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Samenvatting
— Summary in Dutch —

Onze omgeving wordt alsmaar ‘slimmer’. Vele objecteroducten en diensten,
zowel voor persoonlijk als niet-persoonlijk gebruilkorden naar een hoger
niveau getild door integratie van ICT-functionatiée. Dit laat dergelijke
producten en diensten toe informatie te verzamel@r de context waarin ze
gebruikt worden, deze te communiceren, er zich asmnte passen en erop te
reageren. Deze op ICT-steunende slimme dienstergedrabij aan de
omschakeling van vele productgerichte industrieéroedernemingen naar een
dienstgerichte structuur. Deze trend, ook bekersl ‘sérvitization’, wordt
mogelijk gemaakt door nieuwe evoluties op het gihian Internet of Things
(IoT) en clouddiensten. Zowel l0T- en clouddiensteieden veel nieuwe
opportuniteiten gaande van betere inzichten inidek&ant, meer toegevoegde
waarde, hogere kosten-effectiviteit en nieuwe swoihkomstenstromen zoals
recurrente  inkomsten i.p.v. een eenmalige inkomsterschillende
applicatiedomeinen zoals slimme zorg (bv. dienstear valpreventie en het
volgen van de patiént op afstand), slimme wonin@®n Nest, een zelflerende
thermostaat die energieleveranciers toelaat je agnimgsinstallatie aan- of af te
schakelen), Industrie 4.0 (bv. automatisch monitoran machineparken voor
preventief onderhoud), slimme voorzieningen (bimsie elektriciteitsmeters),
slimme steden en slimme transportdiensten (bv.nséncontainers) groeien aan
een sneltempo door de vele potentiéle voordelerdeae slimme diensten.

Maar, integreren van deze slimme diensten brengtl wétdagingen en
onzekerheden met zich mee voor zowel de betrokktoren, de gebruikers en
de maatschappij in haar geheel. Zo moeten bijvaddbe nieuwe
samenwerkingsverbanden geformuleerd worden, zijmieuwe en ongeteste
inkomsten-modellen en dienen er investeringen gkmm@aworden. Dan is er
nog de vraag hoe de operationele processen geieepdctullen worden en wat
het effect van regelgeving is, of net het gebredlar? Dergelijke onzekerheden
kunnen in sommige gevallen leiden tot een terugbndd houding en kunnen
zelfs resulteren in barriéres voor adoptie vanlidense dienst.

Zo is er in de zorgsector, afgaande op onderzoslitaten en verklaringen van
de Orde der Geneesheren, een terughoudendheidspeuren omwille van
gebrek aan financiéle structuren, hierdoor is dgpte van slimme zorgdiensten
vaak laag. Ook in andere domeinen zoals slimme ngem en slimme
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transportdiensten kunnen bezwaren rond data prieacydata eigenaarschap
leiden tot een vertraagde adoptie van nieuwe dienst

Om inzicht te krijgen in de totale impact van ddifge slimme diensten en om
economisch haalbare voorstellen te formuleren, etierdeze zorgvuldig
geévalueerd te worden. Om dit te doen, stellen imaelm dit proefschrift een
methodologie voor om de multi-dimensionale impaah \slimme diensten te
kunnen evalueren.

Vooreerst focussen we op de impact die slimme thensebben op de manier
waarop ondernemingen dienen samen te werken of etifieppangaan. Dit start

met het analyseren van het waardenetwerk, wat tithdat de verschillende

actoren en hun rollen of taken binnen het volledigeces van waardecreatie
worden geidentificeerd, alsook de uitwisselingen waarde tussen de actoren
(bv. financiéle waarde versus specifieke diensévenlg). Waardenetwerk-

analyse verschaft inzichten hoe toegevoegde waaoddt gecreéerd en laat toe
om potentiéle hiaten en moeilijkheden voor een gamam waardenetwerk te
identificeren. Een duurzaam waardenetwerk bestlegh constellatie waarbij

alle betrokken actoren individueel profiteren eardaor verder zullen bijdragen
binnen het waardenetwerk. Indien dit niet het gexal zijn, dan zal het

waardenetwerk niet duurzaam zijn en daarmee odkha@baar in zijn huidige

vorm.

Om te weten of de betrokken actoren al dan nidezyirofiteren van integratie
van de slimme dienst, moet de totale impact op business model worden
geidentificeerd en geévalueerd. Slimme dienstennédwmn niet enkel de
bedrijffsmodellen en -processen impacteren, ze reidek tot additionele
investeringen en nieuwe inkomstenstromen. We begimmet het identificeren
en beschrijven van de toegevoegde waarde en inggacte bedrijfsstrategie,
dewelke kan zijn: toegenomen marktaandeel, aargreklan een nieuw type
klanten, een dienstenuitbreiding of een totaalwieanbod naar de klanten toe.
Vervolgens worden de huidige operationele processéieed om de impact van
de slimme dienst op de verschillende processtapgen-taken te kunnen
identificeren. Simulatiemethodes zoals discrete neveimulatie worden
aangewend om de effecten van de slimme dienstete ngaan op vooraf
gedefinieerde kritieke prestatie-indicatoren (K®ih de operationele processen.
Het kwantificeren van zowel de impact van de KPi'gar ook van kwalitatieve
effecten zoals gemoedsrust, verbeterde mobilite#en verminderd angstgevoel
laat een economische analyse van de slimme dieasDaartoe is het ook van
belang de investeringen en operationele kosterotgelieren. Op basis van deze
gegevens kunnen scenario- analyses en techno-esmh@mevaluaties ons
leiden naar optimale uitrolstrategieén of naar niggechnische alternatieven.

Nadat voor elke betrokken actor de impact in kast gebracht en
gekwantificeerd is, dient de haalbaarheid van thensé dienst in het algemeen,
haar waardenetwerk constellatie en de individuelrifsmodellen geévalueerd
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te worden. Door hun innovatieve en disruptieve kita kunnen sommige

slimme diensten geteisterd worden door verschiermhrrieres die een
grootschalige uitrol verhinderen. Via PEST-analygeslitiek, economisch,

sociaal en technisch) worden de barriéres gedetett&en duurzame slimme
dienst volgt niet enkel uit het feit dat de actoesm positieve impact ervaren, of
omdat de waardenetwerkconstellatie haalbaar lijldar ook uit het feit dat er
geen signifancte PEST-barrieres meer aanwezig Rgkening houdend met
potentiéle barriéres en eventuele tekortkomingedeirbedrijfsmodellen van de
individuele actoren kunnen richtlijinen voor verbitg en haalbare

vermarktingsstrategieén voor de slimme dienst gefibeerd worden.

De belangrijkste bijdragen van dit proefschrifinzijet formuleren en valideren
van de voorgestelde methodologie evenals het bpsahren toepassen van
verschillende simulatie- en techno-economische flerdep verschillende use
cases. Zo toont de waardenetwerk-analyse voor ratiegvan een eCare
platform, die als doel heeft om de communicaties@menwerking tussen zowel
de patiént en diens informeel en professioneel redvgerk te faciliteren maar
tegelijkertijd ook verandering in dagelijkse levstigpatronen van de patiént
monitort, dat een grootschalige uitrol nog momehteerhinderd wordt door

verschillende barrieres (bv. de technische comg@ixoor ouderen, gebrek aan
standaarden, bezorgdheden rond privacy en een lgeham financiéle

structuren). Het onderzoek geeft aan dat dezeédbasrite uitdagend zijn om in
een beweging te overbruggen. Daarom wordt een tegead voorgesteld

waarbij de verschillende eigenschappen en mogelijkh van dergelijk eCare
platform stapsgewijs worden vrijgegeven voor veilkahde actoren, om zo tot
volledig patiéntgeoriénteerde zorg te komen. Uélgse van de bedrijfsmodellen
van de verschillende betrokken actoren blijkt datiigzorgorganisaties een
voordeel kunnen halen uit gebruik van dergelijkeeCplatformen omdat deze
de huidige administratieve processen sterk kanewsaudigen. De directe
kosten voor zorgplanning en zorgfacturatie kunneet 188% gereduceerd
worden na implementatie van het eCare platform.rizest zal dit ertoe leiden
dat er veel tijd van de zorgprofessionals vrijkondt kan resulteren in meer
kwalitatieve zorg.

Vervolgens wordt een discreet event simulatiemagergesteld om de impact
van een ontologie-gebaseerd verpleegster-oproegesyste evalueren op de
operationele processen binnen een zorgafdeling. ¢feblogie-gebaseerde
verpleegster-oproep systeem neemt verschillendéexioonariabelen (bv. type
van alarm: vraag naar zorg of vraag naar hoteltkensle relatie met de patiént,
en de agenda van de verpleegkundige staf) in ogingebij het toewijzen van

alarmen aan specifieke stafleden. Acht verschibesdenario's waarbij het
nieuwe systeem wordt ingezet worden vergeleken pnestaties van huidige
traditionele verpleegster-oproep systemen. De pedotie van het systeem
wordt gemeten aan de hand van verschillende KRdéials: balans in werklast,
maximale wachttijd vooraleer een oproep beantwoorsrdt, aantal

doorverwezen oproepen en afgelegde afstand per ¥énneer de KPI's van
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zowel het traditionele systeem vergeleken wordeh deee van het ontologie-
gebaseerde oproep systeem, wordt duidelijk dataltste kan bijdragen tot een
verbetering van de operationele performantie binbepaalde scenario’s. De
aanpak via het discreet event simulatiemodel isatageschikt voor managers
die de potentiéle impact willen nagaan van niewlianse diensten op hun

operationele processen.

10T is een belangrijk element van veel slimme diensMaar het integreren van
loT-functionaliteiten zoals monitoren van de comtex aansturen van actuatoren
(bvb. moter, luidspreker, elektromagneet) heeftieggact op de kostenstructuur
van het bedrijfsmodel. Zo beinvioedt de keuze veintype netwerktechnologie
niet enkel de kosten voor hardware, firmware endteidare, maar kan het ook
impact hebben op de operationele kosten zoals lv.kasten voor tele-
communicatie of batterij vervangingen. Beide typkssten kunnen een
significante impact hebben op de kostenstructueker bij een grootschalige
uitrol. Om loT-ontwikkelaars en dienstenleveransi¢e ondersteunen bij het
keuzeproces voor een geschikte loT-netwerktechimmlagrdt een twee-staps
methode voorgesteld. In een eerste stap wordt sj3 van mismatchen tussen
enerzijds de technische eigenschappen van de metwern functionele en
technische vereisten van de dienst anderzijdsriaximale lengte van bericht,
bereik, maximale zendfrequentie) de lijst van Iafwerktechnologieén (bv.
LoraWAN, Sigfox, BLE, satellietcommunicatie, GSM EME) ingekort. Daarna
worden in een tweede stap de totale kosten inzakeérepaalde technologie met
elkaar vergeleken. Dit bevat onder andere de kost wetwerkuitrol, kosten
voor netwerkonderhoud, hardware kosten, kosten batterijvervangingen, en
kosten voor tele-communicatie. Dergelijke technoreenische aanpak stelt
dienstenleveranciers en loT-ontwikkelaars in stemtde meest economische en
technisch haalbare netwerktechnologie te kiezen.

Tot slot wordt de multi-actor evaluatie-methodo®gpegepast op verschillende
eCare diensten om de toegevoegde waarde ervardgo@rschillende actoren te
identificeren en te vergelijken. Dit omvat niet ehlket kwantificeren van de

impact op kost- en inkomstenstromen, ook wordenlikateeve effecten zoals

verhoogde gemoedsrust en kwaliteit van leven indigémeen meegenomen.
Wanneer deze bevindingen worden gecombineerd nidem#iceerde PEST-

barrieres voor de betrokken actoren, kunnen pétentacunes in de bedrijfs-
modellen gedetecteerd worden die mogelijks kunmdseh tot niet-duurzame

waardenetwerken. Daarnaast laat de methodologiertgevertrekkende van de
grootte en het type barriére, algemene richtlijperformuleren om naar een
duurzame oplossing toe te werken. Dergelijke lijoeh en suggesties kunnen
bijvoorbeeld zijn: de service abonnementskostenmet bedrag X verminderd

moeten worden, de kwalitatieve effecten van deisezijn te laag, of de initi€le

investering voor de patiént is te hoog.
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Our environment is becoming ‘smarter’. Many objegsoducts and services
both for personal and non-personal use are bekenteo a next level due to the
integration of ICT-functionalities. This allows e products and services to
collect information of the context they are usedand to communicate, adapt
and act on this information. These ICT-enabled $nsarvices have been
contributing to the migration of many product-ceatkindustries and businesses
towards a service-centered structure. This trelsd, known as ‘servitization’, is
driven by new capabilities and evolutions in theds of Internet of Things (l1oT)
and cloud-services. Both l0oT- and cloud enablegices open up a lot off new
possibilities ranging from better customer insighiiscreased added value,
increased cost-effectiveness and new types of tevestreams. Several
application domains such as smart health and cae all prevention and
remote patient monitoring services), smart homeg. (Best, a self-learning
smart thermostat that allows energy provider totrmbryour heating system),
Industry 4.0 (e.g. machine monitoring services foeventive maintenance),
smart utilities (e.g. smart electricity meters) asticities and smart mobility (e.g.
smart container monitoring) are growing at fastepdaoe to the potential benefits
smart services hold.

But, integrating these smart services comes witmymaew challenges and

uncertainties for the involved actors, the userd e society as a whole. For
instance new types of collaborations with otheritess actors need to be
formulated, there are new and untested revenue Isjoaled new investments

have to be made. Also, how will the operationalcpsses be affected and what
about the effect of regulations or lack thereof?edéh uncertainties lead

sometimes to a reticent attitude, or can even raésubarriers for adopting the

smart service. In the care sector for instanceeamet and statements of
representatives of associations of physicians &tdichat a lack of financial

structures fuels reluctance, and therefore adoptiosmart care services has
been low. Also in other application domains suchsasrt homes and smart
mobility there can rise concerns about data privaeg ownership, which can

result in a lowered adoption of the new service.
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To gain insights in the overall impact of smartvésgs and in order to create or
formulate a viable and economic offer, they neetdacevaluated very well. To

do so, in this dissertation, we propose a methapolm evaluate the multi-

dimensional impact of smart services.

First, we focus on the impact a smart service mathe way business actors must
collaborate, co-operate or compete with each offieis starts by analyzing the
value network, which comprises the identificatidrirvolved actors, their tasks
or roles within the complete value offer and théugaexchanges between these
actors (e.g. monetary vs. specific services). Valeéwork analysis provides
insights in how added value is created and allosetification of potential
threats or gaps for a sustainable value networkugtainable value network is a
constellation in which all the involved actors rieeevalue in such a way they
benefit individually and therefore will further doibute in the value network. If
this is not the case, the value network will becamsustainable and non-viable
in the current setting.

In order to know if the involved actors will or Wihot benefit from integrating
the new smart service, the total impact on thesiess model needs to be
identified and evaluated. Smart services can ndy affect the individual
business strategy and the business processes, Isntlead to additional
investments and potential revenue streams. We stdht identifying and
describing the added value and impact on the bssinedel, which can be an
increased market share, attracting a new type sibmer, a service extension or
a completely new offer for their customers. Nextrrent operational processes
are broken down to identify how smart services imilpact current process steps
and task. Simulation methodologies such as disenetat simulation are used to
model the effects the smart service has on pregltfkey performance indicators
(KPIs) of the current operational processes. Qfiang the impact of these
KPIs, as well as quantifying qualitative impactslsas increased peace of mind,
increased mobility and less anxiety, allows ecomommalyses of the smart
service. To do so, also the required investmentsagital expenditures and
operational expenditures need to be modelled. Sicemad techno-economic
analyses then can guide us to the most optimalogie@nt strategies and
feasible technical alternatives.

At last, when the impact for each actor involvedéscribed and quantified, we
can evaluate the overall viability of the smartvees, its value network and the
individual business models. Due to their innovativend disruptive
characteristics, smart services often face manyridvar for large scale
deployment. These barriers can be identified visSP&nalyses (political,
economic, social and technological). A sustainastert service not only is a
result of the positive impacts on some of the imgdl actors’ business models,
nor on the viability of the complete value netwbrlkt also of the lack of broader
PEST-barriers. Taking into account all potentiatieas and potential gaps in the
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business models of individual actors, guidelinesd anable go-to-market
strategies for the smart service can be formulated.

The main research contributions of this dissematwe the formulation and
validation of the proposed methodology and the rifgtson of the simulation and
techno-economic models used via case research.

First, the value network analysis for the integnatof an eCare platform, which

aim is to facilitate the communication and collai@mn between patients and
both the formal and informal care providers, whitginitoring changes in daily

patterns and lifestyle of the care receiver, shosvghat there are currently many
barriers for large scale deployment (e.g. techrickddparriers for elderly, lack of

standards, privacy concerns, lack of financialcttrres). The analysis indicates
that these barriers are too large to tackle at.ohberefore a migration path is
presented to release the features and capabditidge eCare platform in several
steps in order to achieve complete patient-certdme care delivery. When

analyzing the business models of the involved paogiders, it has become clear
that home care organizations could benefit fronhsarc eCare platform because
it simplifies administrative tasks. The direct cofbdr both the care scheduling
and billing processes could be reduced by 38% Iple@menting such a smart
eCare platform. In addition, a significant amouftime of the care personnel

could be freed up for providing more qualitativeeca

Next, to evaluate the impact of an ontology-basedsen call system on the
operational processes of the care department, déhe staff and patients, a
discrete event simulation model is presented. Surcbntology-based nurse call
system takes into account a set of context-vargableh as trust relationships,
type of call (e.g. alert, care request, requeshéel services) and current agenda
of the nurse staff when assigning a call to a $igesiaff member. Up to eight
different implementation scenarios of an ontologgédd nurse call system have
been compared with traditional nurse call systefit®e performance of the
system is measured via different key performanaicators (KPI) such as
workload balance, maximum waiting time before améwgea call, number of
redirected calls, and distance walked per shiftmgaring the KPIs of both
traditional nurse call systems and an ontology-thasese call system shows that
the latter can result in increased operationalgoernce in specific scenarios.
This DES modelling approach therefore proves toubeful for managers to
determine the potential impact of smart servicetheroperational processes.

IoT is a major enabler for smart services. Butddtrcing loT-functionalities
such as context monitoring and controlling actuaferg. motor, speaker, electro
magnet) has an impact on the cost structures dbtkaess models. The choice
of the network technology influences not only therdware, middleware and
firmware cost, but also affects operational expemds such as the costs for tele-
communications and battery replacements. Both tgpessts have a significant
impact on the cost structure of a smart servicgigen, certainly in case of large
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scale deployments. To guide loT-developers or sergroviders in choosing an
appropriate loT-connectivity technology for theirergice, a two-step
methodology has been proposed. The first step warmown a wide set of
different network technologies (e.g. LoraWAN, SigfBLE, Satellite based
communications, GSM and LTE) based on mismatchésdem the technical
characteristics of the networks and the requiredtionalities of the service (e.qg.
data payload size, maximum transmission frequeranyge). In a second step,
the total costs of the remaining loT-connectivittemnatives are compared. This
includes network deployment, network maintenancevia® hardware costs,
battery replacement, and tele-communication feekis Ttechno-economic
approach allows smart service providers to chodse most economic and
technically feasible network technology.

At last, we present a multi-actor evaluating metilody that identifies and
compares the added values and impact of variouseesgavices for the involved
actors. This not only includes the quantificatidritee impact on the revenue and
cost structures, but also of qualitative impactshsas increase in peace of mind
and overall quality of life (QoL). Combining thebenefits with the identified
PEST-barriers for the involved actors providesghts in potential gaps in the
business models which could lead to unsustainaddisgevnetworks. In addition,
the methodology also presents high level guidelibased on the type and
magnitude of these barriers in order to be abferimulate a viable smart service
offer for the involved actors. These guidelinessoggestions for improvement
include for example: the service subscription absiuld be lowered by a certain
amount, the qualitative added value of the sergiceuld be increased or the
upfront investment is too high.
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“In today’s climate, it's best to assume that miessiness models, even
successful ones, will have a short lifespan.
- Alexander Osterwalder

This first chapter introduces readers to the bromttept of smart services and
their impact. In Section 1.1, the scope and dédinibf smart and smart services
is provided. Next, both domains of Internet of Td8n(loT) and Cloud services
are introduced in Section 1.2 as enablers for ss&rtices. What is meant by
‘impact and effects of smart services’ is discusse&ection 1.3. Section 1.4
provides an overview of the different applicatioonthins of smart services.
Then, Section 1.5 lists the research challengdswel by a description of the
research approach to tackle these challenges ¢8ec). A complete outline of
this work is provided in Section 1.7, along witl ttontributions. At last, all

publications resulting from this research work lgsted in Section 1.8.
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1.1 Smart services

It cannot remain unnoticed any longer, in many @sctraditional economic
models are making place for alternative approachieisik of Uber, the company
that is deploying a transportation network by caring riders and drivers via
their mobile application. They are turning the ttiadal taxi business into a
shared economy model in which people who own aatat have a driving
license can become independent drivers in justwa dicks. Another great
example is Nest, the self-learning thermostat #ibiws energy providers to
remotely control your HVAC-system (heating, veritda and air conditioning)
when for instance demand for energy is spiking. tNeideidelberg, a
manufacturer of high-end printing systems has lwetegrating sensors into their
machines to remotely monitor the performance. Tt only results in more
cost-effective maintenance processes for Heidelbetgalso allows offering a
complete performance service towards their custsmercluding alerts on
maintenance or consumables and performance optionizaAlso in in the care
sector, there are many examples of innovative sggaixiices trying to seek their
way into the market. Fall-detection systems, smpélrfboxes, health monitoring
applications and telecare platforms to enable rerd@gnoses, are just a glimpse
these smart care services.

It seems that many product-centered business ageatimg to a more service-

oriented industry by supercharging their traditiosarvices or products with a

layer of ‘smartness’. Due to their innovative cluaesistics and the speed these
smart services are getting introduced with, itas always clear what the effects
of these services are on the way business actbiaborate, how they affect their

business cases and processes and what the vathesef smart services is for
end customers.

Therefore, in this dissertation, we propose a ndlugy to evaluate the multi-
dimensional impact of smart service. This includbe effect on the way
enterprises co-operate, collaborate or competdlandffects on their individual
business models, processes and cost and revengtusts. Doing so, potential
barriers and challenges for smart service adoptam be identified as well as
some guidelines to tackle these issues are proposed

1.1.1What is Smart?

These days, so many services or products of so wiffieyent sectors are called
'smart' that the term has already lost its buzrevébr marketers and has become
just a vague reference to a technical characteristiere are many definitions
out there to describe what a smart product is. rOfteese definitions vary
depending on the perspective of the writer. Endsuser example can define
things as smart things if they can be managed mdyndResearcher on the other
hand will consider a product smart when it adagttebrning from the context it
is used in. For others, a thing becomes smart vthere is a microprocessor
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embedded in it. The latter has nowadays maybe becantoo simplistic
definition since microprocessors could be embeddedalmost everything
ranging from toys, electronic cigarettes to selfdidg cars. Many definitions
focus on products whilst many of these are oftely an enabler for providing
smart services.

In this dissertation the definition of smart seedcformulated by Aschbacher [1]
has been usedSmart services are technical systems that are nitibmally
implemented in products or services for the purposeneeting specific tasks,
especially in the area of IT-based services. Theg aharacterized by
connectivity (synchronous, asynchronous) with éhnemally suitable service
infrastructure, which can enable agile responsivenbased on pro-activeness,
self-learning abilities and effectiveness.”

The most important characteristics of smart sesvioelude the ability for data
communication, the ability for data interpretatidhe ability to transform this
data into knowledge and the ability to act upon.tha

Data is King maar is het echt zo smart als allealigh loopt, Met tijd zullen we
hiernaar toe gaan, maar we zijn er nog niet (b\aitheare)

1.2 New technologies enabling smart services

The evolution of smart services has been strongled by various emerging

technological trends in information and communimatitechnologies (ICT).

Driven by an increasing global demand, technoldggragress has opened a
numerous set of new opportunities whilst market ssuthnological competition

has been increasing. Following areas of technalbgprogress have been
important enablers for smart services:

1.2.1Internet of Things (1oT)

The network of physical objects (‘Things’) that &lentifiable, communicate via
the internet about the sensed context characterisfithe environment they are
in, and possess actuation abilities is referredsdhe Internet of Things. loT
forms the bridge between the physical world and vigual state by
communicating the Thing’s physical state or contxd allowing to actuate in
the physical world based upon virtual decisionsisTdpens a complete set of
new business opportunities in various sectors.iigiance sensors can measure
vibrations on shafts of big machines and alert afpes to perform preventive
maintenance tasks when these vibrations exceeglshibids.

The high-level generic architecture of smart sewior loT-enabled services can
be described via a four layered model [2] (Figurd)lwhich includes 1)
information generation, 2) information communicatio 3) information
processing and management, and 4) service proingioDue to the holistic
character of loT-services, security must be velfidategrated in all layers, and
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is therefore a fifth building block. Functionalgiend roles within each layer are
provided by many loT-players.

Applications T

Software backend loT platforms

Communication

Security

Hardware

Figure 1-1: Building blocks of 10T — Software basids provide back end
connectivity between Things and applications (&lsown as loT-platform) [2]

1.2.1.a Information generation

At the basis of smart services there is the infeiwnagenerating source. This
translates into the physical loT-objects that alldentification and have sensing
and or actuating capabilities. The key buildingdi® of loT-devices include
sensors to sense context parameters, embeddeligarieé in the form of a

processor or micro controlling unit (MCU), poweratiitry or a power supply

unit (PSU) and at least one communication nodeommaunicate directly or

indirectly with the internet via gateways or basatisns. Depending on the
application, actuators such as motors, audio speakelays, etc. could also be
part of the loT-device. Figure 1-2 provides a scagenoverview of an loT-

device.

o @ O

@06

Figure 1-2: Basic building blocks of loT-devices lilue area): Sensors (S),
microprocessor (P), communication module (C)
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Sensors, being components that can detect changeseats in the context
environment and provide a corresponding output, ecoim all sizes and
variations. A set of the non-exhaustive list ofgyaeters that can be measured or
detected comprises; acceleration, barometric pres€Q-level, location, light
intensity, movement, temperature, vibration, eleatr conductivity, etc.
Communication between the sensor and the MCU igerit digital or a
continuous analog signal of which the magnitude responds with the
magnitude of the parameter being measured.

The MCU provides a limited amount of intelligencaleedded in the device. The
core of such micro processing units is able to eteepre-programmed task. Data
can be stored in their often built-in memory sushROM or EEPROM. Via
input/output peripherals, input signals from seastan be read out or outputs
can be set. Microprocessors have also communicatterfaces to communicate
with other sensors or microprocessors via varigotopols such agC or SPI.

A power supply provides electrical power for th@ ldevice. 0T devices can be
wired to the electrical net, battery fed or canpbavided with energy wirelessly
via magnetic induction. Electrical energy can digcharvested via kinetic, light
or thermal energy sources. Often some type of gnexgulator intelligence is
required for proper battery charging or other typesnergy storing components.

At last, IoT devices must have at least one comaoatinin transceiver to receive
or send data to a base station or gateway. A \arg®i of communication

technologies for 0T is available. The choice forspecific technology or

protocol depends on technical and functional resménts such as energy
consumption and range (See Chapter 4). loT-dewiaascontain more than one
communication technology, leaving the option opechoose the most stable or
economical communication protocol when used ined#ht circumstances.
Communication networks and technologies will bebetated upon in more

detail in Section 1.2.1.b.

1.2.1.b Information communication

To be able to communicate data between the loTedeand the internet via
gateways or base stations, at least one of thelabl@i communication

technologies must be present. Although in someiegifin settings loT-device
can rely on the wired Ethernet or IEEE 802.3 famomunication purposes, most
loT-devices require wireless connections.

Over the last decade significant improvements aditional cellar networks
could be noticed. Whereas before second generaadmologies (2G), such as
GSM, formed the basis for mobile telephony, curré@:-LTE networks have
paved the path for reliable data transfer at higta dates for more users. These
cellular networks excel in connecting multiple des simultaneously and do not
suffer from signal interference. Some technical amdtegical characteristics of
cellular technologies do match well with the requoients of various loT-
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systems. However, two main drawbacks of this teldgyo are its power
consumption and the fact that they operate initensed spectrum, with results
in non-free usage. One can imagine these charstatsrinot fit well for a
network of numerous energy resource constraineedivices.

In response to these drawbacks a new set of netwarke been arising. The so-
called Low-Power Wide-Area Networks (LPWANs) focusn power
consumption at the cost of high data-rates and makem therefore very
suitable as loT-connectivity networks. Recentlyd and Sigfox, two LPWAN-
providers, have started deploying their networkaoninternational scale. Other
LPWAN-providers are currently developing or stagtio deploy their solutions
as well (e.g. DASH7, Weightless-P). All current LRWs are operating in the
ISM (industrial, scientific, medical radio) bandghich are free to use. Therefore
these technologies are expected to be cheapecdfiatar network technologies.
The downside of using ISM-bands is that controlliadio traffic is harder since
multiple providers are active in the same bandss Tould lead to suboptimal
performance of the technologies due to interferefiterefore several mobile
network providers are investigating to free upriged spectrum in order to offer
LPWAN connectivity networks combined with the qtalilevel assurance
similar of cellular networks. An example of thistiee Narrow Band —loT (NB-
10T) initiative.

For many smart service applications, it can be arkdll to equip every loT-
device with cellular or LPWAN-connectivity. Ofters@ cases do not require the
long range that comes with these technologies.bl@ded security and comfort
applications in home environments such as smannibs&tats or smoke detectors
could connect via LAN-networks (Local Area Netwosgch as WiFi or Zigbee
to an access point which is connected or integriatéide router to communicate
to the internet. But even these connectivity tedbgies can be an overkill for
some applications. Personal- or Body-Area Networkspectively PANs or
BANS, such as smart toothbrushes that communicéte avmobile application
on brushing time and pressure, only require wigetEmnectivity of a couple of
meters. Bluetooth, BLE (Bluetooth-Low-Energy) or het short range
technologies such as ANT can be suited for similae cases. Figure 1-3
provides a set of the available technologies incion of their geographical
application domain.
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Figure 1-3: loT-connectivity network technologiesigped in function of their
geographical range [3]

Choosing appropriate connectivity depends not omy the technical
characteristics of a connectivity network, but alen its functional and
strategical characteristics. This in investigatedore detail in Chapter 4.

1.2.1.c Information processing and management via an loT-g@tform

loT-enabled smart services provide added valuerdsvéheir end users based on
information, insights and knowledge that is derifesm the real-time or near
real-time data coming from many various loT-devid&st in order to transform
this raw data into valuable knowledge, many intetiaie data processing and
management steps are required. This transformatiocess, which takes place
in the software back end, is the value adding ngldblock of the loT-
architecture, often referred to as loT-platform.
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An loT-platform aggregates following key buildingpbks [2] (Figure 1-4):

External interfaces
APIs, SDKs and gateways that act as interfaces for 3rd party systems (e.g., ERP CRM)

Analytics Additional tools

Algorithms for advanced calculations and Further development tools (e.g., app prototyping,
machine learning access management, reporting)

PETERVHIENFZ ]

Graphical depiction of (real-time) sensor data

@
0
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Processing & action management

Rule engine that allows for (real-time) actions based on incoming sensor & device data

Device management
Backend toal for the management of device status, remote software deployment and updates

Repository that stores the important data sets

Connectivity & Normalization

Adents and libraries that ensure constant object connectivity and harmonized data formats

Figure 1-4: The eight key building blocks of an-a&tform [2]

A. Connectivity and normalization

loT-devices communicate via a wide set of protoasith the loT-platform.
Although currently many efforts are put into stamiilzation, each loT-device
can have own data structuring schemes. To be abjgdcess and handle all
these various sources of data such as sensor gsaal device states, the first
thing to do is to normalize all these inputs. Noliz@ion is about storing the
data into formats manageable by upstream processesiding an additional
identifier to the data that instructs future preeeson how to process the data.

The same is true for the abundant set of loT-devi€be numerous interfaces to
communicate from the platform with the loT-devicesmkes it complex for
overarching applications. Therefore the connegtiVétyer provides a generic
interface towards overarching processes and triassta connects with the loT-
devices via their specific interfaces or APIs (&gilon programming interface).

B. Device management

Setting up, maintaining and managing multiple I&vides, gateways and base
stations requires a device management platformssoire proper functioning.
Such a platform allows: remote configuration of tb& and network devices,
performing firmware updates, alerts for deviceuiahk or critical states (e.g. low
battery level), and reset, restore and other tesk@oting actions. Because it
affects the amount of manual labor required to rgarand maintain the 1oT-
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devices, the level of automating device managenaskis has a direct impact on
operational performance of the loT-service providghich is the actor who
offers loT-services to end users.

C. Processing & action management

This is the building block where data is analyzed &ranslated into actionable
results (e.g. when daily energy prices are spiking to high concentrated

demand, the energy supplier could remotely shuttloffusands of freezing

installations of its customers in order to tempidyafree up some energy

capacity). This building block often comprises kefbased decision process that
leads to event-triggered actions.

D. Data visualization

Proper visualization of data and information is artpnt for actors involved in
the loT-service provisioning or end users. Goodadakesentations allows the
stakeholders to understand patterns and maybe véisaew trends in data
streams that have not been noticed by the ruledbasalytics.

