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Introduction

“Do not lose your war from without, return to yourself, it is in the inner man that truth

dwells”

(St Augustine)
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Introduction

Abstract

This thesis investigates the past, present andrefutf energy, telecom and household related
developments aiming to pinpoint synergetic innavatpossibilities. Providing overview and insights a
the aggregation level above, being the sector n&tvie the first necessary step to reach this ¢blak
academic part of this thesis focuses on the seetiwvork. Statistics Netherlands provided two da&ts:s
the Working People and Monetary transactions. Tlusga sets reflect a part of the monetary sector
network evolution over the last two decades. Is tesearch, we analysed these data sets from decomp
network perspective and visualised as a real wuelghork. Next, the data sets were related to gteofi
vital sectors of the Dutch Ministry of Interior Adifs to observe and understand trends and depdedenc
among these sectors. This research shows thatahgeHold is the prime and most highly connectea nod
within the sector network closely flanked by Telecand Energy. The practical part of the thesis desu
on the vital sectors, their infrastructures, thejomarends and the added value resulting from their
collaboration. A trend analysis of the ICT devel@mts related to the household in 2000, 2010 and
expectations of 2020 are examined by means of ekgierviews. Combining innovation options related
to Energy, Telecom, Healthcare and Household rew&hle, sustainable near future trans-sector
solutions. The importance of the information comination value added to Smart Grids is clearly
demonstrated. Finally, the development of devic#ghimvthe home is studied to find out which sectors
already have traces in home and which effects woeldxpected for the telecom sector.

Keywords: Smart Living, Holon, Sector Network, Vital Sectovstal Infrastructures, Energy, Telecom,
Healthcare, Household, Complex Network, Trans-sdotmvation, Smart Home
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Introduction

1.
Introduction

1.1 Motivation

This research focuses on Smart Living/Home. Inlaaltst strive for having a good life and many need to
work for a living. A current problem is increasiimghome complexity as the society gradually becomes
more complicated, and the inhabitants need to salvéssues from their role of an in-home system
integrator. Currently, solitary infrastructuresarthe home (such as telecom, energy, water ansipoat)
and many dedicated solutions to improve each ahthmalividually are at hand. In addition, there is a
enormous increase in the number of the interndbledawireless devices and related applications ased
work, while traveling and at home. The challengeoisntroduce an orchestrated approach in order to
realise trans-sector synergy and benefits. Thisighontributes to this current optimization problby
investigating this cross-road of sectors arounchttree from a trans-sector perspective. It is farsbat
these “Smart Living” developments will further evelto facilitate solutions for prosperity, well-bgi
and sustainability. This will have a major impanttbe infrastructure at home and how intelligenticies

will communicate with applications in the directigl®bourhood, city, region, country and world. The
household is a vital centre of activities, andsitgetting more and more sophisticated over time and
increasingly connected to the sector network. R teason, lots of innovations can be expecteghih
around the house. Our home environment has its pemvork, and it is connected to different
infrastructures enabled by various devices. Theeefa trans-sector innovation approach is required
because the household connects to the majoritl} séetors.

Energy efficiency and sustainability reached thedbthe policy makers’ agenda in many countrieghW
the EU’s goal of 20% sustainable energy by 2026,the UK government’s plan to roll out smart meters
to all domestic customers by the same time, the &g/ been paved for Smart Grids. Global energy
consumption is set to triple by 2050, and powewnsts need to transform into intelligent systenet th
will save energy, accommodate increasing amountsusfainable energy, and ensure supply security.
Obviously, telecom companies have a clear oppdtuaienable communication facilities for these new
needs. Furthermore, the healthcare industry usesota facilities to function more efficiently conmeid
with an aging population’s need to use remote nooinig) to promote better care. Patients can becideat
their own homes. Thereby proving an irresistible Ifor telecom service providers, that now aretisigr

to consider telehealth and telemedicine as newnbssiopportunities.

On the journey to search for new business for KR, look at various important trans-sector

combinations. We think that many economic connestiexist, which enable transactions, between
sectors where a lot of money flows and where maopfe are involved. Therefore, a monetary analysis
on money transactions is relevant to understandst#wor network from the economic perspective.
Furthermore, to describe a Smart Living servicedbeinan inventory of in-home devices and standard
developments are crucial to study.

10
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1.2 Research Goal

The research goal of this thesis unfolds into glieg and academic part.

Applied part of this thesis (KPN)

Due to the further decreasing revenue from tragkiidelecom services (where voice is becoming just
another service) operators like KPN are forcedotmk Ifor new business initiatives. In the past years
services like Mobile, the Internet, Voice-over-IRddastly TV where introduced within more or lebs t
same technology and business context. These serdiee offered in strong competition with other
telecom operators and moreover, in competition wihle operators and the Internet facilitated servi
offerings by parties like Skype, Google, Facebastk, In addition, operators like KPN need to invest
heavily in new infrastructure like Fibre-to-the-Her(FttH) and capacity upgrades of the mobile networ
As a result, the traditional telecom operatorsfareed to look for new business initiatives. Thessv
business initiatives refer to partnerships withrgpneompanies, healthcare institutes and otheloetome
actively involved in services around the house treddaily life. Therefore, KPN is taking part ineth
TRANS consortium including the Smart Living prografine main aim of the applied part of this thesis i
to explore and identify novel trans-sector servicenbinations. In addition, this thesis pays special
attention to the developments of Smart Grids andrEhiome.

Academic part of this thesis (TU Delft)

The Trans-sector Innovation team, part of the Netwarchitectures & Services (NAS) group of the
Electrical Engineering, Mathematics and Computéer®e Faculty, Delft University of Technology, is
currently researching two data sets provided byisHitzs Netherlands. The first data set aggregaties
monetary transactions observed over the period 198J07 in The Netherlands among 105 different
activity clusters. The second data set to study mbre in-depth level is the detailed data setarking
people per activity group. Accordingly, this vallalnformation can help us to understand the value
the trans-sector innovation with the Telecom seasrthe connecting hub in the sector network
(integrating role). Within this thesis, we investie the impact of a future Smart Living servicedia for
KPN. To be able to predict near future needs efctah, we aim to establish an understanding of thiea m
trends of the recent past. Thereby we want to ijetite vital parts in the sector network, in order
determine whether the Telecom sector can add suladtaalue. A preliminary study has shown that for
the Telecom sector the Household, Energy and Hemakhsector seemed very promising to generate new
value, especially by combined innovation. For tiesearch project, the concept of Smart Living isutb
integrating the home environment to the eco-systich increases the total energy efficiency, sethies
healthcare institutions and sees the householtieasentral point where the majority of all services
delivered. The scope of this MSc project reducsslfitto networking aspects of Smart Home, which
operate as interface of the Households with thedynélealthcare and Telecom sector.

11
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1.3 Research questions

Understanding the sector network and its vital secirs

1. How are the activity clusters within the Dutch seatetwork classified?
2. Which sectors can be qualified as vital sectors lamal strong are their economic relations and

dependencies?

3. How are Working People distributed over the Dutettar network?
4. What is the meaning of a node weight in de cortése sector network?

A trend analysis of a changing sector network, itgital sectors and hierarchy

5. How did the vital sectors evolve within the sectwtwork (looking at connectedness and

monetary transactions)?

6. What are the main trends and expected developntieatsnvolve the Household, Telecom and

other vital sectors (2000, 2010, expectation 2020)?

7. Which of these developments comprise Telecom/ITutemis and which examples can be

envisaged?

Data management for Smart Grids

8. What are the (main) current issues and developneemserning the energy sector?
9. What are Smart Grids and what are the innovati@sipdities with Telecom?
10. Which information flows can/may exist in supportyhart Grids?

Development devices for Smart Home

11. What are the developments of hardware, middle-wacesoftware in Smart Home/Living related

devices and how far are these developments staned?d
12. What do these developments require from the telaoetork?

Table 1: Research questions answers

Research Questions Answered in chapter / paragraptsubparagraph / appendix
1 3.1
2 3.2
3 3.1.3
4 2.2,4.2.3
5 3.3
6 4.3,C3
7 433,44,C3
8 5.1
9 5.2
10 5.4
11 6.3,64 E
12 6.6

12
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1.4 Approach

1.4.1 Methodology

To find answers to the research questions, a ddtaipproach was described in a separate document
(Research Proposal). This subparagraph descrilmel#imning of each research part as illustrated in
Figure 1. Initially, literature review is perforohdor each research part. In the context of Smaing,
trans-sector innovation is closely related to hbokis, and therefore it requires study on household
related sectors. At least Energy, Healthcare, aslécbm are involved because households and their
inhabitants strongly depend on their deliveredisest In the academic part of this thesis, all@scare
involved, with the emphasis on vital sectors.

Research Proposal

Literature Review
Stu_dy °'.1 Study Vital Sectors Home Network
Classification .
and Infrastructures and Devices
Systems
Energy
CBS Expert
Data set Analysis Vali dazon Infrastructure
Smart Grids
Workshops
Visualisation and figures Trend Analysis Expert Interviews
Scientific Publication Thesis Document v

Figure 1: Methodology

Home devices and Smart Grids

Furthermore, in-depth literature review is carroed based on the research questions and refinge sfo
the research. First several papers and documemngsrexewed about the different subjects, namelyéio
devices, energy infrastructure (Smart Grids). Esthtwo parts developments of in-home deviceslaid t
standardisation are investigated and discussedexjibrts of industry.

Study on classification systems

In this thesis, the classification systems SBI 1998 SBI 2008 based on the International Standard
Industrial Classification of All Economic Activitge(ISIC) were studied. Two plots were made to \lizaa
the structures of SBI 1993 and SBI 2008. Then B@/2ata set of Working People (WP) is plotted over
the classification of SBI 1993. After receiving tbata set of WP for 1993-2005, a graph is plottad f
each year on the amount of people reflected insthecture of SBI 1993, and an animation followed,
which shows the changes of the number of emplogeesthe period 1993-2005.

Data set Analysis

Furthermore, a data analysis is carried out orirthat Output (I/O) table, where a monetary transact
network is constructed for each year in differemtges. For the purpose of this analysis, the IM¥yorks

of 1993-2007 are constructed, which is combinedaim animation to show the changes in sector
connectivity during that period.

13
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Study Vital Sectors and infrastructures

Another input corresponding to this research isligteof Vital Sectors provided by Ministry of Irrier
Affairs (MinBZK). We use this MinBZK list to iderfly and relate the vital activity clusters derivedm
the I/O table activity cluster list. This exerciseuseful for merging monetary transactions of efght
vital sectors in order to calculate how much morseransacted between the vital sectors, and firtd o
their monetary dependencies. Experts of Statiséthéllands helped us with validation of our apphoac
and reviewing the results.

Visualisation and figures

During this research various graphs, figures and &mimations were produced for various research
purposes. These visualisations are carefully stiidied the useful observations are derived to stipipe
conclusions. The visualisations that are not inetlioh this thesis (or in the appendices) are dedivén a
CD ROM to the NAS group.

Workshops
During the research workshops related to the thvesie organized and attended:

« “Broadband Home: today and tomorrow” of TNO,

* “Smarter Telecom” event of IBM,

¢ “Cloud Computing” workshop of Cisco.
Furthermore, various workshops and presentatione baen provided to other groups, e.g. workshop
with Statistic Netherlands (SN) about the /O nekwveesearch and separate presentations to TU NAS
team and SN.

Trend analysis

Furthermore, a monetary trend analysis of the wiéaifor was carried out. From the I/O table datase
subset was selected that allowed for deriving tlo@atary trends concerning the vital sectors dutliveg
period 1987-2007. Where necessary non-vital paitsniging to vital sectors were identified and raiden
into account in these calculations.

Expert interviews

In addition to the trend analysis, expert intengemere carried out with innovation experts at KIFham
these interviews, we abstract the feasible optthag expect to concern the future Smart Living eerv
bundle. This outside-in approach will as well cdnite to bring the envisaged Smart Living/Home
concept closer to a realization.

Scientific Publication

The academic part of this thesis is closely relabesl paper calledCharacterizing Multi-weighted
Networks: The Dutch Economy as a Monetary Transadtietwork’, currently prepared for publication
by the NAS research group of Delft University ochaology [1].

14
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1.4.2 Document outline

This subparagraph briefly outlines the structurthisf thesis:

Chapter 1: Introduction
This chapter presents the motivation, research gesgarch questions, and methodology of this resea

Chapter 2: Background & domain description

This chapter explains the theoretical frameworlateal to this thesis. First the Sector Network isflyr
explained including the vital sectors Energy, Headre, Telecom and Household. Furthermore, it is
explained that the Sector Network is a Complex Mektwand to grasp the complexity of these kinds of
networks, the Holon theory is very useful. Thisl\uiélp the realisation of the implementations eaged

by the Smart Living program members.

Chapter 3: Understanding the sector network and itsital sectors

In this chapter we look at examples of real lifenptex networks. One of the examples is the sector
network, which shows a hierarchy in the sense &iemint levels of classifications. Furthermore the
observation of the available data is presented.avadlable data sets of Statistic Netherlands weeal to
investigate the complex monetary network and theking people in the Netherlands.

Chapter 4: A trend analysis of a changing sector neork, it’s vital sectors and hierarchy

In this chapter of the research, the trends found fthe data are discussed and combined with the
information collected from the expert interviewsdescribe the future possibilities of the Telecaatsr
involving in other sectors. This is based on tieifigs in chapter 3 and the trend forecast seiwvedeate

a vision of the possibilities of the future Smaitihg related concepts, the so called future vision

Chapter 5: Data management for Smart Grids

To explain what Smart Grids are, a literature neviwas performed to understand what kinds of
requirements are addressed to the Smart Grid condept the focus was dedicated to the information
flows within this future Grid network. Furthermattge current metering service was studied to prebect
future needs of the more advanced Smart Grids.

Chapter 6: Developments devices for Smart Home

To investigate the developments of devices for $iHame, a literature review was performed of the
Smart Home concept. Subsequently, the standarde imgestigated covering the home network and
device connectivity, followed by the trends in bardth growth and internet connectivity.

15



‘ Background & domain description

2.
Background & domain
description

2.1 Sector Network

On a macroscopic level society and economy canegerdposed into roughly 20 sectors that together
provide the foundations for our daily lives. A satan be defined as a cluster of homogeneoustaagiv
Each sector performs generic functions and a fetwsspecific functions. The functional decompasiti
has been possible by means of tasks division betweese sectors and specialization in specifidsskil
On the one hand, enterprises can be charactenzttkelprocesses and activities they perform [2].tl@n
other hand, sectors are an upper aggregation &dvehterprises and non-profit organisations. We can
cluster activities based on an appropriate andaglabreed classification system in order to defeetors

[3]. Examples of commonly recognized sectors ar@s@action, Education, Finance, Healthcare and
Transport. Together the sectors are densely inkexdi and thus form a sector network [4].

Environmental /
\\/ /

Construction Water Energy Manufacturing Mmlng
Agricultur

Horeca Transport Trade
Information & Communication Household&

Finance Entertainment Other
Real Estate )
Service
e /\ Prof. activities Adm|n|strat|veGovernmentEducat|0nHe""|thC"’lre %@

Teleco

Security
private

Tourism
Security

Version 20091204 public

Figure 2: Sector Classification derived from ISIC gctions and divisions
16



Background & domain description

Figure 2 shows a simplified image of the sectorsedaon the activity classification derived from the
International Standard Industrial ClassificationAdf Economic Activities (ISIC) [6]. The current eh
activity classification which is provided by Staiis Netherlands (SN) follows in aggregated levad t
ISIC classification.

The sector network can be represented as a lageagdh. At a superior level, the sectors are theesod
and the information, money, goods and servicegtsavthe links in between them. This Sector Network
certainly is a Complex Netwotklt reflects real time exchanges and existingratttons. It is therefore,
very interesting to study the Sector Network froathban academic and an entrepreneurial perspective.
Some sectors provide vital value to the sector agtwthan other ones. We speak of vital sectorsthei

vital infrastructures, when they offer products aswfvices that require a very high availability and
reliability. If they fail, social disruption at theational scale is the case, especially when riegtoakes a
long time and economic loses are high [5].

Within this thesis, the main focus will be on thieavsectors Energy, Telecom and Household, and the
different infrastructures that connect the housghat well, some high level effort was spent ordging
the Healthcare sector relations.

2.1.1 Energy

Currently, our energy problems can no longer bgegsbwhen maintaining the status quo of the energy
system as a whole. Therefore, technological breaktihs are needed and the user needs to change its
energy consumption habits. Furthermore, the infnaire must be adapted to achieve the transitian t
sustainable energy system. The importance of thésgy transition is mainly conscious by businesseb
households more than ever. Rising energy pricedgge@an additional incentive to energy savings &nd
invest in sustainable energy alternatives. This pmom shall be used to set the right steps towands
energy system where future generations can continue

Most of the world’s power system was built over kgt 40 to 60 years. In order to increase thabgiiy

of the power system, smart online monitoring ot#leal quantities should be implemented. The eillect
power system still relies heavily on the fossil ggyesources. During high demand periods when the
capacity is tight, utility companies rely on flelebgas and oil power stations, which is expensive a
polluting. The urgent need to move towards low oarteconomy, unpredictable fuel costs, aging
infrastructure and climate change are all converginrequire a radical transformation of electsistems
and the utilities industry.

According to the “Energierapport” [56], the Dutclmeegy supply system has to be regulated in a
fundamentally different way. The system must becemarter, cleaner and more varied to meet thegrisin
energy demand. This is necessary for CO2 emissamhgction and climate change. Moreover, it is also
because the Energy sector does not want to be depemwn few energy sources and few energy-
producing countries. In 2050 the energy supply nmgssubstantially cleaner in Europe (including The
Netherlands), smarter and more varied. Howevehoifiseholds and businesses generate much more
energy than their current energy supply, 50% |92 @mission in 2050 is possible. Recognizing these
challenges, the Energy sector is starting to cotlaie with the Telecom sector in order to creaBmart

Grid as the Telecom sector can be a major conttlbntthe realisation of a smarter energy infrastrce

[57].

! E.g. the Internet is commonly referred to as a mlem network. As the Internet is only one out ofnpa
contributions of the sector network, the latter barconsidered to be a complex network too.
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2.1.2 Telecom

Given the fact that there is no global consensusitathe definition of a sector and the activitibatt
belong to each one of them, below the Telecom ségtdefined from a classification and a functional
perspective. Thus, for the purpose of this thesss,consider the Telecom sector to be an alternative
aggregation, containing all the activities corresping to ISIC division 61, and additionally inclagdi the
broadcast function mentioned in division 60 in IR€v.4 [6]:

60 - Programming and broadcasting activities

601 - Radio broadcasting

602 - Television programming and broadcasting/aies
61 - Telecommunications

611 - Wired telecommunications activities

612 - Wireless telecommunications activities

613 - Satellite telecommunications activities

619 - Other telecommunications activities

From a functional perspective, the Telecom seabortccbe defined as the sector serving both economy
and society that offer its Value Added Services §)Aelying on its unique capability of transferridgta

by means of electro-magnetic (EM) waves [3]. THedem sector has become the preferred connection
point, which is a hub in the sector network, cotingcall the sector nodes and the people who work
within. Moreover, people in their private role enjthe use of telecom services in their private
environments and communities [4].

2.1.3 Household

Traditionally, the household is commonly associatdgth the main consumer role within the sector
network. Moreover, ISIC defines the household asdion. In recent years the household is adding mo
functionalities to its classical role. In additiothe household is becoming a producer of energy. A
household is defined as the activities being takemlife situation of one or more persons actwigtjy in

a home, to maintain. Furthermore, the social sauaitself is often referred to as a household. The
households include both the house and its neamwwutings, and the persons living there. The houdeho
are divided into a composition (e.g. single housashor multi-person households) and the locatiothén
household of a member of it. From the 7.3 milliosuseholds in the Netherlands, 57% is formed by
couples, with or without children at home, and 3B%osingles. The remaining 7% consists mainly of
single-parent families. In the year 2010 the Né#mels counted an average of 2.22 people per hola8eho
In this thesis, we consider the household to cosepri

< the citizens/inhabitants who are registered toWithin a resident home
* the physical home and its inventory, e.g.:
o all devices at the premises
o the local telecom network
o the local energy network
o0 the transportation means owned by all inhabitants
the garden/surrounding owned
« the financial resources owned by all inhabitants

2 Source: CBS StatLine - Huishoudens; grootte, sate#ling, positie in het huishouden, 1 januari 2010
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2.2 Complex Networks

Complex networks are a relatively new field of g8, resulted from graph theory, which focuses les
on the study of small graphs. So the main focumtson properties of individual nodes and linkshase
graphs, but rather on the statistical propertieslaofjle scale networks. Following is a quote from
Newman'’s publication, which explains the noveltycomplex network theory:

“The study of complex networks is still in its infg. Several general areas stand out as promising f
future research. First, while we are beginning todarstand some of the patterns and statistical
regularities in the structure of realworld netwoykaur techniques for analyzing networks are at prnes
no more than a grab-bag of miscellaneous and largeirelated tools. We do not yet, as we do in some
other fields, have a systematic program for chagazing network structure. We count triangles on
networks or measure degree sequences, but we loaiea if these are the only important quantities t
measure (almost certainly they are not) or evethéfy are the most important. Perhaps there arerothe
measures, so far un-thought-of, that are more ingmdr than those we have at present. A true
understanding of which properties of networks dre important ones to focus on will almost certainly
require us to state first what questions we arerigsgted in answering about a particular networkdAn
knowing how to tie the answers to these questmissrtictural properties of the network is therefateo

an important goal."(Newman et al. 2003)[7]

In this thesis, we study an economical networkmtetary transactions (link weights), amount oheyo
circulating inside an activity cluster and numbémworking people (node weights), and network togglo
(degree). The concept of node weight is not widlehgstigated compared to the link weight conceptr. O
definition for node weights which is going to bebpshed in academic paper “Characterizing Multi-
weighted Networks: The Dutch Economy as a Monetaansaction Network”, states:

“The weight wi of a node i can be placed on thegdiaal of matrix W. Matrix W can be defined as a
weighted adjacency matrix. In this way, the nodégltecan be understood as the weight of a self-

loop."[1]

In this thesis we investigate the node weights, Wweights and degree within the sector network.

