwagments of
customers, and the architecture of the firm andnéswvork of
partners for creating, marketing and delivering tralue, in order
to generate profitable and sustainable revenuarstefor all
actors.

A firm with a strong business model has a muchebéttundation
for understanding the challenges and communicatimd) sharing
the understanding among stakeholders. The prodasedelling
social ontologies helps identifying the relevaneneénts in a
domain and the relationships between them. Mappimd) using
business models facilitate change, because desigrer easily
modify certain elements of an existing model amdusate new
businesses. This is a way of doing risk free expenis, without
endangering an organisation. A business model is thn
abstraction of a company’s entrepreneurial activity

The basic questions to be answered in the busmedsl are the
fundamental questions of any business: What do ffez  the
customer, who are they and how do we operate twedethe
product or service so that we can create a prdditaimd
sustainable business? [3]. In other words, we meédentify and
analyse the value proposition in the intended |@&FBusiness
service, to which customer group the service igeted and how
we organise ourselves to deliver the service inntlest efficient
way. As we shall argue later, the order of whicksththree steps
are performed have a great impact on the choicenadelling
approach to be taken.
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Figure 1 Fundamental elements of a business model [3]

When the three questions have been answered, weeasly

instantiate the model into a preferred BusinesseCasalyse the
revenue streams and cost models, derive the fialreturns and
thus evaluate the sustainability of the proposé@leBusiness.

3.1 Business Moddling Approaches
The business model can take two very different rhode
approaches: The value model and the process model.

As the name indicates, value modelling focusesalunevcreation;
how value is created, by whom and for whom. Ithigst foremost
a strategic tool with the aim of identifying new dness
opportunities and how the firm can position itstategically to
derive maximum benefits from new and emerging opjputies,
which may or may not require substantial redefimitiof the
enterprise infrastructure.

Process modelling is in many ways different fromluea
modelling. Process modelling refers to businesseatares of the
same nature that are classified together into eei@he possible
use of a process model is to prescribe how things
must/should/could be done in contrast to the pmdsslf, which

is really what happens. The process models areftbsissuited to
provide architectural overview in the implementatiaf business
strategies in established infrastructures.

In this paper we will confine ourselves to workimgth value
modelling as the point of entry to developing bes cases for
innovative 10TS services such as those which catelveloped on
the Hydra middleware platform.

3.2 ValueModels

It follows from the basic human character that atainable

business can only be built if its transactions emating true,
lasting values. If there is no added value fordtakeholders, the
business will eventually disappear. The purposethef value

model is to describe who exchanges objects of vaitle whom.

The value model predicts to which extent actors pditable,

and whether actors are willing to exchange objettgalue with

each other. Finally, value modelling uses decontipmspf value

activities as a way to discover new profitable \atiés, where

decomposition of activities in process modellingves the goal
of clarity or of studying various resource alloocas (e.g.

operational actors) to activities.

The évalue methodology was chosen in Hydra as the meghod
tool to create value models. Thivalue method was developed by



Jaap Gordijn at the Vrije Universiteit Amsterdam)].[4 The
methodology is being used successfully in Hydraeémonstrate
the actors involved in 10TS scenarios and the abjeEeconomic
value created, exchanged, and consumed by theses.alttalso
shows the objects of value, which actors expecetarn for an
object of value delivered, or the mechanism of ecan
reciprocity. Further it shows objects, which arefecdd or
requested in bundles and phenomena that cause ngashaf
objects between actors.

Constructing one or more value models, creatindfitptmlity
sheets and calculating profitability numbers talo@smuch time if
it is to be done manually and limits the number mddel
iterations one can do in a given time frame. Herfoe, the
modelling work in Hydra, we are building value mtgle
analysing business cases and presenting them tsrgraphical
evalue software tool developed by the team at VU tinaam
[5].

The évalue method uses a notion of economic value and
illustrates how actors create, exchange, and comsuljects of
economic value. The method focuses on creatiortritmision,
and consumption of economic value objects. Thalae ontology
is organized in sub viewpoints each discussing tedla
requirement types. The global actor viewpoint shdoles actors
involved and the objects of economic value creagaghanged,
and consumed by these actors. It also shows theetsbpf value,
which actors expect in return for an object of eatlelivered, or
the mechanism of economic reciprocity.

The figure below shows the basic constructs usetthénévalue

model.
Money ‘J]- {k
e ———— L )
Good Good Good
Store Wiholesaler, Manufacturer

Shopper:

A Value | Value | Value | Start | Connect. End
Legen interfac port |Exchanggestimulug elementstimulus
] > =T ==

Figure 2 constructs of the e®value model [5]

The value actor “Shopper” exchanges value objeitts thive value
actor “Store”. In exchange for goods, the shopmsispmoney to
the store. Both money and goods are value objsittse each of
the actors puts a real value on the object. Trasaeing can be
extended to the entire value chain.

The évalue tool allows for simulation of the economicuks
from the value exchanges, i.e. calculation in esbelets of all the
impacts arising from the exchange of the valuea!jdoney”.