E. Analytics

Several loT-services go beyond straightforward eweggered actions by
combining several sources of structured and uristred data and analyzing
trends and patterns in data streams. In orderhgeae truly smart loT-enabled
services that can make autonomous decisions, cantglehniques such as
machine learning, neural networks, evolutionaryodthms and other artificial
intelligence techniques are being developed [4]. ekample of such a more
complex self-learning loT-service is a smart horaeelatform that learns the
lifestyle patterns of elderly such as sleeping tsabnd social activities. When
sudden changes in these patterns are detectedmiue services then notifies
informal or formal care providers.

F. Additional tools

Next to the core functionalities of an loT-platfqrbeing information processing
and action management, also additional tools caroffered to support the
management of the core functionalities. Think oplegation for rapid service
prototyping, user management, reporting, QoS (QuafiService) and workload
based scheduling, and billing services.

G. External interfaces

When loT-services communicate and share data witierothird party IT-
systems and services (e.g. Enterprise ResourceniRtpiERP) systems, call
center systems, health information systems, etxfgrnal interfaces to assure
proper data sharing are required. External intedazome under various formats
such as APIs or SDKs (software development kits).
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H. Database

Massive loT-deployment will result in an unpreceeinamount of data and
information. Sensor readings, device settings alahtifiers, information and
intermediate analytic results are only a glimpsealtfdata that need to be
managed. This variety of data, structured or uscstred, must be stored
intelligently for future processing whilst assuriitg security, reliability and the
velocity of the system.

Many of these building blocks can be provided byud services, see Section
1.2.2. That makes them scalable and adaptive teetiidime need for it. Elastic
availability of computer resources for data anabjtidata storage and network
resources allows flexible response and growth o thT-service whilst
eliminating the need for significant investmentwimn infrastructure. Therefore
it can be expected that 10T will be a major drif@rcloud services.

1.2.1.d Service provisioning — Application layer

Service provisioning is the building block, alsdewf referred to as application
layer, in which data and all information that wanegrated from it is transformed
into value for the end users that can be monetiged. users can be individual
consumers, enterprises or even cities and localergovents. Mobile
applications, SCADA-systems (Supervisory ControldAData Acquisition) or
control architecture to control complex industpabcesses, or web services are
examples of how an loT-application could look likeT-systems will thrive in
all sectors and domains such as agriculture, heskh transport, industry, etc.
How smart loT-enabled services will impact theset@s will be discussed in
more detail in Section 1.5.2.c.

1.2.2 Cloud computing

The term cloud computing rests on the virtualizatodd computing processes and
resources, accessible by the internet. Althoughctimeept of cloud computing,
which is in fact an umbrella term for a various skinternet enabled resources,
is already there for years, cloud computing celyalms been impacting the
traditional economy in the recent years. Not omijire data storage has become
almost the new standard, how complete online erdsuservices are hosted in
the cloud. The so-called SAAS providers (Softwaseasservice) eliminate the
requirement for individuals and enterprises to gtvand maintain own IT-
systems and hardware. Famous examples are theeO865 applications,
Salesforce, and various healthcare-related apjitatsuch as LindaCare that
run completely in the cloud. The only thing usersisintake care of is a
connection with the internet and an end user teahsinch as tablet or laptop.

Additional models for cloud service that have bagring are PAAS and IAAS,
respectively Platform-as-a-service and Infrastmestas-a-service [5]. PAAS
providers offer a platform to its customers to dudlevelop and run own cloud
service on top of it whist eliminating the need fdevelopers to set up all
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necessary resources for it (e.g. servers, stosagealization, networking, 10T-
device management, data-mining resources, etcjddViis Azure is an example
of PAAS.

IAAS providers on the other hand focus on offeriing infrastructure in terms of
virtualized computing power, data storage, netwagglgervices (e.g., Firewalls),
load balancers and other computing resources t@ndelr clients. The 1AAS
users are responsible for the maintenance and reamag of their rented
infrastructure. Netflix for example migrated theiervice completely to the
Amazon Web Services (AWS). The latter act as IAA8vjaer. Figure 1-5
provides some examples of cloud service providetivaeain the three layers of
cloud service stack.

The increasing availability of cloud services aadaurces is a significant driver
for smart services. First, it leads to radical aestuctions for service providers
since capital intense investments in informatiod aammunication technology
are not required any longer. Second, cloud ressuace flexible, meaning that
the required computing resources can be allocatgdrts the services in need in
real time. Providing flexible and scalable resoareecording to real-time need
allows smart services to grow according the useeznd react on temporarily
computing resource-intense tasks (e.g. the onlilekett sale of the
Tomorrowland concert, which spikes in a mattereafands only once a year).
Last, cloud service models as PAAS and SAAS allaestdr development of a
service since much of the complicated networking amanagement tasks are
taking out of the hands of the developers.
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Figure 1-5: Different cloud services grouped acdogdto different market
models (SAAS, PAAS and IAAS) [6]

1.3 Multi-level impact of smart services

The overall goal of this dissertation is to provalenethodology for evaluating
the impact of smart services. Thus after descriltfiregconcept of smart services
and the technologies that enable these servicedjnie to define the holistic

term “impact”.

When used in the context of smart services, imgdst referred to as effect, is a
multi-dimensional phenomenon. On the one hand, tsmanvices affect the

network of interlinked actors whilst on the othemid they can change several
layers and characteristics of how individual entegs do and organize their
business. For enterprises, smart services cann&iarice impact the cost of
operations, extend the customer offerings, or agercompletely new markets

[7], [8]. For societies, deploying smart servicesuld contribute to a safer

environment (e.g. new bicycle lanes and routes chasdfic density and road

condition), a healthier environment (e.g. air gyadiontrol), reduced healthcare
expenditures, etc. For end users, smart serviaesesailt in more added value,
more customized service delivery or other moreitatale effects such as social
empowerment and higher state of peace of mind &mgrt home services for
elderly). On the other hand, smart services cam ialpact or be affected by the
broader aspects of the context they are used in.ifance the lack of a

regulatory framework can lead to a reticent atgtddr adopting the service.

Therefore to cover this general notion of impact sohart services, some
conceptualization and clarification are in place.
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From a business perspective, Glazer [9] identified different strategies that
can be used to create economic impact when offesingrt services towards
their customers: 1) “Mass customization” or offgrimore customized services
at lower costs, 2) “Yield management” or maximizinlge revenue by
anticipating on consumer behavior (e.g. the vaatilice electricity which reacts
to the real-time demand, utilization and other deg}, 3) “Manage by wire” or
automating customer interactions, 4) “Virtual compaor co-operation with
other companies to add value for the customerSri€@apture the customer” or
one-on-one marketing to maximize the total purcbasfecustomers. Via case
descriptions, Allmendinger and Lombreglia descrilmepact on company
performance in terms of process-cost reductionsjcgeextension or even new
business opportunities, waste elimination and exed service margins [10]. In
addition they formulate four strategies to realizese impacts: 1) the embedded
innovator, which refers to companies which add ‘“tmess” in terms of 10T to
their product lines in order to extend the serwfiering (e.g. smart vending
machines that alert operators when to refill), Bg tsolutionists which are
product-centric companies that build a completeviser offer based on the
product life cycle (e.g. leasing the equipmentyling preventive maintenance
and repairs, offer consumables, and manage theigredd-of-life phase), 3) the
aggregator, which aggregates and analyses low-lgéatd in order to create
valuable input for other interested parties, anthd)synergist, which refers to an
actor that provides products that can communicéte ather systems in order to
create a community of data generating and datangharoducts (e.g. Philips
contribution to the ZigBee Alliance). Thus from asiness perspective, impact
will manifest depending on the way business chdoseo-operate with other
firms to implement and offer smart services tortceistomers.

In contrast with the business perspective, [11l{estdhat impact for end users
includes: enabling social interactions, improvirgguexperience, and providing
clear transparency in security aspects. Thesenfgsdare in line with the work of
Cronin [12] that states that the impact of smamvises from a company's
perspective can in some cases be the complete ippfswhat end users
experience as benefits. For example completelynsatied after-sale services can
result in operational cost reductions for companies at the same time can feel
very anonymous for end users.

In summary, the impact of smart services is an effdoconcept which includes
all the changes, threats and opportunities thesécses introduce for all actors
involved and the way they interact with each otlf@r. actors introducing smart
services in their offerings, this could mean thevrforms of co-operation with
other actors could arise. We define this as ‘impactthe value network’. A
value network is defined a8A web of relationships that generates economic
value and other benefits through complex dynamaha&xges between two or
more individuals, groups or organizationfl3].
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On individual firm-level, smart services can affemt ‘impact the business
model’. Osterwalder [14] defined a business model “A Business Model
describes the rationale of how an organization tesa delivers and captures
value”. Via nine business model ‘building blocks’ (Valueoposition, Customer
Segment, Revenue streams, Customer relationshigsyn@ls, Key partners, Key
activities, Key resources, and Cost structureflecribes the structure or way
companies operate in order to generate revenuenakd profit (e.g. operational
process efficiency, increased revenue, larger nahare, increased customer
loyalty). Impact of a smart service depends onplespective of the involved
actor, and will not necessarily be experiencechendame (beneficial) way by all
actors.

In Section 1.4 three application categories willdigcussed. Via concrete cases
the impact will be described these smart servige fon 1) the value network
and new sorts of co-operations between actord)e2pusiness model and value
offer of smart service providers, and 3) value pption and creation for end
users.

1.4 Application domains of smart services

Smart services will, or have already been affecting business and service
structure of several application domains. Gubbilet[4] propose four main
groups of application domains for loT-enabled swsi

1. Personal and home

2. Enterprise

3. Utilities

4. Mobile

Within these four groups, Asin and Gascon [15] rdefitwelve different
application categories of loT-enabled smart sesricemart cities, smart
environment, smart water, smart metering, secugityl emergencies, retalil,
logistics, industrial control, smart agriculturenat animal farming, domestic
and home automation, and eHealth. Next to theseel@bled application
domains, the four groups of application domains loarextended with non-1oT-
enabled smart services such as data-sharing ptegforhis allows the inclusion
of non loT-enabled application domains such as eBowuent services and smart
education. The different groups of smart serviggslieation domains and their
subsequent categories are depicted in Figure 1-6.

These groups cannot be seen as isolated domaingdhe potential value of

cross-sharing data and infrastructure. For instapegsonal oriented smart
services such as personal informatics, which enadple to track their lifestyle

patterns such as personal expenditures, food istake level of happiness can
serve as data sources for healthcare related seraites.
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Smart Services

Personal and Home Enterprise Utilities Mobile
Intelligent
> Smart home P Industry 4.0 il Smart City P> transportation
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> Security P Smart office P>  Smart water service (MAAS)
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response
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Figure 1-6: The four generic groups of applicatidomains impacted by smart
services and a non-exhaustive set of their subseqagegories

1.4.1 Smart service application domain: Smart home

Although the concept of smart homes exists alreadyouple of years,
technological progression has allowed many of tiseons of connected homes
to become reality [16]. Smart home is an umbreiatfor all smart services that
allow and support home control in its broadest seBsit in order to be called
‘smart’, services must be responsive to its intzattg, by supporting their
comfort and enabling new functionalities which wagg possible before.

Typical examples include connected lights and sosystems, which can be
controlled by mobile applications, smart thermastaich as Nest, which learn
about our lifestyle patterns and incorporate emwitental data in order to fine
tune and regulate the room temperatures, smarggnedugs that measure and
allow controlling certain electrical circuits or \dees whilst minimizing the
energy bill based on data on actual energy pricegeneral smart home services
can be grouped in following categories [17]: Ermtemnent, Home comfort,
Wellness, Home safety, Access control, Daily taskesmagement, Connectivity,
Energy efficiency, and Home intelligence.

Integrating these services in our homes shouldrelefhdded value for the end
users, otherwise there is no incentive to adoptrishane technologies. At the
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same time, for smart home service providers thesartsservices allow data
acquisition and insights into the service usage l#gndtyles of its users. This
data could not only be valuable for the serviceviglers themselves but could
enable co-operations with other enterprises. Ulityathis overarching value
network or ecosystem can increase the overall vadumpact for the end users
while being profitable for the involved actors.

1.4.1.a Smart home: case of Nest

Nest [18] for instance is a digitized thermostatt learns and adapts towards the
lifestyles of the inhabitants. The thermostat nolyaneasures temperature, but
also ambient light, air humidity, and activity. 8;Nest connects to the internet
via Wifi and has BLE-connectivity inside, it can tentrolled and managed via a
mobile application. Smart algorithms determine thmee to start heating or
cooling in order to reach the desired temperatugegiven time, which increases
the comfort. Also via integrated energy saving dea¢ such as an auto-away
mode that automatically sets back the temperaturenwnobody is at home
energy consumption can be reduced up to 29% [19].

A: Impact on value network

Whereas the value chain of traditional thermostatipcers was fairly product-
centric and straightforward (Figure 1-7), Nest h&en partnering with many
other market players which results in a new valagvork that leads to more
value for all involved actors (Figure 1-8). Fortansce, the data collected by Nest
Labs provide insights into real-time energy usafi¢i\dAC-systems (heating,
ventilation and Air conditioning). Because of thpotential, many energy
providers are collaborating with Nest and offeatitreduced prices, sometimes
for free, to their customers (e.g. in Belgium bBS8sent and Lampiris collaborate
with Nest). This allows them not only to accuratphgdict the real-time energy
consumption of the HVAC-systems of their users. yTlian also remotely
control the HVAC-systems of their clients (e.g. porarily switching off the
systems during moments of peak-consumption).

In addition, Nest is also a source for off-line &eloral data of users. Probably
this potential value is the reason why Google bodgst for 3.2 Billion dollars
back in 2014. Although it is speculative, but havien Google connected device
in your home that is aware of your physical preseallows data aggregators
such as Google to tie dynamic residential IP-adsh®sof other internet-
connected devices (e.g. Smart TVs, tablets etspéaific individuals, which on
their turn open new possibilities for personaliagdertisement services.

Nest sells not only devices, but generates revenaeselling the data. By
providing the ‘Works with Nest API' to third partgervice developers, the
ecosystem extends automatically and without casithough Nest should be
easy to install by end users, Nest also trains H\i#sTallers to become certified
Nest installers. For the latter, this can attradtitonal customers. HVAC-



Introduction 17

producers can offer ‘Nest-ready” products and thgrexpanding their value
proposition towards their clients.

“/ HVAC-system

\ producers

<
\fee fee/
HVAC-systems [EgR] [E7R] Thermostats

HVAC-system
installers

“/ Thermostat

producers

fee T Complete HVAC
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Figure 1-7: Traditional value chain for HVAC-inslations
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Figure 1-8: Value network of Smart Home servicesecof Nest

B: Impact on the business model of the service pdev

To determine what the impact is of offering a smthgrmostat service on a
business level, business models of traditionalntiostats vendors need to be
compared with the approach of Nest. Whilst tradaiothermostats vendor have
a product-centric offer, which focusses on seltiegices, product-selling is only
one of the revenue generating sources for Nesty Wanetize also the valuable
data that is captured by the devices. This modeften referred to as a multi-
sided market in which consumer pay to have acaefisetservices (in this case,
end users using Nest) and providers pay to offeir thervices (in this case,
HVAC-system installers and maybe in the future,oathird party service



18 Introduction

developers) [20]. In addition, insights based o tlata allow Nest for further
customization and personalization of their serviddss could lead to increasing
market shares.

C: Impact from an end user perspective

For end users the impact of a smart thermostat haysspecifically in the fact
that they can control it remotely via a mobile aggtion. The true added value
of it results from the automatic adaptability ofetlthermostat based on the
lifestyle of the inhabitants and on the energy sgvpossibilities whilst not
affecting comfort. Though concerns can arise orlaliel of privacy intrusion of
smart home care services like Nest. This aspeaildhze carefully taken into
account by all smart service providers.

1.4.2 Smart service application domain: Smart health

1.4.2.a Challenges for healthcare systems

Currently many industrialized countries experiepcessure on their healthcare
system. The total healthcare expenditures have lgeewing over the past
decades, which is not abnormal. Many researchatikdte that a growing
economy, which results in higher level of wealthll \ead to a higher demand
for care as well [21]. But in many developed coiestr latest grow rates of the
total health care expenditures have been higher tia grow rate of the GDP
(gross domestic product) which is an indicator ttee growth of the national
economy. This means that health care expenditumsaad will continue to
cannibalize on other sectors such as educatiorturaul sector, mobility
infrastructure and so on. Many sources predict tiet total health care
expenditures will continue to grow in the futureaking this an important
agenda topic for many governments. The most impbririvers of the
increasing health care expenditures are:
1. New care technologies
The introduction of new care technologies which aften more
complex and costly. These new health technologitsnoaddress
specific patient groups for which there were noicked services
before. In addition, these new technologies can emakre more
accessible. Therefore these technologies can eekiger population.
2. Increased expectations of care users
Expectations on for instance financing of specifiealth care
interventions or therapies (e.g. esthetic intefesist and cures for
orphan diseases), procedure performances (e.gt logeries) or
reduced chance on complications have been fuelieglthtare
investments of which the cost-effectiveness is aletays known or
even is doubted.
3. Increased shift to long-term care
Due to medical progress now many adverse effectlisgfases can be
contained and postponed (e.g. HIV treatments higwefisantly slowed
down the progression of the disease.). The efféthis is that many
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people now live longer but become long-term chrgatients who rely
on long-term care and healthcare.

4. Ageing population
Many developed countries are characterized by amgagpciety. It is
said that ageing on its own will not heavily impabe health care
expenditures, but the indirect effect of ageind.viilany elderly people
suffer from one or more chronic conditions. An agesociety will
therefore further increase and speed up the shifing-term care.

1.4.2.b Overview of ICT-supported health services

These societal, technological and demographic ¢weolsi challenge current
healthcare systems. ICT-supported health serviage h considerable potential
to improve the delivery and quality of care whigglacing the costs. But over the
years various definitions and terms have beendnted to name this type of
services. Although they largely describe the saomeept; the use of information
and communication technologies (ICT) to supportlivelng, health delivery

and health-related services; distinctions betweseral types of ICT-supported
service can be found. To provide some clarity, thest important types are
discussed:

. eHealth
eHealth, is often used as an umbrella term thatrsefo the use of
information and communication technologies (ICT)stgport well-being,
health delivery and health-related services. Eyaelldefines eHealth as
follows:
“eHealth is an emerging field of medical informatjcreferring to the
organization and delivery of health services anébimation using the
Internet and related technologies. In a broader sggnthe term
characterizes not only a technical development, &dsb a new way of
working, an attitude, and a commitment for netwdrkglobal thinking, to
improve health care locally, regionally, and worlide by using
information and communication technology2?2]

Examples include the use of wearable sensors tatondsiometric data of
the patient (often called Telemonitoring), improveare scheduling and
billing processes via the use of ICT, tracking &ssin a hospital
environment via RFID (Radio-Frequency Identificajioand IoT, and
enhancing communication between formal and inforcaaé providers and
patients via new services.

e Telemedicine
When ICT is used to send medical data from oneeplacanother in order
to realize remote health delivery such as remotesuitations and remote
diagnostics, it is often referred to as TelemediciExamples are remote
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tele-monitoring of heart-failure patients, and ¢elesultations with
physicians in rural areas.

. mHealth

Mobile health or mHealth is a subset of eHealthuéleg on the use of
mobile communication networks for improving heatthre delivery and
care support. These services often focus on disgaseention and
diagnosis, rehabilitation, and monitoring the tmeant and state of the
patient. Examples include: tele-rehabilitation afée cardiac event, tele-
monitoring of high risk patients, medical devicetified mobile apps for
melanoma detection, and mobile applications supmprthome care
delivery and integration of wireless sensors fi@sliyle monitoring (such as
connected step counters integrated in smart watehdsconnected blood
pressure meters).

. eCare

At last there are eCare services. Just like eHealffare is defined as an
umbrella term for all ICT-supported services whicbus on long term care
and non-medical care provisioning and processe ificludes services
that support healthy ageing, activities of dailirlg (ADL) and ambient
assisted living (AAL). The latter is defined as cepts, products and
services that combine new technologies with thdasa@nvironment in
order to improve quality of life in all periods life [23]. Existing solutions
include home monitoring systems to support indepahdiving and
systems to enhance social contact of elderly.

Cases included in this work mainly focus on contedata collection,
lifestyle monitoring and eCare services.

All these types of services can contribute to thi& form health care to “care for
the health continuum”. Current health care servioeas mainly on cure, whilst

prevention and non-medical care are less highlegHtecontrast, focusing on the
health continuum includes disease prevention, gutisease, and providing non-
medical care to prevent deterioration of the healidte of the patient and
surpasses the boundaries of the often fragmentesl padical and intra-mural
care and cure provided by formal care givers arspitals. In addition, smart
health services can empower patients to be morehvied in their own health

and the data these services generate could, gaesiwell, be a perfect starting
point for continuously measuring health outcomets.ate these potential

opportunities that makes smart health servicempbitant value for value-based
healthcare [24].

Due the different types of ICT-supported healthvieer several sorts of
regulations and reimbursement schemes are in ptaaking the landscape for
eHealth and eCare providers complex. Ignoring thgaict and consequences of
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the both the regulatory and financial frameworkhivitthis domain is therefore
in most cases a recipe for failure.

1.4.2.c Potential value of ICT-supported health services

eHealth and mHealth services have the potentighdkle at least some of the
challenges many healthcare systems encounter sasiog both the quality and
the efficiency. In general, these services will tcdnte and impact following
aspects of healthcare systems [25]:
1. Increased prevention
Early detection of chronic diseases via self-tesl assessment tools
could lead to an improved quality of life and ligxpectancy whilst
lowering the often stigmatizing barriers for seekihelp. mHealth
services can unlock multiple possibilities for plapion wide screening,
(e.g. Fibricheck, a medical approved mobile apfiticathat can detect
cardiac arrhythmia and communicates the resultsctijr to the care
providers). They can also play an important roléproving life style
and therefore contribute to disease preventiory. (Ehe wide offer of
apps that coach you during a healthy diet, smoldagsation, and
adopting a more physical active life style.)

2. Efficient healthcare provisioning
Smart care services that enable better data shadng communication,
better management of chronic diseases, care s¢hgduid automated
decision support systems based on data analysismgaove quality of
the provided care at reduced costs. Also new sesvio monitor
patients’ conditions remotely will lead to moreipats being monitored
with the same amount of human resources.

3. Empowering patients

eHealth and mHealth will contribute to the transfation of a care —
centric organized healthcare system towards a rgatentric care
system in which the patient has a more active imltheir own care-
organization. Self-manageable eHealth and mHeadttvices could
provide the patients with more insights in the pesgion of their
disease and can provide them with tools to gairtrobaver their health
or care (e.g. medication reminders). Additionalhede service can
contribute to a better health literacy and inforne fpatient on their
medical condition.

Although there has been a vast amount of reseancthese topics, including
many small scale deployments and resulting in maew eHealth and mHealth
services available on the market, large scale gemots remain scarce and
depending on the type of service, many barriersaaétoption still exist [26]. For
instance often there is a lack of clear financitrgctures for care actors which
use these services to monitor patients, also gatibave sometimes serious
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concerns on the privacy aspects and data ownerfhgse and other important
barriers for adoption of ICT-supported care sewieee described in detail in
Chapter 2. In order to develop, design and offeagtainable smart care service,
pre-evaluating the impact of it on the value netwafrinvolved care actors, their
individual business models and the economic suadity of the value network,
will become a necessity.

1.4.2.d Smart health: case of monitoring chronic heart failire patients

Several systematic reviews indicate that remotépamonitoring (RPM) for

people who suffer from chronic heart failure (CHiguld lead to an improved
quality of life (QoL) whilst reducing health caréilization such as heart failure
re-hospitalization [27]. Via daily telemonitoringf @hysiological parameters
such as weight, blood-pressure and eventually releatdiograms of CHF
patients, deterioration of health can be anticigdty timely adjustments of the
medications and life style changes, coordinatedplysicians and specialized
nurses. Although many research results have bekeaimg the positive impact
of RPM on both the clinical outcomes and costs,ensttale adoption is still
lacking.

A: Impact on value network

In the current situation the general practitiorsa aardiologist are the main care
actors which are paid by the care insurers (Figu#d. The integration of RPM
services for CHF-patients does not make the vaktevork of involved care
providers more complex. In contrast, the value petvof care actors monitoring
heart failure patients is harmonized via the shameidjhts in the progress of the
disease (Figure 1-10). This could allow care actotiser than the cardiologist,
but in dialog with, to follow up, monitor and adjufe treatment. The service
paves the way for better multi-disciplinary care.

But at this moment the value network is not perfact sustainable. Currently
there is no reimbursement for RPM-care for the ived care actors, and
therefore it is not financially attractive to puffaet in it for care actors.
Additionally the RPM-data is often analyzed by alidated nursing team for
CHF-patients. But without proper financing schentbs, sustainability of this
set up is not guaranteed. In Belgium, pilot prgjeste currently testing bundled
payments for these types of services. In such anfimg scheme the care
provider receives a budget per patient to covethallhealth care related costs for
treating that patient, including nurses, other @otrs and costs for the RPM-
providers. But it is not clear how this will affettte revenue stream of hospitals.
In contrast, the shift from in-hospital care toecar the home environment could
lead to significant amount of cost-savings for $beiety but would also lead to a
loss of revenue for the hospitals as well. Thisldqotentially further increase
the high financial pressure they already encounter.
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B: Impact on the business model of the care provide

Additionally, from the business perspective of tealare providers, both the
cardiologist and general practitioners who curseotperate in a fee-for-service
system, offering smart services to monitor the d@om of their patients is

cannibalization of their own revenue structure.alfiee-for-service system the
care actors are typically paid per service providedng their contact moments.
Thus investing time in analyzing the RPM-data ohgjn&HF-patients, for which

no financial compensation is installed yet, resuftsless time available to
actually see patients and earn money. In summémg, durrently installed

payment schemes for care providers inhibit a sostdé adoption of RPM-

services for CHF-patients.

C: Impact from an end user perspective

CHF-patients could experience more peace of mind, less in the (costly)
intensive care unit due to acute hospitalization averall have a higher quality
of life (QoL). Thus from the end user perspectinethis case the patient, RPM-
services have a beneficial impact [27].

D: Impact on society

In this example, the care insurer is paid by theiedp via the installed tax
system. Therefore cost savings in health care gianing are in fact savings for
the society as a whole. Continuous monitoring aedichted follow-up of

chronic heart failure, could lead to less considtet and re-hospitalizations of
patients [28]. Thus in the long term remote moivitgrof CHF-patients would

reduce the costs for the healthcare system. Buirder to achieve that goal
initial short term investments should be made.

E: Impact on RPM-providers

The current financial framework is unclear for Rpkbviders. Although there

are pilot projects experimenting with bundled pagptrschemes, there is often no
real reimbursement strategy in place yet. The moraag type of sustainable
reimbursement will be installed, it can be expedieat the market of RPM-

providers will grow.

1.4.3 Smart service application domain: Mobility-as-a-sevice

Urbanization which reduces the need for a carfi¢crabngestions, environmental
impact, high costs of car ownership, hassle to fiacking spots and many others
reason are slowly shifting the societal perspectiogards shared mobility

services. Boosted by new developments in ICT, thecept of ‘Mobility-as-a-

service’ (MAAS), is currently being tested at varsdocations around the world
MAAS refers to buying mobility based on a persoméeds, offered in a service
package instead of buying the means of transp@fk [The services packages
include various transportation modes such as hashiogt or long-term access to
vehicles, using public transport and/or taxis wivenenore appropriate and even
having access to bicycles when congestions in dars@nized areas result in
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standstills. Offering a wide set of transport maded can decrease the need for
individual owned vehicles. Often MAAS offers alsosmgle billing service,
freight transport and a multimodal journey planfiére latter combines different
transportation modes (e.g. bike, taxi and traingpert) in order to get the user
to his final destination.

A: Impact on value network

Up to now, transport service providing actors hbeen working quite isolated
without much collaboration with each other (Figiré1). Mobility-as-a-service

on the other hand, requires one actor, often refleto as the MAAS operator,
which bundles and sales transport services of vari@nsport service providers.
Examples of transport service providers includebliputransport services, car-
sharing, bike-sharing, taxi providers and parkimgvlers (municipalities and

private owners).

But next to this role of broker, MAAS operators alprovide processes for
billing, registration, routing and managing molyilitservices. Therefore
collaboration is required with transport data pdivj companies (e.g. traffic
routing based on real-time traffic) or other dibiservice providers such as
ticketing and billing [30] (Figure 1-12).
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Figure 1-11: Traditional B2C value chain for persomobility services
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Figure 1-12: Value network of MAAS operator whidfes mobility towards its
customers

B: Emerging business model of the MAAS operator

To realize the concept of ‘Mobility-as-a-serviceaditional market actors have
to rethink their position in the new value netwoikhis transition can pose
challenges or open opportunities since it could @otptheir current revenue
streams, and other elements of the business modelas the cost structure (e.g.
simplified billing processes) and target marketvidg a good understanding of
the new roles and activities actors are respondibie is therefore key to
comprehend how current business models of the wedoactors are affected by
smart services such as MAAS.

The role of MAAS operator can be fulfilled by diféat actors such as private
transport providers, public transport providersyriigital service providers, or
municipalities and governments. Also car produegestesting the concept of car
sharing and mobility-as-a-service (e.g. the DriveNprogram of BMW). A
MAAS operator can also be a result of a public gévpartnership between
public transport providers, municipalities and pta/actors [30].

Irrespective which actor takes up the role of MAASerator, the value
proposition towards end users will show similasti&€lements included in the
value propositions are: one-stop-shop for transpemtices, transport billing and
scheduling service, and integrated (multi-modabtirg [31]. Often all these
aspects are offered via an online platform. Thgetagroup or customer segment
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MAAS operators focus on depends on the actor wihédtes up the role of
MAAS operator. For example a private car leasinmgany which extends its
current B2B service offer; leasing cars to compsnigth MAAS will probably
have initially less attention for persons using lpulransport each day. The
revenue model can look like a pay per usage madehthly subscriptions, all-
in-one, international packages and variants ofe¢h€ther sources of revenue
can come from data selling and advertising acésiti

C: Impact from an end user perspective

Since MAAS services could eliminate the need foning a car, they have the
potential to reduce end user costs for transp@it [8 addition they also provide
a personalized service that can anticipate chaicesravel preferences. Next,
[27] suggest that the ease of transactions viade wange of devices (chip card,
smartphone, smartwatch, etc.) and the ease of pdayfpayment schemes
according to the end users need) provide additibeaéfit of MAAS compared
to the traditional systems. Features as dynamidimadlal journey planners
which incorporate real-time data and user prefexeirt order to provide the best
suited routes for end users also can be includeieibenefits for the end users.
At last, MAAS could indirectly contribute to a safend healthier environment
when it aligns with a broader set of governmentadgpents such as healthcare.
For instance MAAS could improve patient transpgrstems via data insights
and the multimodal ways to transport patient, ussrgld be stimulated to
change their transportation habits for healthi¢éerahtives, and smart MAAS
algorithms could direct bicyclist via safer routesl where air quality is better.
Although it seems that MAAS really could change thesrall perspective on
transportation, there exist risks and barriers Wwidarrently block large scale
adoption of MAAS. Previous large scale pilots sashKutsuplus, which was an
on demand bus trip system, proved to be econongaatainable. In his work,
Hensher [33] presents some interesting and cripeaspectives on the potential
impact of MAAS services. Up to now it is uncleamh®AAS will reduce traffic
congestions, how MAAS can be scalable while elimittathe need for car
ownership and if MAAS services will truly be abteprovide more personalized
transport in all users segments of public transport

1.5 Research challenges

The introduction of smart services is an irrevdestbend that just has started. A
lot of the potential is still there to be harvest&uUt at the same time the
uncertainty that comes with not knowing or underdiag the impact these
services will have on the involved actors, the sisard the society as a whole,
leads in some cases to a reticent attitude. Fanpba this can be witnessed by
the raising concerns on privacy, the various disioms on data ownership and
slow adoption rates of some smart services. Althotige overall benefits and
opportunities are expected to be larger than tineerms, these uncertainties and
economic impact of smart services need to be eteduaery well in order to
create or offer a viable and economic sustainahblgrisservice.
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However evaluation of the overall impact of smaetvices is not straight

forward. First, smart services enable actors tdaborate with each other in
other ways than traditionally known. To understdrmv smart services will

affect or lead to new value networks, what the opmities and challenges are,
we need insights in the roles of the involved actamd collaborations between
them.

Second, the impact smart services have on the érsimodels of actors can be
strategic or operational, is not always quantiaibl direct terms and is very case
dependent. Smart services can affect current besimedels of the involved
actors both positively (e.g. increased revenuajaed costs, larger market share)
and negatively (e.g. time intensive tasks, reducedme). In case of the latter, it
is doubtable the smart service will be sustainafiieerefore analysis of
individual business models is needed to comprehbadfull impact of smart
services.

At last, the feasibility of a smart service canbetevaluated by looking at the
impact of the individual actors alone. An overallakiation of the complete
value network and from an actor independent petisfgeon the actor dependent
impacts, allows identification of potential overatrriers for the smart service,
and possible go-to-market strategies.