2007

TEN

Time

Sector Network Dataset

Network Evolution

Figure 3: A framework to analyse a multi-weighted mtwork [1]
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Figure 3 shows the framework to analyse a multigiviid network, which explains the broad scoop of
monetary network evolution [1]. In this framewohktde interrelated domains are involved:

» Topology: the physical interconnections of the edata within the network.

» Link weight: associates a weight to each link

* Node weight: assigns a weight to each node
The first two domains are mature in complex netwbdory, but the last is a new research area [50].

2.3 The Holon theory

Holons are logical entities that are both a whaolé a partA holon can be either conceptual or real. One
can distinguish and perceive a holon from its eminent as a logical entity. A real holon can change
over time, a conceptual holon cannot. The wordmalas coined by Arthur Koestler in 1967 [49], bat a
he points out, the concept has a long and distéigdl history. Koestler introduced the term holartcioy
being a hierarchic network consisting of holonssAbthers have mentioned the holon concept in a
network context, for example, Lévi-Strauyafamous and influential French thinker wrote:

“The individual becomes meaningful as part of teéwork that transcends it”

In this statement, an individual is not only rethte the network, but is proclaimed to add valuelevh
being able to overview and understand its surrogsliAccording to Professor Nico Baken:

“A holon becomes meaningful as part of the netvibak transcends it.”

In this way, the individual is related to the netlwa a holonic context. Note that groups of indivals
can be a holon too. Concerning the natural evaiubiothe human brain four layers were mentioned by
Vroon [8]. Being an adaptation process, evolutisocpeded in the following order: est-vivit-sensit-
intelligit. We can see how the functional decosipon is a “natural tool” to cope with cptexity

in order to deal with new contextual condigo

Figure 4: The Holon Model and its layers

In Figure 4 we see the holon model and its lay&gsgproposed by Professor Nico Baken, a holon ctmsis
of a SUPRA and INFRA part. SUPRA is Latin for “aledy INFRA stands for the palpable/tangible

% Source: NRC 4 November 2009 “Claude Lévi-Straa898-2009) Scherpzinning denker over beschavingen”
* See also TEDx presentation of Prof.dr.ir. Nico &akhttp://www.youtube.com/watch?v=EDZtJaefpZE
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infrastructure part of a real holon. Subsequentgse two parts can be subdivided into four hidriarc
layers:

1. Intelligit: Relates to offering and providinglstions
2. Sensit: Relates to processes

3. Vivit: Relates to active infrastructure

4. Est: Relates to passive infrastructure

Thus the Intelligit and Sensit layer together bglemthe non-palpable SUPRA part and the Vivit &stl
layer belong to the INFRA part. By means of themer flayers nearly every relation and property of a
holon can be explained. A real holon can both paraary and a secondary actor, being a part opalgu
and demand eco-system.

From hundreds of possible different functions (tbah be described by means of verbs) three meta-
functions capture all thinkable functions a holam perform:Transform TransferandTransact[55]. In a
transformation of value or transformation of produar services (presented in that holon), the nealaie

of that holon will change. If there is a sufficierglue, the node will be saturated in specifiecetiand a
particular node value, product or service will bensferred to another node, which corresponds o th
transfer of value. And therefore, a transactioneseded. The node can also be seen as a holon, gétich
saturated and at one point the value of this némesfto another entity equivalent to this holoneTh
holons can change dynamically because inside thempens transformation of value, and they might
transmit value to other neighbour holons.

If we approach a household from a geographic lihanga perspective, a country can be considered as a
holon connecting to adjacent countries. Insideuntry there are other holons, provinces and cidesl
inside cities there are different neighbourhood$i@ens. Finally, inside each neighbourhood theee a
individual houses, which are again holdns.

® See: Lecture of Paul van Pelt “Smart Living Heid{de Buurt en de Bouw”
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2.4 Smart Living

Smart Living is an intuitive term, chosen as a ndondooth an innovation program and a concept.

French philosopher Pierre Hadot, in particular yeto that in the Greco-Roman antiquity philosophg wa
a form of life, life art, based on daily spiritugkercises to shape for the spiritual welfare ofrgeli and
others. It is an exercise with your entire psycymyr spirit, involving a polite relationship withe
transcendent in the present. In other words, ptylbg and psychotherapy in ancient times were both
about a good life. Working on yourself was seesamething that was important [63].

The Smart Living program aims to contribute to ioy the Quality of Life of society, balancing the
limited resources. As a concept, Smart Living ire®kdeas of homes equipped with energy efficient
automation systems, residential identification nagidims, automated security systems, integratedamedi
management and content sharing facilities, integratommunication systems, remote healthcare
amenities, offices allowing remote working, etc.&tiLiving aims to improve the social well-beingtbé
individuals in a sustainable environment in a fdigrway.

Domains
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Figure 5: Smart Living matrix

According to Professor Nico Baken, we can rough$titnlguish three areas in which we as humans can
move. Either we are at home (in the neighbourhogldgwhere (e.g. at work, at school) or travelli@gr
perspective of Smart Living, suggests that the holm®ain is the central area where we appear most
often. On this basis, we describe how we can ud3eritéans to restore the balance in our fragmented
society, bringing pieces of the puzzle togethele $élection of this home domain is not arbitraoythis
domain the majority of all sectors connect andtafesocial trends and problems are applicablenktloif
aging or social cohesion). Within this domain we cae a more comprehensive and holistic approach to
gain substantial benefit and value, and thus afgignt improve the quality of our lives. This appch
captured by four P’s unfolds into [53]:

» People (social aspects): employment opportunitigspleyment policies, control, safety and
health, etc. Also human rights is part of this il{iding employee rights and policy regarding
child labour, forced labour and non-discriminatfmiicy towards corruption).

* Planet (environmental aspects): the attitude ofahmpany towards the environment, the impact
of environmental risks and liabilities on the fical position of the company.

» Profit (economic aspects): taxes, distribution ofled value among the stakeholders, the social
creation and dissemination of knowledge througkassh and development, training, etc.
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« Pneumd (spiritual aspects): sustainability can really etakhape only if it is inspired by an
individual and collective consciousness of humaolion with regard to the connectedness of
all existing.

We call this Smart Living. To concretise our undensgling of Smart Living, we first outline an imagkea
Smart Living neighbourhood, with concepts like ‘étiger, decentralized, sustainable and trans-sector”
[9]. As people are either at home, on their wayina venue somewhere else, seamless data stamdge
bridging geographic distance for any communicaponpose is expected to be a common requirement.
Enhancing the role and position of Telecom in ifeedf the future Prosumer, would be the transastio
network, which allows the Prosumer to remotely aaicand control all the transaction involved in his
life across all sectors. Therefore, the future $rHame and its inhabitants will use functionalityabled

by the telecom sector via Smart Living.

In this future scenario, we observe networks ataéggregation levels. The first one is the Secttmidrk
which constitutes all social and economic actiahd the second one is the Telecom Network withén th
Sector Network, which enables communication aneramtion. As explained above, one of the propertie
of a holon is, when zooming into a holon there Wwél found another network inside of it. A holon den
approached in different ways, and what can be wbdailepends on the specific relation type of these
holons, either in the same hierarchical level or. noFrom both the sectors Telecom and Energy, the
household consumes their services. From a spaeificce perspective, the household is buying etstgtr

or gas from the Energy sector. From the Telecontosethey enjoy fixed and mobile connections
enabling various value added services e.g. telephdt¥ and Internet access. In the Netherlands 7.3
million people work on a total population of 16.4llion. In each household live 2.22 people on agera
From this perspective 44% of all citizens earn nyomereturn for their work for organisations in any
sector.

The Smart Living program deals with houses andhimgrhoods, while helping to organize our lives
based on the mentioned four P’s. Combining innovatoptions related to Energy, Telecom and
Household reveal viable, sustainable near futwaestsector solutions. Trans-sector Innovation requi
communication between many different actors aneisrol the value web. Information and communication
technologies can play an important role in autongaind controlling these often complex information
flows. Two conditions play a role for ICT infrastture suitable for this purpose: make uniform nekwo
and IT architectures and use open interfaces [I@jovations in Information and Communication
Technology such as greater and ubiquitous broadbandss, increased Quality of Service (QoS) and
home gateways provide great opportunities to rea@nmunication and service delivery infrastruciure
which can be shared across sectors. ICT innovatitlo® services in other domains such as Energy and
Healthcare to be deployed in a timely and costetiffe fashion [11]. Within the Telecom sector, the
current stovepipes are gradually lacing up to atiMarvice Platform. The reasons for this transfaion
from dedicated solutions to a layered platform are:

1. Cost reduction.

2. Flexibility of entering new services.

3. To make packages of services and sometimes trate-geackages to help the customer in a
resolution manner.

4. Technological tilt, which has its organizationahsequences for each part of the business range.

® Sometimes, a “fourth P” is added to the Peoplen&l and Profit, which represents the humanityn@feiiing”).
This “fourth P” derived from the ancient word “Pmea’ (spirit, inspiration), “Persona” or “Psyche”hd first
person who used the “fourth P” used was Mgr. A.&h Luyn in a lecture in 2001 [54].
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3.
Understanding the sector
network and its vital sectors

In this chapter, we investigate the Dutch econométivity classification structure
and the data sets Working People (WP) and Inputpouttable (1/0). First we
describe this input provided by SN. Then we introglthe vital sector's list which
is provided by the Ministry of Interior Affairs, dnidentify the vital sectors within
the data sets. Furthermore, we investigate the tielships between the vital
sectors, in particular, the amount of money flowihgtween them and number of
people working in each of these sectors. Finallyy analyse. The monetary flows
between the vital sectors related to the Househsgdtor.

3.1 Classification systems

Currently, the most prevalent standard classificatsystem is the International Standard Industrial
Classification of All Economic Activities (ISIC) [grovided by the United Nations to all member esgat
enabling them to transparently classify their @) economic activities. Currently, most national
statistics departments use (and comply to) the ISthdard as a general framework to define and
structure their national statistical data sets. Ti@st recent ISIC version [6] comprises 21 sections
subdivided into 86 divisions. Users can derive fridfrase sections and divisions a list of sectorb; su
sectors, etc., for their own specific purposes. $betor network, studied in this paper, is basedhen
Dutch Input Output table (I/O) provided by the Natl Accounts department of Statistics Netherlands.
This table contains a monetary transaction matrat teflects the yearly produced and deliveredevalu
inside and between 104 economic activity clusteus taddressing at least all 85 ISIC divisions. e t
role of the household is increasingly important ageled consumer spending and salaries to the data se
being the 105th node in the sector network [1].

24



Understanding the sector network and its vital@sct

3.1.1 Overview data from Statistics Netherlands

Table 2: Number of nodes per classification systefavel

Level SBI 1993 SBI 2008 | WP 1993-2005 | WP 2007 |I/O 1987-2007
Section 17 21 14 15
Division 58 86 55 56
104
Group 211 266 167 174
Class 499 428 224 453
Sub Class 492 603 227 286
classification, |classification,/ number of number of 104 by 104
currently | no reported | working people, | working matrix of
STl valid for all data based on people, |produced value
national |available yet SBI93 based on | in millions of
reported data SBI193 euro, basedon
SBIS3

Table 1 above gives an overview of the structure of
* The “Standaard Bedrijfsindeling” (SBI)

o SBI1993
o SBI 2008

[58]
[59]

* The Working People (WP)

o WP 1993-

o WP 2007

2005

e The Input Output table (I/O)
o /0 1987-2007

SBI 1993 and SBI 2008 are the two most recent Dakabsification standards that were accepted by SN
in the year 1993 and 2008 respectively. Furthermeeshave worked with a detailed historical WP data
set, where the numbers are available at each fitasigin level: section, division, group, class and
subclass. The WP data is available from the ye2®8 10 2005 and 2007. At a first glance, we setttiea
number of nodes in each level of the two historitatia sets differ in each data set (it could bectse
that the counting process is more accurate in 2@Da)ing our research WP data was not yet available
based on the structure of the 2008 standard.
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3.1.2 Economic classification systems of SBI 1993 and SBI 2008
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Figure 6: Visualisation SBI 1993

Figure 6 illustrates the SBI 1993 classificatiostsyn plotted by means of the application Cytoscape.
1993 contains 17 planar tree structures, wheregldon level can be considered to be the rootiohe
tree (A to Q, see Figure 6 on the right hand si@lbg hierarchical structure unfolds into divisioggups,
classes and subclasses. We observe that the Maumufgc(section D) for example, has a very dense
planar tree, strong opposed by section“Extra-territorial organizations and bodies”,P “Private
households with employed persoreid B “Fishing” revealing a misbalance in the way each section
branches out.

Furthermore, we observe that the sectioriManufacturing” mainly branches out at the division and
group level while section G “Trade” branches outhat class and subclass level. The nature of ttinatgc
clusters is the explanation of this difference.sTteflects the traditional interest in statisticaita on
manufacturing, and it also reflects that the natofemanufacturing is very diverse considering the
production processes. The activities of Trade @ielarge extent similar at higher aggregationlievehe
branching out is only determined by the type ofdgpn sale)’

" Source: expert interview Statistics Netherlands.(Hans van Hooff)
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producing activities of households for
own use

U Extraterritorial organisations and bodies

Figure 7: Visualisation SBI 2008

In Figure 7 we see a plot of the SBI 2008 classiftm. It consists of 21 planar tree structurese Th
hierarchy is similar to the previous plot (sectigivision, group, class and subclass). The numlber o
sections has increased from 17 (SBI 1993) to 21tqAJ, see Figure 7 on the right hand side).
Furthermore, we observe that the way it branchégsauore homogeneous compared to SBI 1993. In SBI
2008 more emphasis was put on services insteadbigtion of goods compared to SBI 1993.

Generally, services are spread out widely in altieas where production of goods is concentrateghia
large section (D in SBI 1993 and C in SBI 2008).

Looking at branching properties, an exception iseobed concerning sectiofd. Extraterritorial
organisations and bodiesthat consists of a non-branched tree. Furthernsetion A ‘Agriculture,
hunting and forestry”and B “Fishing” of SBI 1993 have been merged in to sectiofiAgriculture,
forestry and fishing”of SBI 2008. Section CManufacturing”, is again the most densely branched
section.

In both SBI classifications we have seen, an ingsideapproach is used to classify. It starts wité t
inward ring (green ring), when it is defined otlggrisions can be classified under these sectionSBlI
2008 a new residual section S is introduced that et defined as such in SBI 1993. SBI 2008 se@ion
“Other service activities’was defined in SBI 1993 section O as a divisiate that never anyone says to
work in the sectofOther service activities”

When creating a more homogeneous classificationdata, a larger residual part is inevitable. The

activities causing heterogeneity are concentratmgether as a consequence of introducing more
homogeneity in all other sections.
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3.1.3 Working People in The Netherlands

A characteristic of Western societies such as uttsat we are strongly dependent on our infrasiines,
such as electricity, transport, telecom, etc. Hpglies to households, but as well for organisatidimese
infrastructures are increasingly intertwined wittacle other. A further characteristic of these
infrastructures is that the main parts are curydetl by private parties.
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C Mining and quarrying

D Manufacturing

E Electricity, gas and water supply

F Construction
Wholesale and retail trade;
repair of motor vehicles,
motorcycles and personal and
household goods

H Hotels and restaurants
Transport, storage and
communication

J Financial intermediation
Real estate, renting and business
activities
Public administration and

L defence; compulsory social
security

M Education

N Health and social work

Other community, social and
personal services activities
Private households with
employed persons

1)
N

A

Figure 8: Working People in The Netherlands in 200based on SBI 1993

Extra-territorial organizations
and bodies

Q

b
\

Figure 8 plots the Working People in The Netherfa(year 2007), on the tree structure of SBI 1983. |
this plot relative size of the circles reflects tnembers of working people in each activity clusféne
largest number of employees is found in the seddofReal estate, renting and business activities".
However, the branching is relatively thin, and jgatarly the employment agencies are the largest
division in this section. Section K is commonlyaetd to as “business services” as well. Secomnd an
third major sectors (in WP 2007) are Trade and tHeafte respectively. Then there follows the
Manufacturing and Education sections. Similar e dhata set of WP 2007, we did the same to thesadta
of 1993-2005 and plotted each year, and colled¢teda small animation to visualize the change iR W

the course of years. This animation (WP) is avéglaia the website of NAS: http://www.nas.its.tutlel
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Figure 9: Number of working people in section D Manufacturing” of SBI 1993

Figure 9 shows the number of working people inisadDd “Manufacturing” of SBI 1993 in the period of
1993-2005. This shows that the number of workingppeis dramatically decreasing in “manufacturing”.
The causes of this decrease could be either automat outsourcing of production related labour to
countries where production salaries tend to be ldingn those in the Netherlands.
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Figure 10: Number of working people in section K'Business servicesdf SBI 1993

Figure 10 shows the diagram of the number of warkieople in section KReal estate, renting and
business activities’df SBI 1993 in the period 1993-2005. This showfast increase of the number of
working people in this section. Namely, the incezasemployment agencies and business servicés is t
cause of this growth.
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Figure 11: Number of working people in each sectionf SBI 1993

Figure 11 shows the number of employees in eadioeaaf SBI 1993. This diagram shows that section G
“Wholesale and retail trade; repair of motor vehésl motorcycles and personal and household goods”
contained less people than sectiofiNanufacturing” from 1993 until 2004, but it converses in the year
2005. Furthermore, the number of working peoplsention N“Health and social work”is increasing
fastest comparing to other sections.
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3.1.4 Input Output table

Input-Output tables (1/O) are the statistical répan production and use of goods and service#fayaht
activity clusters and also contain specificatiorfs tile components of final spending’s, such as
consumption, exports, investments and change okstdhe main purpose of an input-output tableis t
provide insight into the production structure of @onomy: who produces what, and who uses it. The
value and nature of production and use of goodssandces are identified in this way. Furthermahe,
relationships between the various activity clustes established. The classification of compamethe
corresponding classes is of particular importahtéhe Dutch input-output table firms are groupaddd

on characteristics of production technology anddpob type. There is no distinction made between
different sizes: small and large companies withstésme characteristics are located in the samepeiseer
class [12].

An input-output table expresses in monetary terhes dverview of product flow within and between
activity clusters for a certain period of time (grear). The table can be divided into four quadrant
« Top left is the internal and intermediate deliverigf the various industries, the supply of a
particular sector to the private sector and alepo#ectors;
« Bottom left are the primary costs, the cost of inpand labour and other costs (capital costs and
depreciation, value added);
* Top right, the final distribution, consumption, @stment and exports;
e Bottom right, are the primary costs which are flogvidirectly as final disposal, these are often set
to zero.

Each row of the input-output table records the potion of a given activity cluster divided into
expenditure categories: intermediate consumptiasthadr activity clusters and final expenditure [1Phe
columns of intermediate consumption is describethbyactivity cluster (or imports) by the businekss
products used come. For example, in cell 50,74thduct consumption of “electricity, gas, steam aind
conditioning supply” by the “telecommunications apdst” are measured. Conversely, the cell 74,50
describes the import of goods and services frotec¢tammunications and post” toward “electricity, gas
steam and air conditioning supply”.

Statistics Netherlands provided a data set thateggdées all monetary transactions observed over the
period 1987 - 2007 in The Netherlands among 10ferdifiit activity clusters. In this study, each node
represents an activity cluster. Subsequently, th8enodes can be classified and merged into 20rsec
The millions of euros that traverse the links qifgrthe produced and consumed value by the nodes.
Analysis of this sector network is in the first ggainteresting to translate the complex networlapeters

to the economic meanings. Second it will helpribamce the description of Complex Networks. Analysi
can be carried out in each dimension independe®ier the past several years, a variety of measures
have been proposed to capture different featurametwork topology.
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3.2 Vital Sectors

3.2.1 Sector identification by the Dutch Ministry of Interior Affairs

The Dutch Ministry of Interior Affairs (MinBZK) hadisted and analysed the vital sectors and their
products and services aiming to improve the vitéistructure governance within The Netherlandss Th
activity is a part of the Crisis treatment / Rislkamagement program. According to MinBZK, vital
infrastructures are often in control of the comparthemselves. In those cases, the governmenthyheavi
depends on the ability and commitment of the ingy4i3].