The calculations show the cash flow in and outaibi® and can
be used for estimating the economic profitability €ach actor.
The scenario used for the simulation of activiiesepresented
with the dotted line in Figure 2. The start stinsufar the scenario
is the shopper’s need to buy goods. The stimulggérs a series
of simultaneously value exchanges along the enee chain.

4. EXAMPLESOF BUSINESS
MODELLING OF IOTSOPPORTUNITIES

To demonstrate the value modelling method usedyidré] the
following case has been developed from the Builddagpmation
domain; one of three domains in Hydra.

Industrial services have traditionally been consde as
“necessary add-ons” to the physical product: theyehbeen
centred on custom-design only in an initial phasel around the
simple provision of spare parts in a second phasés has
changed significantly in the last decades: as Monif6]

underlines, there is a dramatic shift from “engnreg and
manufacturing companies” to “performance providetS&rvices
have become powerful instruments to retain custenzerd to
generate new revenues for product companies.

Ajax Manufacturing Ltd: is a manufacturer of components for
building automation such as coolers, compressaabjes, etc.
Their traditional customers are building constrictfirms, design
firms, and engineering firms. Ajax enjoys a solidrket position
with a very high market penetration in many cowsriAjax is
considering introducing I0TS technology and consept their
product base, and a business model has been dedelop
comprising customers, owners, and users of Ajaxpmorents for
cooling and HVAC applications.

The first extension to the present Ajax serviceiless case
involves the introduction of a new remote monitgrservice: the
“Remote Access” value object. Customers, Facilignsigers, and
building owners with service contracts will be abdeaccess the
installation remotely and perform asset monitoramg control.

They will be able to monitor early indications aebkdowns and
thus reduce risk of down-time. They can also perfoompliance
monitoring and store the information for documeintato public

authorities. The value object is closely relatedthe service
contract itself and enhances customer loyalty atehtion.

By using decomposition, one can derive two newealctivities.
One value activity is concerned with the offerin§ service
contracts. Another value activity is concerned wititernal
support for the field service technicians. Due twréased
complexity of the installations, there is a straregd for service
staff training. Not only the cost of education, bigo the costs of
supporting the service technicians during instalfat and
commissioning and during actual service work aghhHaving
established remote accessibility to all instaliagio “Remote
Access” can now be used for improving the valuevigtof
“Installation and service support” leading to a sabtial saving
on service support costs.

Finally, since the “Remote Access” value objectli®ady being
requested by all of the present actors, the pdisgibof

introducing new actors with a similar value propiosi is

considered. The “Remote Access” object can be ufsed
transmission of high accuracy temporal data aboatgy supply
and consumption. Hence, the Ajax installation catdme a
component in the “Smart Grid” information networdr fenergy
distribution. Information becomes a commodity an@dxAhas a
new value object, which is of interest to a cormgdiehew actor in
the scenario: A utility company.

Having developed the business scenario describedealthe
e'value tool provides the flexibility and it is easy perform
several iterations and present the results, bothtetms of
economic value and in terms of visualisation of thesiness
ecosystem. The value objects are clearly describied the

! At the request of the company, the real name baa Hisguised.



interactions among actors are defined, and the Biessiness case
is now finished as shown in Figure 3 below.

By having remote access to their products, Ajax bagin to
change the nature of their business. They willdasingly engage
as information brokers and service providers basetheir 0TS
enabled products. They can start offering a rarigeew services
such as assisted installation and commissioningnote
diagnostics, repair and maintenance, energy maregerasset
optimisation, and information management. In thypdthetical
market, Ajax Manufacturing undertakes three proféavalue
activities: Contract service, installation and ssvsupport, and
remote metering.

The number of new installations and replacementsually

amounts to 6,000, of which 1,200 customers havedpor a
service agreement with annual service calls anel $mare parts
[7]. In this hypothetical market, all actors arefitable and the
I0TS eBusiness concept is thus sustainable.
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Figure 3 Ajax extended business case (Hydra, 2008)

5. CONCLUSION

Our work has shown the importance of applying ai@dbased
approach to business modelling of emerging loTSices. We
have demonstrated that a formal value modellinglogy, such
as the &value method, is useful and that it provides areksmwt
understanding of the 10TS ecosystem in itself, thkie creation
process, and the exchange of value objects betaeters. It also
provides a tool for de-composing and re-composirajues
activities in order to develop a new, innovativeibness model.

In our work, we have focused on industrial servioeproduct
companies and we have demonstrated how a sustibabiness
model can be developed and how the value analgsishe used
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to identify new value objects to be considered hg éxisting
actors (such as cost savings).

We have also shown how the emergence of new védljgets can
bring entirely new actors into the business sysfemmproved
performance and sustainability of the business ode

The models we have investigated in this paper Haeen of
moderate complexity, but we have been using theesam
methodology of value analysis in the agriculturatter and the
more complex healthcare sector, which is charagdrby many
more actors, including actors that operate on aprofit basis.
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