1.5.1New opportunities and challenges due to new value
networks

Vertical value chains describe direct seller (ugestn) and buyer (downstream)
relationships between the involved actors withcedl rcollaboration between
these actors when it comes down to provide valuthéoend customer. Value
networks on the other hand, indicate some levetadfaboration in order to

provide a common added value towards the end cagrisancreate and strategic
advantage for the actors involved (e.g. reducede-toamarket, enlarged
technological know-how, increased market potenti@duced barriers for

market-entry). Better information sharing, realgifeedback, customer insights,
and other characteristics of smart services cahlemew forms of collaboration
in the form of cooperation and coopetition. Coopieea strategies between
various actors result from a shared desire to aeh& common goal [34]. To
realize that common goal, actors can share thegiliée and intangible resources
such as human capital, knowledge, and infrastractG@oopetition on the other
hand refers to the collaboration between compstit®4]. Collaboration in some
activities could result in overall better achievemnef the individual goals.

Typical examples are the joined lobbying forcescoimpeting big pharma
industries or medical device manufacturers, ainfidngeimbursement.
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Smart services have led to a disruption in the firays and other actors interact
which each other. To create future proof servigaeeiences for their customers,
reduce transaction costs, or decrease resourcedkpey, actors are exploring
the potential of value co-creation via more compesss-industry relationships
[35]. Actors involved in smart service provisionirge shifting focus to the

formation of new horizontal alliances. These neweaetworks or ecosystems
comprise a set of interlinked roles in order tocceate value towards the end
users [36].

Although these new value networks should createirawin solution for all
actors involved, the disruptive character and fagtoduction of new smart
services can sometimes lead to incomplete or usisiastle value networks.
Examples exist in which the added value created thia value network
cannibalizes on the revenue models of involvedracitherefore a first research
question isHow can we analyze and evaluate the impact smarvises have
on the value network of the involved actors?

1.5.2Evaluating the strategic, operational and tacticalimpact
of smart services on the business model of an indiwal
actor

As stated in the Section 1.3, introducing smartises drives and enables firms
to form more complex ecosystems to deliver valudteir customers. All actors
need to (re)define their roles within the valuewwk. This can impact the
business models of the actors. Sustainable valugories can only be
formulated if the underlying business models of itneolved actors are viable
(e.g. the current gap in revenue schemes of playsicior providing eCare and
mHealth services, see Section 1.4.2). This regulissecond research challenge:
How to evaluate the overall impact of smart sendogn the business model of
individual actors?

Since ‘impact on business model’ is rather genduather narrowing down this
concept to impact on the strategic, operational tantical level, allows a more
specific definition and identification.

1.5.2.a Strategic level

Smart services can impact the main building blookghe original business
model of an actor or can even lead to completely besiness models. This not
only includes the value proposition but also thestemer relationship and
channels, partnerships and even the revenue strésasSection 1.3 for the
definition of a business model and its buildingdii). These are all aspects of
the business strategy of an actor. Since it isalwhys clear how smart services
will impact the business strategy of individual aast detailed analysis is
required in order to define sustainable businesgletso For example: the
transition of many traditional retailers toward®eenerce expanded their global
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reach but at the same time have been making waditiretail processes more
complex. Due to high competiveness and additionebcgss costs for
ecommerce, there is often no guarantee on ecorgustainability of this trend.

1.5.2.b Operational level

Evaluation of the operational level refers to tletadled analysis and breakdown
of the current operations and processes, oftemregf¢o as ‘as-is’ scenario, into
smaller process tasks. This allows identificatidrtte impacted process tasks
after introducing smart services (to-be scenarfjered usage of relevant
process resources such as labor time, changeék Hvels and equipment
indicate the impact of the smart service on therapenal processes of the
individual actors. A smart home-care platform fastance allows better elderly
monitoring and can be beneficial for their qualitylife, at the same time this
platform can simplify the current administrative opesses of home care
organizations, such as care scheduling.

1.5.2.c Tactical level

Integrating smart services in an actor's currencpsses requires at least some
level of integration into current ICT-systems. Thi®mes not only include
potential investments in l0T- devices, or instagle complete loT-network (e.qg.
a smart container service that monitors the looatiod context parameters such
as temperature and acceleration requires equigpidgmaintaining all shipping
containers with loT-devices). Also middleware apftware development, setup
and maintenance can come into play, as well agtiandi costs for access to
communication networks. At the tactical level, whidescribes the required
adjustments to current systems in order to realee business strategy, the
complete costs for the smart service provisioniogd specific actor must be
analyzed. This lays the foundations for an econocamiglysis. In case multiple
technological alternatives are available, the emdoampact of all alternatives
should be investigated.

1.5.3 Evaluating the overall viability of smart services

Whether or not a smart service is viable and sustdé depends not solely on
the benefits one of the involved actors’ experiariagividually. In order to have
a viable smart service all involved actors shotli@ast have a cost/effect neutral
impact on their business model and preferably addevfor them, otherwise it's
unlikely that they will participate in the valuetm®rk of the smart service (see
Appendix of Chapter 6). Also concerns can arisefaimess of cost or risk
allocation in respect to the benefits.

At last, characteristics of the broader societaltext in which the smart services
are introduced can have a major impact on the Hmthsustainability of the
service, the speed of adoption and overall viabiit the service. Aspects such
as privacy and security concerns, legal issues,dingness to pay, market
readiness, priority on political agendas, and esthical considerations could
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results in opportunities or barriers which stimelatr inhibit a wide scale
adoption of the smart service.

Therefore, a third research challengeHsw to detect and provide guidelines
for potential barriers in both a multi-actor settm or value network, and
business models of the involved actors?

1.6 Approach

To tackle the research challenges, a six-step atratu methodology has been
formulated during this research (see Figure 1- TBg approach is derived from
the techno-economic methodology presented in [3#] i® more focused on

impact and potential barriers for adoption of sns@rnvices. The six steps of the
methodology combine both qualitative and quantitatiresearch and are
clustered according to three levels of analysis:

1. Macro level analysis: Impact on the way actors pem@te
Step 1: Value network analysis

2. Micro level analysis: Impact for a single actor
Step 2: Business model analysis
Step 3: Process analysis
Step 4: Cost benefit modelling
Step 5: Techno-economic evaluation

3. Analysis of overall viability of the smart service
Step 6: Smart service viability evaluation
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Figure 1-13: Six-step evaluation methodology tolest@ the impact of smart
services

1.6.1 Macro level analysis: Impact on the way actors cogerate

The first step of the methodology is analysis @& talue network which starts
with the identification of all involved actors atfteir value streams in the smart
service offering. An actor is responsible for adeone role, which is part of the
value conversion process (e.g. hardware developnertware installation,
system maintenance). All the involved actors amdrtioles are interlinked with
one another via value streams. Value streams itedit@ exchange of tangible
(e.g. goods, financial resources, human resouxresjtangible (e.g. know-how
and policy development) values in order to crela¢eadded value [13].

Value network analyses provide insights in how addalue is created and
allows identification of potential threats or gdps a sustainable value network.
If all the involved actors receive value in suchway they all benefit

individually, the value network is sustainable d@herefore will be supported by
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the involved actors. If this is not the case (example case of chronic heart
failure, section 1.4.2.c), the value network wildome unsustainable and non-
viable in the current setting. Value network analys a macro-level since it is

performed from an actor independent helicopter vdear the smart service.

1.6.2Micro level analysis: Impact for a single actor

After identification of all actors and their valsgeams, focus is on the impact of
smart services on the individual business modelshef involved actors. As

stated in the research challenges (section 1.5rtsservices have the potential
to affect the business strategy, the business ggeseor operations and the
business tactics. The latter describes the requiregstments and other
resources to realize the strategy.

To understand how smart services affect a busiaetes, the second step of the
methodology is a business model analysis. Osteevadd Pigneur developed
the ‘business model canvas’ which is a visual amprehensive framework to
describe the structure of a business [14]. Seadett3 for their definition of a
business model. This tool can be used to desdnidbapact of smart services on
business strategy by qualitatively identifying ttteanges and their effects on the
relevant building blocks.

In a third step the goal is to quantify the impatsmart services on the
operational level of the enterprise. Process aiwalysa detailed process
breakdowns and comparison of ‘as-is’ or traditioseénarios and ‘to-be’ or
scenarios in which smart services are deployedwalladentification of
operational benefits or costs due to smart seriitegration (e.g. reduced
administration, faster client response, reducedqs® failure, increased revenue
streams). BPMN (Business Process Model and Nofatisnan often used
representation for business processes and thefispesiource usage per process
tasks.

In a fourth step, all costs both capital expendgufCapEx) and operational
expenditures (OpEx) which result from the smartviser integration are
identified and quantified along with their costwdnis. The benefits from smart
service integration are both quantitative and dat@e. The quantitative benefits
include the operational impact, identified in p@w step, but can also result
from impact on business strategy. For instance rtse@vices could result in
completely new revenue streams such as data sel@sgustomer segments, and
multi-sided markets (see case of Nest in Secti@gnl)l. Not all benefits are
guantitative. For example for business deployingrérservices, it can contribute
to an innovative or green company image. For erefsyamany smart health
services could result in increased peace of mimaeased QoL and less anxiety.
Certain qualitative benefits of smart health candomntified via utilization
methodologies such as EQ-5D [38]. These utilitiescdibe numerically the
quality of life of a person at a given time. Contpitihis QoL with the societal
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willingness-to-pay for a year in perfect health][28ows putting a monetary
value on the qualitative impact of smart healtlvises.

Next, in a fifth step, the costs and benefits ar@ated. Often the net present
value (NPV) is used to carry out this economic eatibn per actor. In both the
modelling of costs and benefits, various time d@fecan be included such as
adoption of the service, economies of scale effacd learning effects [37].
When multiple technical alternatives for integrgtithe smart services are
available (e.g. different network types or differeleployment strategies) this
will lead to different cost and benefit outcomeshefefore different technical
scenarios should be evaluated and compared. Thén afxtends the pure
economic evaluation towards a techno-economic steaaalysis. Sensitivity
analysis allows determining the impact of uncettamin input factors (e.g.
adoption rates, cost-evolution of hardware) onrdwilts. An often used method
is Monte Carlo simulations, in which the uncertdimput parameters are
modelled via probability distributions. Sensitivignalysis can also be used to
identify the most important parameters of the eaadun model and therefore
could lead to model simplification.

After completing steps two to five the total impadta smart service for one
individual actor is defined. But since one indivadiactor is only a part of the
complete value network, the micro level analysée{2-5) should therefore be
performed for each actor involved.

1.6.3 Analysis of overall viability of the smart service

The last step of the evaluation cycle is evaluatimg overall viability of the
smart service. Due to their innovative and disngpticharacteristics, smart
services often face many barriers for large scaf@dayment. These barriers can
be identified via PEST-analysis. A PEST-analysithéprocess of describing the
political, economic, social and technological cahtand factors that could
influence the adoption or performance of the srearvice. These factors will be
guantified to the extent possible in order to alloamparing different smart
services and formulating guidelines to increaseisemuptake.

A sustainable smart service not only is a resulthef positive impacts on some
of the involved actors’ business models, nor on \ability of the complete
value network but also of the lack of broader PH@irers. For instance,
political and legal issues can impede adoptionisfugtive smart services like
AirBnB. Many governments now introduced taxes feople renting their house
via the smart platform. The same is true for Ulpgrich introduced an online
managed transport service based on the sharingegoprinciple. Car-owners
can transport people and goods for which they git @nd hereby become direct
competitors of the traditional taxi services. Aatstl before, whenever an actor
does not experience enough benefits from adoptismart service compared to
the costs, it is unlikely the will adopt the serzidn contrast, in some cases they
could impede and slow down adoption (see the cbréwart failure case,
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Section 1.4.2). From a social perspective, conceetsted to privacy have
become a major issue for many smart services iergknAt last the speed at
which the smart service market is evolving resulted a technological
fragmented market due to lack of standards. A fexged landscape is often not
beneficial for large scale deployments because mfedainties of future
technological trends. Next to the PEST aspectsciathave a significant impact
on the smart service, also other factors suchtasseand even ecology can come
into play. Examples of these aspects are for imstasmart services that
potentially harm the equity and solidarity of hbatre systems or the society as
whole (e.g. reduced insurance premiums for peojile avhealthy life style) or
the growing importance of urban sustainability ansarvices that drives many
smart City projects [40].

To be able to evaluate overall viability and foratel go-to-market strategies for
smart services, the results of the previous evi@ststeps are combined with
the outcomes of the PEST-analysis, which can beirfstance gaps in the
revenue stream or other barriers for adoption.dsecthe smart service is not
viable, the value network should be reconfiguredrder to bridge the gaps in
the business models. Potential barriers shouldakentinto account and a new
evaluation should be performed.

1.7 Outline & Research contributions

In what follows an overview is presented of the kvperformed within the scope

of this PhD. The five selected publications incldidie this dissertation (indicated

in Figure 1-14) represent the main contributionst trespond to the research
challenges as specified in Section 1.5, beihg:How can we analyze and
evaluate the impact smart services have on theevaktwork of the involved

actors? 2) How to evaluate the overall impact of smart sersioa the business

model of individual actors?and 3)How to detect and provide guidelines for
potential barriers in both a multi-actor setting @alue network, and business
models of the involved actors?.

Except for minor changes in layout, the form of theblications does not differ
from the original publications. The complete listpublications realized during
this PhD is presented in Section 1.8. This secfimvides an outline of the
remainder of this dissertation and explains howdifierent chapters are linked
together.

1.7.1Value network analysis of smart services

My personal motivation to start this PhD was ortiggtinsights into the overall
impact and potential go-to-market strategies foarsreervices and in particular
smart health services. As noted in Section 1.2nelclyical evolutions have been
fueling an enormous wave of innovative smart serviBut deploying smart
services sustainably requires changes in the imadit way business actors
interact with each other. This shift towards mooenplex value networks can be
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very hard for actors. In particular for the headtire sector, which is already
characterized by a very complex, fragmented andiladged landscape, this
transition can be very challenging and could impegen additional barriers for
adoption.

To get insights in how a smart service could bdized within the multi-actor
landscape of home care we focus in Chapter 2 ontbaet up a value network
for integrating eCare platforms into the homes dfledy. Thorough
identification of the involved actors, their rolesd responsibilities, and the
value stream they exchange or contribute to, $etsbasic foundations for the
formulation of potential go-to-market strategiesisTchapter also describes the
methods used to collect the input and discussetb@mproposed value network.
During the formulation of this value network sevepotential barriers for
adoption of the smart health service were idemtiffeince the barriers originate
from political, economic, social and technologieapects which cannot all be
tackled in the near future or without ‘de-siloizati of current care systems, a
stepwise migration path for deploying the eCaref@la functionalities has
been proposed.

1.7.2 Techno-economic evaluation of the impact of smart
services on operational processes and business misde

A value network for smart services can only beanable on the condition the
business models of the involved actors are nottheda impacted. Would this
be the case, it is likely the impacted actor willt mdopt or even block the
adoption of the smart services. Therefore detddedtification and analysis of
the total impact the integration of smart servibas on the individual business
models of the involved actors is of vital importarto evaluate the potential and
viability of these services. Chapters 3 - 5 preskatfindings of the application
of the proposed methodology on different use calas.includes identifying the
impact of smart services on the operational pragdmpact on business model
and techno-economic comparisons of the differesfirtelogical scenarios.

In Chapter 3, a discrete event simulation (DES) ehdsl presented to evaluate
the impact of an ontology-based nurse call systarthe operational processes,
the care staff and patients. Such an ontology-basesk call system takes into
account a set of context-variables such as truatioaships, type of call (e.g.

alert, care request, request for hotel serviced) @amrent agenda of the nurse
staff when assigning a call to a specific staffrmber. Up to eight different

implementation scenarios of an ontology-based ngedke system have been
compared with traditional nurse call systems. Targifly the operational impact

of the new system and compare the different scenaeveral key performance
indicators (KPIs) have been defined.

While focus in Chapter 3 is on a model to evalub&eimpact of smart services
on the operational processes, in Chapter 4 we foware on the cost aspects to
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implement smart services. More specifically we lablseveral loT-connectivity
networks, and the trade-offs between them. In 8ecti.2 the role of 10T as
driving force for smart services is explained. hder to connect these ‘Things’
with the internet, loT-developers have to decidectWwmetwork technology they
want to use. This decision can have a large impadhe cost structure of the
actor who offers loT-enabled smart services (alsown as loT-provider).
Monthly network subscription costs, network maistece, battery replacement
are just a glimpse of the cost parameters whiakctir affect the overall cost of
the smart service. To guide loT-developer and lodwgers in the decision
process for a connectivity network that suits teeds of the service, a decision
questionnaire has been developed in order narromndihe choice set. The
elimination process of network technologies is dase matching functional and
technical requirements of the smart service and dharacteristics of the
networks. In a second step of the guiding methagglthe economics of each
remaining connectivity alternative are compareds Homparison includes both
the CapEx and OpEx that result from each netwqpk gnd therefore allows to
make a viable and economical decision.

In Chapter 2 the integration of a smart care ptatfts analyzed from a macro
level: the value network is described, actors dadr troles identified. Chapter 5
elaborates on this work by evaluating the impadhefsmart service on a micro-
level. Within Chapter 5, the added value for theolaed actors is identified and
the impact of the smart care platform for care oizgtion is quantified. In order
to do so, first a breakdown of current ‘as-is’ @eses for care scheduling and
care billing is performed and compared with theufet‘to-be’ processes after
integration of smart care platforms. These procéssakdowns allow
identification and quantification of the changedq@ss steps and resource usage
(e.g. time and number. of telephone calls). Commgithese cost reductions with
the total costs, CapEx and OpEX, results in a besgfit analysis for smart care
platform integration from the perspective of a haraee organization. This study
also includes sensitivity analysis due to the ulaieties on process impact and
cost parameters of smart care platform integration.

1.7.3 Multi-actor evaluation, barrier detection and go-to-
market strategies

As pointed out in Section 1.7.1, the overall gofltte research described in
Chapter 2 is to define viable go-to-market scemariterefore the value network
is identified and later on in Chapter 5 the operal and economic impact for a
home care organization is evaluated. In Chapteal®) several barriers for
adoption are identified (e.g. concern about privagyclear payment structures,
lack of standards). So in order to be able to fdateuviable go-to-market
strategies for all actors involved, these barrgdrsuld be taken into account.

To do so, Chapter 6 presents a multi-actor methloayalo evaluate the impact of
the PEST-barriers (political, economic, social &xhnological) on the viability
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of the smart services. The methodology also presguidelines based on the
type and magnitude of these barriers for a speeitor in order to be able to
formulate a viable smart service offer. The PES@hgmis is based on both
gualitative and quantitative effects and the rettimportance of them for the
involved actors. Due to this methodology, the intpzEcdifferent smart services
on the involved actors can be compared one anoMéast, overall conclusions
of the work are presented in Chapter 7.
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Figure 1-14: Schematic position of the differerdygters in this dissertation.
Chapter 2 covers Step 1 and Step 6, Chapter 3 s@&tep 3, Chapter 4 covers
Steps 4 and 5, Chapter 5 covers Steps 2-5, andt@h@govers Steps 4-6.

The aim of the methodology is to offer a framewddt evaluating smart
services from a broader perspective than thateoptire economic aspects of one
single actor. Although most papers included presenevaluation of a smart
service from the perspective of the service pravittee research shows that the
value network configuration, technological, pokti@nd social aspects can play
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an important role in the success and sustainalfithe smart service. Although
there is not a single paper in which all six stepthe methodology are explicitly
mentioned, they are included implicitly. This cae m the background or
introduction sections of the different papers.

The cases described are mainly in the domain oakkend eCare or focus on
processes in the care sector, but in fact this odetlogy can and is already
applied to many different domains. Examples of otlesearch, not included in
this work, are: the evaluations of the value cSneart monitoring system for
dairy cows (smart agriculture), the evaluationt® potential benefits of a smart
container system (smart transportation), and etialyiathe impact of smart
process optimization on current processes for éptacements (smart health).

1.8 Publications

The research results obtained during this PhD haes published in scientific
journals and presented at a series of internatiomaferences. The following list
provides an overview of the publications realizedrl this PhD.

1.8.1Publications in international journals
(listed in the Science Citation Index)

1. Frederic Vannieuwenborg Mathieu Tahon, Sofie Verbrugge, Didier
Colle, Mario Pickavet, and Piet Demeest@&eploying charging
infrastructure for electric vehicles; viability alyses for municipal and
private car parking facility operatorsPublished in the European
Journal of Transport and Infrastructure Resear¢ma44 (2014): 425-
448.

2. Femke De Backere, Femke Ongen@esderic Vannieuwenborg Jan
Van Ooteghem, Pieter Duysburgh, Arne Jansen, Jefioebeke et al.
The OCareCloudS project: Toward organizing careotlgh trusted
cloud servicesPublished in Informatics for Health and Social €44,
no. 2 (2016): 159-176.

3. Frederic Vannieuwenborg Thomas Van der Auwermeulen, Jan Van
Ooteghem, An Jacobs, Sofie Verbugge, and DidiedeC@ringing
eCare platforms to the markeRublished in Informatics for Health and
Social Care (2016): 1-25.

4. Frederic Vannieuwenborg Sofie Verbugge, and Didier Colle.
Choosing 10T — connectivity? A guiding methodologgsed on
functional characteristics and economic considemasi. Submitted to
Wireless Networks (2017).
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Frederic Vannieuwenborg Bart Sonck, Ludo Bols, Sofie Verbugge,
and Didier Colle.Potential economic benefits of a smart monitoring
system for dairy cow health, parturiton and he&ubmitted to
Agricultural Economics (2017).

Frederic Vannieuwenborg David Plets, Bart Sonck, Ludo Bols, Sofie
Verbugge, and Didier Colle Economic evaluation of a smart
monitoring system for dairy cow health, parturiticand heat. In
preparation(2017).

1.8.2Publications in other international journals

1.

Frederic Vannieuwenborg Thomas Van der Auwermeulen, Jan Van
Ooteghem, An Jacobs, Sofie Verbrugge, and DididteCEvaluating
the Economic Impact of Smart Care Platforms: Quatilie and
Quantitative Results of a Case Studdublished in JMIR Medical
Informatics 4, no. 4 (2016).

1.8.3 Publications in international conferences

(listed in the Science Citation Index )

Frederic Vannieuwenborg Femke Ongenae, Pieter Demyttenaere,
Laurens Van Poucke, Jan Van Ooteghem, Stijn VéedticSofie
Verbrugge, Didier Colle, Filip De Turck, and Maickavet.Techno-
economic evaluation of an ontology-based nurse cgtem via
discrete event simulation®ublished in 16th International Conference
on e-Health Networking, Applications and Serviceedlthcom), 2014
IEEE, pp. 82-87.

Frederic Vannieuwenborg Sofie Verbrugge, and Didier Colle.
Integrating digital Health services: The role oktlgovernment and the
challenge of cost allocatiorPublished in 17th International Conference
on E-health Networking, Application & Services (Ha&om), 2015,
IEEE, pp. 81-85.

1.8.4 Publications in other international conferences

1.

Frederic Vannieuwenborg Laurent Mainil, Sofie Verbrugge, Mario
Pickavet, and Didier ColldBusiness models for the mobile application
market from a developer's viewpoimublished in 16th International
Conference on Intelligence in Next Generation Neks@ICIN), 2012,
IEEE pp. 171-178.

Frederic Vannieuwenborg Jan Van Ooteghem, Ann Ackaert, Sofie
Verbrugge, Didier Colle, and Mario Pickavefowards a national
platform for personal medical data sharingublished in eChallenges,
2012, pp. 1-9.
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Frederic Vannieuwenborg Jan Van Ooteghem, Mathieu
Vandenberghe, Sofie Verbrugge, Mario Pickavet, Bitler Colle. A
methodology for multi-actor evaluation of the impateCare services.
Published in 15th International Conference on eliHebdetworking,
Applications & Services (Healthcom), 2013 IEEE, pf-80.

Frederic Vannieuwenborg Jan Van Ooteghem, Femke Ongenae, Stijn
Verstichel, and Sofie Verbruggéntegration of cloud based eCare
services: a Multidisciplinary Challengd?ublished in Proceedings of
the 8th International Conference on Pervasive Caimgu echnologies
for Healthcare, pp. 239-243. ICST (Institute fornQuuter Sciences,
Social-Informatics and Telecommunications Engimegri2014.

Frederic Vannieuwenborg Thomas Van Auwermeulen, Jan Van
Ooteghem, An Jacobs, Sofie Verbrugge, Didier CoHdaed Mario
Pickavet. Smart home care platforms: where is the added alue
Published in 25th European Regional Conferenceheflhternational
Telecommunications Society (ITS Europe), 2014,1pp7.

Sofie Verbrugge, Jonathan Spruyfeederic Vannieuwenborg Bram
Naudts, and Marlies Van der WeA. business game for offering IT
solutions for elderly care homeBublished in FITCE (Federation of
Telecommunications Engineers of the European Urfkamum for
European ICT Professionals), 2016, pp. 1-7.

Frederic Vannieuwenborg Bart Lannoo, Sofie Verbrugge, and Didier
Colle. Smart containers: quantifying the potential impaetblished in
ITS Biennial (International Telecommunications Sbgj World
conference, 2016, pp. 1-20.

1.8.5Other publications

1.

Frederic Vannieuwenborg Research on a fundamental evaluation
methodology, KPIs and guidelines for the integnatiof innovative
eCare and eCure service$3th FEA PhD Symposium, 2012, Ghent,
Belgium

Frederic Vannieuwenborg Zviad Kirtava, Lambros Lambrinos, Jan
Van Ooteghem, and Sofie Verbrugdeplications of mHealth service
deployments: a comparison between dissimilar Eumopeountries.
Published in Telecommunication Economics, pp. 56S§8inger Berlin
Heidelberg, 2012.
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Bringing eCare platforms
to the market

In this chapter, we focus on the formulation ofuatainable value network for
integrating eCare platforms into the homes of digdetdentification of the

involved actors, their roles, and the tangible aidangible values they
exchange, provides a good basis for formulating eptial go-to-market

strategies. In addition, several identified bardgefor adoption are presented.
We discuss how to tackle these and gradually movi® patient centered home
care by proposing migration path for eCare platferm
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ABSTRACT Due to changes in the demographic situation of nvisstern

European countries, interest in Information and @wmication Technologies
(ICT) - supported care services is growing fastareGservices that foster better
care information exchange, social involvement,stijee monitoring services,
etc., offered via ICT platforms, integrated in themes of the elderly are
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believed to be cost-effective. Additionally, theputd lead to an increased
quality of life of both care receiver and (in)forhcaregiver.

Currently, adoption and integration of these eGda¢forms (eCPs) is slowed
down by several barriers such as unclear addec valliack of regulations, or
lack of sustainable financial models. In this wottke added value of eCPs is
identified for the several involved key actors suah the care receiver, the
(in)formal care providers, and the home care omgiuns. In a second step,
several go-to-market strategies are formulated.aBse the gap between the
current way of providing home care and providingneocare supported by a
fully integrated eCP seems too big to bridge in effert, a migration path is
provided for stepwise integration and adoption 6Ps in the current way of
home care provisioning.

2.1 Motivation for adopting eCare platforms

For years, researchers and politicians have bemnufating the challenges that
will arise due to the aging society of Western BeroOn top of that, these
financial, cultural, and medical challenges haveplifiad due to the financial
crisis that struck Western Europe during the lastade. For many Western
European countries this has resulted or will reisudt higher pressure on the care
system while fewer resources are available.

Changes in health-care policies can be noticedJfmiember states in order to
deal with these context challenges (e.g. formutatibnew financing system for
Belgian hospitals in 2016 [1]). Also, general it in ICT-supported care
applications, like remote fall detection applicago[2, 3] and social contact
enhancing applications [4], etc., grows exponelgtighithough their impact is
not always easy to prove [5], many researchersheese applications as tools to
improve the quality of care while reducing or colling the cost of care.

The growing interest in these ICT-supported cangiegtions is confirmed by
the numerous diversified research projects andiegigspplications in this field
(mHealth, Tele-Health, eHealth, etc.) [6]. But hesm the care landscape is
complex and consists of many actors and barrigisging these smart eCare
applications and services to market is challengiAtso because of their
individual, nonintegrated, and stand-alone charesttes, the current landscape
is fragmented and fuzzy for users, both for caceirers and caregivers [7]. To
tackle these issues of non-interoperability and-iméggration for ICT-supported
home care applications; eCare platforms (eCP) aeirggltleveloped [8, 9]. These
eCPs, subdomain of the broader Ambient Assistethgi¢AAL) domain, allow
integration, monitoring, and data exchange betweerset of home care
applications and services that run on the centatiqvm.

Their goal is to provide added value for all invedvactors or stakeholders by
reducing or maintaining the current cost for catélevimproving the quality of
life for the patient and the care providers. Ingyah eCPs allow information to
be exchanged between the care receiver and hisrdir)formal caregivers, or
between the caregivers reciprocally. Furthermohe, integration of various
sensors in the homes of care receivers that momsibone specific context
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variables (e.g. room temperature, movement of greqm, bed detection, sound
level, etc.) [10] allow longitudinal analyses tlwaih provide meaningful insights
in evolution of the condition of the care receivansl their daily life patterns.

Although multiple international research projects the area of AAL are
ongoing or have been finished, to date eCPs hawiell market presence.
Despite the effort to formulate sustainable businesdels for AAL-projects
[11, 12], only a few integrated examples are cutyeavailable [13], resulting in
a limited number of economic and usability studidtso the impact on the
business cases of caregivers or organizationstigat@lear enough and depends
heavily on the type of installed health-care syst&e logical result of this is
the difficult adoption of these high potential eCPrhis leads to critical
guestions: whether eCPs really have an added Valuall actors, what the
barriers are, and how to tackle them?

2.2 Obijectives

The goal of this conceptual paper is threefoldthe first step the bottlenecks
and the added values for all stakeholders are ifteht Based on these
identifications, in the second step, several paeéigo-to-market strategies are
proposed for a sustainable adoption of this typamdvative ICT-supported care
applications and platforms. At last, a migratiorthp& proposed in order to
prepare the market by stepwise integration of @Resservices.

2.3 Challenges concerning the integration of eCare
platforms

Integrating eCPs and services faces some key olgakefor adoption [14]. The
following challenging aspects are recognized: (130plex value network for
eHealth and eCare services, (2) Added value iseanclnd still needs to be
proven or is hard to quantify, (3) Technologicatrteas, and (4-6) Policy- and
health system-related barriers.

2.3.1 The complexity of the eHealth and eCare value netwk

In most countries or regions there is a public thealystem installed ranging
from completely publicly funded systems to almostlesively private systems.
Although many systems show similarities, there texigany differences in
organization and reimbursements of care betweenoalhtries or regions. The
differences result in different attitudes towarcption of eCare services. For
example, in places where health care is paid fopliyate insurers (e.g. the
United States), the incentives and speed to dgmeyention stimulating eCare
services or services that lead to reduced costdoe administration are often
higher than countries with publicly funded systdng. Belgium).

These dissimilarities make it difficult to formudatiniversally valid barriers or
benefits resulting from integrating eCPs. Anothensequence of the dissimilar
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health-care systems is that the go-to market gtyatéll need fine-tuning for
each country or region to fit in all local regutats and policy frameworks.

This work is situated within the context of the §iah care system, a care system
that is characterized by a compulsory care inserdioc all citizens. Many
citizens supplement their basic insurance with aithl insurance.

Currently, care is offered in a very fragmented waielgium. Both informal

and formal caregivers working privately or for éifént facilities/organizations
are providing different levels of care to the cageeiver (daily life assistance
versus medical care).
All citizens have complete freedom in choosing thedre providers. Sharing
care data between all involved care providers ame organizations increasingly
is being facilitated, sometimes compulsorily, usomdine platforms deployed by
governmental bodies (e.g. online medication schefh®8F online assessment
tools for the care need [16], e-prescriptions [E1{.). The trend is positive, but
currently one cannot speak of complete interorgditnal collaborations.

This complex health-care landscape becomes evere roonfusing once
technology and digital health are integrated. Dgitime process it becomes clear
that the value network of digital health care iscemplex and fragmented that
the creation/adoption/consumption of a digital e@Bks for extensive
partnerships and collaborations (with non-care igliag partners, e.g. service
integrators, mobile telecommunication providersidinaare developers, etc.) to
get accepted, promoted, and marketed within théHhoeae sector.

The complex value network is often characterizetth\&h unbalanced cost and
benefit allocation. Often, the investing actor &t the one who will benefit the
most [13]. These distorted cost/benefit allocatiored to be solved in order to
guarantee a sustainable business case, othersdvdntaged actors could slow
down or even block the adoption of the service.

In Belgium and many other countries or regions tiealth- and home care
market and value network is fragmented and fuzzyoperate in from the
perspective of care technology providers [18]. Apm for reimbursement and
formulating sustainable business models are edpecizallenging tasks. Also
incentives for publicly funded care insurers argently not strong enough.

2.3.2 Added value of such services still needs to be prew

Although health care is in need of new businessatsofll] and there is a big
“buzz' around digital health-care innovation, there is yeitt sufficient proof on
the added value of new eCare services [13]. Aleddht that few examples exist
of integrated eCPs, evidence on economic impastistainable business models
is limited.

This is a reason why policymakers, health-care tjgi@ers, patients, and
other stakeholders are somewhat restrained in exhophd reimbursement [18,
19]. Typically reimbursement could be consideredemisignificant scientific
evidence is available (cf. evidence based medicifigis poses a chicken or egg
duality for eCare services like smart care platforeince its adoption, and
therefore also its expected impact would be slovdedvn by a lack of
reimbursement [19].
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Another characteristic of eCare services is thatatided value for many actors
is more qualitative. Care supporting services, agmeal delivery services, care
agendas, and alerting services, often lead to areased quality of care,
increased peace of mind for the care receiver @ peovider, increased social
involvement, and an increased quality of life inngel. These types of
qualitative impacts are more challenging to quantiian pure quantitative
effects such as process time reduction. There exéthodologies to quantify
these qualitative benefits, [13] such as qualitysted life years (QALY), [20]
but often these methodologies do not cover all otgrh aspects (quality of life
of patients, formal caregivers, informal caregiyeietal impact, etc.).