Table 3: Vital sectors, products/services [13]

Sector Product/Service

1 |Energy Electricity

Gas

Oll

Fixed telecommunications

Mobile telecommunications

Radio communications and navigation
Satellite communications
Broadcasting

Internet access

Postal and courier services

Drinking water supply

Food supply / - Safety

Urgent care / other hospital care
Medicines

Sera and Vaccines

Nuclear Medicine

Payment services / payment structure
Government financial transfers
Managing water quality

Managing and control of water quantity
Maintaining public order

Maintaining public safety

Justice and detention

Law Enforcement

Diplomatic Communications
Government Information

Military

Decision making public administration
Main Port Schiphol

Main Port Rotterdam

Highways and main waterways

Railways
Transport, storage and production / processing of
chemical and nuclear substances

2 | Telecom
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11 | Transport
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12 | Chemical and nuclear industry
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The report of 2005 is a quick scan of the goverrinierget an overall view. This is done before the
sectors individually starting with the analysis thfeir divisions. This quick scan has led to the
classification in 12 vital sectors that are furthevken down into 33 vital products and servicdsictv we
can see in Table 3. We speak of vital infrastrugtbelonging to vital sectors, when it comes talpuots,
services and underlying processes which may leabd¢al disruption if they were to fail. This may i
because there are many victims and economic losseggstoring lasts long and there are no real
alternatives, while we cannot miss these produutisservices [5]. Vital sectors such as Energy, dmie
Transport, Healthcare and Drinking water, form mpartant link in Dutch society while protecting ithe
IT systems and information is vital. Vital sect@ie therefore crucial for the proper functioningtioé
Dutch society. A number of vital sectors are ie tiands of the government, such as Managing and
control of surface water (including the dikes) andblic Order and Safety (fire, police and medical
disaster relief and crisis). Because 80% of thal uifrastructures is in the hands of companies, ¢ose
collaboration between government and industry reguis].

Energy Sector (according to the Dutch Ministry of hterior Affairs)

A secure supply of energy to society is very imaott Within the energy sector, the vital products a
natural gas, electricity and oil, which need higipy guarantee. The supply and availability ofsthe
fuels are important for households, governmentiaddstries. Almost all the vital products and seegi
have a high degree of dependence on one or mortheske fuels. Supply via the networks and
infrastructure for the Energy sector is not onlyportant for the national supply, but also of great
international importance [5].

Telecom Sector (according to the Dutch Ministry ofnterior Affairs)

The Telecom sector is fulfilling an increasinglgrficant role in everyday life. This sector, “Tetan”

for simplicity, involves a wide range of servicggpcesses and infrastructure. The accessibility and
quality of this sector are very important for ciail, government and business activities. In addljtibe
telecommunications must be reliable, highly avddaénd should be safe to use. This also applies to
networks and services with no limitation to natioor@international operation.

The providers of telecommunication services haeerésponsibility to ensure a good continuity ofithe
services. Due to commercial interest these proside highly interested in preservation of their
telecommunications facilities. This means that theyvely take actions where necessary. Compahas t
offer Internet access (ISPs) have a high awareokssks because of the many daily attacks on the
system. The telecom companies have mutually redollie prevention of possible damage to many
systems [5].

Drinking Water Sector (according to the Dutch Minigry of Interior Affairs)

Drinking water sector is a basic human need. In Netherlands drinking water is in addition to
consumption by humans also used for other domemtiposes like process water sanitary use, fire
fighting water and water for animals. The contipuiind quality of supply of drinking water is well
regulated for years. Agriculture though consumefabyhe largest percentage of water [5].

Healthcare Sector (according to the Dutch Ministryof Interior Affairs)

The healthcare sector could face difficulties doefdilures in other sectors (energy, water, telecom
transport) or causalities caused by deliberate humetion. The failure of healthcare has no diragiact

on the level of “vital” for the other sectors, Wiitectly effects the survival of citizens. The Hbahre
sector is like every other sector, increasinglyesejent on electronic information sharing. Relevatés

in the Healthcare sector are: patient care, consume@lthcare provider, care agency, insurer, dougs
laboratory, medical scientist, equipment and malersuppliers, logistics or administrative servicel
others [5].
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Finance Sector (according to the Dutch Ministry ointerior Affairs)

Due to the great many transactions that take plac¢he Finance sector, the financial-economic
consequences and social discomfort can rise up fastywhen there is a failure. Unlike the examdle o
Drinking water sector or the Energy sector themeoiglirect human or animal life association withuie

or disruption of the Finance sector. The chaina$fef failure of the Finance sector are more kahithan

in the case when network infrastructures (suctha®lectricity sector or the telecom sector) wdddhe
case. Chain effects mainly occur in large-scale tdpin-facilities of the counter payments.

The operation of the infrastructure, data storage data traffic and electronic services in the Roma
sector is potentially vulnerable to computer madtions, viruses, cybercrime and hacking.
In general, the impacts of such incidents for thal yprocesses in the Finance sector are relati\oely
and they do not jeopardize the vital services iltimg term.

Fraud and crime can lead to shifts in the levedetices in the Finance sector, to be consideradtas
They have a significant impact on the trust pedyalee in electronic services or Internet paymenterd

is however, no disturbance of macro-scale yetalgd-scale terrorism the continuity of the Finaseetor

is not fully guaranteed. However, in the Financetae backup and disaster recovery centres arledett
Risks can never be ruled out entirely. Moreovee, Hinance sector is a dynamic sector in which rapid
developments take place [5].

Managing surface water Sector (according to the Deh Ministry of Interior Affairs)
A major concern of government is to protect thentpuagainst flooding and the presence of sufficien
clean water for all users. Flood protection is eedd by maintaining the construction of dams. A
distinction is made in four categories [5]:

1. A primary water defences: flood protection from bhg rivers, lakes and the sea,;

2. Regional water defences: protection against flapdliom regional waters;

3. Drainage: drain the hinterland for protection agaftooding;

4. Water quality: prevention of large-scale pollutmirsurface water.

Legal Order Sector (according to the Dutch Ministryof Interior Affairs)
Whenever there is an emergency it is the judi@aponsibility that justice can take place suffideand
that the “closed” facilities are not “a little” opeln the report of MinBZK specifically addressés three
subsectors of the Legal Order Sector [5]:
1. The Public Prosecution: the Public Ministry is diow@al organization with a total of one hundred
establishments in the Netherlands.
2. The Council for the Judiciary: The judiciary isdaty dependent for its normal functioning of the
vital sectors: energy, telecommunications and dngpkvater.
3. Judicial Institutions Services: the vital importanaf this subsector follows from the fact that it
would be disruptive if the judicial institutions widl fall. Some of the detainees constitutes a dange
to our society and can cause big problems if tlieynat incarcerated.

Public Administration Sector (according to the Dutd Ministry of Interior Affairs)

The public administration sector plays a specidagitmm in the Critical Infrastructure Protectionof&rct.
Whenever there is a large-scale disaster such tastihic terrorist attacks, natural and induktria
disasters, the government, in this case the Palininistration is responsible for the integral coethe
public order and safety. The effects of a distudeain random vital sector inherently become the
responsibility of public administration. Given thatalmost every crisis there is a direct relatropswith

the public administration and / or public order aadety. There is always necessary to coordinae th
Ministry of Interior affairs and Kingdom Relatioff.
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3.2.2 Vital Sector Analysis

Revision MinBZK Vital Sector list with SN experts
In Table 3 (vital sectors according to the Dutchigliry of Interior Affairs) the sector names mentd
below are written in italics because they are mmhmonly recognized as sectors in many different
national classification systems. Another importéatt is the term “Telecom” is not mentioned at the
section level in ISIC. The main consensus issué¢regraround the addition “tele”. ISIC 1993 and ISIC
2008 both give the name “Communications”. ISIC 2@8@rs to “Information & Communication”. Thus
taking the above into account we propose to adjust:

e Drinking water

* Food

e Managing surface water

e Public Order and Safety

e Legal Order

* Public Administration

¢ Chemical and nuclear industry

Having consulted classification expértis this thesis we propose to simplify the sectames from table
3 [5] of the vital sectors to more commonly accdpt@mes used in the most prevalent classification

systems:
¢ Merge the four MinBZK defined vital governmentats®s (Managing surface water, Public

Order and Safety, Public Administration and Legakam) into one “government sector”[6].
« The (MinBZK defined) food sector is repositioned st of the Trade sector, because the
Trade sector directly supplies food to the citizig}s

* The (MinBZK defined) “Chemical and nuclear industsgctor is removed, because it is only
one of the 33 divisions in the ISIC sectiorfdanufacturing”.

An important observation is the fact that the Minyiof Internal Affairs does not explicitly mentidghe
Household as a vital sector. Later on in this satagraph this issue is discussed, but after thepogex
revision above, we can add eight vital sector naomethe plot of the SBI structure and conclude that
minority of all activity clusters can be labellesh\atal.

8 According to insights from:
- On-going research PhD project E. van Boven
- Statistics Netherlands classification experts
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B Mining and quarrying
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Figure 12: Vital sectors plotted on the SBI 2008 aksification

Figure 12 shows the vital sectors plotted on thé ZB8 classification. According to ISIC, telecoma
division. At the section level, the United Natiopseferred the term Information and Communication.
Although the size of Telecom in the number of wogkpeople and the economic value in monetary terms
is a relatively small part of the total economys MinBZK defines telecom as a vital sector, becdbse
vital sector Telecom provides a vital infrastruetuwhere all the sectors depend on.

Household considered as a vital sector

Household as a section was defined in ISIC 199&i(seP“Private households with employed persons”
and in ISIC 2008 (section TActivities of households as employers; undiffeiatetd goods- and service-
producing activities of households for own uUseStatistics Netherlands adopted this definitionSBI
1993 and 2008 respectively. Furthermore, Econorfoesary already defines household as a sector:

“The basic macroeconomic sector that includes thére, wants and-needs-satisfying population of the
economy. The household sector is the eating, biregtbonsuming population of the economy. In a word
“everyone”, all consumers, all people. This sectocludes everyone seeking to satisfy unlimited svant
and needs. While it's called “household” sectoisttioesn’t require that you own a house, live imase,

or even know someone has ever seen a house tolbgdd. The term household sector is merely a short
cut used by economists to indicate the consumiagtsaand-needs-satisfying populatioh.”

° Source: http://glossary.econguru.com/economicteomsehold+sector
36



Understanding the sector network and its vital@sct

Traditionally, the household was thought to be biteal by people solely in their role of consumeve©
the last three decades however some people enriblsegrivate role with more active and or produeti
aspects. This role enhancing development is commeaférred to with the term “prosumer” which is a
contraction of “pro” and “consumer”. To find out neoabout the definition of the term “prosumer” a
quick scan (Wikipedia) resulted in a few differeptions to choose from:

* Progressive consumer

* Professional consumer

» Provider consumer

* Pro-active consumer

* Producer consumer

For the first time ever futurologist Alvin Toffl@oined the term “prosumer” in his book, The ThirdW
(1980) [62]. Toffler predicted that the role of guers and consumers would begin to blur and métge.
showed that the industrial way of thinking and oigang will not continue. The emergence of
information technology creates the “prosumer comitginthe abolition of the distinction between
consumer and producer. This waiver will ensure toatsumers no longer influenced by institutiond, bu
they build their own identity. The consumer becormgegrated in the production process. He or she
wants to solve a question or problem in cooperath the manufacturer or supplier. At the endtot
process it is not clear who was the producer analtiva consumer. They both have their influenceaard
both responsible for the end result. The term “pnusr” really came to life by the market research
conducted in 2004 of Euro RSCG@&Prosumer Pulse 2004: A Global Study-AnticipatingpriSGumer
Demand” [61]. This research shows that prosumers are seadity the group of consumers. They are
driven by three forces:

* Internet (supports them with information, forumsl @emmunication)

* Media fragmentation (makes their word-of-mouthuefice much larger)

» Globalization on a personal level (they have tlodagl opportunity to influence)

. 10)23s ueuyy

Figure 13: The home in the sector network

Figure 13 shows the Household as a junction forntlagority of all sectors (thus both vital sectorsla
other non-vital sectors). Some vital sectors amectly connected to the household via their own
infrastructures. The government, healthcare, tege finance sector as well as the majority of #ieo
non-vital sectors (e.g. Entertainment, Educatiaa,) €onnect to the household via the Telecom, gner
and Transport infrastructures.
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“This domestic sphere has previously been seen w@side the economy, as too complex and
ungovernable, but has come now to be recognisexitasal economically, with all the needs of suppor
tools, skills and advice that being a producer ésta[67]

Knowing that in the Netherlands a household congi§t2.22 persons on average and about 7.3 million
out of 16.4 million people work, there is a hugteirdependence between the Household sector and all
other sectors functioning. As more and more pewaplk from their homes, the quality and availability
the household infrastructure (e.g. the home netwdrich is heterogeneous in nature) becomes more and
more vital to society and economy as a whole. Withibis high availability home infrastructure, the
robustness of all sectors is at stake. Thus, thesdimld can be defined as a vital sector for sévera
reasons, for example:

1. The household is the basis for all people in thgirate roles

2. The household provides the workforce for all otbegtors.

3. The availability and functionality of home netwarliis becoming increasingly important (many
crucial activities are conducted from home, e.gkivg at home).
Production for own use cannot be classified in ofeetions.
Many private-role driven activities are performegd Households (e.g. renting rooms, generating
energy, bartering goods and labour and providimgiaes to other households) these activities are
part of the informal economy which is neither taxeokr monitored by authorities, and not
included in official statistics.
The output and activities of the majority of alhet sectors enter the households.

o s

The most important economic characteristic of Houdeold sector
The two most important economical characteristidh® Household sector are:
1. They are the workforce of all other sectors, s¢ taggest amount of money is coming toward the
household (salaries)
2. They are the largest consumers of all other seddgrspending money on all services and
products of all other sectors.

However in the classification systems these twopgribes are not counted to household (section).
Therefore Statistics Netherland does not countntkationed monetary transactions as “the interndl an
intermediate deliveries” in the 1/O table (whichean the top left of the I/O table). The household
spending is separately taken out in a single colafin “final consumption expenditure of households”.
And the received salaries of households are countemiv 118 “salaries”, which is outside the 104164
matrix of “the internal and intermediate delivefies

In this thesis we explicitly add household spending salaries in one matrix with the “the interant
intermediate deliveries” (104 by 104) of other watyi clusters. So the input-output matrix that wal w
used in the rest of this thesis is 105 by 105, eimetthe 105 row corresponds to the “final consumption
expenditure of households” (because it is the mahayhousehold delivers or “expends” to othenatyti
clusters), and 105column correspond to the “salaries” (which is theney coming to household sector
by all other activity clusters). In the rest ofghihesis research we will investigate the econatitédity of

the Household sector for the sector network.

3.2.3 Dependencies of the vital sectors

In order to be able to abstract the important i@hat and dependencies of the vital sectors we 8ok
revised set of vital sectors of MinBZK, and putrthin an adjacency matrix. This information will pels

to select the important business and society ilpteperties of the sectors, and to find out wiveare
vital sector gives to or takes from other vitalteexin high level abstraction.
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For research feasibility reasons and classificatiomectness, we propose a revised vital sectatioel

matrix:

Trade sector directly supplies food to the citizens

ISIC division and because it is not directly rethte the household.

Table 4: vital sectors using Ministry of Interior Affairs definitions

The four (MinBZK defined) Government vital sectarg merged into one.
The (MinBZK defined) food sector is repositionedpest of the Trade sector, because the

The (MinBZK defined) “Chemical and nuclear industsgctor is removed, because it is an

Relations = )
. o
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Our proposed relation matrix has been reviewedravided in cooperation with an SN expert. Finalrg,
used the revised relation matrix to produce a hibia graph that reflects the vital sector depengnin
a vertical sense.

|.lll-_-

—-l'

T ARl

Finance

E. van Boven & M. Hosseini 25-05-2010

Figure 14: Hierarchic graph of the vital sectors’

Figure 14 shows the main dependencies of the sétetiors in a hierarchic graph concept. The columns
the graph indicate the relationship of each sectode) to another. On top, we see the Householdrsec
to which all other sectors provide value (a senacel/or product). This hierarchic graph shows the
important dependencies between the vital sectogs,wethout Transport and Telecom sector the Trade
sector cannot proceed functioning, without Energgtar the Telecom sector cannot function (a high
amount of electricity is used by Telecom sector).

Furthermore, in the graph no link is shown betwdéter and Energy sector. This is done for the sdike
clarity. However, energy supply is very essentigbtirify water, so the amount of money transacterhf
Water to Energy is quite large. Furthermore, weided dependency relations for Government and
Finance on the same height because it is uncleiahwine is more dependence of the other.

19 E van Boven and | propose this novel hierarchapl concept. This new type of graph depicts tleeahchical
structure and the main dependencies of a netwokk vertical sense. Though nodes can have interrdigpeies
(bidirectional), we discovered one dependency dantiin economic network.
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3.3 The Dutch economy as a monetary transaction
network

3.3.1 Monetary dependencies of the vital sectors

G

lalal B BN
,,777 ) — = =

Finance

1 993 E. van Boven & M. Hosseini9 - 06 - 2010

Figure 15: Hierarchic graph of the vital sectors (lidirectional graph)

Monetary transactions (Input Output table)

From the 20 sectors defined (see section 2.1, Eigyurnine sectors can be labelled as vital seadtsr
consulting SN expert). These nine have been givemigque colour each. Figure 15 depicts the same
hierarchic topology as Figure 14. In This versibe tink weights are reflected in the thickness taf t
links. Furthermore, the links are bidirectional ahd dominant monetary transaction direction deiteem
the colour of the link. E.g. the monetary transattvolume from Trade to Finance is larger than the
volume in the opposite direction. Therefore, tharmxting link between Trade and Finance is given th
colour purple.

3.3.2 Monetary connectedness of the vital sectors

In this subparagraph, we consider the I/O tableetany transaction dataset as a network. Therelap, ea
activity cluster is seen as a node and each monitarsaction as a link. The same vital sectoruslare
also attached on the activity cluster level (10%le®) thus showing their links (relations) as well.
Furthermore, the nodes are plotted in the ordeénatasing degree (clock wise). The household iagtiv
cluster 105 always shows the highest degree comparall other activity clusters. In subparagraph3
and 3.3.3 non-vital sectors / activity clusters pi@ted in a pink colour and their links light BluAn
overview of the number of each activity refers able 8 in the appendix.
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Link weight > 1 million €

The first plot shows all the
unidirectional  link  weights
between 105 nodes where tt
amount of link weight is greatel
than or equal to 1 million euro
Here the number of links is
equal to 5307, which means thi
in the year 2007, there wer
5307 transaction links betwee
all activity clusters of the
weight 1 million and higher. In
this plot, we see the degre
ranking of nodes correspondin
to the vital sectors. We know
that Household node 10!
(colour red) is de most
connected node, because
salaries and spending. If wi
shift one node countel
clockwise we come across th
node 61 which is part of the¢| node count = 105
Trade sector, and the third noc| | ijnk count = 5307 75" e
we see is the node 7«
corresponding to the Telecorry e 16: Money transaction network 2007 (link weight 1 min)
sector. This corresponds with the
whole sector because Teleco
consists of one node. Note th:
the Post is also included in th
node 74.