Further research on cost-effectiveness, value ledions, and user experience
research is needed to prove the added value okesgavices and platforms.

2.3.3Technological barriers

Integrating eCPs also poses a significant techicdbarrier. On the one hand,
the end users-care receiver or care provideneed to be at least somewhat
educated to use and work with new ICT-supported sarvices. Also using the
smartphone, tablet, or television as medium torautewith the eCP is a new
given for many people [21]. Proper education anetvill be needed in order to
expect that the users are ready to work with an eCP

On the other hand, there exist many standards atal fdrmats to exchange
care related information or to communicate withfaefént sensors. Many
hardware providers use their owtstandarti to protect their technology or use a
subset of international standards such as HL7 afeb [22]. Luckily, efforts
on standardization are still ongoing and fostergdniany initiatives such as
Continua Health Alliance [23].

2.3.4 A lack of financial support

In international research of [19] and [24], up @98 of primary health-care
practitioners reported a lack of financial supdortIT applications as a barrier
for adaption. Integrating innovative ICT-supportedte services (eCare services)
not only requires upfront investments, but oftesuls in changes or even
completely new operational processes for care pianing. Financial structures
to compensate care providers for these new proeeseseoften not in place. The
incentive to integrate eCare services is thus rdtlve for most care providers.

On the other hand, together with the growing irdeia eCare services, the
number of requests for reimbursement grows as \8ellthe decision makers,
who should have a societal perspective, shouldripz@ the allocation of
reimbursement resources according to the simultanémpact on the cost of
care and effect or quality of life of the patiemdahis or her (in)formal
caregivers.

Annemans [25] states that on a policy level, whaeision makers decide on
the reimbursements of treatments, there is ofteimoat time vision in order to do
quick savings and where there is too little atmmtio the long-term cost-
efficiency of all treatments.
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2.3.5Current willingness to pay

In many Western European countries, policymakex liastalled a health-care
system that aims to be high quality, accessibld,aifordable for their citizens.
In many countries, public health insurance has liestalled to make health care
affordable. This implies that the costs for healsine are borne by society, and
therefore citizens themselves only have to pawetifsn of the total cost for their
health-care provisioning directly. This resultgwo crucial impacts. First, health
care is affordable and accessible for most citiz&esond, since we are used to
paying only a marginal part of the total healthecaost, most citizens do not
have an appreciation of the complete cost of heath.

Therefore, if eCare services are not (partiallyymteursed by the health
insurers or other stakeholders, people face theargh complete costs of those
services. This will form an adoption barrier in sowases [26, 27]. This is an
important remark because it can be expected tHgtaominimum or none of all
eCare services will be reimbursed because of tlesspre on the financial
resources and the current lack of impact/effeaevte.

2.3.6 Privacy concerns and legal issues

Privacy is another barrier hindering implementa@wdériCT in health care. Since
electronic medical records and other digital heatthovations are web-based,
any physicians and patients fear that medical datg not be secure [19]. And
this fear is even more the case when wirelessriatés used to transmit these
data to various locations [28].

To counter these privacy concerns, governments segtrong regulations on
ICT-supported eCare services in health care. Varlaws related to fraud and
abuse, malpractice and data security create a raligiate for health-care
providers to implement new ICT services. This ig tbame case for new
innovative health entrepreneurs entering the market

2.4 Methodology

The proposed migration path for integrating eCRs he current care landscape
results from following a three-step research apghoa(l) Added value
identification, (2) Value network analysis and gertarket strategy formulation,
and (3) defining a migration path. Figure 2-1 gieeschematic overview. In
what follows each of the research steps will bewssed. In this section, the
methodology will be discussed. In Section 2.5, it e applied to a specific
case [29].
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Figure 2-1: Schematic overview of research methogipl

Step 1: Data collection and added value identifizat
In order to collect data on added values, barriarg] potential impact on
business processes, several types of data coleotieetings were organized.
Data collections techniques used during these ng=tire as follows:
« Interviews with opinion experts: four managers @ade professionals
of care organizations and two managers of a sepricéding company
¢ Interactive focus group workshops with stakeholdeh® are member
of the project consortium [29] (mobile service on&tor, service
providers, hardware provider, and care organizajioopics treated
during these workshops: business model canvas,e valetwork
configuration, value stream mapping, process deositipns, go-to
market strategies, and migration path
« Data-input of a complementary project research {80liser experience
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» lterative feedback meetings in which stakeholdeoald provide
feedback on interim analyses

Finishing this step resulted in (a) a clear forrtinta of the needs of each actor
and (b) the added value eCPs could offer to (dbftiavercome these needs.

On the condition that all acquired information addta would remain
confidential, participating care providers and @ats approved the use of the
data for scientific research by signing an inforneedsent. Also, this project is
registered with the Commission for the ProtectibRiivacy as an iMinds ICON
project. The study was exempt from formal ethiqggiraval.

Step 2: Value network analysis and go-to-marketagergy formulation
In this second step, we provide potential answerguestions as follows:
(1) Who will distribute and install these platforms
(2) Which actor will educate the care receivers ean@ providers?

As stated earlier, via iterative focus group wogshy three realistic go-to-
market strategies were developed and describedtail diia value network and
value stream analyses [31]. All necessary rolesingoethe tasks and
responsibilities that are needed to be executedorder to deliver the
product/service to the end consumer, were idedtiied allocated to one or
more actors. An actor is the organization/persoffiror that is responsible for
one or more roles. Mapping all the actors on onenore roles clarified some
important issues that will need to be tackled mfikture.

Step 3: Formulation of a migration path

In the third and final step, the gap between*t® IS’ situation for home care
delivery today and an improved and futurisfi®© BE’ scenario is the topic of
interest. The research findings indicate that“éh® IS’ situation, characterized
by a scattered landscape of care provisioningredfedoy many different care
actors, such as informal and formal caregivers @@ organizations, is not
ready for a complete integrated eCP in the homeddafly.

The gap between the current situation and theetksitenario seems too big to
bridge in one effort, therefore several intermegliargets are proposed that form
together the migration path toward theO BE’ scenario, which stands for the
complete integration of eCPs in the organizatiaral operational processes of
care provisioning. The migration path as such isppsed as a realistic
integration strategy for eCPs.

2.5 Research outcome

In what follows, the proposed methodology will gpbed to eCPs in order to
determine the added value for several actors anfbrtoulate several go-to-
market strategies. Also one particular go-to-maskedtegy will be described in
detail.
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2.5.1 Description of the functionalities of eCare platfom

Many examples of previous and ongoing projects @R<can be found in the
literature. The AAL project: make it ReAAL [9], treCare network of Bologna
[5], the Telecare development program of ScotlaB®],[ and the AAL
Care4Balance project [33] are just a glimpse ofomal or international eCP
projects. In essence, their functionalities canchtegorized in four different
themes:

1) Sharing care information, and according to the-balsed rights of the
involved actors, one can add, change, erase, ootaten particular
information of the care receiver.

2) Providing care supporting services. Examples ofehservices are
online meal delivery services, providing care jaisrand care agendas,
alerting specific care actors, etc.

3) Social life supporting services. Making video callsth friends or
relatives, or being able to share some memoriek fainily are just
some of the services that support the social fiftv@ elderly.

4) Monitoring services. Examples are lifestyle monitgrservices, which
monitor daily life activities via a series of sersguch as movement,
pressure sensors to detect bed or couch preseoccele@meters to
detect falls, light, noise, temperature, humidismoke detectors,
weighing scales. Via these sensors all kinds ofnimic or context
information can be captured. Sensor data allow dhalyses and
evaluations of the lifestyle trends.

Many eCPs provide some of the above services wiiitatrs provide a basic set
of services that can easily be extended by addiodutar services [29]. The eCP
called OCareClouds and developed during the equally nanmefeqt [29],
which is the focus of this research, is a compleleud based platform.
O'CareClouds provides several services: (1) to fobadter care information
sharing (consulting and annotating the shared resx@rd), (2) to support the care
and care organization tasks (time and task regjimtradf the caregivers, care
agenda, and a smart task list), and (3) to enhtr&social connectivity (smart
messaging service, service catalogue for additidd@areClouds services).
Additionally, (4) modular lifestyle monitoring seces can be added by
installing the necessary sensors.

2.5.2 Added value identification

Addressing the needs of the involved actors isrst fiequirement in order to
present a potential interesting offer for them.what follows, the main users
(being the care receiver, the informal care prawdsuch as family members,
partners, or friends), the formal care providerd aare organizations) together
with the added value for them and a descriptioth@fv of an integrated eCP
fulfills their needs is provided.
To determine the added value for both the careivecend the informal

caregiver, results from user research within th€&éClouds project are used,
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combined with the outcome of (in)formal intervieasd workshops with various
stakeholders (see “Step 1: Data collection andcadie identification”)

Added value for the care receiver
The most important added values for the care receive identified:

A direct result of an integrated eCP is that theecaeceiver
immediately has more control of the organizatiorhisf or her care.
Care receivers can consult and complete their owarexd care
record. This leads to a strengthened involvemedtempowerment
of the care receiver.

* The improved possibility to share care informatibatween the
involved care actors will lead to higher quality odre and could
lead to a higher state of peace of mind becausg Kmeow that
someone is looking over their shoulders.

« Depending on the go-to-market strategy, integratamgeCP with
lifestyle monitoring services after hospitalizatieould lead to a
higher state of self-management. Being more selfiagaable as a
care receiver means that you are less dependecdrenprovided by
other actors. Therefore, the possibility existstthacare receiver
can live in, and stay in his or her own home, whilew many care
receivers need to go to an intramural or day careter because
their care needs are too great to live qualitativaltheir own non-
adapted homes.

* A social calendar, which presents all social atiég that are
interesting and adapted to the situation of thee gaceiver, could
lower the barriers for social contact and decretse chances of
social isolation.

* Many care supporting services and devices exigtaaly. However,
informing the end user of their existence is thal rehallenge. A
digital catalogue service of compatible eCare s&wicould lower
this knowledge barrier. The smart catalogue couldgest care
services, particularly interesting for the careeiger.

Added value for the informal caregiver
For family, friends, neighbors, and volunteers, th@éded value can be
summarized as follows:

* A better care task coordination will lead to an ioyed quality of
care/work atmosphere. Less stress, less unexpeaskd, increased
state of peace of mind, etc. could all be resultbetter coordination
and communication between all the caregivers.

* Being better (and real time) informed as caregigbout the care
receiver and his or her actual situation will disad to more appropriate
care (e.g. when there was an abnormal incideniee#inat day, etc.).

Added value for the formal caregivers (physiotheiap general
practitioner, cleaning help, etc.) and care orgamitons (day-care
revalidation centers, home care organization, etc.)
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To identify the added value an integrated eCareisercould reveal for a
care organization, several methods were used (Sézp“1: Data collection
and added value identification”). First, based oseru scenarios, a
decomposition of the current care process is démgu¢e 2-2). The process
blocks with the dashed line indicate how the cutrenocess could be
triggered by eCPs. The hatched blocks highlightithpacted steps of the
current process. These steps will not only requmme hardware and
interaction with the platform, but also result idditional time investments.

In order to validate these findings and get datalenexpected amount of
additional time invested, expert opinion interviewsok place with
managers from care organizations. The goal of therviews was to
identify in which current process steps the mostetiwas invested and
where most efficiency increase could occur.

The complete process of care delivery by a caramigation is currently
divided on the one hand into patient driven procsteps: (1) the patient
intake phase, (2) the preparation of the care dejiv(3) the actual care
delivery, and (4) the care delivery administrati@n the other hand, there
is also the overhead time investment needed taherorganization as well.
Figure 2-3, which is a result of iterative feedbas&ssions of opinion
experts, maps these process blocks and their civglrd or parameters.

The major conclusion that can be drawn is thatgradon of eCPs will
only marginally impact the first three patient drivphases. But all process
blocks that require administration tasks can bergefot of such a system.
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In particular, the billing for care delivery andethre)scheduling of it
proved to be processes that are characterized teysive manual labor in
many care organizations. Apparently, due to theimegrated informatics
systems, a lot of manual rework needs to be done.

These findings are crucial since they shift theulof the quest to identify
the added value from having the availability of are complete care
context to a focus on administrative time investtmen

The following value-adding aspects of eCPs werentified from the
perspectives of formal caregivers and care orgaioizs:

» Using (and/or integrating) eCP functionalities kisting planning
and billing software of the formal caregivers coulelad to
significant decrease in administration time. Adrmatrative time
gained at the home of the care receiver will resulnore time for
qualitative care (more added value for the careirer).

* A better care task coordination will lead to an noyed quality of
care/work atmosphere. Less stress, less unexpetasts,
increased state of peace of mind, etc. could allrdmlts of a
better coordination and communication betweentaldaregivers.
(Idem informal caregivers)

* Integrated eCPs allow a smoother switch betweerfepsional
care colleagues from the same care organizatian (e.case of
sickness, etc.) because of the available care gbihe platform
can provide. A more transparent data sharing betwkemal
caregivers, who are not connected to care orgaoizate.g. GPs,
etc.), could also result from eCPs.

Added values: Summary
Table 2-1 summarizes the added value for the keyrsuef an eCP and
which type it is: qualitative versus quantitativedad value.

Quantitative effects are those that can be traedlab monetary value
quite straightforwardly. Process time reduction anmcrease of throughput
are examples of quantitative effects. In contraghwguantitative impact,
there are the qualitative effects. Added valueshsas “improved quality of
care,” “less care stress,” and “better work atmespli are all examples of
gualitative impact factors not only for the careewer but also for all his or
her caregivers. Via socioeconomic and health-ecaoomvaluations,
gualitative effects can be quantified [34, 35].

For care receivers and informal care providers, @R mainly result in
qualitative effects. From their perspective, qualite impacts, such as
increased peace of mind and quality of care, areemimportant than the
guantitative effects that could influence the cfist care provisioning, for
example. For care organizations, the situation iffeeent. Both types of
impact factors (qualitative and quantitative) argortant. Better insights in
the home care situation through more detailed dafieemation can lead to
higher quality of work and work atmosphere.
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On the other hand, an adjustment in the care phlanprocess could lead
to significant time savings in the overhead proessdhis is an important
given since a care organization is responsible fany caregivers, so
potentially a significant amount of time can be esébut would also require
a significant investment from the care organizadion

Care organizations are expected to have a cruolel in the integration,
adoption, and scaling of eCP systems. The addegevir this actor must
be very clear. Therefore, not only a descriptionthe# qualitative impact is
interesting, but also a cost-benefit analysis iedeel in order to indicate
whether or not investing in this kind of platforisscost-effective.

Table 2-1: Added value for the key users of eCagums.

Type of added value:

Actor Added value description Qualitative/ Quantitative
. « control of the organization of care Qualitative
Care receiver » strengthened involvement and
g Qualitative
empowerment
« higher quality of care Qualitative
« higher state of peace of mind Qualitative
» higher state of self -management, less care Qualitative
dependent
* lowered barrlers_ for som_al contact and Qualitative
decrease of social isolation
e better informed of existing and practical Qualitative
care support services
Inf c » better care task coordination Qualitative
niormat L.are * improved quality of care/work atmosphere Qualitative
giver * |ess stress, less un_expected tasks, increased Qualitative
state of peace of mind, etc.
* being better (and real time) informed Qualitative
E c * better care task coordination Qualitative
ormaft.are * improved quality of care/work atmosphere Qualitative
giver & Care * less stress, less ungxpected tasks, increased Qualitative
o state of peace of mind, etc.
organization - significant decrease in administration time
(scheduling, adapting schedules, billing, Quantitative
etc.)
* reassuring care receivers when delay during Qualitative
care visits

2.5.3Value network analysis and go-to-market strategy
formulation

The goal of this section is to discuss possiblerapphes to get eCPs to the
market. Three possible scenarios were found swtéddl market entrance. A
fourth reimbursement-based market scenario was dtated as well, but
was considered non-desired. Reimbursement for eSaneder pressure or
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often not in place yet and cannot be sustainedhia future. For one
particular go-to-market strategy, first, the valetwork with all necessary
actors together with their roles is formulated. Asetond, the value streams
between all roles are indicated. To conclude, a SW(strengths,
Weaknesses, Opportunities and Threats) analysigpravided for that
scenario. The following go-to-market strategies idemtified:

(A) eCare platform provided by the care organization

The eCP gets sold by the integrator to the cararizgtion, which offers this as
a service to the final client. Apart from havingcampetitive advantage over
other care organizations, interviews with home aanganizations revealed no
other forms of added value when offering eCPs ia thurrent healthcare
landscape. Willingness to pay from the custdmeside is unclear for this
scenario.

(B) eCare platform provided by service flats

The eCPs are offered by the service flat owners tedr usage costs is
included in the general service flat rent. Apamnfr having a competitive
advantage over other service flats, there is ldtdeled value for them. That
the real benefits of the system are also addressexther actors, and that
there is still a technology adoption gap for elgiemrhake the incentive to
integrate the expensive eCP technology very small.

(C) eCare platform as billing and scheduling tool forare
organizations

In a third scenario, this work tries to address igsue of a lack of added
value for the care organizations. Taking into actothe input from care

organizations, we developed a scenario where wepstk away from the

key focus of eCPs, but used a billing and schedutbol as starting point.

According to care organizations, these current @sses demands major
administrative and time-intensive efforts.

(D) eCare platform with government reimbursement

The last scenario was developed to show what tte@nbkas model would
look like if eCPs are offered by the care organtmatbut supported by
government reimbursements. There is no guarantae afolong-term
sustainable business model for eCPs when basedimbursement.

In this work, only the third go-to-market strateggCP as a billing and
scheduling tool for care organizations (eCP agiefficy improvement tool), will
be discussed in detail.
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Value network and value stream analysis

The qualitative added values for key actors, sichage organizations and care
providers, are not clear and strong enough in otdeguarantee a sustainable
adoption. Therefore, the focus shifts from an e€Baae supporting system to an
eCP as tool for efficient time and task registratémd care rescheduling. eCPs
are expected to save a lot of administrative timethis go-to-market scenario,
the care organization subscribes to the eCP billaxgd rescheduling
functionalities, provided by the eCP integrator. Nther care actors are
necessarily involved or have to invest in eCP ses/ior hardware.

Task registration and gathering billing informatioould be easily added to the
eCP functionalities. Also since these platformstdodetter care information
sharing amongst the care actors, rescheduling ahe agenda would become
easier.

Focusing on the biling and rescheduling procesappears to be an
undervaluation of the potential of an integratedPeBut it has two main
advantages:

* The billing and care rescheduling processes of ntang organizations
are often still very administrative and time inteesand therefore
costly. Tackling these issues is of real addedevéduthese actors.

e Care providers and members of a care organizatiennat always
familiar with the latest ICT -technologies. Insteafdreleasing the full
functionality of eCPs at once, which can be ovelwingg, a controlled
and stepwise introduction of functionalities thaakes their job less
administratively intense could lead to a bettereptance and adoption.

Figure 2-4 presents the value network for offee@Ps as billing and scheduling
tools for care organizations. The legend indicatbih actor (e.g. care receiver,
platform provider, formal caregiver, government.ets responsible for which
role (hardware development, service integration,).eActors are the persons of
organizations that can deliver value, both tangiale intangible (service,
support, craftsmanship, etc.). Actors take up anmare roles within the value
network. A role indicates the responsibility abaute or more activities that
needs to be fulfilled by an actor in order to detithe added value.

For a complete set of definitions and overview é tifferent actors, roles,
streams (Care, Service, Big Mother central platfoitetwork and Financial
stream), and phases (creation, delivery and consomphase) see Appendix A.

In the value stream mapping (Figure 2-5), the vadwehanges [financial,
financial stream for care, value (tangible and rigibles) and care] between
these actors are presented. The figure shows tlie g&reams of an eCP as a
billing and scheduling tool.

The integrator will use its own resources but alse external expertise and
knowledge to create the final billing and scheduliool. Financial flows will be
directed from the integrator toward the supplierscompensate for the value
streams that flow toward the integrator. On toptefcost to produce this tool,
the integrator will add a profit margin that witirim the selling price of this tool
for its clients, in this case the care organization
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The care organization(s) will pay the integrator the tool and for the
installation and integration into their back-endsteyns. The integrator could
charge additional (monthly) fees for service supponaintenance, yearly
education, and other roles.

Feedback from the care organization shows thatiogdailling and scheduling
records for review could provide additional valuer fcare receivers and
(in)formal caregivers. If the added value is oftsadevel that willingness to pay
can be found, financial streams can flow from thesgors to the care
organization for the review of the care planningl dilling. Further research
could provide insights to the willingness to paytteese services.
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Figure 2-5: Value stream mapping for the go-to-nedrkcenario: eCP as
“efficiency improvement tool.” This tool will be meeted in

Impacted care processes of care organizations

The care organizations themselves are convinced ahkt improvement is
possible on the administration side of the billangd rescheduling processes. In
order to detect which process steps would be inepalsy eCPs, interviews with
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care organizations took place. The scope of theeiniedimited to East-Flemish
work area of a care organization involved in theG3Jroject [29].

First, a full decomposition of the current billifgocess and rescheduling
process is done, as well as the process that f@aes when something has to
change to the actual care schedule. For instaricen\a caregiver gets sick, all
planned appointments need to be reallocated tor adwegivers. Figure 2-6a
shows schematically both process breakdowns.

In a second step, together with the care orgaoizatie modeled how an eCP
would impact the current billing and reschedulimggesses. Some process steps
would remain unchanged; others would even disappeavould be impacted.
Figure 2-6b shows what process steps would be iragand how.

In the third step, all impacted process steps Wwél quantified (e.g. time
investments, decreased communication costs, &tug.quantification is beyond
the scope of this current work.

A. ‘AS IS’ scenario, without SCP integration

Current Care Reschedule

Current Billing Process
Process

1.Inputting biling data per visit

1. Care giver or care receiver notices
the central of the care organization Of
achange in the schedule

2. Bringing/mailing the data lsts to the
central office of the care organization

2. care central contacts and schedules.
other care givers

3.nputting data lists into the billing
software

3. care central notices the initially

dedicated care giver of the change

4. Noticing the care receiver of the
change of care giver

4.Sending the customer bills to the
clients

B. ‘TO BE’ scenario, with SCP integration

Current Care Reschedule
Process
1. Care giver or care receiver nofices
the central of the care organization Of
a change in the schedule
A

Current Billing Process

1.Inputting billing data per visit
WILL TAKE ONLY A BIT LESS TIME

2. Care central contacts and
schedules other care givers and care

4.5ending the customer bills to the
clients

Figure 2-6: Process decomposition of (a) ‘as istldb) ‘to be’ billing and care
rescheduling processes, respectively without arid wiegration of an eCare
platform.



66 Chapter 2

2.5.4SWOT analysis for the go-to-market scenario: eCP as
efficiency improvement tool

Figure 2-7 shows a summarizing SWOT analysis fiwr glo-to-market strategy.
A SWOT analysis provides insights in both the in&r (strengths and
weaknesses) and external (opportunities and thréatsors that can influence
the achievement of the goal. Based on the idedtdteengths and opportunities,
one should conclude that integrating eCPs as toolefficiency improvement
does hold potential value.

On the other hand, the issues that can slow dowratloption are a lack of
change management and overall willingness to a@logiw technology.

Strengths Weaknesses
Creates added value for the care organization - This model remains care organization centred
Could be a first step to digital integration of more and does not move to a patient centred system,
digital services (e.g. OCCS) which is the initial goal
Gives the care receiver and informal giver an | - Needs a strong change management

overview on their expenses and care agenda
Show already potential income flows for the care
organization

- Increases cost-efficiency on the long run

Opportunities Threats

- Possibility to integrate this tool in a smart care | - Low willingness to adopt technology

platform

Figure 2-7: SWOT analysis of GTM scenario: eCP féisiency improvement
tool.

2.6 Migration path

All actors in this study agreed that these techgie®will be of value in the near
future and will increase cost-efficiency.

But the business modeling and user experience n&#seshowed that the
market is not ready yet for installing completeegrated eCPs into their homes.
For the care receiver, there are some technicalebsrto overcome and the
added value of these technologies is still uncl€urrently, for the care
organization, these technologies do not providenmue selling proposition.
Moreover, there is no clarity on who will pay fdrid. To implement eCPs,
between care organizations, there needs to be gstoooss-organizational
cooperation and change management. These organizatd not seem ready yet
for this sudden change.
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To deal with these issues, a migration path wagldeed that, first, will fulfill
the care organizations’ needs, and second, wil/igeoa gradual process to
adopt eCPs within the organization and acrossebms

Figure 2-8 starts from the current care organiratientered model (as care
coordinator). An integrated eCP, which is at thd efthe spectrum, fosters a
patient-centered system. To evolve from the curterihe desired scenario, the
research indicates that intermediate transitioregdssare needed.

Step 1: an eCare platform as billing and scheduting

For the care organization to adopt an eCP, theeelsn¢o be proven
additional value. Therefore, eCPs should also He tbbe used as a
scheduling and billing tool. As the current andufet state process
decompositions show, a biling and scheduling tdor care
organizations can impact their administrative cotsitegrated within
a patient-centered care system, it can deliverrapetitive advantage
toward the future.

A remark from a care organization was that theepatshould already
be able to see their planning and scheduling (withan active
participation in it). This will already create valdor the patient. This
step will probably pose the biggest hurdle foraadtors: infrastructure
installation, the education and change managemeithinw care
organizations, drawing the baselines for futurergaships, etc.

Step 2: Internal use of the shared care record

During this second step, care organizations areweaged to start using
the eCP functionalities within their organizatioiote that the patient
still does not get empowered to participate in diisher own health

record and organization. This second step meralyeseas a change
management step, where the care organizations @ndtaff get

immersed in the new eCP technology and are showedanvinced of

its advantages and possibilities. Hereby, the e@pl&r/integrator of

the system should educate all staff members.

Step 3: Cross-organizational use of shared caremc

In a third step, when all possible technical issarescleared and change
management convinced future users of eCPs (formaifal
caregivers, staff members etc.), eCPs should beeomoel for cross-
organizational use. If sales operations in stemd 2 were performed
extensively and network effects occur [36], rollaatstep 3 could go
smoothly. Cross-organizational use of the share@ cacord could
serve as a catalyst for sales opportunities whemank effects occur.

Step 4: eCare platforms as facilitating tools fatipnt-centered care

Once all previous steps are fulfilled, care orgations and actors could
start thinking about opening the systems to the caceivers. At this
future time, care receivers will get more and moeeeptive toward
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(health care) technology innovation87]. Care providers should
foresee thorough education for care receivers taageustomed to the
health technology.

However, it will be important to develop key pantstgps. A partnership could
be the solution to develop a long-time businesse das develop a market
adoption plan and spread costs accordingly.

>

Step 4:

Smart care platform as
facilitating tool for
patient centric care

Step 3:
Cross organizational
use of the shared
care record

Patient centred care

Step 2:
Internal (+informal)
use of the shared
care record

Step1:
Smart care platform
as billing &
scheduling tool

-
time
Figure 2-8: Proposed 4-step migration path to tactie issues of adoption.

2.7 Conclusion

In this paper, we have looked into the marketingastunities of new “Cloud-
like” eCPs. The goal of these platforms is to offarsted information and
knowledge-based services related to the care argémm and delivery to the
client/patient. These services aim to support asief communication on the
daily care related needs, the social needs ang lfailassistance.

This work started by detecting barriers and chaksn for creating and
developing products and services in the eCare tames Four groups of
challenges are defined as follows: (1) the compjexif the eHealth value
network, (2) unclear added value for several ketora¢c (3) technological
barriers for both users and developers, and (4¢yp@sues concerning privacy,
a lack of financial and regulatory framework andedormed perspective on the
reimbursement of health care.

The impact of these barriers is strongly amplifeetause of the dissimilarities
in public health-care systems, installed in almadstcountries (e.g. health-care
systems based on private insurance versus compfaiélicly funded systems).
The fact that most countries or regions have owrcgires for their care system
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and reimbursement make it more complex to exportomy eCare services to
other places (e.g. different reimbursement scheutifferent legal and privacy
framework, standards, etc.). This work is situatedhe context of a Belgian
health-care system in which there is a compulswsyriance. The basic insurance
is often supplemented with non-compulsory insurangéis context information
is important because it can imply that the ideadifibarriers have different
weights of impact in other health-care systems.

To propose go-to-market strategies, this work ethdut by mapping the value
network for creating and offering eCare servicds Value network can be seen
as the total overview of all possible roles thagéd¢o be fulfilled to create the
services and get them into market. Each role ig®asd to a generic actor. A key
role within this story is the one of the integratdhe integrator is the actor
responsible for turning eCPs into a tangible présllend bringing it to the
market. This actor will use its own expertise, vitl also use input from
external parties to install or integrate eCPs @xisting or new systems of clients
(e.g., the integrator can buy the hardware fronugpker, will use the services
from a software developer etc.).

After mapping out the value network, four go-to-kerstrategies for eCPs are
formulated. Also possible revenue streams are iiiksht In a first scenario, the
eCP gets sold by the integrator to the care orgéiniz, which in its turn offers it
to the final client. Apart from having a competé&iadvantage over other care
organizations, interviews showed that the addedevBir the care organization is
limited. Also, it is uncertain if the current levef willingness to pay from the
customer’s side will be enough to formulate a dnatale business model.

In a second scenario, the possibility is exploreseovice flats owners offering
the eCPs and including the fee for the use of theageneral rent for the service
flat. It was noticed that there is still a techrgt@adoption gap for elderly, apart
from having a competitive advantage over otheriserflats; there is little added
value for the service flats to integrate this capgittensive technology.

The third scenario addresses the issue of a ladddéd value for the care
organizations. Taking into account the input frorarec organizations, we
developed a scenario where we stepped away fromkelyefocus of eCPs
(supporting care via ICT-enabled services), butduse platform solely as a
billing and scheduling tool.

The last scenario was developed to show what teeéss model would look
like if eCPs are offered by the care organizatiah supported by government
reimbursements. It is clear that this is a desittenligh less probable and a
potentially unsustainable scenario from a socip&bkpective. Reimbursement
strategies for eCare services are still unclear raotdin place yet. Formulating
the business model on reimbursement is no guarémteelong-term sustainable
business case.

A complete cross-organizational integration of eC&guires efforts that are
too big to handle at once, therefore we definedtegoveise migration path.
Research on this migration path indicates that tlg@ billing and scheduling
tool (third go-to-market scenario) could bypass pheblem of a lack of added
value and technology adoption issues for the cacmivers. If this tool is
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developed in such a way that it can be integratéal an eCP and the already
existing back end systems of care organizatioris, sbenario would be most
plausible at this moment in time.

A billing and scheduling tool has the potentiairiorease cost-efficiency. This
is believed to be a first step to digital integvatiand collaboration of care
organizations and a first step toward a patientared care system. Each
following step on the migration path serves to oppreertain functionalities and
services toward different stakeholders. First a mlete intra-organizational
deployment and integration of eCP functionaliti¢mdd be realized before
starting inter or cross-organizational usage of e fourth and final step of
the path is about opening up all eCP functionalit@vard the care receivers in
order to support real patient-centered care.

2.8 Future work

In extension of this work, quantification of thepact of eCPs is needed to make
up the business case for care organizations. $tugriently work in progress.

Also research on the potential value of eCPs foiesp would be a great value.
If a result of that research would be that intdggatan eCP in the homes of
elderly is a cost-effective investment for sociegimbursement structures could
be pursued. Therefore, a health technology assesstuely would be needed to
determine the cost per QALY gained. The Model foSsassment of
Telemedicine (MAST) research framework [38] woukd suitable for this kind
of analysis.
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Appendix

In what follows, all value network elements (segufé 2-4) are described.
Elements are as follows:

* Roles

e Streams
 Phases
e Actors

Tables 2-2 to 2-6 provide an overview of all detecroles in the different
streams of the value network.

Table 2-2: Description of all the roles in the cateeam.

The care streanis the value creation stream that deals with tfeation, delivery and consumption

of care services (all services related with carellleing, home help, etc.) in order to support geop
to live as long and as healthily as possible inmopt state of wellbeing in a safe living environmen
(home or neighbourhood).

Creation Care service  The business role responsible for the creatioreofises related
phase creation to care, wellbeing, home help, etc. to support fEop live as
long and as healthy as possible in optimal statgaiibeing in a
safe living environment (home or neighbourhood)
Example: the creation of a meal delivery serviceamhe
Care service  The business role responsible for the creatiomtfgrated care
coordination services in order to be able to deliver integrated demand-

driven care
Delivery Care service  The business role responsible for customizing #re service to
phase customization the needs and preferences of the end consumer r@ee@ver,

informal caregiver, etc.)
Example: personalization of the meal based on patsfood
preferences of the care receiver (soup withoutfsattxample)
Care service  The business role responsible for aggregating atedjiating the
aggregation care services (with existing and futuristic delimgrchannels)
Example: the care receiver can order his/her pedemeal via a
tablet at home
Care service  The business role responsible for the actual dslivef care
provision services to the end customer (care receiver)
Example: provision of the ordered meal at home ha&f tare
receiver by the meal deliverer

Consumption Care The business role responsible for the use of caméces by the
phase consumption  end consumer.

Example: the care receiver eats the delivered meal

Care service  The business role responsible for improvements hia tare

optimization service based on the feedback received during @he service
consumption phase.
Example: food delivered is not eaten, and nurseadhis. Other
meal support service should be considered.
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Table 2-3: Description of all the roles in the siee/stream.

The service strearis the value creation stream that is related wfité creation, delivery and
consumption of ICT services to support care

Creation Hardware The business role concerned with the developmesmufacturing

phase development  and retailing of the hardware equipment. Examp&etbpment
of gateways, sensors, displays, etc.

Software The business role concerned with the developmenhirdgagration

development  of software components for care purposes. App dpveént can
be done by public users, private companies or grof@app
developers. Example: development of software soplpecan
order via an online software program the meal eirtbhoice

Service The business role responsible for integrating e@Rices in

integration existing back-end systems of the adopting actag. (eroviding
integrated software to care organizations that leségting client
files in account)

Delivery Installation/  The business role responsible for the technicadlifasion of the
phase activation hardware within the care receiver environment. BExam
technical installation of different sensors in hoemironment for
a monitoring service (e.g. sensor in the fridge mooimg
when/how often the fridge is opened)
Service The business role responsible for the provisioieliery of the
provision ICT service(s). Example: the eCP and its servicesantinuously
and with high quality of service delivered to trerereceiver and
his or her network of caregivers
Service The business role responsible for supporting erstiocters (care
support receiver, caregiver, etc.) and resolving issuesase of problems
(contact centre, help desk, etc.) Example: wheretfis a problem
with the service, the end users can contact a coeentre for
service support
Service The business role responsible for the scheduledatipes and
operation and maintenance of the ICT components. Example: yearly
maintenance  maintenance of the batteries in sensors, somethingong and a
technical person is send to the house to solvepttblelem if not
possible from a distance (checking software updateady done)

Service The business role responsible for the storage alivedy of
specific data- service specific data. Example: The storage of temtdil profile
storage date of a friendship book

Service Training of Caregivers and Care receivers: the rmss role
education responsible for educating and instructing theseraehaking them

capable of using the service.
Service CRM  The business role responsible for disseminationraatketing of
(customer the service towards the stakeholders. Example: ikgefhhe end
relationship user up-to-date on new service improvements, caekgges,
manager) price changes, reimbursement policy etc.
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Consumption
phase

Service
consumption

Using the ICT-supported care service. Dependertheruser this
could be:

« data interpretation: Interpreting the data thaulteom the
service and acting on that.
« data creation: providing information as serviceuinp

Service
optimization

The business role responsible for improvementheén€T service
based on the feedback received during the sendosumption
phase.

Example: In case of difficulties whilst using th&drface of the
service, the actor responsible for this role wédl tesponsible for
enhancing the ICT interface for a better user ezpee.

Table 2-4: Description of all the roles in the ligther central platform stream
(smart care cloud server).

The central platform stream (also referred to atlBig mother” stream, the omnipresent but
subtle and responsible version of “Big Brothergescribes all the roles that form the central
platform needed for the customer unique care amd®provisioning. These roles are service
independent and always available within the eCgstesn.

Creation
phase

Delivery
phase

Consumption
phase

Platform development
Database development

Platform Controllers
Development

Secured data storage

Data connector

“Big mother” Central
service / Semantic
communication bus /
data connector
Security

Authentication
Access management

MCD, MCI, MCK
Traffic controllers

Data Aggregator
Terminal

Interface

Developing the eCP with albiasic services

Designing the database syhinis dedicated to the
eCP
Developing all the needed controllers for the MQe{a
Care Data), MCI (Meta Care Information) and MCK
(Meta Care Knowledge) traffic between the actors.

Managing and operationalittieg databases that are

needed to for the eCP

Providing the piece of software tiaatslates the various
data standards to others in order to allow easw dat
exchange in the form that fits the service the most
Managing, guiding and operationalizing the eCP. All
data, raw of reasoned passes is communicated gia th
semantic bus [2]

Providing the software to allow safe dataess and data
usage
Providing the software to allow satehentication
Operationalizing and managindatabases and service
to provide user management
Managing and operationalizing the traffic contnaidor
the Meta Care Data, Information and Knowledge

Providing the Terminal/box that captures all exadrn
hardware signals and translates the data in a ohose
standard

Providing the dedicated interface
Smartphone, Tablet, etc.) for
platform

devidgV,
interaction with the
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Table 2-5: Description of all the roles in the netw stream.

The network streamaggregates all the roles needed for the provisignof the interconnection
between different users and devices connectedtigi@cindirectly, wireless or wired with the eCP

Creation Mobile service integration The integration of mebiervices in the

phase

creation phase of the central platform.

Delivery Mobile network access provisioning  Providing access the mobile Telco

phase network
Fixed network access provisioning Providing actedbe fixed Telco network
Mobile communication platform Managing the platform output according to
provisioning/management the type of receiving device, user rights and
network type
Consumption Mobile network usage Making use of the mobile nekwo
phase Fixed network usage Making use of the wired network

Note.The involved actors in this go-to-market strategy presented in Table 2-

6.

Table 2-6: Description of the key actors involvedome care provisioning.

The care receiver

The informal caregiver

The formal caregiver

Care organizations

The OCCS integrator

OCCS Service provider

The OCCS platform
provider

Mobile services
integrator

Telco provider

The government

The actor who needs and conscameservices.
Is in most cases a person close to the care recaiegets not paid for
their care services. The informal caregiver hasallginad no or little
education in providing care.
For example: family members, neighbours, friendéyneers etc.

Is an actor who is paid for their care services hasl had training and
education in providing care. For example: nursestais etc.

Are the organizations that organize formal careeyTheceive funding
from health authorities to provide health servicddealth care
organizations include both non-profit and for-profiganizations.

Is the developer that turns the eCP into a tangilideuct and brings it to
the market. To create the final version of the pmdthe integrator will
use its own expertise, but will also use input frerternal parties (for
example: the integrator can buy the hardware frosugplier, will use
the services from a software developer etc.)

Is a care service provider or facilitator (e.g. €arganizations, Service
flat owners, etc.)

Is responsible for the eCP back-end system, thaterance and support
for it. This forms the heart of the eCP.

Is responsible for handling the mobile communicatiath the eCP, the
maintenance and support for it.

Provides access to data communication network.

Demands specific user identification before theyjute access to some
specific data platforms such as e-Health or Vita[itb].







Techno- economic evaluation of an
ontology-based nurse call system
via discrete event simulations

Smart services are not necessarily synonym forugtsre innovations. Also

more incremental innovations such as the ontolagged nurse call system,
which is discussed in this chapter can lead to arsen way working and have

an impact on the current way of doing things. Irapter 2, the perspective is on
the value network, the actors, their roles and &g for adoption. In contrast

with this macro-level perspective, in Chapter 3faeus on the impact of smart
services on the operational processes of an indalidctor. Via a discrete event
simulation model the impact of an ontology-basedsaucall system on the
operational processes of several care departméhéscare staff and patients is
evaluated. Several key performance indicators arecu$sed to measure,
compare and quantify the effects of the smart ogtebased nurse call system
versus traditional systems. Several staffing sdesare discussed.
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ABSTRACT Current nurse call systems hinder the efficiencyhafses as the
systems are not aware of the type of requested dmdpthe context in which
their help is required. To tackle these issueshaee developed an ontology-
based nurse call system that automatically takesptitients' and caregivers'
profiles and context into account when assigninigs da nurses by modelling
this information in an ontology, i.e., a formal daim model. For example,
current tasks of the nurses and trust relationstith patients are considered
while allocating calls to caregivers. Focus is oy on creating a higher quality
patient care, but also on distributing the workloasre evenly over all
caregivers. However, not in all hospital departreestich a smart nurse call
system will have a significant impact, e.g., geitaversus emergency care. To
gain insights into the total impact of a smart eucsall system, a dedicated
discrete event simulation (DES) model is presenbed tests its performance.
Based on realistic nurse call logs and informati@thered at representative
hospital departments through interviews and obsiemnvs, the simulation model
allows optimizing decisions, modelled as rules dase the information captured
in the ontology, to allocate calls to the bestemiihurse. Several scenarios with a
varying number of calls, staff members, etc. astet to be able to define the
effectiveness and the (dis)advantages of the ogyebased system with respect
to the current one. In conclusion, recommendatamesmade towards improving
the currently employed nurse call systems in hakpit

3.1 Introduction

Due to the persistent pressure on the financialuregs of hospitals and the care
sector in general, these parties seek to optimimgdts and cut costs where
possible [1]. Consequently, they aim to increase work efficiency of the
nurses. However in reality this means doing morh Wie same staff, doing the
same with a smaller staff or fragmenting the tafgksseveral care providing
profiles. The latter means that new task and jotfilps are identified and
introduced next to the current tasks of nurses.,(égistic personnel that can
take care for the hotel service requests and tdsksdo not require medical
competences, etc.). The workload on the staff aedréquired competences of
nurses continue to rise. In order to preserve itne for, and quality of care,
efficiency improvements need to be sought in tiark methods and non-care
related tasks in particular.



Techno-economic evaluation of an ontology-basedeuall system via DES 81

Current nurse call systems are not optimal for wefficiency since they do not
provide context information on the particular natof the call. This means that
sometimes more than one nurse will go to a room #rad there is no
prioritization of the calls possible. Every calhche urgent and should be treated
with the same effort. But in general there exishyndifferent types of calls such
as one for providing hotel services, e.g. gettingottle of water, or pure care
related tasks, e.g. giving medication. Also depegdin person characteristics, a
patient can call very often for non-urgent mattevkjle others may never call,
even if it's very urgent.

The nurse call system, developed in the Accio Rtd@, is an ontology-based
nurse call system that reasons on available coiriéxtmation such as distance
to the calling patient, type of call, personal anut relationship with the patient,
the current tasks of the nurses, etc. to alerb#st suited staff member. The goal
of this ontology-based nurse call system is to lothe workload by dividing it
more evenly over all nurses, to lower the waitiinges and prioritize urgent calls
over less urgent ones [2]. The overall aim is motnterrupt the nursing staff
while they perform difficult tasks.

3.2 Research objective

The goal of this research is to evaluate the impadtthe effects for the nursing
staff and the patients when implementing an ontplogsed nurse call system
that takes the context of the call and profilestloé staff and patients into
account. The total impact of such a system depbedsily on the type of care
department and setting. Consequently, it is expettat not all care departments
will benefit equally from installing such a system.

To gain insights in the key-parameters that deteentiie impact of an ontology-
based nurse call system a discrete event simulatimtel (DES) is built which
allows comparing the potential impact of such aesyswith a traditional nurse
call system that does not take into account comgasdmeters.

3.3 Methodology

The DES model, developed to determine the impaeinodntology-based nurse
call system and the adjustments to its rule set,rissult of a three step process:
1) Translating the ontology-based rule set to enfdrthat can be handled by the
DES model, 2) Setting up the simulation model bagedhe rule set and 3)
analyzing the simulation results. Figure 3-1 shewschematic overview of this
methodology.
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Figure 3-1: Schematic overview of the methodology

3.3.1Step 1: Translating the rule set

A definition of an ontology is given by Gruber T5]{ “An ontology is a
specification of a conceptualization in the contektknowledge description”.
This means that ontologies describe concepts,optabetween those concepts
and characteristics in a certain domain of inter&atexample of a relationship
in the ontology-based nurse call system is theedegf trust between patient and
caregiver. For this research, the Ambient-AwaretDowus Care Ontology was
used [13]. On top of the ontology a rule set is lenpented that encodes the
decisions that the system needs to make in a pkaticsituation. Generic
reasoning software, i.e., Pellet [14], is then usegrocess the ontology and
accompanying rules in order to, e.g., determinestatus of a caregiver or assign
a call to a staff member. Excerpts of the decigioocess and accompanying
rules can be found in [13].

Executives, such as the head nurse or the headepartment, should be able to
make any adjustments to the rule set so that treeglale to refine the nurse call
assignment algorithm to their particular departmemktowever, before
introducing the new rules or definitions into thepdrtment, they need to
evaluate whether these adjustments will have atipesimpact. To ease the
evaluation, rules should be interchanged autonibtibatween the ontology and
the simulation software.
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Currently, the ontology in the nurse call systemniplemented in the Web
Ontology Language (OWL). [3] The rules, which use tinformation in the

ontology, are implemented in Jena [11]. However,nake the translation

process more generic and thus applicable to a wadge of (semantic) rule
languages, it was opted to first translate the Julas to the Rule Interchange
Format (RIF) [12]. RIF is a recently developed fatnthat is designed to
exchange rules that are expressed in differentlamguages. As such, most rule
languages can easily be translated to RIF. Thismdlan ideal starting point.

3.3.2Step 2: Developing the simulation model of the onlogy
based nurse call system

For the simulations it is examined which softwareuld be best for testing the
nurse call system. Out of different discrete ev@ntulation software packages
such as TIBCO Business events [15], Arena [8], iBlex[7], etc. eventually

FlexSim is chosen because of it graphical interfaeell developed parameter
dashboard and its ability to define the rule sebiternal files.

Input data is created in Microsoft Excel and cassig all calls and the different

task rounds, with their respective labels, thatl wei¢ launched during the

simulation. Every aspect of the created data iedam anonymized real-life

data from Televic [9], a Belgian nurse call systeraducer and integrator. The
data was analysed for patterns in the arrival tiofesalls. As a result, each day
was divided in several time periods in which calésre a predefined chance to
occur. The distribution of the call types, e.g.llc&or hotel or care services,

urgent medical calls, etc., was based on a studyidnde, et al. [16].

3.3.3Step 3: Scenario analysis

Eight different scenarios are investigated. Fiestsetting with the traditional
nurse call system, ‘Traditional’, and one with tbetology-based nurse call
system, ‘Accio’, are analysed. Second, three so@nare used to test the effects
of a certain decision on the effectiveness of thimlogy. And at last, three new
adjustments to the rule set are introduced todriymprove the performance of
the nurse call system. The scenarios are descdpigledv in Table 3-1.

Table 3-1: Overview of the different scenarios

Scenario Description

The traditional installed nurse call system calls the
1. Traditional system:  nurses within the department that are linked to rijvem
(3 nurses, 1 logistic where the call is made and after a while remindsnth
assistant, 1 head nurse) again of the call after it is detected that nobadgwered
the first call. This is the reference scenario.
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2. Accio system

(2 nurses, 1carer, 1
logistic assistant,

1 head nurse)

3. Effect 1: Medical
staff
(3 nurses, 1 logistic

assistant, 1 head nurse)

4. Effect 2: Strict
competences
(Same staff as Accio
scen.)

5. Effect 3:
Incorporation of trust
relationship

(Same staff as Accio
scen.)

6. Adjustment 1: Adding

new respond statuses
(Same staff as Accio
scen.)

7. Adjustment 2:
Workload balancing
(Same staff as Accio)

The scenario in which the ontology- based nursd cal
system is installed. It takes into account the emht
parameters in which the call was made in ordemform
the most suited caregiver and to be able to baldahee
workload better. In this scenario, the staffingfeli§ from
the staffing in the traditional scenario. One nursas
replaced by a caregiver without all the medical
competences of a nurse.

In this scenario, the impact is evaluated if thenptete
staff has medical competences. This means thatyever
caregiver can respond to every type of a call. Siac
traditional system does not know which type of cads
meant, it cannot differentiate on competences like
Accio system can, e.g. medical tasks can be peddrby
medical personnel only and hotel task should be
performed by logistic personnel but can also beedbn
medical personnel. For more information see [6].

In this scenario, the impact is evaluated of ttoe flaat not all
caregivers have the required qualifications/compzts to
respond to certain calls, e.g. logistic personeesus medical
personnel.

This scenario evaluates the impact of not respgdctia trust
relationship, in the sense of prioritizing staffrmgers with a
trust relation with the patient above other staémbers, as
there are doubts during the development to incareothese
trust relationships into the rule set and on thactxal

implementation of this constraint in reality.

In this scenario, a first change to the existingiAsystem is
analyzed. If the Accio system detects that multipleses can
respond to a call, the system will call all of theBecause the
system will queue the call for the most appropriaiese, the
system should be aware of the fact if there areadly calls
waiting to be responded before adding new onegrwoike

waiting times would become unacceptable.

In this scenario, a second adjustment to the exjstile set
of the Accio system is analyzed. The system witech the
call to an appropriate person with the least ampuetious
answered calls. Doing so, the system tries toidigt the
workload resulting from patient calls evenly ovenet
complete care staff.
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In a last scenario, two existing decision rules are
interchanged in order to change their priority. The
constraining rule on trust relationship is swappktes with
8. Adjustment 3: the rule that respects the current task of thé stambers. As
Prioritizing status such, the current task of the caregivers is takeneninto
above trust relationship account than the trust relationship with the patiemen
(Same staff as Accio)  assigning calls. This adjustment is implementedabse
simulation results showed that the decision treetos
selective on the trust relationship and could nffekntiate
on the current task anymore.

Nine different Key Performance Indicators (KPIsk aonsidered during the
analysis:

1. Distance per shift:As the Accio nurse call system considers the
location of the caregivers and the patients, ilatdne expected that the
caregivers have to walk less to perform the sam&.wo

2. Balancing the workloadin the simulations it will be inspected whether
the system succeeds in balancing the workloadogtizr way.

3. Average waiting timeAverage time until a call is answered by a nurse
or other caregiver.

4. Maximum waiting timeMaximum time until a call is answered by a
nurse or other caregiver.

5. Required competenceBoes the selected caregivers have the required
competences to fulfil the intervention?

6. Trust relationship with the patienDid the ontology respect the trust
relationship between the patient and the caregiver?

7. Number of simultaneous selected caregivers per call

8. Number of disturbing calisCan the ontology prevent disturbing the
nurse while performing a hard task?

9. Number of redirections per cabeing the amount of times a call cannot
be responded by the addressed caregiver and theriefoedirected to
another colleague.
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3.4 Results

All eight scenarios are tested in two different aiéments. Department 1
represents a small department with a small numbea@givers and calls per
week (normal staff: 3 nurses, 1 head nurse, arajistic assistant; 18 patients;
nbr. of calls: 40-280 calls per week). Departmeri$ Bigger in size and has a
higher average number of calls (normal staff: 5sesr 1 head nurse, and 1
logistic assistant; 26 patients; nbr. of calls: @00 calls per week). More
information on the particular departments can benfb in [9]. First, a
comparative analysis on the ‘Accio’ versus the titianal’ scenario is
performed for both departments. Increasing the raunab calls per week has a
deteriorating effect on all KPIs. For example therage- and maximum waiting
times rise for both departments as illustrated tf@r average waiting time in
department 1 in Figure 3-2.

70

-IS: 30 -4--Accio
20 —&—Traditional

40 80 120 160 200 240 280
Number of calls per week

Figure 3-2: Average waiting time in function of tember of calls per week
(‘Accio’ on department 1)

As can be seen, there is no impact of an ontolapet nurse call system on the
average waiting time compared to the traditionastesy in this particular
department. The variance on the average waiting ton the other hand is
reduced compared to the traditional system. Orotdpat, in the Accio scenario,
one nurse is replaced by a caregiver without thdicaécompetences of a nurse.
This could reduce the staffing costs of departments

Next, the fraction of answered calls as a functibthe waiting time is analyzed.
On Figure 3-3 a significant difference can be seetween the Traditional and
Accio scenario. For the Traditional scenario, tveals arise. One at about 20
seconds — immediate answer — and one at 140 seeaftds ignoring a first call,
e.g., because the nurse was busy with anothernpatiee system will send a
reminder call to the nurses. This will prompt theses to answer the call then.
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For the Accio scenario, these two peaks were sedttever a range of 20 and
120 seconds. These findings are a result of theilpibty of redirecting a call to
a colleague. Redirecting gives a caregiver theipitisgto immediately forward
a colleague when he/she is currently too busy todleait. These findings
indicate that if the nurse knows the context ofadl, ¢that person can better
organize his responding actions to it instead sfxgring immediately.
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Figure 3-3: Percentage of calls in function of thaiting time (Accio vs
Traditional on department 1)

Scenario 3: ‘Effect 1' is analysed mainly to evatuthe difference in work load
distribution between the Traditional and the Aaciose call system (Effectl and
the Traditional scenario have the same staff mesabdfixed nursing rounds,
e.g., check-up tours, are, together with answepatgent calls, important factors
that influence the work load of a nurse. Comparkfifect 1’ to ‘Accio’, does

not show many differences. This gives executivesdpportunity to hire lower
educated and thus less expensive employees withweating the quality of care.

Another important KPI is the percentage of callatthlisturbs a caregiver.
Disturbing a nurse while performing a difficult ka®.g., medication preparation,
significantly increases the risk on errors [10].tlBdepartments show different
results for this KPI because of the different numiifeemployees. In department
2, '‘Accio’ has a lower percentage of disturbingledhan ‘Traditional’. This
percentage is higher in department 1 since thelemalumber of employees
prevented the system from selecting a nurse thadti®ccupied. This is mainly
caused by the fact that the system acts too caasesvon the trust relationship
between caregivers and patients. This phenomenaffiisied in ‘Effect 3' (see
Figure 3-4), where the system does not incorpattaetrust relationship and
therefore has a larger pool of employees to aleocatls to.



88 Chapter 3

50%

40%

30%
—a - Accio + Effect 3

20% -4--Accio

10% —=— Traditional
0

Percentage disturbingcalls

0%
80 160 240
Number of calls per week

Figure 3-4: Percentage of disturbing calls (‘Accis' 'Traditional' vs 'Effect 3' on
department 1)

‘Effect 3’ has, next to the lower percentage otuliging calls, also a drawback.
As the system differentiates less on the trustticelahip, more caregivers are
selected per call resulting in a larger averageem distance per shift. This is
illustrated in Figure 3-5 for the average distaficeall caregivers during the
evening shift on department 2. Thus relaxing thisstraint means that more
nurses start walking to the room of the patientisTéffect can be remediated
when the nurses get more and more acquainted hétlsystem and know that
they should acknowledge before starting walkinghi patient. In this way all
the other nurses see that the call is already resditp a person, so no action is
required from them.
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Figure 3-5: Total average covered distance of allegivers in the evening shift
(‘Accio' vs 'Effect 3' on Department 2)

Scenario 6: ‘Adjustment 1’ is a first modificatido the rule set to prevent a
caregiver from having a large queue of calls wgiti@ccasionally, it happens
that a caregiver is on his way to a patient to amdvis call and at that moment
receives a new call from another patient because berrently not busy with a
task. With ‘Adjustment 1’ this situation can no ¢g@r occur. It is expected that
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maximum waiting times would drop. The model indésticates shorter waiting
times as illustrated in Figure 3-6.
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Figure 3-6: Maximum waiting time in function of thember of calls per week
(‘Accio’ vs 'Adjustment 1' on department 1)

The modification to the existing rule set that givilie best results for both
departments is ‘Adjustment 3'. This is the one imiah the order of the decisive
blocks in the rule set is changed. Now, the ontpfiigt checks the status of the
nurses before checking their trust relationshiphvtite patient. The scenario
strongly decreases the percentage disturbing dmlsause the system will first
direct the call to nurses who are not busy withdhasks. This is illustrated in
Figure 3-7.
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Figure 3-7: Percentage disturbing calls (‘Accio"#sljustment 3'
on department 1)

This has several positive effects such as lowerageand maximum waiting
times and a lower number of redirected calls. Hmveas the system cannot
take into account the trust relationship as walltfee Accio scenario does, this
new rule set leads to a higher percentage of cenfid breaks, i.e., the call is
handled by a caregiver with whom the patient dosshave a very good trust
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relationship. The difference in percentages isitlated in Figure 3-8. It is up to
the executives to choose what is most importantifem, the trust relationships,
or the disturbing calls.
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Figure 3-8: Percentage of calls for which there wastrust relationship between
caregiver and patient (‘Accio’ vs 'Adjustment 3Tepartment 1)

3.5 Conclusions

In this paper a methodology and results are predeof a discrete event
simulation model of an ontology based nurse caitesy.

The results mainly shows that trade-offs will hasebe made when executives
choose the best rule set for their department. Wiren of the decisive rules
becomes too discriminating, the system will notatde to properly use one of
the next. One example has been given with the tTRedationship’ and the
‘Current task’ blocks. A lower percentage of breakshe trust relationship will
result in a higher percentage of disturbing calig @aice versa. Secondly, the
results make clear that an ontology-based nursesystem can be beneficial for
the work load, processes and atmosphere.

Lastly, it is recommended that, when the Accio awall system is introduced, it
should be easy for executives to make adjustmentiset rule set of the system
(via a dashboard of KPI's). In this manner, theylddmpose their own accents
on the system so that their department operatestigxhe way they want it to.
The developed discrete event simulation model artdnaatic translation tool
could help in achieving this goal.
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Choosing loT-connectivity? A

guiding methodology based on

functional characteristics and
economic considerations

0T is an important enabler for many smart servidgst at the same time they
require new investments and therefore can haverifgiant impact on the cost
structures of an actor. In this chapter we look ssveral loT-connectivity

networks and present a methodology to guide loEldpers and service

providers in making the most economical and tedilyicsuited choice. The
elimination methodology matches the functional eltaristics of the loT-

connectivity networks with the functional requirenseof the smart service. The
remaining network alternatives are then compared @ techno-economic
analysis. Finally, the methodology is applied tcase of deploying an loT-
connectivity network in a port. Although this iscase within the domains of
Industry 4.0 and Smart Transportation, the methodglis generic and can be
applied to a wider set of application domains (esgrart Cities and smart
Health).
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ABSTRACT Along with the growing market of Internet of Thin@sT) also the
set of loT-connectivity networks is continuously parding. Large scale
deployments of the new Low Power Wide Area Netwo(kPWAN) and
announcements of new technologies are prove otrangl. Although these new
technologies take care of some key loT-challengebd &8s communication cost
and power consumption, careful consideration of liE-connectivity is still
required since there is no one-size-fits-all solutiTypical comparisons of 10T-
connectivity networks are based on technical cherestics, but remain
unpractical when it comes down to comparing funmalo characteristics.
Questions on public network accessibility, abilifpr private network
deployments and cost considerations related toclminectivity networks often
remain unanswered. In this work a two-step methaglplis proposed to guide
loT-developers in choosing an appropriate connigtimetwork. Firstly, a
questionnaire walkthrough eliminates loT-connetyivhetworks based on
mismatches between their functional characteristarsd the functional
requirements of the loT-applications. In a secdeg sn evaluation of the main
cost components related to loT-connectivity indisathe most economical
solution. As an illustration, we present a caselyson deploying smart shipping
containers in the port of Antwerp.

4.1 Introduction

The Internet of Things (IoT), a fast emerging temlbgical wave, already
finding its way in the market under the form of ieais applications such as pet
trackers, parking sensors and smart water metsrsabout to flood our
imagination. Various researchers report on markagtssof billions of devices
within the next 5 years [1].

Addressing two important challenges being 1) poe@rsumption and 2) range
of the connectivity network, the deployment of L&wwer Wide Area Networks
(LPWANS) has been an accelerator for the developroetoT-applications. In
recent years, numerous radio-based connectivitworks and protocols have
been developed, all contributing to the realitya.

Today, loT-developers have a complete set of cdivigcnetworks at their
disposal, ranging from short range networks suchBagetooth to global
connectivity via satellite networks, all spread otlee radio spectrum. Physical
characteristics, such as frequency, regulationg&nology used, result in an
extensive set of connectivity networks, each witheirt own specific
particularities.
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These particularities translate in pros and congrwhonsidering a specific
connectivity network for an loT-application. Sintgere is currently no ‘one-
size-fits-all’ or best solution, choosing a wellited connectivity network that
fits the needs of an 10T use case should be autdratle-off between the ability
of a technology to meet specific functional requiesits and the connectivity
related costs occurring during the lifetime of dpplication.

Research is available that compares a set of typacanectivity networks [2] [3].

Although these comparison charts sum up the carenteal characteristics of
these technologies, there remains a gap to theictifinal, strategical and
economic related characteristics. Typical unad@esand hard to answer
questions in technological comparisons are:

- Is there a public network available?

- Can a private network be deployed?

- What about manufacturer dependence?

- What would be the difference in costs when choo$img network A
vs. network B over the lifetime of the application?

Therefore the goal of this research is to guide-deVelopers in choosing the
right connectivity network based on functional riegments of the loT-
application and their economic aspect rather thae fechnical characteristics of
connectivity networks.

We start this work traditionally by comparing teatai characteristics of a range
of available connectivity networks. Next, an eliafion questionnaire is

presented which reduces the choice set in caseni$raatch between functional
requirements of the loT-application or service ahé characteristics of a
particular connectivity network. The remaining dahie options are subjected to
a life cycle-cost modelling methodology. This set@tep allows comparing the
costs associated with the various suitable corvigctietworks. This two —step

methodology is demonstrated via a specific 0T eese study.

4.1.1 Radio based connectivity networks for 10T

Different types of wireless or radio based netwaikes suitable for I0T. In this
work focus is on following wireless network implentations:

1.Satellite (L-Band) 6. Wi-Fi a/n/ac — b/g/n

2. Cellular (GSM - LTE-A) 7. Z-Wave

3. LoraWAN 8. 802.15  (Zigbee

4. Sigfox 9. Bluetooth

5. Weightless-P 10. Bluetooth Low Energy (BLE)

We refer to [2] [3] [4] and [5] for a technical awew of these network
technologies suitable for loT-connectivity. The vided list is certainly
incomplete, but is a good mix of the available chaiet. Although satellite is an
often overlooked type of connectivity network whiesomes down to 10T, it is
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included since certain applications (cfr. ultra-céenor global tracking) have no
viable alternative yet. Figure 4-1 maps these teldyies on typical comparison
characteristics, being spatial range and data Y&tgous different technologies
are overlapping but have complete different fun@iacharacteristics, all serving
very dissimilar sets of applications.

Data rate (bps) A
100.000.000 ==

10.000.000 = Cellular (GSM — LTE-A)
1.000.000 —

100.000 —

Weightless - P

10.000 —

1.000 =
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Figure 4-1: Wireless connectivity networks overvieData rate vs. spatial range

Within this work, focus is only on a single radink, meaning that only the link
from end node to the nearest hub or internet acpesd is discussed. When
making use of bridging technologies which accunadaand transmits data
packets from one particular type of connectivitywark to another (cfr. Zighbee
end nodes communicating via Zigbee hubs, connedgeWi-Fi to the Internet)
the proposed methodologies need to be applieddb diéferent type of radio
link.

4.1.1.a Technical characteristics relevant for loT-developes

Various parameters describe the technical chaistitsr of connectivity
networks or hardware related specifications [4}e®fused characteristics are for
example: bandwidth, max nodes per gateway, modulattechnigues,
authentication and encryption technologies, caltisdetection techniques, and
number of channels and orthogonal signals.

Because of their direct impact on loT-applicatioarfprmance or business
model, following relevant technical characteristibr loT-developers are
described:

- Datarate The speed to transport data between transceivers.

- Frequency band The interval or band within the radio frequency
spectrum, used to carry the radio signals.

- Rule Interchange Formdtand Specific frequency bands, reserved for
Industrial, Scientific and Medical purposes. Thesets of the radio
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spectrum are unlicensed. Which means that anyameis® these bands
for free when respecting a set of radio regulatidos prevent
interference and bandwidth monopoly. In contraghvW&M, there are
also licensed frequency bands for which network apes have paid to
manage. Using licensed bands often requires fiahresources.

- Mode of operation indicates whether the network is able to tramsmi
data in both directions simultaneously (Full Duplex has to wait with
transmitting until the message is received (Halpew)

- Max. payload sizenaximum amount of bytes sent in one message

- Power profile Often an indication of typical lifetimes of loT-
applications using a certain connectivity netwoHard numbers on
energy consumption have a very limited value sitiie parameter is
affected by various technical and design decisimmsh as data rate,
sleeping modes, transmit power, etc.

- Max. Range The max. spatial range a radio link can bridgeveky
disputable parameter since various technical andir@mmental
parameters affect the range.

- Standard Whether the connectivity network is based upordewi
available standards or not (cfr. LoraWAN, etc.)

Table 4-1 gives an overview of the technical chimstics of the selected
connectivity networks. Although similar comparistables [4] [6] are often an

important decision aid, their value is limited hetsense that they don’t provide
insights on functional characteristics of the caivity networks. In the next

section we translate technical parameters to fanati characteristics of each
connectivity network.

4.2 Two-step methodology leading to careful trade-
off between the ability of a technology to meet sp#ic
functional requirements and the connectivity relatel
costs

Comparing pure technical characteristics has ldnitalue when it comes down
to describing and comparing functional charactedstof IoT-connectivity
networks and matching it with functional requirengeof the loT-application. In
this section we propose a two-step methodology uinleg the loT-developer
when considering multiple connectivity networks & comprehensive and
accessible manner. Firstly, the technological ahoidgll be reduced if loT-
connectivity networks fail to address the loT-apglion requirements. In a
second step, we provide a methodology that allowdetling the relevant capital
and operational expenditures (CapEx & OpEx) assediavith the different
network types.