Link weight > 10 million €

In this plot, we see the link
weights greater than or equal 1
10 million euro. If we compare
this plot with Figure 17, we se¢
some shifts in de sequence of tt
activity clusters while the
number of nodes is still 105 an
number of links is 2877. Fol
example, the banking node 75 «
the Finance sector (yellow) ha
more links than the Telecon
node 74 (pink), also Energ\
(node 50) is shifted one to th
right which means it is stronge
connected in larger transactions

Node count = 105
Link coun = 2877

Figure 17: Money transaction network 2007 (link weight> 10 min)
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Link count = 790

Figure 18: Money transaction network 2007 (link weight 100 min)
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This plot shows the link weights ® \ ®
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nodes and 131 links. The ® ®
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most connected node, then w 91“"“; n‘ o
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Figure 19: Money transaction network 2007 (link weight= 1000 min)
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Healthcare Wellness Care
Link weight > 10 billion € . @
This plot shows the largest lint .
) gencies and
weights (greater than or equal t  labour mediation Horeca
10 billion euro) between activity

clusters, whereby nine nodes and
links left over, from which 4 are
the nodes corresponding to Vvite '
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Figure 20: Money transaction network 2007 (link weight= 10000 mIn)

The Figures 16-20 above show five ranges of mopetetworks derived from the I/O table for the year
2007. These networks are also plotted for I/O tadl@a set of 1993-2006, and the results are combme
an animation. The set of four smallest ranges edgdiplots for the period of 1993-2007 is shownwelo
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Figure 21: Degree of link weight> 1 min Figure 22: Degree of linkg 10 min

Figure 21 shows the degree diagram of link weigh¢siter than or equal to 1 million euro. We seet afl
fluctuation in all of the activity clusters. FiguB2 shows the degree diagram of link weights grethsm
or equal to 10 million euro, we see here that tlulesters arise “Household”, “Trade, Finance, Egerg
and Telecom” and “Government, Healthcare, Transpadt\Water”.
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Figure 23: Degree of link weight> 100 min Figure 24: Degree of link weight 1000 min

Figure 23 shows the degree diagram of link weightster than or equal to 100 million euro, heresee

a huge separation of “Household” activity clustenf the rest of vital activity clusters. Which medhat
“Household” is most densely connected activity wus for high amount of monetary transactions. Fgu
23 shows the degree diagram of link weights grethten or equal to 1 billion euro, here we see that
Household sector is at the highest connected awne &@a uptrend, while other vital activity clustenre
further pushed to the bottom.
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Figure 25: 1/0 Network link weight > 10000 min

Figure 29 shows the I/O networks of link weightajex than or equal to 1 billion euro. It shows tihat
started with 2 nodes remaining in 1993 being theesdl 05 household and 78 Real Estate. From 1994 til
2000 there were 3 nodes in this range, with addibiothe node 61 Trade (wholesale). Furthermoanfr
2001 the network started to expand, whereby in 2B@7shown in Figure 19, nine nodes remain in this
high range monetary network.
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3.3.3 Ranking of the most dominant sectors
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Figure 26: Household, Energy and Telecom highly cavected activity clusters

The nodes corresponding to vital sectors have lzehidegree compared to non-vital sectors
The three of the top 4 highest degree activitytelssare Energy, Telecom and Household.
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Figure 27: 1/0 Network 2007 without Household, Enegy and Telecom

Figure 27 shows two graph sets of the year 200&.ufiper two graphs are corresponding to link weight
> 100 million euro and the lower two graphs repréesdimk weights> 1000 million euro. The node
household is taken out from the graphs in the rigintd side of each set. This shows how empty e I/
network became when there are no money transadtiomsgh household (node 105). There are only few
links which go outside, those three sectors. thaastrates that, when we take out the Householergyn
and Telecom (nodes 105, 50 and 74) then the grashviery low connectivity. This confirms the
dominance of these three vital sector nodes. Ttiereince in the number of links is significantlysidle
above 100 million euro. When the “household casdaken out of the network, we see a small migorit
of remaining links.
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3.4 Conclusions from this chapter

The Dutch economic activities classification brgadibllows, in aggregated level, the International
Standard Industrial Classification of All Econondictivities (ISIC) classification system. The “Staaad
Bedrijfsindeling, 2008” (SBI 2008) changed sigriiitly compared to the SBI 1993. So it is clear that
SBI 2008 changed significantly compared to SBI 1988 branching of the activity cluster trees inl SB
2008 is more homogeneous than in SBI 1993. Thestreeture analysis of SBI 2008 reveals that sectio
U “Extraterritorial organisations and bodies’do not show any branching out. This leads to the
conclusion that section U is not a full-fledgedts®t compared to all other sections in the clasaiion
system.

Both SBI 1993 and SBI 2008 define the householthatsection level. From a historic perspective, the
main reason for this choice is the fact that hookklproduction for own domestic use cannot be
accounted for in any other section.

Looking at the number of working people in eachisecf the SBI 1993 during the period of 1993-2007
it is discovered that number of working peoplehia section DManufacturing” has most decreased.

The reason for this could be the automation andgoouting/offshoring of manufacturing activities.
Furthermore, the number of working people has ee®d particularly in section HRRentals & real estate
and business services’and specifically in the division 74 which corresds to “Other business
activities” of SBI 1993. More precisely, it correspls to the group 745 “employment agencies”. Thispl

of the number of working people over the standdtl 1993, shows a concentrated number of people in
some of the activity clusters while other activitysters have a small number of people. Howevés, th
effect is clearly visible when looking at the antioa of the number of working people that resulfiexnn

the research.

The Dutch Ministry of Interior Affairs has identfil 12 vital sectors of which only five are recoguizas
an ISIC section. The vital sectors are mapped erStl 2008 classification standard. The speciftalvi
part of most recognized sectors proved out to small part of the corresponding activity clusteetrSo
there are four parts of the Government sector warehgualified as a separate sector. In the \aietos set
of the Ministry of Internal Affairs, “food” is qudled as a sector name. This is not commonly reisegh
in ISIC as section or division neither do classifion experts agree on this choice.

All sectors both vital and non-vital mutually dedeon each other. This dependency is reflectedeir th
strongly interwoven infrastructure. By studying tiedationships between the vital sectors, a vieakars
hierarchical graph is proposed. This hierarchicapg can also be used to show the monetary tramsact
delivery between the vital sectors.

Furthermore, to figure out the connectivity of gectors, the monetary transactions between albisect
are represented as a network. Thereby the vitabiseare highlighted in these networks and, theidds
dedicated to the node weight property of the sectbhis helps to rank each sector in the range of
connectedness. The results have shown that tHesettors are actually the most connected nodésese
monetary networks. The four highest connected nadesEnergy, Telecom, Household and Finance.
Moreover it is discovered that when removing thghhi connected nodes from the network, it becomes
nearly disconnected.
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4,

A trend analysis of a changing
network, its vital sectors and
hierarchy

This chapter discusses the main observations derifvem the SN data sets and the
expert interviews to derive the most important wleraround Telecom, Energy and
Household. The households are increasingly shiftifgppm consumers to

“prosumers” and provide services to other sectoFRurthermore, we observed that
ICT is an essential enabler for service delivery dad from the house. So the
Telecom being the essential part of the informatimommunication sector is an

important enabler of these trans-sector innovatioi®e integration of ICT in the

Energy sector is one of the examples. It is becgmam increasingly interesting

topic, governments and large numbers of enterpriaes investing a lot of money
in sustainability of the energy and its usage.

4.1 Monetary trends

Based on the SN data sets as discussed in chaptes aragraph analyses the monetary trendsein th
Dutch sector network in the period 1987 — 2007sThonetary trend analysis was performed as a specif
task for internal use within KPN to derive guidafieenew business developments.

The monetary trends were plotted as a graph diagatmin absolute terms (corrected for inflationgla
in the normalised form for diverse views of theitlsectors. In addition, for each specific vielaoathe
percentile distributions are shown for the 3 selegtears 1987, 2000 and 2007, respectively.

For this MSc thesis, the monetary trends of thet&l gectors for the views “total household spegtin
and “total production” are explained hereafter iorendetail.

Below a stacked diagram is given that shows theease of yearly monetary transactions at the sector
level. Appendix B contains the activity clusterslanmapping at the superior sector level.

4.1.1 Total household spending in Netherlands

Figure 28 provides the monetary trends of the mi@kected sectors in the context of total household
spending in the period 1987 - 2007.
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Figure 28: Total household spending in absolute ters and in normalised form
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Figure 29: Total production in absolute terms andm normalised form

Figure 29 shows the stacked diagram of total priaoiuén absolute terms and in the normalised foom f

a selected sector list. In Figure 29 the educa@mtor production is not included. The Input Outiaiie

of SN National Accounts books the education septoduction as being consumed by the government.
Furthermore, the construction sector productiopagly booked (approximately 1/3), because therothe
2/3 is booked as investment.
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4.2 Monetary analysis of the vital sectors

Figure 30: Monetary dependencies of vital sectord993-2007)

Figure 30 illustrates the hierarchical graph introgdd in section 3.2.31. his hierarchical graphlmamnised

to show the monetary dependencies of the vitabsgcThe pillars thickness corresponds to theivelat
amount of money transacted between adjacent nbldegever, this is an illustrative representatiorthaf
monetary dependencies. In this paragraph, the ragnednalysis related to the vital sectors is
accomplished based on I/O table.

4.2.1 Total monetary transactions of the vital sectors

Following are some results from data mining in t&Dle of 21 years (1987-2007), corresponding tal tot
money transactions toward, from and within eachl @éctor.

Incoming euro flows
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Figure 31: Incoming euro flows
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Figure 31 shows the incoming euro flows of eachldéctor. This diagram shows that the household’s
incomes are the largest of all vital sectors, whtictresponds to the salaries of working peopléofiadd by
the incoming monetary transactions of Finance, gghand Telecom.

Internal euro flows
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Figure 32: Internal euro flows

Figure 32 shows the internal euro flows of thel\stctors. At first glance we see that the Eneeptas

has the largest internal euro flows, followed bg tinance and Telecom sector. The slope of Energy
internal flows is the steepest from all sectors] anthe years 2005 to 2007 it has the strongegtesl
reflecting the creation of separate units for safganctivities like distribution, trade and mairgece.
Furthermore, it can be observed that the Housebettor has a nearly zero internal euro flow. This i
because within the Household sector, there is wearleconomical relation between the households. By
definition, if a household performs paid services dther households this household is considered an
enterprise and will be part of the sector whichresponds with its activity, for instance agricudtur
trade. Currently, the household sector is onlystauer of other sectors. It doesn’t provide vatuether
sectors.

Outgoing euro flows
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Figure 33: Outgoing euro flows
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Figure 33 shows the outgoing euro flows from aldlgectors. Finance, Trade, Energy, Government and
Transport have respectively the fastest growthrandacting money to other sectors. However, Telecom
sector had a fast growth from 1997-2001, and &lffigtr it arrived in a saturation phase. Healthcactos
shows a strange trend break in 2005-2006. Thistthado with a change in settlement of insurance
expenses, which will be explained bellow Figure 38.

4.2.2 Monetary transactions between the vital sectors

Following are some results from data mining in t&Dle of 21 years money transactions between thé vi
sectors. From all vital sectors, a diagram of owmgcuro flows is created using Matlab and Microsof
Excel. Only a subset of the diagrams, which proimteresting information, is captured in this sewatithe
complete set can be found in appendix C.2.
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Figure 34: Outgoing euro flows from the Energy to ther vital sectors

Figure 34 shows the outgoing euro flows from thergy sector to other vital sectors. However, ha$
only outgoing flows, but also the internal flows ahowed, e.g. Energy to Energy. Furthermore, Eigur
34 shows that the largest amount of transactiam fEmergy sector is transacted to itself, and itdhasry
fast growth. This can be explained as investmestscof Energy sector to itself. Think of investngeimt
sustainability of energy infrastructure. Besidestenthat the transport of energy belongs to therdgne
sector, not to the Transport sector.
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Figure 35: Outgoing euro flows from the Telecom tother vital sectors
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Figure 35 shows the outgoing euro flows from thiede@m to other vital sectors. This diagram shoves th
extreme growth in internal expenses of Telecomasedtiring 1998-2001 and followed by retrieval in
2001-2007, which is also referred as the crasmiairmet bubble. Typical of that period was the dapi
establishment and sometimes even unexpected rapitsd of numerous Internet companies, the so called
dot-com (.com) companies. A combination of rapidlging stock prices, massive stock market
speculation by individuals and readily availableestment capital has created a euphoric mood, wiere
the longstanding trust of shareholders decreasachatically. When the bubble in 2001 was caused, it
shapped an unexpectedly prolonged global recesgiah was mild in most Western countries.

5000
4500

4000

Finance
3500
—Finance

o
8

—Finance

——Finance

N N W
wv
8

=
8

Euro [Millions]

——Finance

g

Finance
1000 ——Finance

500 ——Finance

-> Energy

-> Water
->Trade
->Transport
->Telecom

-> Finance

-> Government

-> Healthcare

Figure 36: Outgoing euro flows from the Finance tmther vital sectors

Figure 36 shows the outgoing euro flows from theaRte sector to all vital sectors (including its€lhe
diagram shows that internal expending'’s of the r@easector is the largest among expending’s ta othe
vital sectors. Furthermore, the outgoing euro flbovgard the Telecom sector is also strikingly mibran
toward other sectors. This shows how the financtosés dependent from the telecom sector.
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Figure 37: Outgoing euro flows from the Healthcardo other vital sectors

Figure 37 shows the outgoing euro flows from thelbeare sector to all vital sectors (includingeits
Again the internal euro flow of the sector itsedfthe largest of all outgoings. However outgoingoeu
flows of the Healthcare sector, has a larger foactf spending to other vital sectors, which sutg#ss
sector is more like consumer of other vital sectors
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Figure 38: Outgoing euro flows from the Governmento other vital sectors

Figure 38 shows the outgoing euro flows from they&@nment sector to all vital sectors (includinglifs

The diagram shows an unexpectemlend break, when looking at Government expendirg’ Finance
sector in the period 2005-2006. On January 1, 200®utch health insurance entered into the neiithea
system. This has significantly changed the healluriance in the Netherlands. The sick funding law
(ZFW) is replaced by the health insurance law (Z\&f}l the distinction between compulsory and private
insurance has lapsed. Instead, the new basic imsitia introduced which is compulsory, for everyone
living in the Netherlands or below the payroll fakks [14].

The monthly figures on household consumption aresistent with the concepts and definitions of
National Accounts. Since the new health insurasgedndatory, according to the international guiehsi
for compiling national accounts, these are includledyovernment consumption. All expenditure on
medical care of previously privately insured, pded the basic package now included in 2006 are
therefore, not accounted as household consum@igoplementary insurance for care not included én th
basic package, is regarded as household consumptios the introduction of the new healthcare syste
in the national accounts leads to a shift of thesamer spending by households to the consumptidheby
Government.
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Figure 39: Household spending’s to other vital seots

™ An explanatory research is on-going in cooperatiith Statistics Netherlands.
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Figure 39 shows the outgoing euro flows from theiséold to all vital sectors (including itself).&'h
household spending to itself is nearly zero, likplained in 4.2.1 (below Figure 32).

In Figure 39 we see that, because of the tran§i@itarge proportion of care for Government
consumption, consumption by Households to Healéhisain 2006 much lower than in previous years.

4.2.3 Trend comparison I/O table and WP for the vital sectors
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Figure 40: Sum of all diagonal elements of the I/@able (1993-2005)

Figure 40 shows the total diagonal elements (noeights) of the I/O table from 1993 to 2005.

Node weight of the sectors

The diagram of Figure 40 shows the total amoumhohey staying in all the sectors and Figure 41 show
the total working people in all sectors (1993-2008)e first observation we achieve by comparing¢he
two graphs is that both working people and moneth@esectors have an uptrend in the period of 1993-
2001. After this period, there is an offset in #maount of money, but it takes again the uptren2088,
whereby the working people take off. It can be aththat in the period of 2001-2003 people are firgd
the organisations to compensate the reductiontefrial value.
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Figure 41: Working People (1993-2005)
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Comparing the trend of WP and 1/O (diagonal elemerg)

Our I/O table derived matrix from of 105 by 105¢smibparagraph 3.2.2), whereby the diagonal eleament
are the node weight values of each sector. So tiagenal elements give us a vector of length 105 f
each year, we sum up the diagonal elements comdampto the period 1993-2005, which gives us a
vector with length of 13. Then we take the gradrthis vector and normalize it using Matlab. dane
procedure is done for WP dataset gradient of tlaglysum is normalized for the period 1993-2005.

0,6

0,5

0,4 ——1/0 (yearly sum of all
internal monetary

0,3 transactions) [Euro]

0,2 —— WP (yearly sum)
[People]

0,1

0

0,1

0,2

Figure 42: Gradient comparison of WP & 1/0 (diagond elements)

Figure 42 shows the plot of the normalized gradieWP (yearly sum) and I/O (yearly sum of all
internal monetary transactions). We see that imp#hveod 1993-2000 both curves show an uptrend which
means the number of working people and internal etaog transactions were growing in this period.
After the crash of internet bubble in period 20@@2 they both have downtrend, but yet the humber o
working people goes further downwards until 2008 #ren there comes an uptrend. The two curves show
a parallel spaced upward trend. The reason forgpé&e in the trend could be that companies fired
employees to cut costs and one year after the ¢2a8€I8) slowly started to hire new employees.
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Figure 43: Ratio vital sectors divided by total seor network euro flows

Figure 43 shows the ratio of vital sector outgo@ugo flows divided by total outgoing euro flows.igh
figure illustrates that in general the vital pafttlee sector network euro transactions is increpginve
look in the long term scope. Furthermore there teu@ significant peaks at the year 1993 and 2001.
Obviously the second one represents the crasheshigt bubble.
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4.3 Smart Living service bundle

4.3.1 Analysing the future needs for Smart Living

Development of communication infrastructure

The time when you had to pay for media in hardctipyn (e.g. a CD or DVD) is nearly behind us.
Through the Internet, content is available on dema@urrently, the Internet business has still gaps
regarding to the ownership of content. However,tthditional suppliers have no business modellyget,
which money can be earned. And customers shouldiged again to the idea of “paying for usage”.
Publishers will need to transform into Rental Compaf intellectual property.

The Netherlands have an excellent communicatiaasifucture. In comparison to other countries also
near future, The Netherlands still has a compl@mmmunication infrastructure. It is expected thas t
communication infrastructure will consist of a wativide fibre optic network to every home soon. The
positive developments in The Netherlands broadiequlained due to the presence of all the success
factors for a good broadband penetration. The #eltelecommunications infrastructure in The
Netherlands is very interesting for a large nundfa@nternational service providers to take profiirh the
densely populated Netherlands as an easily acéessid highly available launching market.

A government intervention in financial investmentinfrastructure is not needed according to a marke
survey published by Deloitte [15]. It is expectd#tht more fibres will be rolled out in DSL networ&sd
that cable providers will have the potential toilfeate their networks with Hybrid Fibre Coaxial B),
which already consists of 97% fibre. Furthermorebiie networks will continue to exploit their resoas
and increasingly spread to broadband (e.g. by LTE)s the supply of broadband is sufficient enotegh
meet the demand for the coming years.

Smart Living service bundle

It is important for a telecom operator like KPNataticipate on expected developments in the ergiceos
network. Therefore, a forecast of conceptual dguraknts is necessary. An understanding of the trends
related to these developments will help the seraing network providers to bundle these sectoraeélat
services. A service bundle can be defined as wvaritavels of functional-content based on
customer/individual user's needs. The Smart Liveggvice bundle needs to offer the possibility that
finally many sector specific services will be affable, but also new trans-sector services may &ige
integral energy management of the house, transsseitling, etc.). From a technical perspectivesatnes
down to the next rollover in the network. It is ion@ant that resources such as fibre optics, cansrds
sensors not seen as sector specific, but purdlynagons that serves all sectors. Not only tecliyc this
means a tilt of the current structure, but alsthenthinking and completing business cases.
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4.3.2 Methodology

At the beginning of the thesis research, it wasiragsl that a service bundle would be provided bgnarg
Living team consisting of co-workers of the KPN Négment consumer, segment business and TNO. The
Smart Living service bundle which was needed fas traduation project, in order to determine the
impact on the current telecom network, was notveedid in the agreed time period. Professor NicoeBak
invited us to spend some effort on this subject ®lmart Living service bundle describes the matiaréu
service concepts that KPN could provide to othetas. We tried to make an inventory of the most
obvious future communication related concepts wiwgl Energy, Household, Transport, Trade and
Healthcare. Then we discussed all of these conaeithisinnovation experts from KPN, to explore the
importance of these concepts in the year 2000, 20itdto forecast the expectation for the year 2020.
Appendix C.3 covers the outcome of the intervieWse distinguished innovation experts listed below
participated in the interviews:

e Ad Bresser

» Colin Pons

¢ Franklin Selgert

¢ Peter Maarten Westerhout

e Dr. Ramin Hekmat

* Sander Tolsma

4.3.3 Results from the expert interviews

About 60% of people in the world who have accedhéonternet are everyday online. Already, thdydai
use of TV, radio and newspapers, remains well lsehihe Dutch online consumer is a major consumer
of media. Nearly 70% of them are online daily. Té&enail traffic is slowing and social networks are
booming and mobile Internet is becoming increasimmbpular. People with mobile internet on their
phones do seem very addictive. Those who have mdiiirnet, spend an average of 3.1 hours peraday t
their social networks and 2.2 hours to e-mail viabite phone. This is evident from a study by global
research company TNS NIPO. The general trend oedeirom all interviews is that new concepts are
added but hardly any old ones disappear. Below duigidights of the expert interviews related to the
concepts of Table 14 (appendix) is described.

Message from Ato B

In the past, chatting was often based on a sepangiee, but in the future there will be a moreagén
chat service. So the user will be able to chatsscadl things they are performing over the interAet
SMS is mostly used to send a short text messaggetrémd is probably going to expand itself more as
generic short messaging concept. Moreover, the 8MBinternet chat will become more interoperable.
(Peter Maarten Westerhout)

There are various types of contexts messagindgzengil, SMS, Video, attachments and voicemail which
often referred as human-to-human communicationré'bee also other types of messaging where human
interaction is not included, which is also referrad machine-to-machine (M2M) communication.
Currently M2M communication is often about statafbimation exchange. There are few websites such
as Gowalla.com, Foursquare.com, Google.com/latitisiteg location status of mobile users to locaégrth
social community and also provide other usefulrimfation around then{Colin Pons)

Another form of communication is messaging wherevaize or video is involved but for example the
colour or light exposure. So when the resident getae the lights are changed to a certain colagr, e
light is soft when someone is watching TV. Thislso called “Ambient Messaging”, and probably this
trend will take off inside houses and around resglelt may be that phone is blue lightened when a
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specific person is calling. So the user will ggbrmation, not only by text and voice but also loyotr or
lightning. (Peter Maarten Westerhout)

Content distribution

In terms of content sharing, there are many pegety (P2P) content distribution networks which ever
started in the previous millennium. A P2P netwarlainetwork of different computers connected around
the world. Examples are Kazaa and Gnutella and maorne. These kinds of networks will still exist in
2020. Because P2P is one of the most effective wagsstribute content and it is particularly eféiot.