Table 4-1: Comparing a set of technical charact@ssof loT-connectivity networks

Satellite Cellular (GSM spread UNB Weightless - P Wi-Fi z-Wave 802.15.4 Bluetooth | Bluetooth
(L-Band) | (lowest)to LTE- | spectrum (Sigfox) a/nlac — (Zigbee) Low Energy
A (highest) (LoraWAN) b/g/n (BLE)
Data rate 200kbps 14.4 kbps 300 bps - 100 bps | 200 bps - 100 | 54 Mbps | 40 -200 | 20/40/250 1-3 Mbps | 1 Mbps
(GSM); 1 Gbps | 50kbps kbps - 1300 kbps kbps
(LTE) Mbps
Frequency | 1-2 GHz 900/1800/1900/ | 868/915 868/915 | 169/433/470/7 | 2.4/5 868/915/ | 868/915/ 2400 2400 MHz
band 2100 MHz MHz MHz 80/868/915/92 | GHz 2400 2400 MHz MHz
3 MHz MHz
ISM band | No No yes yes yes yes yes yes yes yes
Mode of Full Duplex | Full Duplex Half Duplex| Half Half Duplex Half Half Full Duplex | Full Full Duplex
operation Duplex Duplex Duplex Duplex
max. 256Bytes 12B min. 10B 64B 127B 358B 47B
Payload
size
Power High Medium Low Low Low (+years) High Low Low Medium Low
profile (weeks) (months) (+years) (+years) (weeks) (+years) | (+years) (+months | (+years)
)
Max. global 35 km 5-15 km 10-25 2 km urban 150 m 100m 100m 30m 100m
Range km 5 km outdoor
Standard Proprietary | GSM; GPRS; LoraWAN Sigfox Weightless SIG| IEEE802| z-Wave | Zigbee IEEE IEEE
(e.0. EDGE; HSPA,; (propriet 11 (propriet | (based on 802.15.1 | 802.15.1
Iridium) SPA+; ary) al/blg/n/ac| ary) IEEE
LTE,LTE-A 802.15.4)
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4.2.1Step 1: Reducing the technological choice set insmof a
mismatch between functional requirements of the loT
application and functional characteristics of loT-
connectivity networks, using an elimination questinnaire

By means of an elimination questionnaire, the tetidmical choice set will be
narrowed down based on mismatches between thednattequirements of the
loT-application and the functional characteristicd the different loT-
connectivity networks. Four categories of questiozge been identified:

- Application  requirements requirements concerning application
environment and setting such as required signatpation, application
mobility requirement, and its geographical span

- Data or payload requirementsequirements on data traffic streams,
payload size and frequency of the messages.

- Device or end node related questipspecifications on power profiles
and ability to address over-the-air updates

- Requirements concerning the business moderifications on vendor
dependencies, public accessibility and ability fprivate network
deployments

Next to decisive or eliminating questions also fsfige answers can be a result,
which do not eliminate but suggest a certain nétwar idea (e.g. consider
satellite based connection in extreme remote amb@&s no internet access point
is available). The guiding process is a result othbtechnical and business
related limitations concerning a network. Table Jpfesents the questions
directed towards loT-developers or providers. Thanker develops the 1oT-
application and hardware. The latter offers or ratgkhe loT-application, not
necessarily being the same party as the loT-degelop Prioritizing the
importance of the functional requirements is ught® loT-providers since that
depends heavily on the application. The formulawérthe functional network
characteristics is a result from recurring questitmr-developers or providers
are faced with. They are founded on technologicatl d&usiness related
properties of the considered networks, acquireddata sheets and research
literature [7] [8] [9] [10] [11].

The outcome of the elimination questionnaire igiaasfeasible loT-connectivity
networks, which meet the functional requirementthefloT-application.

4.2.2 Step 2: Life Cycle Cost comparison

In order to guide an loT-developer to a well suitechnectivity network
technology for a particular 10T- application, notlypfunctional characteristics of
the networks should match the requirements of thevice. Choosing a
connectivity network is a trade-off between funotiity and costs. Therefore in
this second step a methodology is presented thmapares life cycle costs of the
network technologies, resulting from the previoteps



Category
App

Table 4-2: Elimination questionnaire

Questions Answer Action Reason
1 Do you want connectivity with| Yes If there is no internet access point available Deployment of other types of loT-
end nodes in extreme remote consider a satellite based uplink connectivity networks may be
areas or overseas? impossible or very costly
No -
2 What geographic span is International exclude Wi-Fi a/n/ac — b/g/n; z-Wave; Limited Range or uncertain access to
required 802.15 4 protocol; Bluetooth; BLE public networks
National exclude Wi-Fi a/n/ac — b/g/n; z-Wave; Limited Range or uncertain access to
802.15 4 protocol; Bluetooth; BLE public networks
Local -
3 What is the magnitude of the | + 10 m -
;fggérsiézngfdbﬁé\évsgn Base + 100 m exclude Bluetooth; BLE Limited Range
+ km exclude Wi-Fi a/n/ac — b/g/n; z-Wave; Limited Range
802.15 4 protocol; Bluetooth; BLE
global consider a satellite based connectivity Only satellite networks eliminate the
network need for on ground installed base
stations
4 What level of connectivity outdoor -
penetration is required? Indoor (moderate | exclude Satellite Insufficient radio link budget
signal-strength-
reduction)
deep indoor exclude Satellite; Cellular; Wi-Fi a/n/fac — | Insufficient radio link budget
(strong signal- b/g/n; z-Wave, 802.15 4 protocol; Bluetooth;
strength- BLE
reduction)
5 End node mobility is a Yes - high speed exclude Lora, Sigfox

requirement?

Currentlyrroech packet loss

Yes - Low speed
(<20 km/h)

exclude Wi-Fi a/n/ac — b/g/n; z-Wave,

Handoff performance insufficient

802.15 4 protocol; Bluetooth; BLE

100



No

6 Localisation of end nodes is Yes Exclude Sigfox Currently not able to localireesnd
needed? node. But localisation via triangulation
is on the roadmap of Sigfox.
No -
Data 7 What kind of data traffic is Video streaming Exclude Satellite L-band; LoraWAN; Insufficient data rate
required Sigfox; Weightless-P, z-Wave; 802.15
4(Zigbee); BLE
Audio streaming Exclude Satellite L-band; LoraWAN; Insufficient data rate
Sigfox; Weightless-P, z-Wave; 802.15
4(Zigbee)
no streaming -
8 Messages from BS to end node Yes Exclude Sigfox Very limited downlink capability
required?
(= downlink traffic)
Yes - but veryrarg -
No -
9 What is the size of the message> 12 bytes Exclude Sigfox Max. payload per messagdaytes
(= payload)?
<12 bytes -
10 | Number of messages sent per| > 140 Exclude Sigfox Regulated duty cycle (airtidegs not
day? allow more messages per day
<140 -
Device 11 | What is the required order of | #weeks -
magnitude for the battery
lifetime of the end nodes? #months Exclude Satellite; Wi-Fi a/n/ac — b/g/n Bowrofiles of the technologies are

(assuming identical batteries
and amount of messages sent|

too high
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#years

Exclude Satellite; Cellular; Wi-Fi a/n/ac —
b/g/n; Bluetooth

Power profiles of the technologies arg
too high

12 | Over-the-Air firmware update§ Yes Exclude Sigfox Downlink capability not suffiaiefor
of the end nodes? firmware updates
No -

BM 13 | Private network deployment of Public Exclude z-Wave; Zigbee; Bluetooth; BLE Ndfic deployments available
subscribing to a public - - - - -
network? 9 p Private Exclude Satellite; Cellular; Sigfox Licedsspectrum or business

’ strategies do not allow private
deployments
Both Public and Exclude Satellite; Cellular; Sigfox, z-Wave| No public deployments available or
Private Zigbee; Bluetooth; BLE business strategies do not allow privdte
deployments
Neither of the 3 -
Remarks 14 | Be aware of some vendor or | Lora Currently there is a vendor lock-in, only
network operator dependencies Semtech can produce the Lora chips.
Sigfox Currently only one network provider per
country.
15 | International access to public | Cellular Additional roaming fees or international
loT-networks can lead to subscriptions required.
additional roaming fees.
LoraWAN Depending on the LoraWAN -network

provider, international connectivity can
require additional roaming fees.
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The model is a straightforward presentation of fibss<ost parameters likely to
occur, depending on the setting. The magnitudehefdosts is determined by
cost drivers, variables scaling according to thecsjeities of the connectivity
network. Capital expenditures are non-recurringegtments in technologies
(e.g. installation of base stations, which aretthasceivers wirelessly connected
with the end nodes and trafficking the data further the internet). In
controversy, operational expenditures are the re@iexpenses that results from
operations.

At last, economic effects such as price-erosiontdusompetition and maturing
technology and market, and economies of scale eataken into account if
justified by the case. For example it can be exikdhat the costs for the
relatively new LPWAN- based communication chips g(e.Sigfox and
LoraWAN) will decrease as the number of end noddéiswerease over time and
competitors will enter the market. Since cellulaséd chipset have been around
for a while now, it is not realistic to say theniqe will decrease at the same rate
of LPWAN —based chipsets. Also as the market apdctimpetition in the loT-
connectivity landscape will grow, it is likely thedday’s subscription fee will no
longer be competitive or realistic. As describedli®], learning curves are often
used to model the effects of price erosion as takket matures.

In the presented methodology, figures of the listest parameters have not been
provided since they depend on the use case, vamy ¢ountry to country and are
not always publically known.

Table 4-3 gives an overview of different CapEx &puEx components and their
related cost drivers. Having insights in each efthrelevant cost categories and
cost units associated with connectivity networks Hreir effect over the lifetime
of the loT-application, is key to make a profouratidion on which technology
to use.

CapEx components

- Communication chip costs:
Depending on the technology, the newness of it,deeriock-in or
monopolies, etc., significant differences existhia chip cost. This cost is
a product of the unit cost of a chip and the amatfimodes needed.

- Network installation: Base station cost:

The costs for base stations depends heavily oméwork technology,
loT-application environment (e.g. outdoor vs. indoand the amount of
base stations (BS) required. Main characteristifecing the amount of
BS are the covered range and the amount of cortheetdces. The latter
one can be a constraint when deploying a privateor& in areas which
are heavily populated with end nodes such as aiyirenments or
industrial sites. Starting from the total area ¢oclevered and the range of
a BS, one can map the theoretical covered areaBerWhich will
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OpEXx

indicate the order of magnitude of the number of rB&uired. This is a
simplification and could be an underestimation lé required amount
because of path loss and interfering sources.

Network installation; Base station setup cost:

This cost parameter should not only consider thgsiphl installation of
each BS, which heavily depends on the loT-appbcatbut also on the
development of required firmware for the BS (e.gnchronization of
base stations)

components

Network subscription fee:

Access to public networks is often granted underftrm of a network
subscription. Pricing schemes can be based omtloairat of data sent per
end node or a fixed monthly fee per end node cdede&ubscribing to a
public network is an important consideration sificéeads to recurring
expenses and scales with the number of end nodeecied.

Battery replacement; Handling cost:

Battery-only powered loT-applications will eventyalie if batteries

aren’t charged or replaced periodically. Importaarameters affecting
the replacement frequency are: the power consummtiahe end node
and the energy capacity of the batteries. In amflithe number of end
nodes to take care for, and the handlings needethidnge the batteries
(e.g. parking sensors vs. sensors installed on ppwens) are important
parameters in order to model the complete costshefprocess and
transport time.

Network operation; Network operation and mainterenc

Networks require periodic maintenance, both physieplacements and
software updates. Often operational and maintenansts are modelled
as a percentage of the installation costs of thevoré& [13]. The more

base stations installed, the more maintenance netjuience the number
of installed base stations as driver for this cosmponent. When
subscribing to a public network, this cost is immmated in the

subscription fee.

Network operation; Base station site rental:
Lastly, often together with the installation of ask station also site rental
comes into play.
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Table 4-3: Overview of most important cost companantl their drivers

Category Cost unit Cost driver

CapEx

Communication chip =  Amount of end nodes
Network installation Base station cost = Amount of base stations

(secondary cost drivers: range of th
base station and area to cover)

Base station setup cost = Amount of base stations

[£*]

OpEx
Subscription fee = amount of end nodes

= amount of data sent
= pricing model of network

operator
= Lifetime of loT-application
Battery replacement Handling cost =  Amount of end nodes
=  Energy consumption of the
end node

= Installation difficulties
=  Energy capacity of the

batteries
Battery costs =  Amount of end nodes
Network operation Maintenance costs of = amount of base stations

base stations
Base station location
rental

Not all categories are relevant for all connecyivietworks. For example, most
local networks such as Wi-Fi or z-Wave, etc. do megfuire subscription costs,
except as they are offered as a public serviceo Alstwork installation and

network operation costs do not have to be addrebgetbT-providers when

subscribed to a public available network such géoSifor example.

It should be stressed that the required lifetimehef loT-application is a key
driver for all above mentioned cost components. iRstance: it might be not
worth to install a private network at first glanteit eventually it could come the
favorable option because of the recurring subdoriptees resulting from the
public network access.

Combining the elimination approach from step 1 wiltle cost considerations
listed in step 2 will guide the loT-developer naotlyoto a connectivity network
that meets the loT-application requirements, bab ab the most economical
alternative.
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In order to determine and quantify the total lifecle costs associated with 10T-
connectivity networks, one must have access tovaetedata on unit costs and
cost drivers such as: amount of BSs, base statimbs,c subscription costs,
installation costs, etc. Since these parametersnarealways available or are
uncertain, a sensitivity analysis could be perfatfi#2]. This type of analysis
determines how the outcome, in this case life cyuet, is affected by the
uncertain parameters. For instance, an applied pleaguestion could be: ‘What
is the total life cycle cost if 15 base stations maquired instead of 10?’

4.3 Use case

In this section the suggested two-step methodoleggpplied to a case of the
port of Antwerp which wants to improve the in-pogierations by using smart
containers. Not only the location (area-based) hef tontainers should be
available, also door openings need to be monitoredmidity, indoor
temperature (via air vents) and acceleration. talt@bout 100 000 containers
need to be temporary provided with 10oT-end nodedisivthey are within the
site. The total area of the site covers 126.khreal time data connection is not
required, but threshold alerts will trigger a seawént. Although devices aren’t
installed permanently in the containers, so pors@enel could change or charge
the batteries so now and then, the desired lifettna least 8 five years in order
to reduce handling costs.

4.3.1Step 1: Elimination questionnaire

Starting from the functional requirements of th&-kpplication we learn that a
LoraWAN- based connectivity network is suggested tne elimination
questionnaire (see Table 4-4).

Table 4-4: Elimination questionnaire applied to usse

Category Questions Answer Action
App 1 Do you want connectivity No -
with end nodes in extreme
remote areas or overseas?
2 What geographic span is Local -
required
3 What is the magnitude of the + km exclude Wi-Fi a/n/ac — b/g/n;
required range between Base z-Wave; 802.15 4 protocol;
station and end node? Bluetooth; BLE
4 What level of connectivity deep indoor| exclude Satellite; Cellular; Wi-
penetration is required? (strong Fi a/n/ac — b/g/n; z-Wave,
signal- 802.15 4 protocol; Bluetooth;
strength- BLE
reduction)
5 End node mobility is a Yes-Low | -
requirement? speed (<20
km/h)
6 Localization of end nodes is| Yes Exclude Sigfox
needed?
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Data 7 What kind of data trafficis | no -
required streaming
8 Messages from BSto end | Yes - but -
node required very rare
(= downlink traffic)?
9 What is the size of the < 12 bytes -

message (= payload)?
10 | Number of messages sent pex 140 -

day?
Device 11 What is the required order of #years Exclude Satellite; Cellular;
magnitude for the battery Wi-Fi a/n/ac — b/g/n; Bluetooth

lifetime of the end nodes?
(assuming identical batteries
and amount of messages

sent)
12 | Over-the-Air firmware No -
updates of the end nodes?
BM 13 | Private network deployment| Neither of | -
or subscribing to a public the 3
network?
Remarks 14| Be aware of some vendor orNo problem

network operator
dependencies
15 | International access to public No problem
loT-networks can lead to
additional roaming fees.

If it wasn't for the localization requirement anldetrequired battery lifetime,
Sigfox and Cellular would still be possible optior@3ne could argue on that
because the accuracy of the localization capabditythe LoraWAN based
networks is not clear yet and heavily depends enesanknown variables such
as impact of metal containers on signal quality,oam of base stations or
gateways installed etc. The alternative is to Ihsta additional GPS receiver in
each end node. But because of the power hungrofebés module, the needed
connection time when awaking from sleep mode, ttdit@nal costs and the
many signal blocking elements, this is a suboptisadlition.

In this case, challenge is to determine what thetreconomical solution is in
the long run: 1) deploying a private LoraWan-basetivork or 2) subscribing to
Lora, a public LoraWan-based network offered Praxdma Belgian network
provider [14]. Therefore these two variants arpeinalyzed in the next step.

4.3.2 Step 2: Life Cycle Cost comparison

In order to compare the life cycle cost of a prtinstalled and maintained
network versus the costs resulting from a netwadeas subscription within the
same technology, we do not need to consider tHereifce in communication
chip cost and the costs for battery replacemeraim they will be same in the
two alternatives. This brings down the comparisonfdllowing three cost

components: A) Network installation, B) Subscriptioosts, and C) Network
operations.
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Network installation

The CapEx has two components; the costs for the Istations and their
installation and setup requirement. Mapping out ¢beered area per BS in a
non-urbanized area indicates that three BS couébréiically suffice. But
because of gateway limitations, being max. 8000neoted end nodes in this
case, at least 13 gateways or base stations néeglihstalled. Current prices for
industrial grade base stations and equipment veiyden 600 and 1500 EUR.

Based on input from loT-application developerstahimg a BS will require 2
hours (50 EUR per hour) on average. Additionallg &xtra hour (50 EUR per
hour) is foreseen for the network & activation getomponent to join the
gateways in one managed network. This leads towastment of 19.5 KEUR, an
installation cost of 1.3 KEUR and a network setod emanagement cost of 0.65
KEUR.

Subscription costs

In a privately owned network, no subscription fege required. But to have
access to a public loT-connectivity network, tyflica monthly subscription fee
per end node must be paid. Typical prices for LPW#etwork range from 0.3 -
1.5 euro per month per end node, depending onuh®er of messages sent per
day, the number of end nodes and features suclwslidk and OTA-update
necessity. This adds up to total monthly fee betw@@ 150 KEUR. Because it
can be expected that price erosion will occur dugrowing competition and a
maturing market, a price erosion has been modelled.

Network operations

Deploying a private network comes with the respuoifisi of network
maintenance, both hardware and software relatedadpg. To model this a
yearly recurring cost of 10% of the total CapExtagen into account. This
results in a yearly fee of 0.975 — 2.145 kEUR, delggy on the chosen BS.

Total cost overview

All costs are modelled over a ten year period. Comigation chip costs are not
taken into account in the cost comparison sincé ladternatives rely on the
same loT-connectivity network technology, which \btesult in the same cost
components. However, at a cost of 2-10 EUR for salMan communication
chip, this cost component would contribute 200- AMEUR to the overall
CapEx of this use case. Since the LPWAN marketillsrs a nascent phase and
current prices are likely to decrease [12], a pecesion is modelled via the
extended learning curve with parameters Q0 = 10%; B9, At = 8 year, as
described in [15]. Table 4-5, gives of summaryhaf tost components taken into
account.



Table 4-5: Overview of relevant cost components ci\WAN private deployment vs. public network subsiorip

kEUR year O 1 2 3 4 5 6 7 8 9 10
LoraWAN Private network deployment
BS & equipment cost 195 O
CapEx BS installation cost 1.3 0 0 0 0 0 0 0 0
Network setup & manageme 065 O 0 0 0 0 0 0 0 0 0
OpEx Network operatior 0 2145 2145 2145 2145 2145 2145 2145 2148145 2.145
Total cost 21.45 2.145 2.145 2.145 2.145 2.145 2.142.145 2.145 2.145 2.145

Cumulative Cost

2145 23595 25.74 27.885 30.03

33173432 36.465 38.61 40.755 429

LoraWAN Public network access

OpEx

subscription cost

Price erosion (ext. learning
curve)
Cumulative Cost

0

360
100%
360

360 360 360
93% 87% 82%
694.7 1007.9 1303.5

360 360 360 360360 360
78% 76% 74% 72% 2% 719

1585.4 785 2122.3 2382.8 2640.6 2896.
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One can see that deploying a private LoraWAN nétvi®the most economical
solution, given the current market prices. The stpson fee can’'t compete
with a subscription free private network. The dodaf a private network is its
geographical limitations. If this use case shoddibployed globally, currently a
GPS based solution in combination with a globallgpldyed connectivity

network (satellite or cellular) could be proposBdt such a solution comes with
challenges concerning power consumption and ecandeaisibility due to the

loT-connectivity subscription costs.

4.4 Conclusions

Together with the continuous expansion of the lodrmat, also the number of
loT-connectivity networks grows. We believe many tbem will serve the
market in parallel since no technology offers a-size-fits-all solution for the
wide variety of loT-applications. So the challerfge an loT-developer or 10T-
provider, if they are not the same actor, is to enakvell-considered decision on
the network technology. In response, we presenvastep methodology to
guide loT-developers or loT-providers towards asiele set of network
technologies based on the match between the furattiequirements of the 10T-
application and functional characteristics of tb&-connectivity networks and
economic consideration associated with this seteble complementing pure
technical comparisons of connectivity networks wigh more bottom-up
approach. In a first step, the available set of-d¢omnectivity networks is
reduced via an elimination questionnaire on the-dpplication requirements.
Four types of questions have been derived fromnieahcapabilities, spectrum
and market characteristics of the different tecbgigls and their providers: 1)
application related requirements such as geogragpén and required signal
penetration, 2) data or payload related requiresydot instance: transmission
frequency and payload size , 3) end node or degieged requirements such as
desired battery lifetime and over-the-air updatpatéity, and 4) questions
concerning the business model (e.g. private depdoyror public subscription)
and provider dependencies such as vendor locKFims.questions, withholding
functional descriptions of network characteristiedlow comparing and
eliminating different networks due to mismatchegshwthe loT-application
requirements. In a second step all relevant casipoments associated with 10T-
connectivity are described along with their undewdycost drivers. Comparing
both capital expenses (CapEx) and operational esqee(OpEXx) associated with
a certain connectivity network over the expectéetithe of the loT-application
guides loT-developers to the most economical cholMain components of
CapEx are network installation costs and costdiferend node communication
chips. Amongst the elements resulting in OpEx wel fbattery replacement,
network subscription fees and network operation mmaéhtenance. Methods to
take market evolutions into account such as priosien are described as well as
how to deal with uncertainty when quantifying lifeycle costs of loT-
connectivity networks. The proposed two-step medhagly has been applied to
a use case of a large scale loT-deployment in thieqé Antwerp, BE to track
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the location, movement, acceleration, temperatouenidity and gasses within
shipping containers.

Finally, it should be noted that together with #®ormous opportunities and
potential of the 10T- market place, the set of aamtivity network technologies
and providers is continuously expanding. Traditlonatwork providers are
responding to the loT-market with new LPWAN tectogiés such as NB-IOT
and LTE cat. M1. It can be expected that competitidl be driven by quality of
service, costs, network availability and technichbracteristics. Therefore we
acknowledge that the set of connectivity networkesated in this paper is
incomplete. Many technologies (such as NB-IOT, LWIE; DASH7, Wifi.ah
(Halow), and ultra-wide band networks) currently deavelopment or gaining
interest should be added in the future. Additionadls market evolves, data on
specific network related costs will become avagadhd could be added in order
to further detail the cost comparison between ifierént networks.
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Evaluating the Economic Impact of
Smart Care Platforms: Qualitative
and Quantitative Results of a Case

Study

In Chapter 2, sustainable value networks, go-tokmarstrategies and a

migration path for smart care platforms are intragid. Now we zoom in on the
impact these platforms can have for the differeakeholders and identify and
qguantify the effects for home care organizationsekV breaking down the
process of care delivery, it becomes clear thahlwmatre scheduling and billing

processes could be simplified and be made moreiesfti This is important

because when home care organizations benefit frmegtiating these smart
services, further adoption and integration coulddviven by this actor.

Frederic Vannieuwenborg, Thomas Van der Auwermeulam
Van Ooteghem, An Jacobs, Sofie Verbugge & DidielteCo
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ABSTRACT

Background: In response to the increasing pressure of theewdothallenge
because of a graying society, a gulf of new Infdialmand Communication
Technology (ICT) supported care services (eCare) raav be noticed. Their
common goal is to increase the quality of care evbigcreasing its costs. Smart
Care Platforms (SCPs), installed in the homes oé-dependent people, foster
the interoperability of these services and offeset of eCare services that are
complementary on one platform. These eCare serdgoakl not only result in
more quality care for care receivers, but they affer opportunities to care
providers to optimize their processes.

Objective The objective of the study was to identify andadig® the expected
added values and impacts of integrating SCPs inentithome care delivery
processes for all actors. In addition, the potérgionomic impact of SCP
deployment is quantified from the perspective ahkacare organizations.
Methods Semistructured and informal interviews and focumugs and
cocreation workshops with service providers, marmgef home care
organizations, and formal and informal care prosdded to the identification of
added values of SCP integration. In a second gt@gess breakdown analyses
of home care provisioning allowed defining the gpienal impact for home care
organization. Impacts on 2 different process std#psroviding home care were
quantified. After modeling the investment, an eqoimevaluation compared the
business as usual (BAU) scenario versus the inediSCP scenario.
Results:The added value of SCP integration for all actovslved in home care
was identified. Most impacts were qualitative sashincrease in peace of mind,
better quality of care, strengthened involvementare provisioning, and more
transparent care communication. For home care @ratons, integrating SCPs
could lead to a decrease of 38% of the current @nexpenses for two
administrative process steps namely, care rescingdahd the billing for care
provisioning.

Conclusions: Although integrating SCP in home care processesdcaffect
both the quality of life of the care receiver anfbrmal care giver, only scarce
and weak evidence was found that supports thisngstsen. In contrast, there
exists evidence that indicates the lack of the chpa quality of life of the care
receiver while it increases the cost of care piowisg. However, our cost-
benefit quantification model shows that integrati®CPs in home care
provisioning could lead to a considerable decrease costs for care
administrative tasks. Because of this cost deangasipact, we believe that the
integration of SCPs will be driven by home careamigations instead of the care
receivers themselves.
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5.1 Introduction
5.1.1 A Societal Challenge

Many parts of the world face the same social ei@hutan aging society. It's a
challenge because with an aging society the denfiandare increases while
resource availability (both human and monetarynider pressure.

Information and Communication Technology (ICT)-eleabcare services have
the potential to reduce costs while maintainingnareasing the quality of care.

Many examples in the primary (the general practéis and health centers) and
secondary care sectors (hospitals and specialis@dy exist. Electronic health

records and electronic drug prescriptions are anouple of many examples.
All these types of ICT-enabled services foster dyettare communication,

organization, less medication or diagnostic errarsg more transparent data
sharing [1].

5.1.2eCare Services

In recent years, focus intensified on aging in @land how ICT-enabled services
could support this. The number of ICT-supporteceapplications (eCare) such
as remote fall detection [2], social contact enivagp@pplications, and telecare
services to diagnose patients remotely [3] grewoerptially. This has resulted
in a fragmented and scattered landscape of eCakcapons. Most of the
services have individual and standalone charatiteribut interoperability often
lacks [4].

5.1.3Smart Care Platforms

In response to this barrier of noninteroperabildpd nonintegrated eCare
services, the introduction of smart care platfo{@&SPs) can be witnessed [5-9].
These SCPs allow integration, monitoring, and dedehange between a set of
home care applications and services that run oangral cloud-like platform.
Smart care platforms foster better care commuminatind information sharing
among the professional, informal care providersgd aare receivers [10];
therefore, SCPs are not the same as telecare eerttiough they can support
them. Furthermore, many SCPs allow the integratigth various monitoring
sensors that provide specific context informatiang( room temperature,
movement of the person, bed detection, sound I¢¥&]) Longitudinal analyses
of these data give meaningful insights in evolutadrthe condition of the care
receivers and their daily life patterns. In genetiaé functionalities of SCPs in
terms of providing services can be categorizedsamdmarized as follows [9]:

- Support Care and Care Processdsxamples of these services are:
online meal delivery services, alerting specificecactors in case of
certain events, care journals, and care agendas.



116

Chapter 5

Sharing Care Information and Care Communicatiéacording to the
role-based rights of the involved actors (e.g., 8Rnformal caregiver
Vs care receivers), one can add, change, erasgnmutate particular
information of the care receiver.

Support Social Life and Activitieddaking video calls with friends or
relatives or being able to share some memories faithily are just
some of these services that support the socialofifthe home care
receiver.

Monitoring Servicesintegration of various sensors into the homes of
the care receivers allows monitoring of contexadaich as movement,
pressure sensors to detect bed or couch preseocele@meters to
detect falls, light, noise, temperature, humidismoke detectors,
weighing scales, and so on. Through these senkd&iads of biometric
or context information can be captured. Analysis@fsor data allows
evaluations of lifestyle trends.

Most SCPs exist with one or more of the above desdr
functionalities. In other cases, SCPs provide thesid set of
functionalities, which can easily be extended bydiagl modular
services [12]. O'CareCloudS (OCCS) [12], the SCRetigped in the
identically named research project is a completeidbased platform.
The basic service set of OCCS does provide seger&ices to foster
better care information sharing and social conmigti The complete
service set covers: (1) consulting and annotatiegshared care record,
(2) time and task registration of the care givés3,care agenda and a
smart task list, (4) social calendar, (5) smartsagig service, and (6)
a service catalogue for additional OCCS servicesaddition, modular
lifestyle monitoring services can be added by itisththe necessary
sensors. Although SCPs can support care provigiofinall types of
home care receivers, in this work focus is on &ydeass it can be
expected that more elderly will stay longer at home

5.1.4 Evaluating Smart Care Platforms

SCPs are believed to have a positive impact owmjtiadéity and the cost efficiency
of care. But at the same time the main characiergft SCPs, the ability to
connect multiple actors, poses challenges fordtgp#on. Multi-actor or multi-
stakeholders systems require at least a neutrgbrafierably a positive perceived
impact for every actor involved before a successafibption is possible [13].
Also it's not clear which actor will initiate thedaption of SCPs.

Therefore, this paper focuses on determining anahtifying the impact of
integrating SCPs into present home care processeshé elderly; in other
words, evaluating the potential effect or addediealf SCPs.
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In the literature, previous work on several aspetttie evaluation of SCPs can
be found. We distinguish (1) research on the ev@aimamethodology and (2)
results of evaluation processes of eCare services.

The nature of SCPs and eCare services in geneggires a multi-aspect

evaluation method. Evaluating these services sdielged on their medical

impact would be insufficient; also focusing on eowric impact would be too

narrow. Evaluating eCare services in their total@guires looking at them from

several angels such as the economic perspectiwanéuical impact, the social
aspect, the impact on the involved actors, legalds, and technical barriers [13,
14].

In this knowledge, different frameworks are develd@specially for evaluating
eCare services [13-16]. All of them present a maddtamework that takes into
account several perspectives of the impact of matégy eCare or SCP services.
Salvi et al [17] presents an overall evaluationmieavork based on quality of
eCare services in the context of ambient assistetyl This incorporates many
quality characteristics such as functionality, abliity, efficiency, and usability.
However, the framework does not take the economiisgective into account.

In addition to the literature on the methodologiesed for evaluating eCare
services or SCPs, previous work on the impact @fintegration and adoption of
SCPs is also available.

Bossen et al [9] conclude that integrating SCPhénhome environment of care
receivers can facilitate and augment the curremhenccare processes and
enhance the cooperation between the several invobetors even more.
Although larger pilot tests are needed to furthealeate the CareCoor system,
initial tests revealed promising results and pesitmpacts for the care network.

In contrast with the results of Bossen et al, fiigdi from the Whole Systems
Demonstrator cluster randomized trials indicatet tthee effects of “second-
generation” telecare are very limited and even evithsignificant impact [18-

20]. Except for a small benefit on psychologicalcmmes, the gain in quality of
life is very small [18]. This also results in a ydrigh cost-effectiveness ratio,
meaning that the costs needed to obtain that shwakase in quality of life are
very high and far above the willingness to payifoAccording to Steventon et
al [19] the telecare services as implemented inttimle System Demonstrator
do not lead to significant cost reductions in tke of care services.

Contradiction of the results of these researchdgates that more research is
needed to clarify the impact of ICT-supported caevice. This lack of evidence
is seen as one of the barriers for adoption of @Garvices [21]. The absence of
the proof of positive effects also impacts the folation of policies or new
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reimbursement systems [22]. This can affect thepteta business model of the
eCare service provider [10].

This paper identifies the expected impact of SCtgiration for all actors
involved. Via economic analyses, from the perspectiof home care
organizations, potential benefits and costs arepemed with costs of current
processes. Doing so, this research provides mangtyclon viable economic
business cases for SCPs.

5.2 Methods

5.2.10verview

The methodology consists of 2 phases (see Figute Bt the first phase, all
various forms of potential impact and benefits @entified. During a second
phase a 4-step economic cost-benefit analysis veaieled from the perspective
of home care organizations.

| Phase 1: impact identification |

Identifying the impact of SCP integration for all actors involved in home care: |

« Care receivers |

Informal care givers |

Formal care givers

Home care organizations }
I
I

Methodology: innovation Binder method, workshops, focus groups, semi-
| structured and informal interviews

Step 1: process impact identification

« High-level home care process breakdown

« Detailed decomposition of impacted process steps

« Formulation of new process layout after SCP integration

Methodology: workshops, focus groups, semi-structured with home
care managers and staff members

1]

Step 2: Impact quantification
« Quantification of impact of SCP integration by numerical modelling
new resource usage: e.g. time, personnel, # calls, transport time, ...