The P2P is about the contend distribution, it regpua high security of the content, to become dential

for industry usage. Currently, it is possible towttoad an encrypted content, whereby you need yo pa
for the key to decrypt. This form of distributios also proposed for electronic patient record iBigtion
(“Elektronisch patiéntendossier”). Whereby, theigrdts healthcare related data will be availabletfe
hospital, general practitioner and other qualifsedple. According to their function they will getcass to
some part of the data. For this purpose P2P distoib will be very efficient, but the content seitywill

be very important to protect the personal datahef patient, with several security mechanisms and
different user groups. Formerly, the World Wide Wheln be used for this purpose, and there is no teeed
use a separate intranet for this purpose. Thenetds a vast distribution network, which is aviiéa
almost everywhere. So when the rest of the shigldlase as possible to bring the content and other
features too into it, you can also easily dist#babntent and the proper shielding, the right fiancto
each user identified. Now this form of content rlxttion is not widely used. By bringing the setyri
shield closer to the content itself, the distribatiof the content will be more easily using effitié2P
distribution models(Ad Bresser)

Personal content

In the past there used to be a paper photo albutmyith the advent of digital cameras, currenthere

are mainly digital photo albums available. Commyaihd personal video collection are already in irse,
the future there will be a lot of privacy issuesward it. The same goes for content generationysryene

will have its own content delivery. Artificial Infegent (Al) will boost up the content generatidmage
recognition technics extensively used with Al, wilake searching much easier, and easily place the
content in a context. An application needs onlhg¢hthings: Communication, Storage and Procesding. |
there is processing capacity, then an applicatonbe executed. Furthermore, if there is storagaaty,

an application can store things and can bridgenie.t Finally, if there are communications resouyrces
applications can communicate with each other ohwlimans. If these three resources are available,
basically all the functions and requirements pented.(Sander Tolsma)

Security in Payment

In the future the mobile payment will largely grolyt also the social currency emerges. For example,
Google has officially announced that they have aeduhe Social Gold virtual currency platform. €rh
platform provides an ecosystem for transactionwyiitual currencies, facilitates purchases in virtua
worlds, video games and social networks. The tdolgyallows developers to integrate payment systems
into games and competes with similar payment sys®ioh as Facebook's credits. Social gaming is very
hot right now. It seems that barely a week goesvitlgout another acquisition of a social gamingntir
often for large amounts of mongfPeter Maarten Westerhout)

Presence

Right now, the coincidence of high-definition, immsige videoconferencing and high fuel prices have
many people excited about the potential for suldstg tele-presence for travel. Furthermore, Social
networks are getting more and more popular. Thefursgs his or her peers and exchange knowledge and
experiences with them. Customer testimonials alpoatiuct and services go with the speed of light

through the social network. Currently, there arenyngocial networking parties in the market, e.g.

59



A trend analysis of a changing network, its vietters and hierarchy

MySpace, LinkedIn, MySpace, Twitter, Flickr, Ebalyacebook, YouTube, Google Video, Gmail.
(Franklin Selgert)

Internet of things

One of the buzz-words that you often hear whenrtgllkbout future technological models is the “Intr

of things”, the sharing of useful information, nmly among humans but also subject and object. For
example, your refrigerator will be able to talkyimu, something you probably never believed in thst.p

The internet of things involves a lot of “Machine Machine” (M2M) communications. The telecom
market for M2M is potentially much larger than fm@mmunication between people, because the number
of devices is much larger than the number of peopléhough, there are already many devices
unobtrusively “online”, but the financial barriete make machines communicative is too high for most
companies. A few service providers and supplieesgmt the “M2M community” that brings M2M as an
accessible service in the market. However, M2Milkis its starting phasgDr. Ramin Hekmat)

Packagin

Many gev% services are a combination of few bagicices, and in the future these essential servigks
remain. It will not be like current services comduinwith a lot of other services combined with them.
Considering the mentioned expectation that servigdgjo back to their basic form, there will berpas
who package these services in a certain way. Iriefleeom world, we have a model called “Packager”,
and there are already many providers using it. ihge amount of combinations it is not clearly
comprehensible for users themselves, to package ol services. So they will need someone to
compose a package for them. However, there wilagdwbe some people who want to do certain things
themselves. However, the service providers willviite a basic package which has, let's say 80%lof al
and an additional package which also contains ¢neaiming 20%. This applies to all the concepts of
Table 14. (Sander Tolsma)

4.3.4 Impact on the telecom network

Entrepreneurs of today do not want to think abdwtnging servers, routers, switches and firewalls, b
want business data safe and cost effectively matfagje infrastructure, regardless of the size & th
organization. The ICT manager is better off witlmanaged IP VPN. The rise of distributed ICT and
virtualization of desktops and servers is unstofgpabhe physical location where business appliostio
are housed is no longer the same as where uselscated. Also, accessibility requirements, asentty
needed to be allowed in an ICT environment, are mwtigher. Information and applications have
‘anytime, anywhere and on any device "can be appsesh but it must be secure and confidential. &s th
industry continues to grow, the communication arfdrmation applications also continue to grow, both
in terms of traffic and requirements on the netwditkese should be faster, higher bandwidth, must ha
maximum uptime and preferably redundant. This dalisa new ICT landscape, which has to include
mobility, workplace independence, integration ofceoand data and standardized modern operating
systems. From the results of the interviews theaithpf the service bundle on the telecom networkla
derived. The following are the most important psimpacted by the needs of the service bundle:

e Identity management,

e Security,

» Content processing,

e Storage,

e Smart Pipe (dynamic bandwidth management),
* SLA,

e Application Enablement, Third party interfaces,
« Next gen communications services , e.g. high quahd to end video communications
« Fixed mobile convergence, complementary access
» Location based services
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The results of the analysis in this MSc thesis {s0io a number of issues for further action thay imelp
KPN to refine the foreseen potentials within thevee bundle and the identification of concrete
initiatives for the successful realisation of neusiness services. These new business initiaties t@
partnerships with energy companies, healthcaréltest and other trans-sector leads to strengtieN K
involvement in services around the house and thly dise. The following follow-up actions are
suggested:

1. A deep dive analysis of the extensive expert inésvwmaterial gathered as part of this MSc thesis
possibly enhanced with further expert interviewd dask top research.

2. To make a correlation between the results of tlitosenalysis in chapter 3 with the service
bundle items to prepare a roadmap for new busingggives for and with other sectors.

3. Further exploration of the discrepancy between ititeeasing role of telecom as vital sector
versus the decreasing revenues from traditionatoeh services that asks for a revitalisation of
the telecom sector form the business model peligpemtd its role in the society.

4. To pay special attention to the consumer demaraisdrthe house and the daily live as this MSc
thesis has shown clear evidences that the houséhaldry dominant vital sector that is most
connected with other sectors wherein telecom phaysicreasing role as enabler.

4.4 Role of ICT in society

ICT measures are important tools for innovatiorer&fore, ICT can be an effective instrument for ynan
society needs and issues. Think of the use of IClbdation independent working. If more people work
from home and keep in touch by mail and webcamjlitsave a lot of traffic jams. Intelligent sergis
and products can regulate and dynamically contm®lhtousehold’s energy consumption, such as turning
off devices when you leave your home or office.tdat solutions can replace physical products and
services, such as invoices by mail.

4.4.1 Healthcare

One way to improve the quality of life is by makitige home environment a more comfortable place to
live in by turning it into a Smart Home environmeHealthcare at home helps to reduce the operdtiona
pressure on hospitals, e.g. patients can be urmtgrot at home without having to stay few daystie t
hospital, or they don’t have to visit the doctor &very iliness. Furthermore, it helps aged pedoplbe
aware of their health and be under control of @ castitute. With this innovation not only economic
efficiency will be realised but also the healthcaik be efficiently used, and it will be one stepward a
healthier world.

Within healthcare, the main challenge for ICT reskas to develop systems that alleviate the presso

the caregivers without compromising the qualitgafe. The same amount of work should simply be done
with fewer people. An important aspect here ishtbesing. The trend is that more people will stather
own homes and less likely be placed in a nursingéioln order to ensure this, the home should be
smarter: namely, it should take over certain tadkbe healthcare providers. Of course not evesk tan

be taken over and implementation of a robot thathedp the user to take a shower will take time.

The solution is close to the home and yet by usineginternet. By supporting elderly with ICT in the
district or neighbourhood, it gives them more oppyaities and confidence to live longer independeint!

their home and participate in social life, withwathout support.
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Telecare is a term given to remote care for eldarig vulnerable people, providing the care and
reassurance needed to allow them to remain livirigeir own homes. The use of sensors may be part o
package which can provide support for people Witlesses such as dementia, or elderly people. aiedec
by nature is reactive, not preventive, as it wdt prevent, e.g. falls or floods but can allow othe® react

to their occurrence. Telecare is specifically défe from telemedicine and telehealth. Telecarersefo
the idea of enabling people to remain independenthéir own homes by providing person-centred
reactive technologies to support the individualhair care givers [52].

In its simplest form, it can refer to a fixed or bile telephone contact to monitor or to inform ofya
development. A technologically more advanced sofuis through the use of sensors, wherein a rahge o
potential risk situations including wandering (paustarly useful for people with cognitive impairnign
falls, as well as environmental issues such aglfipfire and gas leaks. When a sensor is activbesehds

a radio signal to a central home unit, which thatomatically calls a 24-hour monitoring centre weher
highly trained operators can take the most appatgction, whether it is contacting a local kejdag
doctor or the emergency services.

4.4.2 Energy

If we look at existing stove-pipes (e.g. meterirag)d knowing that a part of Smart Grid conceplasaly
related to this, what kind of innovation would kadid for this enhancement?
If we consider that the current metering will bepart of the future Smart Grid concept both the
architecture and components must be enhanced.
* Architectural: there might be new servers needestdce the data from all customers, this may
need an efficient hierarchical structure.
« Component: the metering data may contain largarme, (is a wireless connection still a good
choice?) the enhancement to fixed network usageering data must be available for other
parties, e.g. Electricity providers.

Smart Grids help power producing companies to manhgir entire electricity system as an integrated
framework. To sense and respond to changes in paeveand, supply and costs to improve the religbilit
of energy delivery and optimize operational co8tzomprehensive view of the grid status is becoming
increasingly important, particularly with the netdincorporate a broader mix of renewable and low
carbon energy generation sources. The increasimgpleaity of managing the system efficiently regaire
intelligent infrastructures, to optimize grid maeagent and significantly reduce outages. To do ils,
elements supply sources, the grid and customersbewsble to interact with each other.

Currently there are over 360 proprietary commuiacaprotocols used in the electrical system, making
impossible for different systems to operate witle @mother. To enable this communication all of ¢hos
elements must converge on an open platform anchtemit protocol communications network. Better
information will also help customers manage theiergy usage, to meet their personal needs. It will
reduce the amount of energy consumed by homes igndicantly reduce peak period demand. To
achieve this, customers need to adjust their eqeipnwashing machine, dishwasher, boiler, swimming
pool water-pomp to use low cost electricity duraffpeak periods. The consumer simply loads andssta
the dishwasher as usual, the only difference isttitemachine will provide the option to start whbe
electricity costs are low. An average household reahce its energy bill up to 10 to 15 %. The s#ne
true for businesses, which can also achieve sigmifienergy savings by using new energy management
systems.

Furthermore, Smart Grids can also use the elegtiicle to provide storage capacity and signifigant

contribute to the system’s balance. Vehicle basedan be used to store energy when it is inexgensi

and capacity is available, and discharge energk b@acthe grid during times of tight capacity. An
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intelligent network platform as Smart Grid can reglithe amount of electricity consumed by homes and
businesses and accelerate the adoption of disgtdbutenewable and clean energy sources, while
improving the reliability, security and useful ligd electrical infrastructure.

4.4.3 Telecom

Monetary transaction trends 1987, 2000 and 2007
From the Statistics Netherlands I/O data some grand drawn for the sector selection agreed on tiwéh
TRANS consortium to explain the Telecom turnovetest below.

1987 2000 2007 ® Government
m Real Estate
2% 2% Construction
u Water
49% Finance
15% 1% Education

5% Energy

m Healthcare

2% m Telecom and Post

Others

Figure 44: Total household spending (1987, 2000 a2®07)

Figure 44 shows the total household spending paetslfior the years 1987, 2000 and 2007. It showas t
the household spending on telecom and post hadtayfawth (3%) between 1987 and 2000, but from
2000 to 2007 the growth was just 1%. So this shinashousehold spending to telecom and post is very
slowly increasing, while the telecom usage has shewbstantial growth as explained in section 4.3.3.

1987 2000 2007 = Government

® Real Estate

Construction

/ u Water
7% % }
Finance

62% Education
] Energy

2% ® Healthcare

u Telecom and Post

Others

Figure 45: Total production and spending (1987, 2@and 2007)

Figure 45 shows a pie chart of total production spending on a selected sector set for the yeds, 19
2000 and 2007.

Telecom production and spending

We see here that the production and spending eoael and post is only 2% of the total Dutch economy
in 2000 and 2007. The production and spending tden and post is very small compared to other
sectors (only the Water sector is lower). Baringnind, that the telecom and post activity clusseore of

the top 4 connected nodes in the monetary tramsanttwork (see section 3.3.2) we observe a paradox
here. Moreover, during a conversation Professoo Bigken confirmed this finding:

“If we look at the telecom sector, we observe hbis $ector survives in the current highly competiti
economic environment. Large investments are reduiteorder to be able to operate in the long tetin.
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we look at the monetary volume of telecom it isualicb to 2%, of the total economy and it only cstnaf
basic telecom services. There is also a small porivhich belongs to IT service. This explains hiogv t
telecom sector survived so far, and if it keepsamusing on the classical service delivery (Voite,
Internet, TV and Connectivity) it will not survif@ long.” (Professor Nico Baken)

What is the true telecom challenge?

Below in italics a quote from Professor Nico Balkedplaining the impact of the Telecom sector in the
transition to the new paradigm:

The Telecom sector can have a huge impact in thesition towards the new paradigm and the
consequences for all sectors. However, this wiige if and only if the Telecom sector understahds
current paradigm, its deficiencies, how it evoheed will be able to muster the empathy for othetes
and their challenges, individually and collectively will discover that some major features of ant
paradigm are generally spoken:

centralism rather then decentred (local) organieati

2. aplace at the end of the business-chain for thel“aser” versus a central position of the
actively involved prosumer in the value web whéfieiency and resiliency are in balance

3. fragmentation of functions into measurable requieets in stead of integral value sensitive
designs

4.  hierarchical organisations rather than p2p flat amgjsations

5.  for efficiency’s sake poor relations between tlagfnents rather than high quality relations as
a basis for robustness and resilience

As for the evolution towards the current paradigrwe discern that division of labour purely driven
efficiency leads to:
1. asociety that is both efficiency obsessed andiefity obese

2. amechanism that can only survive through growth

3.  an disproportionate dominating role for the Finarsertor(partly enabled by the services of the
ICT sector)

4.  fragmentation of the Supply side such that it cammeet the integral requirements on the
Demand side

5. a financial, economical, social and ecologicalstsi

In fact, the sector Telecom has accelerated theldpment towards the current multiple crisis, whigh
actually a value crisis, by supporting and imprayitine existing processes of the current paradigm. T
turn to its new role, the telecom sector, insteddsupporting these processes with ICT, will have to
understand what are real innovative and creativei@gropositions in and over (trans) the other sest
and thereby fundamentally changing the processesveaay of working into new value generating and
sensitive value webs. It is then that we see theoaos of change and transition, a fundamental
reconfiguration of holarchies.

We elucidate the above by giving some examples.

Ysee e.g. Mind over Matter of Sander Tideman ohgin of Wealth of Eric Beinhocker
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1. Taxi

Yes, we can deliver quite some intelligent devices taxi. Think of mobile phone installation, sele
GPS devices, faxes, cameras, safety installatibnetera to indeed support and improve the effijeof
the work of the taxi driver. However, this is sdnmag else than reshaping the taxi business andngutt
the customer in a more central position. | envidibat the customer can transparently see the alhsla
cars, their position, the efficiency and customéridliness rating of their drivers. Then the cusey
selects a few of them that he feels comfortablie, WiN connections are established, he puts forvidsd
request, including destination, destination timelas an extra if it is possible to have a cup dfem
Propositions return in an instant and then he pitks taxi of his choice and gives his personalngti
after the value proposition comes to an end.

2. Proactive health management

It is obvious that this sector is moving towardsadier. Why? Because its adage, its credo is “disea
management”, fighting the symptoms of disease.tf@resition? The new adage is health management
with a responsible position for the mindful prosutieéObviously we see her a change for a transsectoral
approach involving the sectors ICT and educdfion

3. Energy

It is obvious that this sector is moving towardsadier too. Why? Because its adage, its credalligost
90% fossil fuel and it is not obeying the Trias Eetica (a law that can be easily translated towards all
sectors by first formulating it in a more generahyw'trans the sectors” and then making a descend in
every sector). From a historical view we can untherd that, but today this is no longer acceptablen
more so if we recognize that the sun donates uDQ@5TW and will do so for some 6 billion years to
come whereas we need some 12 TW! The transitibrcoviiprise a move from fossil to green energy,
central provisioning to local generation and praeising using smart Smart Grids of co-operative
organisations in your own neighbourhood.

As for the transition, it will emerge through thdged of basic examples bottom up in every seator a
later transsectoral, plus simultaneously and topvdahrough an awakeninyand mindfulness for the
required new paradigm. In this transition we wilscern holarchies with a balance between resilience
and efficiency through the optimal number of higlalgy relations, connections in between the holons
involved in the execution of value propositionsacth holarchy. In the end it all comes down toatity,
see Claude Levi Strauss, Pierre Hadot, and E. Kastor the last philosopher, | quote:

1. Wass kan Ich wissen?

2. Wass muf} Ich tun?

3.  Wass darf Ich hoffen?

4.  Wer is der Mensch?

13 SeeProf Dean Ornistand his bookrhe Spectrum

14 See absolutely http://www.ted.com/talks/ken_robimssays_schools_kill_creativity.html

151, If you do not have to use energy ... don't! 2vdfi do, then use green energy. 3. If you canregusen energy,
than be smart.

% See e.g. Peter Russel, Waking up in time
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4.5 Conclusions from this chapter

In this chapter, the main observations are derfv@th the SN monetary 1/O data sets in the periogi719
2007. First the trends in monetary transactionwéeh the selected set of activity clusters corneding

to worldwide recognised sectors are investigatée. fotal household spending increased most in gz R
Estate and Finance sector. However, the housepelitgng on Healthcare shows an unexpected decrease
after the year 2006, which is a result of changesdministrative regulation. If a household perfenpaid
services for other households it is consideredraergrise and will be accounted as part of a sdbetr
corresponds with this activity. Currently, the helsld sector is only a customer of other sectdrs. |
doesn't provide value to other sectors.

In monetary transactions of the vital sectors |éingest transactions are always the internal ticise of
that sector, except for the government sector (aftlyr the year 2005). Due to a change in circotatf
insurance expenses, the government has investageaamount of money in the finance sector after the
year 2005. However, the Healthcare sector showsiendard trend after the year 2005. Furthermore, the
crash of the internet bubble is most visible in itmernal monetary transactions of the Telecomaect
which is the result of large competition in thistee. This crisis in the Telecom sector doesn’t 3ff¢ct
other vital sectors in the short term. Furthermdine, internal transactions of the Energy sectowsha
very steep upward curve, which means this sedonginly investing in itself.

After looking at the historical monetary trendse technological trends related to some of the sitators
are investigated. For this purpose distinguishedwation experts are interviewed. These interviaves
used to derive the most important technologicaldsearound Telecom, Energy and Household.

Furthermore, example of ICT usage in Energy, Healin and Telecom sector are explained and the
importance of Telecom sector as a connection hdywdas vital sectors is highlighted. ICT can be an
effective instrument for a lot of society needs &silies. For the Healthcare sector, it supports thie
realisation of telecare and telehealth systems. ifintthe energy sector ICT helps to realise the $mar
Grids in the Energy sector. Vital sectors Telecom Water have a surprisingly low monetary footpiint
the entire sector network.
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5.
Data management for Smart
Grids

This chapter describes the problem relating to tkaergy production chain,

renewable sources, distributed generation and ewgesgorage. Furthermore, the
concept of Smart Grid is described, which offerssalution for integration of

sustainable energy sources in the present systerthoAgh Smart Grid is

perceived differently by different parties, thereeaseveral aspects which many
descriptions have in common. Furthermore, we look the importance of

decentralised generation and storage, and compareith other models. These are
solutions that make the house and district energytnal, and help them to be
independent of the central sources. An energy-nelusiociety would not rise so
fast, but a decentralized system is more robustchSa robust system will have
more impact for the Energy sector. Finally, we deke the role of ICT in the

realization of Smart Grid. It brings us to severdévelopments which we explain
specifically.