I
I
I
I
|
I
I
I
|
|
I
I
Methodology: impact assumptions provided by home care managers |
and staff members during focus groups and semi-structured interviews |
|

I

I

I

I

I

I

I

I

|

I

I

I

]

Step 3: Cost modelling & economic evaluation of BAU vs.
integrated SCP scenario
o i D costs for SCP i ion: CapEx & OpEx
« Modelli d cost e ions:
- product life time
- economies of scale
« Economic evaluation of current (BAU) and new process (integrated
SCP scenario)

L]

Figure 5-1: Schematic overview of the two-phaseaedemethod.
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5.2.2Phase 1: Impact Identification

First, expected fields of impact should be ideetfifor each actor within the
context of home care provisioning. The methodol&ggwn as the innovation
Binder Approach [23] resulted after multiple itéoats in input data from various
perspectives such as technology, user or socidlbasiness.

Additional input for this identification processstdted from workshops, focus
groups, and semistructured and informal intervievith field experts such as
managers and administrative staff members of hoame organizations, home
care providers, and technology providers. Both itptale (e.g., less anxiety,
increased peace of mind, decreased burden of eat)quantitative impacts
(e.g., process excellence such as less administrati faster billing procedures)
can be expected for the actors.

5.2.3Phase 2: Cost-Benefit Analysis From the Perspecti
Home Care Organizations

Step 1: Identifying the Affected Home Care Processevia Process
Breakdown Analyses

Adopting SCPs will affect several processes ned¢dgarovide home care such
as administration tasks, communication, and shainfigrmation. Via a high-

level home care process breakdown, home care aaj#nis were able to locate
the most resource-intensive processes that couldffieeted after integrating
SCPs. After this step, the identified process stepse scheduling and billing
processes in this case, were further decomposed.

Step 2: Quantification of Costs of the Current Busiess as Usual and
Integrated Smart Care Platform Scenario

Effects such as better scheduling and task codidm&ave direct quantitative

impacts in terms of monetary or time savings. lis firoject, no qualitative or

quantitative research has been carried out omtpadt on health utility for care

receivers such as surveying the quality of lifeefdfore, this work focuses on
the changes in the care scheduling and billing ggses of a care organization
(direct quantitative benefits).

To do so, first the annual expense of the BAU wasntjfied. After SCP
integration, the BAU could be affected, resultimgriew costs. This assumed
impact, provided by home care managers and staffbees during focus groups
and semistructured interviews, is modeled in ad.vigle difference or delta
between the 2 scenarios is defined as a direcfibértee costs of the integrated
SCP scenario are lower than the costs of the BAddato.
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Step 3: Economic Evaluation: Comparing the Integra¢d Smart Care

Platform Scenario with the Business as Usual Scenar

The goal is to research whereas the resulting fisrjaétify all the operational
costs and investments that are needed for adof@Rs. Thus, after quantifying
the expected effects, the BAU is compared with tiesv “Integrated SCP
scenario.” Therefore, the costs of SCP integrati@nalso modeled.

Step 4: Dealing With Uncertainty via Sensitivity Aralyses

Although this cost-benefit model is developed wi#alistic data provided by
service providers and experts from home care org#ions, it is likely that

variations of the values will occur. Therefore, weed to check whether the
model still behaves normally with varying input we$. Sensitivity analysis also
provides us with a confidence interval for the ftedwased on the input
parameters modeled with known variations.

5.3 Results

5.3.1Phase 1: Overview of Potential Impact Per Actor

In the first step of this research, the potentigbacts or added values, resulting
from the adoption of SCPs, are identified per acteolved. Methodologies used
to identify the impacts are: the “Innovation Bind®pproach,” as described in
[23], informal and semistructured interviews with amagers of care
organizations, informal and professional care iers and care receivers.

Table 5-1 presents the various expected added svédeatified per actor along
with the nature of impact (qualitative or quantitej. Within the context of
home care, the following actors are included: ()ecrecipient or patient, (2)
informal care giver, (3) formal or professional eagiver and home care
organization, (4) care insurers or payers and 8gc{g) primary care, and (6)
secondary and tertiary care.

Table 5-1: Identification of added values that ¢emexpected per actor.

Impact type:
Actor Added value description gualitative or
guantitative
Care receiver Control of the organization of care alative
Strengthened involvement and o
Qualitative
empowerment
Higher quality of care Qualitative
Higher state of peace of mind Qualitative
Higher state of self-management, less Qualitative

care dependent
Lowered barriers for social contact andQualitative
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decrease of social isolation
Better informed of existing and

. . Qualitative
practical care support services
Informal care giver Better care task coordination alative
Improved quality of care or work Qualitative
atmosphere
Less stress, less unexpected tasks, Qualitative

increased state of peace of mind
Being better (and real time) informed Qualitative

Formal care 9VET ~ Better care task coordination Qualitative
and care organization
Improved quality of care or work
atmosphere

Less stress, less unexpected tasks,
increased state of peace of mind
Significant decrease in administration
time (scheduling, adapting schedules, Quantitative
billing, etc.)

Reassuring care receivers when delay
during care visits

Access to more complete care and
context data

Improved quality of care, faster and
more complete diagnoses

Being better (and real time) informed Qualitative

Qualitative

Qualitative

Qualitative
Primary care (GPs) Qualitative

Qualitative

Secondary and Access to more complete care and o
: Qualitative

tertiary care context data
Being better informed Qualitative
Improved quahty_of care, faster and Qualitative
more complete diagnose

Care INSUTEr or Payer ,,re opportunities for prevention Qualitative

and society
ti)a:;r:gshgﬁ:::use of delayed transition Quantitative
Increase in cost-efficiency Quantitative
Overall higher quality of care Qualitative
Transition from curative to preventive o
care Qualitative

Although the potential impact for every care givsrconsiderable, in what
follows only the impact for the care organizatianquantified. This actor is
considered as an SCP initiator for 2 reasons:
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- Several home care organizations already provideitorimg services
such as personal alarm system and work with caitecs. Offering
SCPs toward their clients would extend the cursentice offers.

- SCPs have the potential to simplify and decrease c¢bsts for
organizing home care. Therefore, home care orgaoiza have a
potential incentive to adopt SCPs.

5.3.2Phase 2: Cost-Benefit Analysis From the Perspecti
Home Care Organizations

The home care organizations themselves are cortviheg a lot of improvement
is possible in the process of home care provisgnin order to detect which
process steps would be affected by SCPs, semisteacinterviews and focus
groups with care organizations were carried outdbect data to be able to
quantify the current costs for billing and rescHedyprocesses.

These data served as input for a numerical modetatoulate the potential
benefits and costs. In what follows, all resultstted 4-step model (Figure 5-1)
are discussed.

Step 1: Process Impact Identification

In the first step, the complete process of home qawovision is broken down
into several main and sub process blocks. Thisvaltbthe managers and staff
members of the home care organization to locategss steps that potentially
would be affected when integrating SCPs.

Figure 2-2 presents the high - level process spitleart for home care
provisioning. The main process blocks for home ganavisioning are patient
intake phase, preparation of the care deliveryyadctare delivery, and care
delivery administration.

Two-process steps were identified by the experntaa potentially impacted by
adopting SCP. First, the current process for lglior home care was identified
and second, the process that takes place when lHogétas to change to the
actual care schedule. For instance, when a caregiets sick, all planned

appointments need to be reallocated to other camersgy A second example
provided by the expert group is: when a clienttgitiie hospital, all planned care
visits should be replaced with others, otherwise ¢are givers would have no
work. A more detailed decomposition of both proesss shown in Figure 2-6a.

Step 2: Quantification of Costs of the Current Bugiess as Usual and
Integrated Smart Care Platform Scenario

The Process Break Down and Resource Usage of ther@Business as Usual
Scenario
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In the next step each process block of the cubiiimg process is quantified in
terms of cost per year. The same is done for thehexluling process. Relevant
data in order to calculate the cost of the curpeatesses or business as usual are
presented in Table 5-2.

Table 5-2: Cost parameters and drivers used to datetthe cost of the business
as usual (BAU) process.

Numerical parameters for the current Numerical parameters for the current
billing process rescheduling process
Number of care visits per month Frequency of caseheduling in terms of

percentage of the total amount
of planned care visits

Total amount of care givers Telecommunicationsémt calling the
central administration office

Full-time equivalents (FTESs) of care Average time needed to make the

providers rescheduling exercise (not every care

provider can be reallocated to a changed
care visit due to professional or
personal reasons (e.g., care provider must
speak Dutch, cannot be pregnant
because of potential diseases of the cat of
the care receiver)

Time needed to input the data into the Time needed to inform the original

back-end system dedicated care giver

Cost for mailing the monthly visit records Scheduled visits per month

of the care giver to the care organization

Time needed for inputting the data after Number of rescheduled visits per month

each visit

Average wages of the administration staff

and the care providers

Transport time

Transport frequency

Time needed for rework due to errors

The model was initially designed for an East Flén@sre organization involved
in the OCCS project, but is not limited to this angation. This region counts
about 881 full-time equivalent home care givers velne members of the care
organization. All data and results are valid witttie scope of the OCCS project
[12]. According to the managers of the care orgaions, the input provided and
process issues described are similar for all Flen@ied even Belgian care
organizations. For detailed data of current billargd rescheduling processes see
Appendix 1.

Figure 5-2 presents the current cumulative casfthoog per quartile for both the
billing and rescheduling processes. In total, tf2peocesses cost about
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€510,000 per year for this provincial division bétFlemish care organization
involved in the OCCS project.

4 4500
§ 4000
3500
3000
2500
2000

1500

Undiscounted Cumulative Cash outflows current Billing and rescheduling procesesses
(case OCCS)

——Total Cumulative Cash outflow
without smart care platform
- integration (current processes)

- = =-Total Cumulative Cash outflow

= due to care rescheduling activities

- — - Total Cumulative Cash outflow
due to care billing administration

O3 2% 8 5 61 B 90 % gl g3 ab 4546 51 4B A2 90 93 41 3 9 49 96 71 B 9 D 3 5 Wartie

Figure 5-2: The costs for the current reschedubiegjvities are more than 3 times
higher than the current costs for billing adminidtee. This is mainly caused by
the wages of central office staff members who dac¢heal rescheduling (see

Appendix 1).

The Process Break Down and Resource Usage forrtegrated Smart Care
Platform Scenario

Together with the care organization we modeled aowSCP would affect the
current billing and rescheduling processes. Sonoegss steps would remain
unchanged; others would even disappear or wouldffected. Figure 2-6b
shows what process steps would be affected and how.

For detailed data on the affected process parasetee Appendix. Figure 5-3
shows the expected cumulative cash outflows ofdve processes.
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Undiscounted Cumulative Cash outflows future Billing and rescheduling procesesses
(case OCCS)

- —Total Cumulative Cash outflow
with smart care platform
integration (future processes)

-~ -Total Cumulative Cash outflow
due to care rescheduling activities

— - Total Cumulative Cash outflow
due to care billing administration

Figure 5-3: In the new integrated smart care platfioscenario, the billing
process is almost completely automated. That explaenkw cumulative cash
outflow due to the future billing processes (sepefulix 2)

Given the validated impact assumptions such asceztitime needed for putting

in the billing information, fewer telephone callsp correspondence needed
anymore, and so on, the total annual expense dfigheprocesses, investments
in SCP excluded would decrease to €160,000 per y&& means a reduction of

69% of the total cost of the current billing andaieeduling processes can be
obtained. Figure 5-4 presents the comparison betee cumulative expected

costs of the current and future billing and resciied processes.

Comparison undiscounted Cumulative Cash outflows 'BAU' vs. 'integrated SCP scenario'

KEUR

A1 3 B 5 6 T % 9 A0 Ab 4L 43 Ab 45 40 A1 4B 10 10 9 2 93 93 15 10 91 B 19 2D D 5L 2B Quartile

===Total Cumulative Cash OUT flow: 'BAU' scenario = =Total Cumulative Cash OUT flow: 'integrated SCP scenario*

Figure 5-4: Automating the billing processes anccresluling processes would
lead to a process cost reduction of 69%.

A clear difference between the costs of the curagwt potential new billing and
care rescheduling processes can be seen. But ttee taquires a significant
investment in order to reach these potential savikgrthermore, it is expected
that the data inputting process could be more tiffieient for the care provider
by the use of the smart care app on the mobile @hBar the provincial home
care organization involved in the OCCS projects tould free up nearly 11,000
h per year ([1488 min/year 744 min/year] x 881 FTEs); see Appendilés 1 and
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for data. This time could be spent with the careeineer, resulting in better
quality of care (more quality time for the patiewtjhout affecting the cost.

Step 3: Investment Modeling and Economic Evaluation
Smart Care Platform Investment Modeling

The expected savings can only be obtained if theehcare organization invests
in an SCP system like OCCS. These investments adeled in Table 5-3.

Furthermore, economies of scale are modeled foStBB subscription cost per
care provider. This is modeled as a staircase immctriven by the number of
care providers connected with the SCP.

The rollout of an SCP within the complete care oiz@tion is modeled as a
staircase function as well. This was asked by tlamagers of the home care
organization. Each quartile, 25% of all care givers provided with the needed
hardware and the education time. After 1 yearcalé givers are connected with
the SCP.

Table 5-3: Investments to integrate O’CareCloudS (S ®ased on expert
estimations within OCCS and sector averages.

Description of investment Value Unit

Every care provider needs a (basic) mobile phooeonly
the people who work full-time, but also the peoplew
work part time. (The lifetime of these devicesusrently
set at 3 years. Then they need to be replaced)Edap
Every care provider needs a mobile telecommunioatio
subscription. (There exist special group tarifisdare €lyear per care
organization, that is why this annual expense t&ihy provider
modeled rather low) [OpEX]

Each care provider needs to have access to OCCS. An

80 €/care provider

€/year per care

annual subscription cost is modeled per care peovid 20 -

[OpEX] provider
Each care provider needs to be educated to unddriia 31 €/care provider
functionalities of the SCP (2 h of education) [C&bE P

The SCP needs to be integrated into the back-estdrag 14.700 €

(1 FTE during 3 months) [CapEX]

An annual operational cost which is modeled as a
percentage of the integration cost is needed tp e 5%
SCP up and running [OpEX]
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Economic Evaluation: Comparing the Integrated Sn@ate Platform Scenario
with the Business as Usual Scenario

Now that the impact and costs of SCP integratienkaiown, we can investigate
whether the impact is still positive after takimgd account all the costs for SCP
deployment.

The following graph (Figure 5-5) shows the expectedblution of the
undiscounted cash outflow in a situation in whicknaart care system would be
deployed in 1 year compared with the costs of cirbéling and rescheduling
processes.

Undiscounted Cumulative Cash outflows : Current vs. future billing and rescheduling processes

. €4500
:

2 caoo

€3500

o0 —Total Cumulatieve Cash outflow without

smart care platform integration
2500 —-

€200 - — -Total Cumulatieve Cash outflow with smart
- care platform integration

€150 -

€100

€500 z

€
\\\\\\\

Figure 5-5: In the first year, the cash outflowtio¢ integrated smart care
platform (SCP) scenario is the same as for the curbeisiness as usual (BAU)
scenario because of the initial investments. Buardfiat, one can see clearly the
potential savings of integrating an SCP.

Based on the provided data, integrating an SCP dvbave a payback time
which is less than 1 year. Within a period of 8rgeafter the investment, a total
cost reduction of 38% can be expected. From Fidi#fe one can see that,
according to this model, the total annual expemsecare provider can maximum
increase to about €150 per person per year. Atl¢hvat, the expected costs of
the SCP integration would be the same as the ducasts, everything smaller
than €150 would lead to savings.



128 Chapter 5

Undiscounted Cumulative Cash outflows : Current vs. future billing and rescheduling processes
(yearly platform iption cost per capita: 150 euro)

€ Thousands

—Total Cumulatieve Cash outflow without
smart care platform integration

— -Total Cumulatieve Cash outflow with smart
care platform integration

ooooooo

Figure 5-6: Expected evolution of the cumulativehcagtflow in case the annual
cost per care provider would be € 150. This istpper boundary for the yearly
costs per care provider

Step 4: Dealing With Uncertainty

To take uncertainties into account, such as thenasd impacts on both affected
processes, a sensitivity analysis is performedleladt depicts the variations on
uncertain input parameters.

The result of the sensitivity analysis indicate30& chance that within a period
of 8 years after the investment in an SCP, the ¢atime undiscounted cash
outflow will lie between k€2400 and k€3400 (seeur@5-7). Testing the model
robustness indicates that the SCP subscriptionisaste driving parameter in

this model (see Figure 5-8). This is acceptablthas/ariance on this parameter
is rather high and because of the annual effedt. afhe same is true for the
Telco subscription cost. This means that it willibgortant to negotiate good
subscription prices for both access to the SCP fandhe telecommunication

subscriptions.

Table 5-4: Modeled distributions for uncertain inparameters, based on expert
estimations within O’CareCloudS (OCCS)

Parameter Modeled distribution

Normal distribution with parameters
mean=2.00, SD=0.32

Annual SCP maintenance costs (% of Normal distribution with parameters

Number of hours needed for education (h)

integration cost) mean=0.05, SD=0.01
Lognormal distribution with parameters
SCP back-end integration cost (€) location=104,000, mean=14,700,
SD=3498.6

Maximum extreme distribution with
parameters likeliest=80, scale=1.94
Yearly Telco subscription for the care Normal distribution with parameters
provider (€/year) mean=40, SD=11.76

Cost for mobile phone (€)
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Yearly smart care platform subscription Beta distribution with parameters

cost for the care providers (€/year) m|n|r11um=15, maximum=100 alpha=1.2,
beta=2.6
10,000 Trials Centered on Median View

Expected undiscounted Cash outflow after SCP integration
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Figure 5-7: Expected undiscounted cumulative cagflaw with Cls 90%, 50%,
25%, and 10%. In the worst-case scenario, the aafstthe billing and
rescheduling process will still cost 18% less tivathe current situation.

10,000 Trials Contribution to Variance View
Contribution to Variance
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soansemonct | [
telco subscription cost
Time to input data in back end
Time for education of perso... 0 1}1.

Hardware cost (smartphone) u_s‘

Other 0 c‘

Figure 5-8: The annual subscription cost for sneate platforms is expected to

have the biggest impact on the expected savingswid by the annual expenses
for telecommunication.
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5.4 Discussion

Principal Findings

Integrating SCPs such as OCCS could affect the admanistration process of
care organizations. Based on the provided procatss af BAU and “integrated
SCP scenario,” an annual cost reduction of 37-38tbdcbe expected. This cost
reduction does not result from the SCP’s main psepteing sharing care data
or monitoring care receivers, but from the fact ttiigitizing one or more parts
of an often time-intensive manual process can sapensive resources.

The results indicate that at least for care orgdiuns, which are often important
actors in the home care provisioning for elderhg tmpact of integrating SCPs
within their own scheduling and billing software pssitive. This is important
because literature indicates that the impact ofsS@Pthe quality of life of care
receivers is rather limited and still not convirgienough to drive a viable
adoption.

This SCP integration would not require involvemehthe care receivers or their
informal caregiver. Only professional care givetighim the organizations could
consult the care information. Initially, for thereareceivers and informal care
givers the added value of such a system would mrereiy limited.

Therefore, we believe that until the added valué&s6Ps for the care receiver
increases to a critical level for which there exigtviable willingness to pay, the
adoption of SCPs will be driven by a positive aféetactor such as the care
organizations. This could be a first step to digiteegration and collaboration of

care organizations and a first step toward a patentered care system.

Once all personnel of the care organization recedacation and familiarize
themselves with the functionalities, the home carganization can open the
other functionalities of the SCPs also toward theecreceivers, their informal
care givers, and other care providers. In this algp other actors with a lower
willingness to pay, because of the less direct titaive benefits of SCPs, can
experience the added values of SCPs.

As this research is a part of the Flemish OCCSeptpthe results are pertaining
to the Flemish homecare organization involved ia froject. As the field
experts who provided data for this research stéitaidthe situation is the same in
the entire Belgium and is the same even in manyt&ke£uropean countries,
therefore, the findings could be generalized.

Limitations

Although there are many beneficial impacts due@® S$ntegration, it should be
noted that SCP adoption will result in some chagenand threats. Often there
are concerns about privacy, data ownership, anthaieg human care toward
automated less personal care. It was not the fottigs research to describe all
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potential barriers. The results of the economidwation should not be affected
by taking these challenges and threats into account

Another point of remark is the single-sided persipec of the economic
evaluation. Considering the case of the home caganizations alone is a well-
considered choice because we strongly believe titeege actors will drive
adoption for SCPs. However, other actors such eigtyp care payer, and formal
care providers could also experience economic itsp&com that point of view,
the results of the analyses are probably an unil@ason of the real effects.
Future research on the evaluation from more petisgsccomplemented with a
study on the impact on quality of life can bringmnalarity.

Conclusions

This work envisions to identify, describe, quantind evaluate the impact of
integrating new “Cloud-like” smart care platform#d the current home care
processes. The goal of these platforms is to offfested information and
knowledge-based services related to the care agi@om and delivery to the
client or patient. These services aim to suppodt faster communication on the
daily care-related needs, the social needs, amygldaiassistance.

One of the goals of integrating SCPs is to fosfgnocommunication and data
sharing among all the involved actors (eg, carami@ation, general practitioner,
formal and informal care givers). Thus, in ordeistonulate usage of SCPs, all
actors involved should benefit from it or at least be affected negatively.

The research indicates that all actors could befrefin the integration of SCPs.
Care receivers can expect a higher quality of liftgrmal care givers could face
a higher state of peace of mind, and formal caowigers can provide the same
quality of care while there could be more qualiiynd available. Care
organizations can optimize their care administrapoocesses and push the level
of digitization even further. Finally, care inswseand society in general could
profit because of the possibility to provide pe@aed prevention and decrease
or postpone the move to care homes and let thelgldgay at home instead.
Although these expected effects sound acceptatbls, rot clear yet whether
these impacts will convince care receivers to adgp®s.

However, when we step away from the main goalsitefgrating SCPs and focus
on the potential effects that result from digitgiand optimizing the current
administration of home care processes (billing ear@ scheduling in particular),
our quantification model indicates that a cost odidum for the home care
organization of 37-38% could be expected and thuisaf hours per year could
be freed up for providing quality care by optimgithe current administrative
tasks. Thus, if SCPs could be integrated within @ahveady existing back-end
systems of care organizations or vice versa, tvings potential could be a
viable driver for the adoption of SCPs by home acaganizations.
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Appendices

Appendix A: Current process breakdown

Current Care Reschedule

Current Billing Process
Process

1. Care giver or care receiver notices
1.Inputting billing data per visit the central of the care organization Of
a change in the schedule

\J \ 4
2. Bringing/mailing the data lists to the 2. OCCS contacts and schedules
central office of the care organization other care givers and care receiver

| '

3. care central notices the initially
dedicated care giver of the change

3.Inputting data lists into the billing
software

! !

4.Sending the customer bills to the 4. Noticing the care receiver of the
clients change of care giver

Figure 5-9: Process decomposition of ‘as is’ billiagd care rescheduling
processes

In following two tables a concise overview of thegtais presented. All data was
validated by experts involved in the OCCS project.

Table 5-5: Overview of the data for the currentibg process

Description data parameter Value Unit

Time needed for inputting data per visit 2 minfvisi

# visits per month per FTE 62 visits/month

Frequency_of c_iata list _dgllvery by the care providethe 12 deliveries/year

care oraanization administrati

Cost of envelopes to send the lists 12 euro/year

'lI)'ime needed for inputting one line of the dataitisd the 0.31 Min/data line
ack end system

# care givers in ‘Interregio Gent’ (full time + paime) 1719  Persons

Full Time equivalent of the total amount of careegs 881 FTEs

Total amount of data lines inputted in the backeystem )
by the central administration (March 2014) 88000  data lines/month

% rework due to mistakes in inputting 4% of # data




136 Chapter 5

Table 5-6: Overview of the data for the current resduling process

Description data parameter Value Unit
Time needed by the care receiver or care provier t .
. 15 min/call
inform the care central
Telco costs needed to inform the care centraldsec

0.5 euro/call

the care provider calls with own mobile)
Of planned monthly

chance that that a visit needs to be rescheduled 15% Visit
# visits per month per FTE 62 visits/month
Chance that it the care receiver informs the cangral 0
; 70%
him/hersif

Time needed to inform other care provider min/contacted care

provider
Costs Telco for the care administration 0.01 eurmo/m
Average amount of care actors to contact (humber of 4
calls to make)
time needed to make the new care schedule 4 Min

Based on these inputs, the model provides followasylts on current resource
usages:

Table 5-7: Resource usages for the current bilfingcess

Description data parameter Value unit

Total time needed per FTE when inputting billingadahen he is
with the care receiver (time is paid by care reegiv

Total time needed for the care administration toipall the
billing data of the care givers into the back eystem

Costs for the care administration to put in all biléng data of the
care givers into the back end system

Costs to provide each care provider with 12 envesdp send the
data lists once a month

Total cost for the care organization caused bycthveent billing
process

1488 min/year
339120 min/year
96084  eurolyear
20628  eurolyear

116712 eurolyear

Table 5-8: Resource usages for the current careheduling process

Description data parameter Value unit

Total time needed per care provider to contactdiscliss the new
care schedule with the permanency station (ceotffiak)

Total cost of wages for the care organization tpfpathe time
needed of each care provider to contact and dighessew care 119180 euro/year
schedule with the permanency station (central effic

Total costs for compensating the telecommunicat@st of the

care providers when they called with their own deub the care 14748  eurolyear
central

Total telecommunication costs for the permanenatast due to
calling to the care providers (central office)

496 min/year

6292 eurolyear
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Total cost for the wages of the people of the peenay station
(central office)

Total cost for the care organization caused bytheent care
rescheduling process

264644  eurolyear

397981 eurolyear

Table 5-9: Total cost of current billing and carescheduling processes

Total cost for the care organization caused bythreent billing
process

Total cost for the care organization caused byctheent care
rescheduling process

Total cost of the current billing and reschedulgrgcesses 514693 eurolyear

116712 eurolyear

397981 eurolyear

Next to high costs for the processes we notice ftbentable 5-9 that all the
clients in total pay for about 22000 hours (148&/year per FTE x 881 FTESs)
per year for filling in the billing data.

Appendix B: Future process breakdown

Current Care Reschedule

Current Billing Process
Process

1. Care giver or care receiver notices
the central of the care organization Of
a change in the schedule
INSTEAD OF CALLING THE OCCS
COULD BE USED

1.Inputting billing data per visit
WILL TAKE ONLY A BIT LESS TIME

Y
i 2. OCCS contacts and schedules
other care givers and care receiver
he data lists to the WILL BE AUTOMATED, BUT
izati HUMAN INTERACTION IS STILL
NEEDED TO CREATE A NEW CARE

SCHEDULE
' i

3.Inputting data lists into the billing
software 3 notices the initially
WILL BE AUTOMATED, BUT
CONTROL AND VERIFICATION
WILL STILL BE NEEDED

L]

4.Sending the customer bills to the
clients

central office of t

Figure 5-10: Process decomposition of ‘to be’ biliand care rescheduling
processes

Following data of the new processes was validajefiebd experts involved in
the research project.
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Table 5-10: Input for the Billing process when a sneare platform is integrated

Description data parameter Value Unit
Time needed for inputting data per visit 1 minfvisi
# visits per month per FTE 62 visits/month

Frequency of data list delivery by the care providethe
care organization administration

Cost of envelopes to send the lists 0 euro/year

Time needed for inputting one line of the datailist the
back end system

# care givers in ‘Interregio Gent’ (full time + paime) 1719 persons
Full Time equivalent of the total amount of careegs 881 FTEs

Total amount of data lines inputted in the backeystem
by the central administration (March 2014)

0 deliveries/year

0.05 Min/data line

88000 data lines/month

of # data

% rework due to mistakes in inputting 4% lines/month

Table 5-11: Input for the Rescheduling process waemart care platform is

integrated
Description data parameter Value unit
Time needed by the care receiver to inform the care .
15 min/call

central
Time needed by the care provider to inform the care 0.33 min
central
Telco costs needed to inform the care centraldsec

. . ) 0 euro/call
the care provider calls with own mobile)
chance that that a visit needs to be rescheduled % 158;;tnslanned monthly
# visits per month per FTE 62 visits/month
Chance that it the care receiver informs the cargral

. 70%
him/hersel
Time needed to inform other care provider mm/pontacted care
provider

Costs Telco for the care administration 0.01 euim/m
Average amount of care actors to contact (humber of 4
calls to make)
time needed to make the new care schedule 4 min

The new process would lead to following resourcges exclusive the
investment in a smart care platform!
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Table 5-12: Resource usages for the billing proegissn a smart care platform is
integrated

Description data parameter Value unit

Total time needed per FTE when inputting billingadahen he is
with the care receiver (time is paid by care reegiv

Total time needed for the care administration toipall the billing
data of the care givers into the back end system

Costs for the care administration to put in all biléng data of the
care givers into the back end system

Costs to provide each care provider with 12 envesdp send the
data lists once a month

Total cost for the care organization caused bycthveent billing
process

744 min/year
51859 min/year
14693 eurolyear
0 euro/year

14693 eurolyear

Table 5-13: Resource usages for the reschedulinggss when a smart care
platform is integrated

Description data parametel Value unit

Total time needed per care provider to contactdisclss the
new care schedule with the permanency stationr@euffice)
Total cost of wages for the care organization tpfpathe
time needed of each care provider to contact eszlids the 2498 eurolyear
new care schedule with the permanency stationr@euffice)

Total costs for compensating the telecommunicat@st of the
care providers when they called with their own dewub the
care central (now included in investment for mobile
subscription)

Total telecommunication costs for the permanenaiyst due
to calling to the care providers(central officepnincluded in 0 euro/year
investment for mobile subscription)

Total cost for the wages of the people of the peenay
station (central office)

Total cost for the care organization caused bytheent care
rescheduling process

11 min/year

0 euro/year

140679 euro/year

143177 euro/year

Table 5-14: Total cost of billing and care reschiguy processes when a smart
care platform is integrated

Total cost for the care organization caused byuhee billing
proces

Total cost for the care organization caused byuhee care
rescheduling process

14693  eurolyear

143177 eurolyear

Total cost of the future billing and reschedulinggesses 157870 eurolyear
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evaluation of the impact of eCare
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The goal of the previous chapters is to identiBsatibe and quantify the impact
of new smart services on both the value network taedindividual business
models of the actors. Also, it has become clear tihere are several barriers

slowing or even blocking adoption for some of tmaug services. In this chapter
we present a methodology to evaluate the impacPEST barriers and to

provide high-level guidelines for smart service\pders on how to tackle some
of these detected barriers. The aim of the papéo imdicate the importance of
looking at the broader PEST context when evaluatimgart services. The
appendix provides additional insights in how thethodology takes these
aspects into account.
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ABSTRACT The healthcare sector is an incredibly complexesgstvith many
public and private actors and a wide diversity @fvices. Because of the aging
society and the growing evolution of health expands, pressure on available
resources (time, people, budget, etc.) is incrgadimovative ICT supported
eCare and eCure services are expected to incréf&seney, coordination and
organization of care. Currently many initiativesready introduced ICT-
supported eCare services into the current heaktheaosystem. However, it's
quite a challenge to estimate the impact and eggagptake of these new eCare
services. It's no surprise that only few servicesnmercially succeeded. This
paper presents a methodology that identifies aradluates the PEST factors
(political, economic, social and technological aspethat impact the involved
care actors when introducing eCare services. Theehtakes into account the
overall socio-economic aspects of the service alad the subjective importance
that an individual actor can ascribe to a particeldare service. Combining the
impact of these PEST factors leads to an expectegpt@n rate. Both new
services and existing initiatives can be compacedne another and the impact
of economies of scale can be investigated. In easegative impact on some
actors is observed, the model proposes cost albocabr service offer
alternatives to ameliorate the business case fparticular service. Finally, a
sensitivity analysis helps to indicate the mosnhiigant parameters that drive
the business case.

6.1 Introduction

Because of the further increasing pressure onehétitare sector, mainly due to
an aging population and growth in health technologsestments, the need for
service and process improvement as well as an lbvecziease of resource
efficiency never was clearer before. Last decadwgrést in innovative ICT
supported care and cure services grew significdatly [12] [23]. On the one
side there are the eCare services with a strongsfoa the improvement of the
care process and personal wellness e.g. telemimgjtof chronic heart failure
patients, fall detection, etc. [2] [21]. On the etthand, there are the eCure
services for supporting, automating and faciligtimedical treatments and/or
processes such as teledermatology [24], hospiainvation systems (HIS), etc.
Both kinds of services already proved a positivgpast on quality of life and
resource efficiency.

When focusing on care dependents at home (thusdeutse traditional care
institutions), an evolution towards Integrated Beed Health and Care Services
can be noticed [15]. These eCare services aimlitthé care gap between the
patient (the care dependent), the informal carevordt (neighbors, friends), the
primary (general practitioner) and secondary catevark (physicians). Already
a lot of eCare initiatives are being tested andladem (e.g. The patient
Briefcase, MyDoctor@Home, etc. [15]). Currently thiése solutions are offered
in a fragmented way. Offering these eCare servidasa communal care
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platform could lead to less fragmentation and miategration of the service
provisioning [13] [19].

Moreover, many of those eCare services fail orlaimg shut down after the
pilot phase because they are unable to accuratebligb their uptake [9] [20]
[21], or because their offer leads to unexpectedatige impacts on other
relevant care actors. It is of crucial importanoentake sure that the business
case for each stakeholder for their service oftgrim viable, otherwise that
service will not succeed.

Therefore, having a methodology and model for aaieing and assessing these
various impacts for all the actors involved woukl & great help when debating
the best way of introducing eCare services.

6.2 Obijectives

The goal of our research is to construct a modat i able to identify the

impacts on the involved actors when offering eCseevices (focus on eCare
services only) in a qualitative (e.g. increase afignt self-actualisation level)
and quantitative (e.g. decrease in administrativerleead for the formal

caregivers) way.

It also wants to provide insights into why some eCservices work better or
have a higher uptake than others. Next to an impaaiuation of a single eCare
service, the model is able to evaluate completeicepackages offered via an
eCare service platform. Whenever an actor is ingzht a negative way, the
model should be able to formulate service offerrmepment guidelines based
on the evaluations of the service.

6.3 Methodology

A four step methodology is developed for being tépaf formulating service
integration guidelines (see Figure 6-1 for a schenwverview). A first step is
called target population modeling. By defining dweristics of the user target
groups, the potential market size and its evoluttam be modeled. In the
following PEST analysis step, the qualitative andamtitative performance
indicators (PI) of each actor involved are clusdeaecording to their political,
economic, social or technological level. The PE8&algsis for each actor forms
the basis of the service impact evaluation as tsieg. \Whenever one or more
services would lead to a negative impact on anradervice improvement
strategies and guidelines are formulated in astagt.
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A. Target population modelling

Total population

Segment 1 +
Segment 2

# users

= Segment 2

Segment 1
t
| |
B. PEST analysis
1. Performance Indicators of the service per actor 2. Clustering Pl + PEST analysis
Political (PI1+P13)
Pl1| Pl2 | PI3| PI4]| PIS Economical (P14)
Actorl| ++ | + | ++ | + | ++ Social (PI5)

Technological (P12)

Actor2 | ++ - - - +

Actor3 | + | | -

3. Service adoption modelling
— Service A

Service A

| Service B / Service B
| Service C o

/..
T — " SericeC
>

# users

C. Service Impact evaluation *
) Attractiveness of
NPV Cost / profit per user the Service
B
N Vv 2
v“‘é v“‘é véé

[ ]
D. Service guideline recommendation \/

NS e 0 -
N Se(““’ Se‘\‘\ Service Improvement guidelines

Actor 1 @ @ @ | __—» Strategy 1
Actor 2 @ ‘4%——% Strategy 2
@

Actor 3 @ ‘<< Strategy 1
|
OK NOTOK NOTOK

Strategy 2

Figure 6-1: Schematic overview of the methodology
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6.3.1A. Target population modelling

Most eCare services address a particular groupe@fsuSince it is a challenging
task to estimate the size of this specific set s#rs, we started from the total
projected demographic curve of Belgium [5]. Based age, acceptance of
technology, specific pathologies, service charéties and other user
requirements, potential user segments can beefiltéoom the entire population.
For example: some services require a tablet ortsmMArother services require
mental fitness or target users with hearing dismdetc. Also time dependent
variations of the user characteristics can be rated (e.g. today 30% of the +65
population has internet access, within ten yeaiss gghrcentage could grow to
>70%). To model this time evolution we rely on thdoption curve modeling
theory of Bass or Gompertz [8] [22]. The resultshefse steps are time functions
indicating the size and the evolution for each rmkdi user segment. These
segments can be allocated to one or more senkigee 6-2 shows an example
of a segmentation of the total starting population.

Population segmentation Expected evolution

Total population (— — — — __ET:;
100% Bl

X<65y X>65y
45% 55%

N\

*  — — — 4

Agepyramid

Smart TV/tablet | | No Smart Tv/ by
+internet tablet + internet —_—— e’
connection connection Pl
30% 70% (|
In Home Not in Home In Home Not in Home
65% ‘ 35% 65%| 35%
Segment 1 Segment 2

Figure 6-2: Population segmentation and customensag definition

6.3.2B. PEST analysis

Whether an eCare service will succeed depends weradePEST (political,
economic, technological and social) factors [1Hafples of these factors are:
existence of an elaborated legal framework, praacof privacy (political);
reimbursement of the service, needed investmeimh(euic); social acceptance
of personal monitoring services, privacy issue<iédp technology gap and
device uptake (technological), etc. The combinatidrthose parameters will
play a very important role in the market adoptiéservices [14].

To be able to formulate and quantify the PEST fagtthe model needs both
gualitative and quantitative performance indica{®h as input from each actor.
Quantitative Pls are defined as the impacts onradtwat can be described,
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quantified and translated into monetary resulta istraightforward way (e.g.
gains in time, decrease of costs, decrease of nuofbgansports, change in
operational processes, etc.) Qualitative Pls ondtier hand are defined as
subjective and personal experiences or psycholbgiftaects (e.g. the value of
perceived mobility increase, peace of mind of ailflarmember, decrease of
anxiety of the care dependent, etc.) This type Isf ¢&an be indicated on a
measurement scale that is based on existing heslitly indication systems as
the visual analog scale (VAS), often used to deiteenguality of life (QALY)

[4].

When all qualitative and quantitative Pls are folated, the model clusters them
according to the relevant predefined PEST parame®&ST parameters on their
turn influence the attractiveness, and therefoeeatthoption curve for a particular
eCare service for a particular actor. If a servicrild lead to a positive impact
for some actors, but to a worsening for just ondiqdar actor, the overall
uptake of the service will be highly impacted bistone actor. The latter could
slow down or even block the adoption of the servithis approach allows
modeling the overall adoption rate of a serviceedasn 1) the time dependent
evolution of the targeted user segment, 2) thactireness of the service and its
expected impacts on all actors involved (See Figuteab B).

6.3.3C. Service impact evaluation

In this step, the model evaluates first the sesviodividually and then makes a
comparison with others when offered in a packagee&l economic outcomes
will be calculated e.g. the evolution of the netgant value (NPV), the costs or
profits per customer, the impact of the platfornstcon the adoption of the
services, etc. and will provide insights into thepected results of the service
offers.

When providing an eCare platform that offers a cletep service package
consisting of various eCare services, one can éxjpat some costs can be
shared and that economies of scale will lead t@tavosts.

Therefore evaluating services packages is an impbraddition to a service
individual approach. Some individual services coiuftbact an actor in a
negative way, but when offered in service packageoverall impact of the total
offer could be positive again through economiesaile, cost erosions, lower
impact of platform cost and higher service adoptiate. The model allows
calculating the impact of service packages andsétwice composition on its
expected adoption.

6.3.4D. Service guideline recommendations

Lastly, based on the evaluation results from thevipus step, the model is able
to offer viable strategies to improve a service.eWhhe model detects that an
offered service has a negative impact on a paaticattor and therefore the
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adoption of the service is hindered (See Figure t&Hl D.), this sub model
formulates some possible improvement strategiesriaking the service more
attractive. The model indicates the value that seedbe compensated in order to
obtain at least a neutral, non-negative impact. mbeel makes a suggestion for
tweaking some parameters. For instance it couldgestgthat a higher
subscription fee is required to compensate ther dotgpossible extra tasks; but
also suggestions could be made for adding a cestaiice to the offered service
package to improve the overall attractiveness efstrvice package.

6.4 Preliminary results

Since up to now focus of the research has beeheoddsign of the methodology
and model, fully validated results aren’t there. y&teliminary modeling results
of the analyses of three different eCare servicesateady available. Due to the
lack of validated data formulated by each modeledrathe needed user input
for the qualitative and quantitative performancdidators was formulated by
field experts involved in the research project.

6.4.1 Modeled services and actors:

- PAS: Personal alarm system, a reimbursed alarrersytat allows the
user to alarm a local care center whenever theisigedanger situation.
[7]

- Tele-Monitoring of the glucose level: Patients ntonitheir own
glucose level and the results are sent to the& garers. Doing so, the
care givers have always up to date data to diagoeseithout going to
patient every day for obtaining the glucose leeslits. [10] [6]

- Fall Detection: A service that sends an alarm ® dbppropriate care
giver (informal or formal) when a care dependefitdato the ground.
[16]

In the model following actors were distinct: patieare dependent, informal
caregiver (family, neighbors, friends, etc.), pssfienal care providers (home
nurses) and primary care actors such as genedltimaers (GPSs).

6.4.2 Result indications

Starting from the total Belgian 60 years+ populatieight different user

segments were identified based on following critedge (>75y), technological
requirement (Internet access), pathology or riglugr(actual number of users of
fall detection or PAS services). (See Figure 64 Aafor a segmentation tree).
Using this methodology, each segment is mutuallglesive and therefore

avoiding double counting of users.

This projected potential of users, combined with ithpact of the qualitative and
guantitative Pls, results in the total projectednber of users per service (see
Figure 6-3).
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Figure 6-3: Expected evolution of users per service

Coupling and discounting the modelled costs (eniise upfront costs, platform
cost, operational expenditures, etc.) and reve(aigssubscription fees, etc.) for
each service to these adoption rates, leads fordjection of the Net Present
Value (see Figure 6-4).
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Figure 6-4: NPV analysis of the modelled service

Despite a significant market potential, one cantekaefrom a service provider’s
perspective the service for monitoring the gluctesesl isn’t interesting at all

because of the long payback time and the low grofiut on the other hand, the
PI analysis (combination of the qualitative and ritative Pls) identified the

glucose monitoring service as perceived the mostatde service by the

informal caregiver and the care dependent (seeré€i§tb). Thus dropping the
glucose level monitoring service would be a badaider an eCare service
provider.
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Looking to the cumulative Pl impact of the glucasenitoring service on the
different actors, the model indicates that form@ingry care givers experience a
much lower impact by using the service.

In a last step the model suggest decreasing thehigoservice fee for the care
dependent to compensate the extra burden thatsdsoim learning and using
the service compared with a regular visit to the &Bo previous research and
literature [1] [21] showed that the lack of a legald financial framework to
compensate the GP seems to be a significant pdteoproblem. Today a GP
isn’t compensated to follow up the glucose monitgrresults while investing
time and losing direct contact hours and revenu®s. without financial
framework, this actor will only lose revenues byingsthis service. Today
policymakers are looking to integrate these sesvio®@o the existing care
ecosystem [3]. This should make the service mdracive to use.

6.5 Conclusions

The methodology described in this paper allowsedgsm a multi-actor impact
analysis on offering eCare services.

Through the categorization of actor individual qutative and qualitative
service performance indicators such as gains ire,tidecrease of costs and
increase of peace of mind, etc. the model projgesexpected adoption of the
services.

Service and services package analyses (e.g. cmupamf the economic
profitability of the individual and combined sergipackages, the attractiveness
of their added value and effects of economies afese@tc.) provide meaningful
insights in the overall impact of the service offerthe involved actors.

If a service isn’t attractive for an actor and eeenld lead to a negative impact,
the model formulates strategies for improving teesige offer. Guidelines range
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from increasing the service subscription fee, ottwst allocation strategies or
increasing the overall added value of the servimekpge by adding additional
services to original package.

6.6 Future work

The methodological approach for evaluating eCamwices may serve as a
guideline to assess and justify the correctnessfatnde perspectives for many
systems which are now under development. An extensalidation of the
methodology with direct input from the involved et needs to be executed.
Because the methodology derives the impact of datime Pls based on user
input, it's important to have clear defined tratisia multipliers such as QALY
[18], otherwise the qualitative impact could be reatimated.
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Appendix

The goal of the paper presented in this chaptés iadicate the importance of
obtaining a broader perspective when evaluatingntipact of smart services in a
multi-actor setting. It shows that next to the iripan the value network and the
business models of the involved actors, also qibalé effects and the societal
context contribute to the success and sustainabilithe smart services.

The paper highlights the proposed methodology aisdudses some of the
outcomes. In what follows, the different methodatad) steps are discussed in
more detail. Figure 6-1 displays the four main step

A. Target population modelling:

B. PEST analysis

C. Service impact evaluation

D. Service guideline recommendation

A. Target population modelling

In the first step, the potential magnitude of diéflet market segments (target
customers) these services address is modelled potemtial magnitude of the
targeted market segments is a result of narrowmgndor filtering the current
national or international population size basedtton type of target customers
(e.g. 1) diabetics in Belgium, 2) aged over 60 ge8) live at home) and the
different requirements of the service (e.g. 4) hawernet access, 5) own a
smartphone). For each of these filters a diffepojected evolution over time
can be modelled via for instance a Bass or Gompeatning curve. For instance
the adoption of smart phones could affect the dnowit the target customer
segment. The outcome of this step are time funstibat describe the magnitude
of the potential market segments over time. In fFédi+2 illustrates this process.

B. PEST analysis

And essential part of the evaluation of the smartises is getting insight in the
effects and costs (both the investment and reaursurbscription costs) these
services hold for the involved actors. The ratibveen these effects and costs is
conceptualized as ‘the service adoption ratio’ petor (formula 1.1) and will
influence the service adoption curve.

Quantitative + Qualitative ef fects

Adoption ratio = [1.1]

Upfront investment + recurring fee

The effects are broken down into quantitative andalitptive effects.
Quantitative effects have a direct monetary imgaat include for instance the
decrease in transportation time and costs, deciea@ministration, less check-
up calls, etc. These effects can be positive oratiegy (e.g. additional time
investment required is a negative effect). Quainiaeffects can be added per
actor, will depend on the smart service and areesged as euro per month.
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Qualitative effects on the other hand are more esive experiences and
include: 1) Patient mobility, 2) peace of mind,s®gial contact, 4) self-care and
5) Vitality. For care providers, the quality of eaand employee satisfaction have
been defined as important areas of impact. Viasaalianalog scale (VAS) the
different actors can grade different qualitativdeefs from -3 to +3. The
monetary value of these qualitative effects caddréved from the willingness to
pay for these services and is also expressed agpeumonth.

Although the main parameters are identified andntfied to derive the
‘attractiveness’ of the service for the differemtas, ignoring the effect the
broader societal context in which the service ferefd would lead to an under or
overestimation of the value of the service. Thisbecause aspects such as
privacy, regulatory uncertainty, possibility for imbursement, ethics,
technological illiteracy and economic prosperitg aot included in the costs and
effects of the service, but have also an indirespact on the success and
sustainability of the service.

In the proposed methodology, these contextual &s@ge included via a PEST
correction (Political, Economic, Social and Teclugital) for both the effects
and the costs. The PEST factors can include foligwdf components (non
exhaustive list):

1. Political factor (P)

- Potential percentage of reimbursement

- Possibility for subsidizing

- Impact of barriers such as privacy, responsibitigta ownership
2. Economic factor (E)

- Current economic prosperity

- Magnitude of grants for home care

- State of pension

- Net wage of informal care provider
3. Social factor (S)

- Importance of privacy

- Importance of social contact

- Importance of qualitative effects for care provgle
4. Technological factor (T)

- Availability and access to internet

- Overall literacy of new information technologies

The T-factor is already covered in the first stigopget population modelling. By
grading the several PEST factors, the service @&mopatio can be adjusted to
the socio-economic context in which the servidauisched (formula 1.2).

Quantitative ef fects X S X P+ Qualitative ef fects X S
Upfront investment + recurring fee

Adoptionratio = E X [1.2]
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This adjusted ratio not only gives insights in hitlv@ different actors experience
the service, but it also is used to model the etgakadoption. It can be expected
that a service with a high adoption ratio will bech faster adopted by the target
segment than a service with a low service adoptde The overall adoption of
the service follows a push/block principle, whicheans that if one actor
encounters a negative adoption ratio, this actdirock further adoption. On
the other hand, if no actors encounter a negatw®,rthe adoption will be
pushed by the most interested actor.

The outcome of this second step is twofold: 1) ajgqmted adoption of the
service, adjusted to the socio-economic context, 2nthe adjusted adoption
rates (attractiveness rate) of all actor per sermiodelled.

C. Service impact evaluation

Per service included, the costs for the serviceiger are describedhese costs
can include both CapEx (e.g. initial investmentinastructure) and OpEx (e.qg.
service maintenance). These cost can be fixed dabla according to the
number of customers and can therefore vary ovee.tifthe model can also
model cost erosions functions (such as decreassdacservice installation due
to learning effects) and economies of scale effects

Based on these cost data and the expected adpdtgdion of the service, an
economic analysis is performed in the form of apresent value analysis from
the perspective of the service provider. Via theVN&énalysis the expected
economic performance of one or combinations (elgtfggm approach) of

multiple eCare services can be compared one another

Next to the NPV also other KPIs are included toleat® the service or service
package. These KPIs include: 1) the maximum mapkéential, the payback

period, the cost per client, the absolute costs, ddoption rate, cash flow

analysis, the critical mass of clients to have ybpak shorter than 3 year and the
qualitative and quantitative effects for the diéflet actors (Performance
Indicators). The latter is shown in Figure 6-5, thienulative PI value is the sum
of the qualitative and quantitative effects peroacis described in the second
step: PEST analysis. This KPI provides insightshia value of the service or

service package for the different actors.

D. Service guideline recommendations

The adjusted service adoption ratio, which has lwk#armined per actor in the
second step (see formula 1.2), provides insightshén attractiveness of the
service or service package per actor (See Table Betause of the block/push
principle of service adoption it is important thed actor encounters a negative
rate. If this would be the case, the service wagitlbe adopted at all because the
negative impacted actor will block it. At least autral cost/effect ratio is
required for a sustainable adoption of the seroicgervice package.
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Table 6-1: Example of overview of the adjusted seradoption ratios per actor

Service Patient Informal caregiver Formal Caregiver
Service A Positive Positive Negative
Service B Positive Negative Neutral
Service C Negative Neutral Positive
Service package Positive Positive Neutral

A sustainable service requires that the actor whittounters a negative service
adoption ratio, should be compensated in one wanother in other to increase
the ratio to at least a cost-effect neutral level.

To bridge or to compensate the negative gap, the didferent components of
the adjusted service adoption ratio can be chanbeese four components are
the upfront cost, 2) the service costs or recurfeeg 3) the quantitative effects
and 4) the qualitative effects.

It is the service provider who has to decide whadmponents should be
adjusted, but the model provides also an automstigdestion. For instance if
the gap for the patient is 50 euro per month, grgise provider can be advised
to lower the monthly recurring fee with 20 euroe thpfront cost with 20 euro
and to remodel the service to increase the quénétaffects for this actor.



Conclusion

This chapter summarizes the main conclusions fleptevious chapters
and provides directions for future research ondhepics.

7.1 Summary of the main conclusions

Overall interest in smart services is growing atast pace. This is not only
driven by technological developments in the fiefdal and Cloud computing,
but also by societal challenges such as incredsiadth care expenditures and
changing perceptions towards for instance molditg vehicle ownership.

Numerous smart services are already available uwargety of sectors. These
services not only impact the way business actodscaistomers are interacting
with each other, they also can directly impact thesiness models of the
involved actors. This wave of new services demaactors to rethink their
positions and roles within the value network. Nbtsactors can easily adapt
their business models or are not willing to do soduse these new services can
threaten their established businesses. At the siameesmart services open new
opportunities for many actors. To be able to euvalthe potential viability and
impact of smart services, we need to understand tiwy impact the way
businesses co-operate or compete, what their impagt traditional business
models of the individual actors, what potentialrlegas are for adoption and how
to overcome them.



158 Chapter 7

Therefore the overall goal of this PhD is to gaights in the impact of the smart
services and to formulate a methodology to evaltrasempact.

The proposed methodology first focuses on idemtgyiand formulating
sustainable value networks for the smart servi€esondly, we narrowed the
broader scope of value networks analysis down &byaimg the impact of smart
services on the business models of individual actat last, the viability of a
smart services is evaluated by taken into accdwntiulti-actor aspect of smart
services and the PEST factors (political, econorsazial and technical) that
could result in a decreased or even blocked adopfithe service.

7.1.1Value network analysis of smart services

In contrast with many product centric business, ttal added value of smart
services is often a combination of added valuesigea by multiple actors (e.qg.
see the case of Nest in Section 1.4.1.a). To be @wblunderstand how smart
services affect the way actors are co-operating wdgtch other to offer value to
their customers, a first step is to describe tHeevaetwork. This not only allows
us to identify the roles and responsibilities otleactor involved, but also
provides insights in what types of value that aterchanged with each other.

In Chapter 2, we identified various roles that dtdcae fulfilled by the different
actors involved in a home care setting in ordemtovide cloud-like eCare
platforms to the clients which are in this caseea@&ceivers and their relatives.
This identification process was the result of npldiinterviews and workshops
with all involved actors and formed basis for th@nfulation of following
different go-to market strategies: eCare platformovigled by the care
organization, eCare platform provided by serviegsflproviders, eCare platform
as billing and scheduling tool for care organizasioand eCare platform with
government reimbursement. After describing the edbr each actor, the go-to
market strategy in which the eCare platform woukl dffered as tool for
simplifying the billing and care scheduling proeessvas indicated as most
viable. But in this scenario only a fraction of thédl potential of this smart
service is being used. In addition several bardersadoption were identified.
These include: lack of evidence of its added valigehnological barriers,
privacy and legal concerns, lack of financial stoves, and a low willingness to
pay. To overcome these barriers a migration path developed that suggests a
stepwise integration and slow release of all thare@latform functionalities in
order to achieve true patient centric care. Thigration path proposes a four
step integration of the eCare platforms to evohaenf an organization-centered
model towards a patient-centric care provisionifigese steps are: 1) home care
organizations use the eCare platform purely as fimokimplifying the billing
and care scheduling processes, 2) the care org@mgastart using other
functionalities of the care eCare platform suchttes shared care record, this
allows better quality of care due to better infotima 3) The eCare platform
opens up its several functionalities to other cpreviders such as general
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practitioners, nurses and care providers. This isfirst step to cross-
organizational collaboration via the eCare platfor last, in step four, the
eCare platforms can also be used by the patieaetssélves to interact with their
relatives and both formal and informal care proksderhis is seen as the last
step because by that time more elderly people kgl familiar with these
technologies and will be supported to use it begaligheir home care providers
are already using it.

Also in other domains of smart services this stethe proposed methodology,
value network analysis, can help to uncover thégsearces of added value and
to identify the roles and value exchanges betwkerattors. For instance, many
smart services generate revenue from the datadhetyre. Although value of
data can be much larger than the profitability fiéring the service to the end
users, it is often not visible or known by themgifil customer loyalty card
programs, context capturing mobile applicationsl@r devices (see Section
1.4.1.a, the case of Nest), and smart mobilityisesvare just a glimpse of them.

7.1.2 Evaluating the impact of smart services on operatiaal
processes, business models and analyzing the costs

Smart services and their value network can onlyiéble on the condition these
services do not harm current revenue streams o&ttars. Except for radical
changes in the business strategy it is unlikelaetor would be willing to shift

away from a revenue generating business modelrtewabusiness model that
results in a decreased revenue stream. To deterimnempact smart services
have on the business models of an individual agterargued that the effects of
the smart service on the business strategy ancdhtiqaal process should be
identified and quantified as well as the effectstmcost structures.

In Chapter 3, a discrete event simulation (DES) ehodhs developed that allows
to evaluate the effects of an ontology-based ncaflesystem on the operational
processes of nurses in eight different scenaribs Jervice includes ‘smartness’
in traditional nurse call systems, installed ineglg homes and hospitals, by
assigning calls to nurses based on context infeomatuch as trust relationship,
type of call, and staff competences. The DES mailalulated patient calls

(events) based on realistic historical data. Theadks triggered the nursing staff
to act what could be immediate response and gairthet specific patient room

or redirecting the call. The performance of thaexyyswas measured via different
key performance indicators (KPI) such as balanc¢hefworkload, maximum

waiting time before answering a call, number ofinexted calls, and distance
walked per shift. Comparing the KPIs of both tremfial nurse call systems and
an ontology-based nurse call systems showed thatldtier can result in

increased operational performance in specific stesna

This DES modelling approach therefore proves toubeful for managers to

determine the potential impact of smart servicesth®n operational processes.
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This is certainly the case when the flow of therafienal processes depends on
several attributes and nonlinear characteristicthefproduct, event triggering
data, or person involved in the process (e.g. trekttionship, type of alert,
previous state of the product). Also in case thecess is subjected to time-
varying uncertainties (e.g. seasonality) DES cand®ul to model the impact of
the smart service on the process performance. Qtberains in which DES
could provide insights in the impact of smart seegi are smart transportation
(e.g. smart traffic lights).

Next to considering the impact of smart servicesthan operational processes,
also cost aspects of providing loT-enabled smaxtices have been focused on.
In Section 1.2, we argued that 10T is a major drife@ smart services. But
introducing loT-functionalities such as context ntoring and controlling
actuators impacts the cost structures of the bssimeodels. Not only capital
expenditures are required for purchasing and deisdothe hardware, firmware
and eventually backend infrastructure (see Sedti@rl). In many cases, loT-
enabled smart services can result in additionatatjpmal processes and costs
for the service providers. These operational exjperes can include:
periodically replacing or charging batteries, mamagnt and maintenance of the
loT-devices, cost for tele-communications, and raaming the loT-network
infrastructure. Depending on the chosen networkrtelogy, these costs can
have a significant impact on the cost structuretagdy in case of large scale
deployments. Therefore a two-step methodology wasemted in Chapter 3 that
guides loT-developers and providers in choosing@ropriate loT-connectivity
technology. A wide set of technologies, which istimuously expanding, is
available. All these different technologies (e.graWAN, Sigfox, BLE, Satellite
based communications, GSM and LTE) have differdraracteristics both in
functionalities and cost related aspects. The fssgtp of the presented
methodology narrows down the available choice seted on mismatches
between the functional requirements of the smartice and the functional
characteristics of the loT-connectivity network® do so, a questionnaire had
been developed, which eliminates loT-connectivitgtworks based on
requirements of the loT-application such as datpayload requirements, and
end node related requirements such as the neexvéorthe-air (OTA) updates.
As a second step the methodology proposed an edormwymparison of the
CapEx and OpEx costs resulting from the remainirgf-donnectivity
alternatives. The model was been applied on the cathe port of Antwerp, in
which the goal was to optimize operations by tragkiand monitoring the
containers. The proposed methodology could be fsed various set of 10T-
enabled smart services ranging from personal heatthitoring to nationally
deployed smart water meters.

Next, in Chapter 5, an overall economic evaluat@inthe eCare platform
introduced in Chapter 2 is performed from the pectipe of a home care
organization. By analyzing the impact smart eCdaé&grms have on the various
stakeholders, it was found that home care orgaoizmivould experience direct
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gquantitative impact due to the simplification amtimization of the their billing
and care scheduling processes. Both processesdptove very time- and labor
intensive. By breaking down the activites and psmes of a home care
organization using BPMN, the process steps, affelbtethe smart care platform
could be detected. Quantification of the total istpan the operational processes
was done via comparing the traditional ‘as-is’ datlire ‘to-be’ scenarios with
integration of the smart services. Combining thigpact or benefit with the
modelled costs (CapEx and OpEXx) required for irgteigg smart services allows
evaluating the economic impact for the care org#tion. The economic
evaluation was followed by a sensitivity analysisnionitor the effect of input
uncertainties. When applied to a home care orgtoiran East-Flanders, the
results of this research indicate that a directt gedluction of 38% can be
expected. On top of that, smart care platformsd:éréle up a lot of time for the
care providers due to decreased administratiors @tild therefore increase the
quality of care or could result in more clients.cBaese home care organizations
benefit from integrating smart care platforms sitikely they will contribute or
stimulate future adoption of these smart services.

Although the different methodologies presented ina@ers 3-5, have been
validated via cases in the smart health applicaiomain, their approach is
generic. The methodologies not only focus on idginj added values and
quantifying the impact of smart services on therafienal processes and overall
business performance, but also on the cost aspeattégrating these services.
Therefore these methodologies can also be appliegivaluate the impact of
smart services of individual actors in a wide ramjedomains. Examples in
which these methodologies have been applied asdua@ing the impact of smart
dairy monitoring systems for a dairy farmer, andmifying the value of smart
container monitoring services from a shipper’s pective.

7.1.3 Detecting barriers and evaluating overall multi-acor
viability of the smart service

A positive impact on the business model or serégperience of one of the
actors within the value network is the absoluteimim requirement for a smart
service to be value adding. But this is certaintyguarantee for a sustainable
value network of the smart service. If the busirmasslels of one of the involved
actors is impacted negatively compared to the titadil model (e.g. reduced
visitor frequency, reduced revenue stream, unbalhroost-benefit allocation)
chances exist this actor will not adopt or evenchblfurther adoption of this
service. In a final evaluation step presented iapgér 6, the added values and
benefits of the involved actors are compared orghen. This step also includes
the identification and quantification of potentREST-barriers. Depending on
the perspective of the actors involved in the sreartice, both quantitative (e.qg.
decrease of anxiety and increased peace of mind)qaalitative (simplified
processes, increased customer visit frequencypiPeaince Indicators (PI) could
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be identified. These Pls then are clustered acugitd the PEST-barriers. These
barriers can for instance be 1) the lack of a jgalitor legal framework (e.g. data
ownership, legal ambiguities on tax structures instaring-economy), 2)
economic barriers such as the required investmeshtaalack of viable revenue
streams, 3) social barriers such as service reloethecause of privacy concerns
and at last 4) technological barriers (e.g. digitlileracy of elderly). These
PEST-barriers will influence the total added vatii¢he smart service for one or
more actors and can therefore be used to compareverall viability of several
services. In addition, the methodology also presgthigh level guidelines based
on the type and magnitude of these barriers inroléoe able to formulate a
viable smart service offer for the involved actorBhese guidelines or
suggestions for improvement include for examplewvise subscription cost
should be lowered by a certain amount, the qualg@atdded value of the service
should be increased or the upfront investmentashtgh.

In conclusion, the work provided in this dissedatpresented a methodology to
gain insights in the total impact smart servicesehan the value network of
involved actors, their operational processes, stisictures, individual business
models, and formulated high level guidelines torowme potential barriers for
smart service adoption.

The cases described in this dissertation are maitugted in the area of eCare.
This is because these innovative smart servicebai®ved to have a significant
potential to overcome current societal challengatsab the same time it can be
hard to identify and quantify there potential impdterefore these cases are not
only suited as use cases, but the outcome of tbik wan also contribute to
future evaluation methodologies for both eCare iserproviders as well as
policymakers.

But due to its generic approach the methodologybeaapplied to the broad field
of smart services as a whole. Smart services inynwifierent application
domains (e.g. smart homes, smart offices, smaricidtyure) face similar
challenges concerning quantifying the impact, whieled to be clarified in order
to formulate a sustainable smart service offer.

7.2 Future research

Due to the broad scope of the field of smart sewiand the generic

methodology to evaluate them, we believe that utessearch tracks can lead to
even better insights in specific characteristics@feral application domains of
smart services (e.g. the strong regulated heakthwarket versus the competitive
market of the Industry 4.0 domain).
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A first extension is on thédentification and categorization of application
domain related characteristics of smart servicesDescribing, listing and
specifying multiple characteristics of smart seegiavhich have been identified
via our evaluation could be valuable for providimgpre specific guidelines to
overcome certain barriers related to specific domapplications of smart
services. Also, such a structured description efgimart services can be used to
investigate the possibility to transfer smart segvbusiness models from one
domain to another (e.g. Can typical value netwankfigurations of smart home
services be applied to the field of smart healttvises?). Categorizing smart
services will require the formulation of generia\dee characteristics and key
performance indicators. The categorization methaglplshould allow grouping
services with similar characteristics or KPIs dyinzatty.

Second, the PEST aspects of the context in whiehs#rvice is provided can
have such an important impact on the service thaam beworthwhile to
further elaborate on these PEST context barriersTransaction costs between
different actors, the impact of General Data PtitadRegulation (GDPR) of the
European Commission concerning data processingeiship and privacy, the
importance of social awareness (e.g. ecology) Aadeffect of a fast changing
technological landscape versus slow adopting usees just a glimpse of
additional aspects which can contribute to the ssgor failure of novel smart
services.

A third extension is on thguantification of the value of data As noted in this
dissertation, for many smart service offerings gahered data becomes an
important resource. This is illustrated by the ieg¢ of for instance Google in
Nest. Also recently the U.S. Senate approved IeteBervice Providers (ISPs) to
sell the web browsing history of their clients tord parties. However, the
inability to quantify the value of data streamsnfisrcurrently a gap in both the
value network and economic analyses. Proxy-metlgied such as asset
valuation techniques via historic, market and tytilialues, described by Moody
and Walsh [41] are available but need to be vigilaAlso it is uncertain these
retrospective methodologies can be applied to iatiee smart services. Data
resulting from smart service can range from rawseemeadings of millions of
devices to complete profiles of a niche group ofagnservice users. Data
characteristics such as volume (magnitude of daémm® and storage), variety
(type of data: structured versus unstructured, refisc versus continuous),
velocity (how fast must the data be handled) anchoity (data certainty and
precision) will depend heavily on the type of smeetvice and will all impact
the value of it. This research gap could theretmeean opportunity for future
research.

At last, a fourth extension is on researching nesthmdologies for quantifying

the value of qualitative effects of smart servicas.indicated in Section 1.6.2
and Section 2.3.2, for smart care services theigt sxoring methods to quantify
the quality of life and derive the societal willimgss-to-pay for a year in perfect
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health. These methodologies allow us to expresgrpact on qualitative effects
in financial value. However smart services will alaffect other personal
experiences. Privacy protection or intrusion ishrsaqualitative aspect of which
the importance is still increasing. Several smamtvises require or gather
directly or indirectly a lot of personal data. Dagding on the service and the
level of person related data gathering, this cawltén reluctance towards the
smart service and even and adoption barrier. Talthe to quantify this effect,
future research on such methodologies is requoedpture the value of privacy
and other qualitative effects.
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