5.1 The current situation and complications of Energy
sector

The societal issue of the 21st Century

Fossil fuels are running out. The average globaiperature increases. Sea levels are rising. Extreme
weather such as droughts and heat waves are friedMercan no longer skip this issue; the climaseiés

is getting increasingly important to society. Therld, especially the western society is in a peiddd
great industrial growth and is highly dependentnargy. To generate this energy, mainly fossildaee
used, and it is still the main source of energyesknhfossil fuels are finite and when used causes
greenhouse gas emissions leading to global warmiitiy,major consequences for the climate, peoptk an
environment.

The world's fossil energy sources are not infinite

The next 25 years the global energy demand widllyikncrease by more than 50% [16]. Emerging
economies such as China, India, Russia and Braltitake more than three quarters of this growth in
their account. Despite all investments in sustdmanergy, fossil fuels (oil, gas and coal) will ehet
least 80% of the global energy demand in 2030.

The world is not running out of oil or gas yet, bl global oil reserve is decreasing every day 85
million barrels. These are 1000 barrels per secd@he. oil reserve is finite and the way we consume
energy is not sustainable. Several studies hawsrsha increasing number of countries with declinilg
production. According to International Energy Agern¢EA), reserves of oil and Natural Gas Liquid
(NLG) range from about 1.2 to 1.3 trillion barrelsd this is enough to supply the world with oil éwer

40 years at current rates of consumption [17]. dnent years, the total electricity demand in The
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Netherlands is raised with an average of 2% peumntn 2005 The Netherlands consumed 111 TWh of
electricity and by 2012 the total demand will b@rmximately 130 TWh.

Slow innovation in Energy sector

According to the study of University of Twente, tmovativeness of the energy sector is fairly low,
especially when it is compared with the other swctdhe main difference between energy and other
sectors is that the energy sector operates in glysopented market, while other sectors are muanren
consumer oriented. The life cycle of products i ¢émergy sector is a factor of 3 or 4 larger thnamsée in
other sectors. New techniques follow each othethéenergy sector. Therefore, it is slower tham, fo
example, in mobile phones and printers. Both thieciten sector and the Energy sector were first alleg
monopoly. Interestingly, the telecom sector hasetiged into a highly competitive sector and thathia
energy sector, much less is done. If we look atahmotive branch of the Trade sector, we see that
standard statements have led to innovations suchEas standards” for diesel engines. This is
something, which can also work well in the Energgtsr [18].

Fluctuating energy consumption pattern
The electricity demand is not constant: the demanadight is lower than during the day, and in winte
higher than in summer at the same time during #ye d
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maandag dinsdag woensdag  donderdag vrijdag zaterdag zondag

Figure 46: Example of one week pattern of Dutch etgricity consumption (estimated 2012)

An example of one week pattern of Dutch electricijpysumption is shown in Figure 46. The maximum
load is around 6:00 pm in the evening and in thekeads it is lower than the consumption during the
working days. As it can be seen in Figure 46, tdaellhas a quirky pattern, but still follows a pdiaally
course. Large (Industrial) customers have pre-#shadnl contracts with energy suppliers, therebig it
known how much they will consume and when they widd that. Small customers, particularly
households, have good predictability behaviour,tdute large number [26].

Overview of the electricity distribution chain

The current high-voltage electricity network traogp electricity from a central point to many users
Furthermore, the supply is always controlled by dieenand and the storage of energy is automatically
done in fossil fuels. The system of balance mabarter ensures that the production units adapt to the
current electricity demand. This system is notatlyecalculated on decentralised energy generagan,

by solar panels from homes.

The energy distribution has been working for 10@rgen much the same way, except for distributed
supply of solar and wind energy. The network hag @d only reactive) administration / management.
There is no real-time information, on which thewmk can act. The challenges of the inefficient pow
system are:
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e separated supply and demand causes differenceatitas;

e central management is difficult because of compyeaid lack of uniform end-to-end view;
e system reliability medicine seems problematic;

e depend on primary energy sources;

e expensive integration of distributed resources;

« high cost of failure;

e increased risk associated with security issues.

In Table 5, gives is an overview of the energy @eiet different spatial ranges.

Table 5: Energy sector overview

EU/NL Regional Neighbourhood Household Devices
centralised
plant: artl partly partly Sglr?éls
. nuclear, partly . decentralised: | decentralised P o
Generation decentralised ) : electric
coal, gas, o wind turbine, micro-CHP,
) : wind farm car, TV,
Description oil, hydro CHP solar panels, lapto
P power plant btop
Distribution | > 110 kV > 110 kV 10 - 110 kV 380 V <220V
PAC,
Storage OPAC, (P:QCE:’SOPAC’ - Battery cells E;‘Ttsery
CAES
Flexibility Low low/ medium| medium low/high high
Properties Predictability| High High medium low low
P Robustness | High High medium low low
Magnitude | 100 GW 10-100 GW 100-1000 kW 10 kW < 1kW

Sustainable energy sources

Sustainable energy is energy that mankind can ipadlgt use infinitely long, and by its use the
environment and opportunities for future generati@me not disadvantaged. Accordingly, all sources
which are not covered by the fossil energy sou(ceal, oil, gas, etc.) are the renewable sources. @

the essential benefits of sustainable energy isweabecome less dependent on energy suppliers and
transporters of international oil and gas. Mostontignt renewable sources are listed in appendix D.2

The main part of sustainable energy in the futuile imclude solar and wind energy. However, these
renewables are a solution to greenhouse effectthieytalso create a new problem in the Energy secto
These types of power generation will be subjecttatively strong fluctuations. The supply of eneng
the grid will depend largely on the availability sfin and wind. Peak load in the grid, also caused b
fluctuations in electricity use will inevitably ldao greater losses. This is caused simply by theiple

of increased loss due to increasing current. Becatishe increasing supply of sustainable enertgig, i
expected to be difficult to avoid peak loads in fineire, and change the supply and demand of alggtr

to align.

For this problem there does not exist a single t&wiu There will be a combination of different
opportunities for power storage, combined with gpamsion and intelligent use of the electricitywatk
should be pursued. Critical to the success of egenceivable size or scale technologies for elabtri
storage are the energy and power density, effigietharability, cost and availability of suitabld¢es.
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5.2 Smart Grids

Smart Grids are infrastructures for electricitys gand heat where ICT systems are added for perigrmi

measurements of energy flows and controlling thesamption and production of the energy. Currently,
the most prominent definition of Smart Grid is désed by International Electrotechnical Commission
(ICE):

“Smart Grid” is today used as marketing term, rahthan a technical definition. For this reasonriae
is no well defined and commonly accepted scopehat temart” is and what it is not. However smart
technologies improve the observability and/or tbhatmllability of the power system. Thereby SmaitlG
technologies help to convert the power grid fromtatic infrastructure to be operated as designeda t
flexible, “living” infrastructure operated proactely.” (ICE Roadmap) [65]

The grids collect information and send it to looas where it can be processed, so the communication
would be possible between devices and applicatipnshe energy service provider. Energy price is
influenced by the market forces, supply and demhndase there is a lot of energy the price is lowt,if

the demand is low the energy tariff is high. In goragions of The Netherlands, there are day artat nig
prices for electricity. However, the differencevweén these prices is very low. In the future, cimay@f

an electric vehicle at 6 pm will be more expenshan later in the night. Moreover, if you have aavi
generator, solar panels or micro CHP boiler, themgan produce energy and sell it to the net.
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Figure 47: Smart Grid domains [51]

Figure 47 shows the overall high level conceptuatieh of Smart Grids. This model is design to ba as
tool to identify the core areas of information eaxnpe between major aspects of the electrical
infrastructure. The blue lines are the secure comation interfaces, and the yellow dash linesthee
electrical interfaces, the physical connectiongwben the elements, and the clouds are the differen
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domains of the Smart Grid. In general the lower felement represents the electric power infragtrect
bulk generation, distribution and the consumer. Areupper three are the collections of applicatiamd
capabilities that interact with all of those fundartal domains the general area of: the market atiper
and the service providers. Each one of these dantaim be drawn down in additional level of detail.

The term “Smart Grid” is somewhat qualitative, girtbere are various proposed implementations that
have been varying levels of sophistication [25]wedwger, standard among all implementations is tle us
of advanced sensor and communications technolagienable better use of assets, provide improved
reliability and enable consumer access to a widege of services. There are some defining featheds
exist in most Smart Grids.

Two-way communication

A Smart Grid will provide an interface between aamer appliances and the traditional assets in a&pow
system (generation, transmission and distributidhjs two-way communication will allow the consumer
to better control their energy usage and provideenohoices to the customer. Furthermore, the twp-wa
communication will also allow better DSM (Distrileat Systems Management) such that in certain
situations the system operator can be given comifdhe loads in the system enabling more agile
responses to the system behaviour.

Semi-autonomous

A Smart Grid will be at least semi-autonomous. Tise of intelligent systems will enable the power
system to respond to stimulus, observed throughaseretworks, with limited input from a human. This
will enable much faster operations when handlingriuptions in the power system and may even be abl
to identify areas of concern and reconfigure thegrcsystem to mitigate potential contingencies.

Optimization

A Smart Grid will optimize the assets of the powgstem. The use of responsive operating protocitlls w
optimize power flows along existing transmissidmereby improving the reliability of the system and
deferring capital expenditure on transmission uggsa Due to the communication of peak load periods
and the likely subsequent consumer response teased price signals, the peak loads will be redaoed
the need for expensive flexible generation techgiewill be reduced.

Integration of distributed generation

A Smart Grid will support better integration of wlisuted generation into the conventional centealiz
power system. Improved communications and more rambt metering technologies will enable more
intelligent incorporation of decentralized poweoguction through the use of better sensors andatap-
metering. This will allow customers (whether resitil®, commercial or industrial) to re-evaluate the
proposition of connecting local generation equipm&he customer could be an energy supplier as well
as an energy consumer who is a producer-consumprasumer”.

Distributed control

A situation in which the decision-making and loadiamcing of each power source is performed locéally,
commonly referred as distributed control. In thisywpower system is more robust to the outage and mo
scalable. Accordingly, if the power sources andd$o#llow a common communication structure, the
addition of new power sources to the system willelagier than the traditional way of integrating new
sources into a centralized control strategy.

Distributed generation

Distributed Generation (DG) of electricity is paft a new and more sustainable electricity generatio
from many small energy sources. It is supposedable the electricity consumers to have some degree
energy independence and transform the bulk povstesyopen to small energy suppliers.
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The Dutch electricity market players consider distred generation as the sum of all assets notredve
by the TenneT observation. Generally, these arertite of <60 MW installed capacity.

Some important benefits of DG are as following. Ba provide a significant environmental benefit, if
the DG system uses sustainable energy. Furtherrheoause the electricity is generated very close to
where it is used, it reduces the amount of eneyglyih transmission of the electricity. A brief éxpation

of this type of energy is given in appendix D.2
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Figure 48: Smart Grid customer domain [51]

Figure 48 illustrates the consumer domain withilsNs Smart Grid Conceptual Model Domains needs
standardized information models supporting reaktand historical energy consumption data.

If we look at the customer domain we will see tihas further subdivided into three customer arefis
commercial, industrial and home domain. By Ideiidysome of the key elements that need a physical
and communications kind of activity to implement tiarious applications and functions that are
identified and addressed in the roadmaps of NI®meelements are shared across multiple arealseso t
electric vehicle is shows to be connected to elatetof these domains. And some show characteristic
more than one subdomain, in the case of muti-dmgehiuilding, for example, they share charactesstic

the residential side plus other characteristicshef commercial side. The applications such as smart
electricity meters, which regulate the energy comsion in a household and distributive energy
generation for the electricity network, are incregly used.

Although the potential of the “Smart Grid” is inasingly recognized by society, a cultural changstmu
take place before there is a success. To achietreeinght direction, it is important that companend
individuals are informed about how the “Smart Gritibuld be used to guarantee security. In additian,
investment needed to secure digital grid to prefrant.
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In a future scenario with a lot of wind or solareggy (systems that have a somewhat stochastic
behaviour), that is generated at a place other Wigare it is consumed, there is probably more ffura
information needed than in a scenario with micrd”d¥dilers and batteries at home.

Green energy has been spearheading Dutch eneligy pml some years. Political uncertainty concegnin
sustainable energy is compounded by an increage inverall energy demand. In its climate policheT
Netherlands set a global target of 5% sustainaisegy by 2010, and 10% by 2020 [19].

A Smart Grid can be flexible to deal with a varyiramnge and a fluctuating demand for electricityisTh
makes it suitable for electricity produced in mémgations and to compensate the fluctuations dédint
energy providers such as solar panels and winds.mfurthermore, soon smart applications will be
available, which can help users control the in-haiegices from distance or automatically based on
collected information (using daily agenda and epn¢agff information).

5.3 Decentralised generation and storage

In on-side energy generation, new energy savinignigogies, such as the CHP and electric vehicke, ar
getting more and more important. Hence these tdobies lead to a decline in total energy demand, bu
ensuring an increase in electricity demand. Thiseases the electricity consumption of a houselid.
example, a household with an electric car is exggett consume more than 3000 kWh per year to about
9,000 kWh per year - almost tripled. On the othend) the energy production makes a transition faom
centralised generation to sustainable energy fasrexplained in appendix D.2.

Solar thermal energy (solar collectors), Hydro aaldr PV will be probably the biggest global maskiet
2020, shortly followed by biofuels and wind. Hydsothe largest market in 2008, but grows relatively
limited until 2020 [19]. The sub-markets for sustdile energy are in various stages of development.
Some markets have grown to call and encounter felstacles in further development. The markets of
Hydro, insulation, onshore wind and co-firing obimass fall within this category. Other markets sdiié
relatively new and are characterized by many paged dynamics, positions are still occupied. This
particularly true for E-mobility, LED lighting, Birefining and Biofuels (see appendix D.2 for detiile
information about these renewable sources).

This change in electricity generation leads to itdependency of the end-users from an electricity
supplier. Furthermore, the electricity infrastruetgwhich in large part originates from the 60s #&0d of
the last century) is aging and needs a life cy@deagement. Therefore, the time is ripe for a chamgjee
energy sector.

5.3.1 Future Microgrids

The current electricity grid is based on centralegation in a limited number of electricity planéster
generation, the electricity is transported ovemlaiistances before it reaches the user. This dizetla
production stands in contrast to the productionet#ctricity near the user, which is described as
distributed generation. The latter occurs with abed distributed power generators (Distributed
Generators) using the local energy generators ascBombined Heat and Power (CHP), PV systems,
wind turbines, etc. [21].

This way of generation is becoming increasingly petitive with centralized power production.
There are two reasons for this increased competitidrst, the small-scale production technology is
constantly improving. The potential for combinedoguction of electricity and heat are far more
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affordable now. Secondly, the price of Distribu@eneration (DG) technology decreases and the pfice
transmission technology increases.

Microgrids offer a solution for small distributedyger generators to integrate on a large scaletiedow
voltage networks. Micro-Grids are power distribatinetworks in which consumers and generators of
energy are in close proximity of each offieA micro-grid is a subnet situated on the secondite of

the MV/LV-transformer of such a district or a mdlegarding the operation of these micro-grids,eher
are two business forms: the grid-connected formthadslanding form.

In the grid-connected form, the microgrid is cortedcto the electricity distribution system and dypp
electricity to the grid. In island form, the micragjis completely independent and is responsibteitfo
own electricity production. However, the indepenmenf islanded operation is not allowed according t
Electricity Industry Law (islanding preventidh) A microgrid can include CHP (Combined Heat and
Power), photovoltaic systems, fuel cells, but @&sergy storage systems such as flywheels, supsy cap
batteries, etc. It also includes variable loadsabsee islanding power output need to be in balarittethe
demanded power. In comparison to the public digtdm system, a micro-grid behaves like a
decentralized controlled entity. With the combioatiof generators and loads the micro-grid can
seamlessly move from a grid connected to islandatipe mode and vice versa. Therefore, it canvelie
the network in times of heavy load and to help vecy after an error [22].

In the future the share of alternative energy seaiin electricity production will strongly grow. iBhwill
evolve from large central power production units it@reasingly smaller production units. Since
alternative sustainable energy is not always abiglthere will be more fluctuating energy supply.

The balance between demand and supply will noegalated primarily by the supply side, production,
but by the demand side, consumption. Currently,dlleetricity suppliers indirectly encourage thedoa
distribution in the residential and tertiary sectery. through a day-night rate and a weekend Tatis.
does not allow matching of the electricity demanithvthe fluctuating energy from sustainable energy
sources. In order to best respond to the fluctga¢inergy an active and intelligent attitude of &lec
energy consumers is needed, this is called acéweadd.

PowerMatcher (decentralised control)

Researchers from the energy research foundation ECIe Netherlands have found a new coordination
system with the PowerMatcher, which can tune toatemand supply of electricity more efficiently to
reach equilibrium. The PowerMatcher is an ICT dohuthat connects devices to the systems of energy
market and network management, making use of filéyitof the end-user. This could be an important
building block for the Smart Grid of the future nsidering the decentralised manner of this system.

7 See on-going research on Smart Microgrids Modglleng. paper: Vaccaro, Popov, Villacci, Terzig)]
184an islanded micro-grid refers to the creation afystem that is never interconnected with the grishand as a
result could be granted greater flexibility by stegégulators and might not be subject to regulati@s]
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Figure 49: PowerMatcher - Basic Structure and AgenRoles [23]

In this concept, each electricity producer and oorer are represented by an agent acting on a Virtua
electricity market (implemented by the Matcher)thrs way, the price is dynamically created depegdi
on supply and demand. The concept can be appliatiffatent levels as the house (the fridge does
business with the solar panels), at the distrigli¢houses do business with a sub-station) or éigmer
level. ECN is already running a cluster of housebsloogkerk (Groningen), within the framework of the
related project INTEGRAL. Micro Energy Generationes sustainable energy sources as mentioned
above, e.g. solar, wind, micro-CHP, etc. This dbtumsults in bi-directional power flows in theigyr
Considering that currently the major power supplee the large centralised plants, the rising-tiga of
more sustainable energy will show insufficiencytied current grid design. The problems that comaglo
are mainly the network protection, lack of commatiien with distributed generators, and independency
of local generation. Therefore, there is a needrmro energy generation services that can comatnal
coordinate micro energy negation units in the iigtion gird.

5.3.2 Decentralised energy storage

Energy storage techniques are used to balancaufipdysand demand of electricity in a power gridr Fo
large-scale load balancing of an interconnectedrédenetwork, the energy producers send the aufditi
off-peak cheap electricity through the transmissgstem for energy storage sites for temporaryagtor
of energy. The energy storage locations becomeygrmepducers, when electricity demand is high. This
reduces the cost of peak electricity demand, byigiog the energy for use during peak demand withou
additional investment in excess capacity that rnd#ite day would not be used.

Micro combined heat and power (micro-CHP)
In the coming years there will be a rapidly growththe number of small-scale intermittent renewable
resources connected to the electricity networkaddition, we will also have a growing number of #ma
fossil-fired generators (micro-CHP units) for hdusiels and businesses. Integrating these smallecessu
affect the business of the network. Through the afsemall-scale storage systems, these generaters a
used optimally and may also be increased uptimeetsforks, by reducing the peak load (both suppty an
demand). Moreover, through a “black box” with snstlbrage at the customer, rather than through the
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regulatory mechanisms in large scale productios, ridiability of the network can be realized in a
different way.

Storing electricity in batteries

Different institutes are focusing on the storagelettricity in lithium-ion and redox flow battesiewhich
until now is only used for storage on a small schlthium-ion batteries have a relatively high emer
density, and therefore, it is of great interesthte automotive industry for use in electric and rid/b
vehicles. The recent developments in electron litplshow also an opportunity for electricity stge if

in the future a large number of cars are equippiid aviarge lithium-ion battery, the vehicles whiate
parked and are connected to the grid can also dx as conventional storage. One study showedfthat i
10% of all cars in Germany drive with lithium-iomtbery. The current storage capacity will be dodble
Particularly, the cost of lithium-ion batteries s&ll an obstacle to the widespread adoption o§ thi
technology. A cheaper option is deploying redoxwflbatteries. The charge carriers consist of liquid
electrolytes. The use of such batteries in vehiidestill impractical, because for driving a veki¢b an
acceptable distance, hundreds of charge carrietddwze required. For electricity storage designad t
stabilize the electricity supply system, the voluisi@ot the problem, but it does indicate that tirize
the energy density of these redox-flow batteriesemesearch is needed. The main benefits of tlaagd
are fair energy prices and the lowest network atgrlyloreover, the supply of vital networks will raim

in public hands. This helps to achieve the godhinfcompetition and reliable networks.

Vehicle-to-grid (V2G)

The Vehicle-to-Grid (V2G) is a new technology, ottuced by the team of Willet Kempton at University
of Delaware, for electric and plug-in hybrid vekiglto enable delivering of electricity into thedgdr
controlling their charging rate [24]. When the @ain the V2G setting, the battery’s charge goesup
down depending on the needs of the grid operatuwe.idiea is to take advantage of the electricabgeor
capacity in the vehicle's battery during the timasen demand is highest and most costly to avoid
blackouts. Figure 50 illustrates how the combimatd solar electricity production, storage in efmetl
vehicle and hydrogen cell in future Smart Homedsi@ved. During the daytime, the solar energy edus
to produce electricity and whatever is not useskist to the electrolyser to be converted into hgeing or
directly passed to an electric vehicle.

Figure 50: Smart Home electricity production and sbrage example

Studies show that in the developed countries miliof cars are parked an average of 90 % of the, tim
even for the “rush hour”, so it is possible to tiseir batteries to feed back to the electricitywak or
provide power to home or businesses on occasiongjlfelectricity demands. Car batteries, whenécka
in an aggregated fashion, represent a considetabdt of distributed storage capability. In parta
V2G concept has an important basis for further igraent due to efficient usage of their power otitpu
in highly fluctuating wind power generation [26piFa country as The Netherlands with a large nuraber
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wind farms, V2G is an interesting technology to makry large scale wind integration more stable and
more economical.

The research group of the Fraunhofer Institute Sofar Energy Systems ISE in Germany already
developed an intelligent charging station, whiclm e@apt recharging times to suit energy supply and
network capacity. One of the unique advantageslexftric vehicles is their capability to integrabe
transportation and electric power generation ssdtoorder to improve the efficiency, fuel econoragd
reliability of both systemdn shorter-term first CO2 emissions of conventioceas will be even further
reduced. For long term, we must switch to sustdnploduced energy carriers. Then we come out with
vehicles powered by electricity, bio-fuels or hyglea. However, sustainable public transport is also
major option. Possibly, some of the options willdiéed in the 2050 race to sustainability. Therefat is
important to bet on different horses.

Large-scale storage methods

An energy storage system, which is used for de¢agslesimping of water in large reservoirs and wtien
energy is needed, the turbines can be driven biatdef of the reservoirs (see appendix D.2). In
Switzerland and Norway, where many such reseriist, this method works well in combination with
nuclear power plants that produce electricity comiusly day and night. However, in Netherland and
northern Germany, the places where a lot of windvailable, the construction of large dams is not
feasible or it is expensive to build.

5.4 Computational and Telecom capabilities for Smart
Grids

5.4.1 Monitoring and management of the electricity network

A reliable energy supply is essential to society.our modern world electricity plays a great role.
Moreover, it is an indispensable role. So the powgnge is very expensive for electricity networkd a
the country itself. A potential outage can be préed if we have insight over the entire networlg &n
can easily be managed. Nowadays, electricity nétywooviders are installing sensors in their network
nodes to sense and monitor the possible failurdscantrol them in real time. Each segment of thd gr
has an operation centre that conducts and cooedinatrious functions, including system monitoring,
control, crew administration and dispatch. It haerbregarded conventionally as “the brain” of thever
system, from which operations have been directed. dutomation of grid operation and management are
usually done with Supervisory Control And Data Aisifion (SCADA) systems [27]. SCADA is the
traditional ICT system for power grid, which furaris as a control plane for the communication nekwor
The SCADA system uses closed technologies, whittgbiinteroperability issues. Another problem with
SCADA systems is its limitation to transmissionweitk.

5.4.2 Storage management of electricity

Ever-growing integration of renewable electricitgngration has also increased the need for more
flexibility of the electricity supply system. Thitexibility is provided by adjustable gas power i
adjustable coal gasification plant, controllabladpCHP (heat-power coupling) with heat storagtyréu
VPP (Virtual Power Plants), Smart Grids with a roixvariable local load storage and generationrinte
connectors, mass storage, external water storages tassociated with High Voltage Direct Current
(HVDC) cables, heat pump, batteries of electriccatc. All of these need intelligent communicatitm
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be controlled and monitored. Therefore, an ultinsa@etal balancing method is necessary to haveaton
over this complex system.

5.4.3 Cloud computing

Comparable with Smart Grids the cloud computingnbsgbmitted to a lot of definitions by different
organisations. The hype is so strong that ther@2mdifferent definitions of just what cloud comimgt is
as everyone tries to glom onto the buzz of cloudmating.

“Clouds are a large pool of easily usable and acille virtualized resources (such as hardware,
development platforms and/or services). These reseswan be dynamically reconfigured to adjust to a
variable load (scale), allowing also for an optimuesource utilization. This pool of resources gi¢glly
exploited by a pay-per-use model in which guarante offered by the Infrastructure Provider by mea
of customized SLAgVaquero et al) [28]

In other words, the clouds are hardware-basedcsthat can provide computing, network and storage
capacity. Cloud computing is divided into differembdels (IAAS, SaaS and PaaS):
e Software as a Service (SaaS)the ability to use software that is licensedthg supplier and
running on a cloud infrastructure.
* Platform as a Service (Paa%) the possibility of software, which is createg & user with
programming languages and tools from the supgbemyn on a cloud infrastructure.
* Infrastructure as a Service (IAAS$ the opportunity to make use of processing, astr
networking and other basic computing resourcesuioning arbitrary software.

Furthermore, cloud computing is divided into diéfet types (private, public, hybrid, community):
¢ Public Cloud: available for general public.
* Private Cloud: available for organizations.
* Community cloud: It supports a specific communibnsisting of several organizations that have
shared interests (mission, security, policy)
e Hybrid cloud: composition of two or more cloud tgp@ublic, private or community), which are
connected by standard technology.

5.4.4 Smart Metering

A smart meter is an electronic meter that allowdityitcompanies to build additional features or
subsequent modules for collecting the recorded meéelings, on distance. A smart meter will repldee
analog energy meter (e.g. polyphase meters). litiaadthe existing gas meter will be accommodated
with a digital reader, so that the gas is digitatlgasured and the meter data can be forwardee tnthrt
meter.

The smart meter can relay meter values every 1aitesnto the grid operator. In addition, it contains
different ports which can remotely control devige distance. Hence, through an electrical signahit
shut down an electricity line, for example wherré¢his default or (imminent) overload of the network

A smart meter provides suppliers in addition to sirple energy supply also the possibility to offer
energy services to their customers (e.g. energyngaadvice), and secondly it enables the network
operators to optimize the operational managemetiiedf network.

5.4.5 Required telecom capabilities for Smart Grids

It is expected that there will be no ground-bregkirew telecom functions required for the informatio
exchange of the Smart Grids, and it is sufficientadmbine features from the current portfolio.

Virtual power plant is a new accounting conceptileen households and traditional energy suppliers)
that can be delivered from the telecom sector. Athesehold will receive a fair calculation and sstiént
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system for decentralized energy generation. In Wéy, households will be stimulated to produce
sustainable energy and at the same time use negoirlservices.

Currently, in a pilot setting, the Energy sectortasting Smart meters using data transfer capabilit
provided by the Telecom sector. The telecom se@inreves and stores this data in a database,eso th
electricity network operator can decide who canageess to this information.

Moreover, now only 30,000 customers connectedsimart meter. The Ministry of Economic Affairs has
initially ordered to standardize the minimum sebasic functions, like: on distance readable megeior
electricity, gas, thermal energy (heat and cold)water for small consumers.

Telecom companies can provide the energy consumpisage information for the households to help
them save energy. This might be done by intelliggoglications showing graphs of daily usage pastern
and show them through a special TV channel or golicgtion on their smartphone. Thereby the
households might be advised to use electricity whisncheap.
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5.5 Conclusions from this chapter

Based on worldwide consensus the Energy sector @irfis0% less CO2” in 2050 and “20% less CO2”,
concerning the implementation of a sustainable ggngeneration, consumption and pollution control
approach.

There is no orchestration in place for governingtigdised and decentralised generation and storage.
The expected spectacular energy consumption incmamly caused by BRIC countries will force a new
sustainable energy ecosystem. The timing is &iltély debated.

Some complications around Energy sector innovdbwarards energy generating households are:

» Companies and households can be feed-compensatdtefenergy supply back into the macro
network.

e The pattern of restitution in a centralised-decdised supply system is more irregular compared
to a classical centralised supply system. These@lgg@mand fluctuations in a centralised-
decentralised situation complicate the operatiangtfe macro electricity suppliers, and as well
reduce the commercial attractively.

e The European standardization of Smart Grids ikistits infancy.

« From one-way to two-way communication requires aomsrs who benefit from it or like it.

« A Smart Grid using smart meters can reinforce thgvark load and the increase of production
capacity by growing demand.

* Results are achieved quickly in response to th&kebtatemands other than in a central control
lining.

The energy issues are not resolvable within thédiof the current energy system. There is a need f
1. research and development effort,
2. the behaviour of energy users has to change,
3. infrastructure should be adapted to the ttimmsio a sustainable energy system.

The importance of this energy transition is reaibg households and businesses more than evengRisi
energy prices provide an additional incentive torimee economical with energy and invest in sustdana
energy. This momentum must be used right now te &tlkps towards an energy management where
future generations can also live witlihe expected near future energy generation situatioThe
Netherlands is likely to be a mixture of (classicaentralised and novel decentralised (home /
neighbourhood based) energy generation. Concethimgstorage of energy a comparable shift can be
expected.

Storage

In the future, the electricity system will need mdliexibility because wind and sun have varied teiety

supply. Therefore, it is difficult to optimize amwntrol the total power supply. One way to incretee
flexibility is the addition of more buffering capgcin the system. Large-scale storage system$iefmto
maintain the balance in the system, which can aowmtate peaks in production surpluses or deficits.

Smart Grids

A Smart Grid is a step towards a solution to trgumements that will be expected from the eledtyici
infrastructure, in the coming decades. Its intraidmcwill not automatically expire. New technologie
must be developed and implemented in existing nddsvavithout any provisions. Smart Grids will be
included in the plans for replacement investmetie Thanges will also ask the legal frameworks and
have an impact on investment models and commédrai@eworks for the electricity system.
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6.
Developments of devices for
Smart Home

This chapter discusses the main in-home related ettjgments. The different
categories of in-home devices correspond with sfiecdectors that are connected to
the household. Some of these sectors are physicahnected to the home by means
of their infrastructures e.g. the Energy, Telecowiater and Transport. Furthermore,
we explain in detail the home and networking teclogoes, for the interconnection of
the devices. To transform the typical contemporapuses into future Smart Homes,
the problems such as interoperability and complexdtf the interior configurations
have to be resolved.

6.1 The home as a holon in the sector network

The Household sector, like all other sectors h&U®RA and an INFRA layer. SUPRA refers to the
services and soft values that households use, rentNFRA refers to the infrastructure part insitle t
house. The infrastructure inside the house is thwargence point of infrastructures from other @ect

INTELLIGIT

Figure 51: The home in the sector network

Figure 51 illustrates which infrastructures are gptglly connected to the household. Also othermsct
that don’t have own infrastructures are conneateabusehold. Those sectors use the infrastructroes
other vital sectors to reach the household. In ¢hipter the focus is dedicated to the INFRA phthe
household. Following the discussion of social aechnhological developments of chapter 4, we can
distinguish the following trends related to the lgom
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* In the coming decades we are dealing with a steeng population, which calls for inventive
solutions to the rising demand for care.

« With the growing individualization there is incrégag demand for personal services.

* |n the current economic situation with low consumenfidence, there is a reluctance to invest in
comfort and luxury.

« New multimedia and entertainment products takeptaee of old products, and the old ones
slowly disappear.

e Continuous health monitoring is becoming incredgingportant.

e The need for secure connections so that informaisomvailable anywhere and anytime is
increasing.

* More and more people use the Internet as a sofic@anunication and as a working place.

e The number of broadband connections in the housecigasing sharply, as many devices are
getting connected to internet.

* Mobile communication is becoming more prominent @otisequently its importance rose up
drastically.

6.2 Smart Home concept

The concept of Smart Home builds on the home automaoncept, and it is been widely researched by
lots of universities, institutes and companies. Skart Home can be described and defined in many
different ways. A Smart Home today generally raigksas about refrigerators that can tell you which
products are expired and what meals you can pregpitinethe ingredients currently kept in your fridge
(Park et al., 2003) [29]. Other so called futurenles are completely integrated with media servioahat
music, movies, and pictures are available in evepm of the house (Fasbender et al., 2008) [30]. A
prime example of this is Bill Gates’ house whersiters wear a chip that identifies the person dagigp
their favourite music as they enter a room in théding (Venkatesh, 2008) [31]. Energy suppliers se
something different in the Smart Home. They seepteta energy efficiency being built into the new
homes such as warm air that is leaving the homegrlgetne cooler air that is replenished (The ecosbm
print edition, 2008) [32]. Furthermore, special ddws to isolate from the elements and water saving
solution are all part of the energy efficient hoo$¢he future according to the energy supplietheDsay

the Smart Home will be something for everybody ¢ day, not only the wealthy. With the prices of
computers dropping and computers becoming readibjilable the future of ubiquitous computing
becomes a reality (Bull et al., 2004) [33]. Embatiddips into everyday objects allow for machine to
machine communication and ambient intelligence deireated by a whole host of sensors that are being
implemented in the modern home (Helbig and Tan,32(B84]. Thus we see that the services and
technologies that will be incorporated into the leonfi the future are ever changing and dependettieon
perspective of the organizations supplying the pet&l and services. The description of Smart Home
varies within each context like we saw above. Thastnlikely definition of Smart Home is given by
Richard Harper:

“A “Smart Home” can be defined as a residence egeip with computing and information technology
which anticipates and responds to the needs ofdtmupants, working to promote their comfort,
convenience, security and entertainment throughmbeagement of technology within the home and the
connections to the world beyondAldrich, 2003) [35]

Everyone has more or less attentiveness for apiplicain the fields of Smart Home. Gann, Barlow &
Venables (1999) identify four types of households tvould have most benefits from a Smart Home.[36]
These are:
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» Households where both partners work

» Highly mobile and single person households

* Families of middle-aged

» People with reduced physical capabilities sucthastderly and disabled.

Figure 52: Smart Home view

Our houses are filled with household appliances@xan see an example in Figure 52. Everyone has a
refrigerator, a washing machine, dryers and dishesss These devices are clearly taking their place
inside our houses. We become dependent of theseedesn many fronts. They save us time and effort
and to simplify our life, for example we can prepavery food in the kitchen and our living comfisrt
considerably increased.
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6.3 In-home device groups

Often people choose for a device which has diffefenctionalities. Different applications which are
mutually reinforcing the functionality of the whdtave greater effect than the sum of the functignaf
individual applications. That is particularly the@se when services are linked to applications. The
possibility of insight into the energy for residentould lead to energy savings and the savingsean
increased by the energy suppliers to access tfismation for remote management. Sometimes the
pairing of a service is necessary for an applicatofunction seamlessly. In-home device groupshmn
categorized in five domains:

Energy Management

Security and Access Control
Healthcare and Assistive Computing
Home Entertainment

Home Automation

arwpdpE

-
-G
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5. Home Automation
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Figure 53: Grouping of in-house devices

Figure 53 shows the five categories mentioned abblies distinction is not a strict separation, mokt
the time the different applications run together.
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6.3.1 Energy Management

Integration of networks and equipment not only jtes additional functionality, but also enables bom
energy management. Despite the fact that elegtricihsumption has risen significantly in recentrgea
the opportunities for energy management are mdodysed in the field of electricity consumptiom |
addition, 60% of the cost of the energy bill carebecated to the heating of the house and hotriata
general terms, energy management occur at the grrdelvel, managing the installation behaviour of
residents and maintenance of the installation.&iergy management systems can help by:

« Maintenance and repair of HVAC, lighting, water gruver systems
e Temperature control and automation

« Installing energy efficient equipment

* Managing meters, alarms and emissions

* Usage tracking and analysing data

* Reporting, analysis and planning ahead the enermadd

< Analysis of energy pricing and billing

* Advising on the purchase of energy and energy sesvi

6.3.2 Security and Access Control

The security related in-home devices are oftenrmefieto as surveillance devices. The scope of
surveillance and access control can be broadlydedinto personal safety and security. In additmn
actual security achieving the sense of security ptaimportant role. The usefulness of personaltgas
indicated by the following figures from Consumerfe®a institution (‘Consument en Veiligheill”
Statistics show that the safety and accessibilitydusing is required in a large scale. Every #&&:.000,
65-seniors end up in First Aid, private inclusioimshospital or at the house doctor.

In recent years these disturbing alarming figuragehput organisation in motion to take the necgssar
steps. An increasing number of houses will be baiiid reconstructed to make them more suitablehtor t
elderly. Additional to construction work ICT canrtdbute for this purpose. Moreover, personal saifet
not only intended for elderly but it is useful feveryone. Access control systems are utilised inyma
different companies and organisations for a rarfggeourity management issues. In the most sengifive
high security applications, advanced biometric geition systems can positively identify the autbed
user, eliminating the risk of intrusion via stoketcess mechanisrfis.

The home-surveillance system is responsible fogaranalysis and alarm decision. When an intruder or
other exception is detected, the home-surveillasystem will send an alarm message to the remote
mobile device and wait for further instruction te bent by the mobile device to determine what to do
next, for example, to establish a video streamaggion between mobile and home devices so that real
time video of the intrusion can be shown on the itrotbevice. Electronic Access Control (EAC) and
CCTV surveillance systems have historically co-#ds throughout secure installations as two
functionally separate and non-communicative systems

9 Source: Eindhoven Dagblad, 2003
20 5ource: http://www.adacs.com.au/Subld.aspx?id=Bk&®Access+control+systems+and+CCTV+systems
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6.3.3 Healthcare and Assistive Computing

Current projects in which home networks are usabiwthe house, the main focus was on healthcae (s
appendix A). Within the residential healthcare, diginction is between active alarms, preventatiare
and social contact. With active alarms, a residgantcall for help in case of emergency. Prevertare,
however, is more focused on identifying symptone tmay indicate an impending emergency. Social
contact affects the welfare of residents and hémedealth care situation. Outside the home enwisori
applications such as availability of patient infation, consultation via email and conference betwee
specialists play an essential role for fulfilmehhealthcare processes related to residents.

With active alarm, we refer to the ability of remms to operate the alarm in case of an emergency.
Products that are used are: call units with spiestid connection, neck stations, pull cords and pee
printers. After an emergency contact is made with injured residents to help and/or call their

acquaintances. This contact can be establishedighran emergency centre. The emergency call is
handled by using a predetermined protocol. Inghigation, the resident himself has to take action.

However, there are more initiatives in the fieldpogéventive care. You can think of telemonitoringyich
focuses on monitoring and surveillance. The vanignich is used in healthcare projects currentlthis
inactivity measurement. By using motion sensors /and detection of water usage in home it can be
determined whether an occupant gave a sign ofilifing a certain time interval. If this is the cades
emergency centre preventively contacts the resigenerify that everything is all right. The monitay

of residents can go much further. In the fieldedétmedicine following information may be collectiedm

the residents: blood pressure, blood sugar legeiperature, weight, sleep disorders, epilepsy aadit h
rhythm.

The data can be used to check the health condifioasidents with the remote monitor on distand@s T

is especially desirable for individuals with higbatth risk or those persons who are convalescihgae.

In addition to monitoring people’s social contastiinportant to the welfare of residents. Partidylar
offering a visual connection with which residends contact caregivers, family members and inmadas c
be a solution. This type of service is also strgrigdoming. Through a broadband connection congact i
established with care providers and families, dreldaregivers can see the medical history thromgh a
intranet.

Unlike home entertainment and automation devides, hiealthcare and energy management devices are
not in large-scale production. When looking at ently available healthcare devices we see thaé ther

only few companies specialized in fabrication ash devices. Some of these care product vendoes hav
defined their own certification standard, e.g. Qum (see appendix A).

Most of the healthcare devices use Bluetooth, USHEEBE wireless technology, and are connected over
IP protocol enabling data communication with arteddicine access point. It also applies to moshef t
micro/nano- sensors, these devices use low powesuoaption technologies like Bluetooth, Zigbee or
WiFi for short distance connectivity. ZigBee igealdy widely used in applications such as burglary
protection, consumer electronics, telecommunicatenmd intelligent energy systems.
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6.3.4 Entertainment

Over the last few years the multimedia and entamaint market is strongly growing. This growth is
evident when looking at the wide range of digitaineras, computer games, home entertainment theatre
systems, MP3 players, PDA’s that are currentlylatsée in the market. In addition to individual prod
development there is also more and more servicedajeed in this area.

The developments in the area of television-watclairggvery fast going. Think of the ever thinningoé
screens and all the news about HD and 3D. Oneeofi¢hiv innovations in this area is a television riemo
control, Samsung 9000, which is a remote with teanden that can view live images. The remote cbntro
allows for standard functions using infrared and=\W¥or streaming images.

HDTV promises most significant improvement in qtyaBince the introduction of colour TV. HDTV is
offering up to five times sharper than regular Manufacturers want to offer the best picture qualiso

on a disc. There are two successors to DVD: BlubBsg and HD DVD. Most home cinema systems are
incorporated with a set of five speakers and a solfev, which are connected to home theatre. The
receiver, which places it between TV and a sou}), Blu-ray player, etc.) can enhance to surround
sound and send it to the speakers. Furthermoren®@@es will spread out through the internet their
resolution will be at least HD/eye. Currently, reahvincing 3D-displays are still lacking but irethear
future it will improve.

The Apple iPod, iPhone and iPad have rapidly corefuehe world. Large music collections on CD
suddenly became very accessible, and that irraspeat the place. Now it is also entered the home
environment, and taking the place of cd playersrddeer, the iPad is replacing the bookshelves ateho
and functioning like an interface to the interneithwmore comfort. Apple has also introduced a
completely revamped Apple TV. Its receiver unibeav a quarter of its original size and thus edsityin
palm of a hand. It has outputs for HDMI, digitadéy Ethernet and Wi-Fi, and up to 720p HD-confent
supported. The new Apple TV Apple already maderaphasis on streaming content, because it doesn't
have an internal hard disk. Furthermore, it camasir content from YouTube, Flickr, Netflix and
MobileMe, a movie-TV-series service in the Unitetht8s. This development shows that there will be
more and more data traffic through the internethwéstricted requirements.
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6.3.5 Home Automation

Home automation, also referred to as domotica semts electronic communications between all
electrical appliances in the home and living envinent for residents and service providers. In aatech
home activities like caring, communication, reci@atand domestic activities become much easier by
using numerous electrical devices and networks.

According to Verein Deutscher Ingenieur (VDI) thente automation is defined as: “Equipment, software
and services for automatic control and regulatioonitoring and optimization as well as operatiod an
management for the energ¥ficient, economic and reliable operation of tachhbuilding services” [37].
Following fields can possibly be counted under hau@mation:

* Heating Ventilation Air Conditioning (HVAC): meahical ventilation, air humidification, free
convection heating/cooling

* Visual comfort: Artificial lighting, shading (mot@ed blinds/shutters)

e Safety: Fire alarm, gas alarm, water leak detectemergency sound systems, emergency
lighting, Closed Circuit Television (CCTV)

e Security: Intrusion alarm, access control, CCTVargtour patrol systems

« Communication technology: LAN, PBX (Private Bran&xchanges); voice intercom, public
address/audio distribution and sound reinforceragstems

e Supply and disposal: Power distribution, fresh watet water, waste water, gas, switchgear,
pumps

« Transport: Elevators, escalators, conveyor belts

* Special domains: Clock systems, flex time systefivssystems (conference rooms, auditoriums;
kitchen equipment, laundry/cleaning equipment

One of the recent developments of home automasid@arebro, which enables people with disabilities,
through the use of brain devices that operateair #nvironment and use their personal computdr [38

The control function is carried out by means of anser-controlled universal “household
management”. This open-source system provides @epbntrol of facilities in a residential instaiken.

The originality of the innovation project Carebmothat the control of the platform is based onrbrai
waves. The combination of care, self-help withdeployment of a household management system that is
controlled by brain waves is unique for The Netheds and the world.
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6.4 Home network

The home network consists of access network, we®ronk and in-home network, and the interconnection
of these networks through the home gateway system.
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Figure 54: Overview of the network domains conneatig the home

Figure 54 illustrates the overview of the netwodahins connecting the home to the Telecom network.
The device groups explained in the previous sestiare connected either through wireless or fixed
connections to the telecom access network.

Residential Gateway

The Residential Gateway (RG) is the link betweem lthical home network and a broadband internet
connection via cable, xDSL, satellite or wirelesgy( WiMAX). The term RG is used for the deviceset

of equipment that terminates the in-home networll takes care of indoor communication. It is a
collection of functionalities like:

e connecting of in-home network with the access netwwhereby in any communications layer
the required transparency and protection are aetliénr each service.

* is an always ‘on’ device, which has low power canption. This allows all user devices in the
home (including PCs) to be turned ‘off’ after ugeit the in-home network remains ‘always
online’, which will be needed for some serviceg (peer-to-peer entertainment).

« plays the master role of the in-home network, $s thinction doesn’t have to be a subsidiary
function of a user device (now often done by thepoter, VCR or gaming device) with many
disadvantages.

» can provide the necessary local storage functitynadp that TV images and other multimedia
information can be stored. This can be the serivdrenin-home network;

e can have a platform that can be managed remotely.

The trend to integrate different functions into @eatral gateway has developed over the past fansye
The best known development in this area is thegrateon of digital TV, Internet and telephony sees
into so-called Triple Play. The providers of thesevices often think of catchy names for these Tigple
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Play Gateways. Additional to triple play gatewayss expected that in the coming years they wdl b
expanded with new functionalities which can be tiftdwf energy management, security and automation.
However, addition of these services to the residegateway needs a powerful processor and specific
middleware.

Home Network Middleware

Middleware is a software layer that provides magkihe heterogeneity of the underlying networks,
hardware, operating systems and programming lamgudtgapplies also to a programming abstraction.
Since the market for residential gateways and #@ssocmiddleware has been growing significantiyhia
past years, there are several new initiatives isrfrbnt.

Major home networking middleware includes: OSGi ¢@service Gateway initiative), UPnP (Universal
Plug and Play), Jini, VESA (Video Electronics Start$ Association), HAVi (Home Audio Video
Interoperability), OpenCable, and DVB (Digital Vm&roadcasting).

In-home connections
To determining the necessary infrastructure for éiaratworking, often the distinction is done between
the following options:

« Networks using an existing infrastructure, suckhastelephone or home electricity network;

« Networks that require a whole new infrastructunechs as the construction of a Unshielded
Twisted Pair-cables (UTP) or fibre optic networkide home;

* Wireless networks — which is often easy to achiawn existing home;

The most striking aspect when it comes to the agweént of the home network is that the technology
over the past 10 years has prominently developeadinbterms of available infrastructure in new hesis
there are not many changes visible. Unfortunatitlg, new dwelling is the standardisation of in-home
devices and network equipment. For example, auudéTP network is lacking in virtually all new
homes, which is actually needed for many applicatio
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In-home standards
Many different in-home related standards existisgrvarious purposes. Most of them are incompatible
with each otherln Table 6 we see the great players in standaidizaff heterogeneous home systems.

For an extended explanation see appendix E.3.

Table 6: Overview Standardisation initiatives

Platform Standards Ph_ysu;al | Members Open/Not open
communication media
Car'::gg‘ﬁ%%?ﬁ:sea Ethe_rnet, Infrared,
KNX . : Radio(KNX-RF), 160 Open
China Guo Biao - . |
Infrared, Twisted pair
standard
Java,
UPNP Linux, IP, TCP, Ethernet, 802.11, | More than Open
Mac OS,| UDP,HTTP, XML Bluetooth 800
Windows
Ethernet, 802.3i, Not open, does not cover
DLNA IP, TCP, 802.3u, Power line, 053 Apple devices, and no
UDP,HTTP 802.11(a/bl/g), definitions for intercom
Bluetooth devices
Ghn Phone Iine: Coax,
Power line
X-10 Power line Open
No part of its specification
Zigbed IGEZIS(I\E/IU?C?SS)S g?g more than| may be used in develo_pment
MHz (US A)’ 200 of a prodl_Jct for sale without
becoming a member of
ZigBee Alliance.
IMS, ITU, Ethernet,
Broadband forum| 802.11(a/b/g/n), USB
HGI DLNA and OSGi| 2.0, DECT, FXS, Open
Allianc ISDN
DOCSIS, VDSL, 10
VDSL2 Not open, only one supplier
MoCA Wireless LAN, [EEE| Promoters, P chi)rgset PP
802 11 98 associat

It is striking that some agencies do not open thelutions for everyone to use. DLNA, for examplees
not support Apple and intercom equipment, whichcameently the largest device suppliers.

Furthermore, ZigBee is a rapidly growing technologyt does not have specifications for everyone. An
organisation must be member of this standard gatthvey use Zigbee.
Moca is an RG solutions for cable operator, therenly one supplier for its chipset, and therefoie not
suited for telecom operators.

Open standards are comparable to industry standhtide technology complies to the standard, wevkn
definitely that it can easily fit the requiremenfanetwork operators or even the end-users, wHexh wse

the same standard. The in-home technology marketvisdominated by default-standards developed by
industry leaders, who are already busy with theetbgpment of the following default standard when
potential suppliers are working to adapt to thevimes default standard. This is obviously anti-
competitive.

91



Developments of devices for Smart Home

If open standards are defined in advance, there largl small market players simultaneously start to
respond with creative products. Consequently, amplhyers and R&D institutions can run off witlese
standards and requirements. Because everyone eaamugpen standard, the interchange ability between
different types of hardware and software componieicteases.
This could also create a greater diversity of pitexs, and they are less dependent on specific laaedw
and/or software, or any service provider. Therefoievelopers can timely innovate cheaper and better
products, and the leading parties stay dependetiitese products.
The term “Open standard” is primarily used for leace and software, because there are also too many
non-open standards in use like mentioned aboveeS&om@mmples of open standards are:

» Hardware: ISA, PCI, AGP

* Software: HTML/XHTML, SQL, IP, TCP, PDF, ODF, XMPPRL7, LOM, SCORM

Interoperability directions in-home standards

The ability of two or more systems or componentsxchange information and use the information that
has been exchanged is called interoperability. rdterability in the context of digital technology
generally relates to the situation that infrastiietequipment and software from different manufactu
using technical interfaces connect and collabowéte each other. Many heterogeneous systems are
developed in isolation and independently withoutsidering a requirement for interoperation.

. 4 72 ‘ ---* L
“ﬁ,d/w\ Q’i""‘zh’ @GO*’

l Security and Access Control ‘ I Home Automation l i Healthcare and Assistive Computing I

Ethernet, TCP/IP, SOAP, XML, WSDL, WAN

: R
{ Interoperability } V" Integration

Jini, NET, OSGi, UPnP, HES, SNMP, HAVi

| Energy Management | | Home Entertainment |
LA ]
;

Figure 55: Possible direction of convergence

Figure 55 shows the possible direction of convetgeof different home related standards. In the uppe
part three home device groups (Security and AcCesdrol, Home Automation, Healthcare and Assistive
Computing) are considered which are using IP rdlatandards. However the lower part of Figure 55
shows the non-IP standardised device groups (Efdamagement, Home Entertainment). Currently the
last mentioned device groups are also startingtemrate IP based standards.
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6.5 Trends in bandwidth growth and internet
connectivity

Large bandwidth allows people to simultaneously osdtiple computers, TVs and other multimedia
devices to be online simultaneously without a hilchthe connection. High Speed Internet within a
household makes it possible to watch HDTV, playimmigames, download music, and enjoy remote
teaching making intensive use of the internet allha same time. Researchers expect that an average
household in 2011 needs an Internet connectiorDtd1Bps downstream and 10 Mbps upstream (ltif,
2009). The volume of Internet traffic continuesrtse and high-speed networks such as fibre optic
networks are expanding rapidly. Connections of ntbeen 50 Mbps make the Internet even more visual,
for example, through HDTV. In addition, some higieed Internet communications capabilities continue
to expand and allow consumers to contribute toctreent of various websites using high upload speed
In the future, not only individuals but also dewogill be using the Internet. Home automation ombo
domotica, is a growing industry. The futuristic Beus moving more and more into an environment that
thinks with the resident about his or her dutied halps them in fulfilment. Lighting, heating, sety
ventilation, telephone, and television camerasef@mple, can work together to improve the quatity
the living environment. As more devices will connhetth the home network and the Internet, the reed
greater bandwidth will also grow. In Figure 56 wee ghe trends of digital equipment’s in a Dutch
household from 1987 to 2009 provided by Statidtiegherlands (SN).
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Figure 56: Digital equipment in households (1987-2®) [39]

The PC (laptop and desktop) is impossible to tlnay from Dutch households. Around the turn of the
century, the PC ownership increased significantlgl ¢his trend keeps continuing. In 2002, over three
guarters of households had a PC, in 2009 this &seck to 91%. This trend is visible in Figure 56ulég

56, which is concerned as nine over ten househaflds total 6 million houses, which includes 12.1
million people. This brings the proportion of pemplith home access to a desktop or laptop in 2609 t
93%, while in 2002 it was just over 80%. Home In&graccess is as obvious as the ownership of &nPC.
Figure 56 we can also see that in 2009 interne¢sscand PC ownership is at approximately the same
level. There are very few PC owners who are noheoted to the Internet.
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Currently 80% of Dutch households have a broadlzandection. This high penetration is partly duato
large scale rollout of telecom infrastructure, Wwhinakes the broadband internet available.

In The Netherlands, cable companies have broadlzammhections to nearly one third of Dutch
households. The top three most growing ISP’s imseof subscribers includes Telfort, Alice and Ziggo
Ziggo is the largest Dutch ISP and the end of 20@8unted 1.408 million customers. Next comes KPN
1.129 million DSL customers then UPC with 682,508tomers and finally HetNet the fourth ISP in The
Netherlandg?
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Figure 57: Trends of communication carrier$?

In Figure 57 we see trends in communication cayiehich show that 802.11 Wi-Fi) is the most used
technology for device communication, and it is egeswing until 2012. The managed home network
need wired solutions. Wireless, such as WiFi, cammeet the quality of service or the bandwidths
necessary to support real-time multi-media traifithe connected home. Because energy efficiency is
going to be important criteria, the less efficieathnology usage will be declined. However, poweriis
more energy efficient than Wi-Fi, it only uses gwverline to send information through it.

2 Dutch Broadband Q4 2008
22 3ource: iSuppli Wired Communications Q4'08 TopiRajport

94



Developments of devices for Smart Home

6.6 Conclusions from this chapter

There is currently no clear boundary emerge whéorae is qualified to be called “Smart Home”. The
innovation process that refines the functionalityie house and makes it more intelligent is aicoots
process. We are moving into the age of the globaliggrated and intelligent economy of society and
planet. Therefore, there is a need to invest istdwition and modernization of the infrastructurise PC

is rapidly becoming just one out of a multitudedef/ices connected to the internet and consumingusr
services. A lot of electronics devices are alredeljvering new intelligence, and they all want tmoect

to each other. Those devices will be able to wotlaboratively with other smart devices. It is eg&d to
use innovation to create new business models awniteg for connected devices.

The current Internet provides a best effort quaBg to deliver high quality, high availability amigh
reliability a large-scale innovation is needed. Ahd main players here are the organizations fioen t
Telecom sector, Manufacturing sector and the Gawem sector. Currently, the home’s inhabitants are
system integrators facing increasing complexitykig choices from the diversity of (defacto) stami$a

is difficult because in today's liberalized markée interest of the various market parties in the
standardization is an obstacle for collaboratioactEsupplier (manufacturing), pushes his own smiuti
toward users.

Many heterogeneous systems

Within the Smart Home environment, there are maigdieware and standards equipped with different
communication protocols, which are enabled by logneous systems. Managing these systems has been
difficult and contributes towards rapid growth ekidential gateways.

Interoperability

Interoperability has traditionally been consideffeoim an economic perspective, and it is all about
providing access to markets through the availgbilit technical information and by eliminating any
technical obstacles. This can be done in many wWikgsacting in the standardization process or atieg
compatible with standards. Interoperability pronsotee trade and stimulates the competition. Every
market participant wishes to play on an equal level

Coordination of service elements

Some services will use several appliances; one gheans video communication using TVs and
telephones. Generally, users shouldn’t be burderindthe task of setting up all their appliancesviark
together. Therefore, automatic coordination of #ervice element configuration is an important
requirement for Service discovery and Device manmay.

Complexity of configurations

Nowadays, due to the large number of solutionsifigrdnt manufacturers, the complexity is increaised
the installation interfaces, controlling of the sers and the information exchange of various device
Therefore, the development of these interfacestdippliers is more valuable. And because each vendor
makes his own equipment interfaces, the houseli@us less freedom to choose for a particular (sub)
system. The difficulties that home network has @recope with: Tracking of network changes and
Viability of device connectivity.
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‘ Conclusions

7.
Conclusions

The Smart Living program aims to contribute to ior the Quality of Life of society and stimulate th
good life [63]. The main challenge is balancing lingted available resources. Holon theory can help
understand the increasing complexities of curreahemic and societal problems.

On a macroscopic level, society and economy cadesemposed into roughly 20 sectors that together
provide the foundations for our daily lives. Curttgna worldwide-accepted sector classificationtsys
does not exist. The Dutch activity classificatid@®tédndaard Bedrijfsindeling” (SBI) follows in aggeggd
level the International Standard Industrial Clasation of All Economic Activities (ISIC), and has
resulted in classification standards like SBI 1888 SBI 2008. In SBI 2008, the branching of thevayg
cluster trees is less homogenous then SBI 1993dateesets from Statistic Netherlands (SN) proeduokt
very useful for an exploratory look at the charastes of the Sector Network from a Complex Netkor
perspective studied at two levels. These are tti@iseetwork level and subordinate activity clusexel.
Examination of link weights, the node weight angrde properties over time has shown and confirmed
the discriminative character of vital sectors.

The number of people working in a sector is an glanof node weight property associated with a
specific sector. A related property is that the banof working people in Dutch Manufacturing decesh
over time, while in the employment agencies thisnber has increased during the period 1993-2005.
Another property of node weight of a sector isittternal monetary transaction being the diagonat po
diagonals.

The Dutch Ministry of Interior Affairs has identifil 12 vital sectors of which 5 are commonly as a
recognized section in ISIC. The vital part of thexter network comprises 21% of the corresponding
activity cluster (22 of 105). Dependencies of vitdctors can be shown in a hierarchical graph.
Furthermore, monetary transactions between albseetre represented as a network, with nodes igctiv
clusters) and links (monetary transactions). Wieekihg at the changes of connectivity of each rods
time, a ranking of the vital sectors and their cef@ncies is realised. The results have shown lieatital
sectors are the most densely connected nodes $e thenetary networks. The four highest connected
nodes are Energy, Telecom, Household and FinanceedMer, it is discovered that when removing these
highly connected nodes from the network, it beconeggly disconnected. Furthermore, the Input Output
table of SN is used to derive monetary trends logkit the changes that happened in both vital and n
vital sectors.

Expert interviews were carried out in order to iifgrand investigate the most important trends aad
concepts concerning Telecom, Energy and Houseledtbis The households are increasingly taking a
“prosumers” role in addition to their classical samer role, and provide services to other secidrs.
Telecom sector is an important enabler of thesgsisgctor innovations. The integration of ICT ie th
Energy sector is one of the examples, which is ip@og increasingly interesting topic and governments
and large numbers of enterprises are investing @ lmoney in sustainability of the energy andugsge.

96



Conclusions

There is a clear need for fundamental innovatiothéncurrent Energy sector. Furthermore, the belavi
of energy consumers has to change, and infrasteushould be adapted to the transition to a sietéen
energy system. The Smart Grid concept offers atisaldior integration of sustainable energy sourices
the future electricity system. Although Smart Gisdoerceived differently by different parties, theare
several aspects, which come back in many desangpti@ing listed as: Semi-autonomous, Optimization,
Integration of distributed generation, Distributamhtrol and Distributed generation

Smart Grids cover the set of solutions that malkehbme and neighbourhood energy-neutral, and help
them to be independent of the central sources. riamgy-neutral society would not rise so fast, et t
current centralized systems will more and more aidepentralized generation.

Finally, the research is narrowed down to the nraimome related developments. The different caiegor

of in-home devices correspond to specific sectbas aire connected to the household. Some of these
sectors are physically connected to the home byhsektheir infrastructures e.g. the Energy, Tefeco
Water and Transport. So the home can be seehasraconnecting to other holons in the sector ndtw
(via their infra part). There are five device greupside the home, from which two of them corresptmn
Energy and Healthcare sector. Generally there islesr defined boundary between a home and a “Smart
Home”.

To transform a typical contemporary home into aureit Smart Home, the problems such as
interoperability and complexity of the interior digurations have to be resolved. A lot of electooni
devices already sophisticated with integrated ligesice and attempts to connect to other devickesd&
devices will be able to work collaboratively witther smart devices. It is essential to use innowattd
create new business models and services for cathdetwices.

Main conclusions:

1. By considering the Household as a vital sector wétiard to monetary transactions, it became the
most connected vital sector with the largest amaafntnoney containing and traversing it.
Therefore, the household is nearly always parttgigan a trans-sector innovation.

2. The INFRA part of the Household sector containgsériduted infrastructure, and it has become
vital because of its importance for people workatghome, and people using online services
regarding the following sectors: Healthcare, Engefigynance, Education. Therefore, the most
important infrastructures connected to househadlze Energy and Telecom infra.

3. The SUPRA part of the Household sector, consisntlligence, which helps to increase the
quality of life and integrate services of otheal/gectors to provide efficiency and sustainability
More sensors and devices are simplifying the liveryvironment. Thereby, the household is
shifting from production for own use, to vital fuitmal element for society.
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Appendices

A Inventory

Table 7: Inventory of related projects

Initiatives

Description

Organizations

Smart Living
2009 - 2020

On a humanised scale, using decentralized (local)

architecture, use cases, scenarios and requirefioents

converged devices and home networking technologig

are considered.

I . TNO, I1BM,
. o organization strength, trans-sector collaboration o
Pilot project is - . ; Eneco, AIM,
; sustainable completion of basic needs that aradjre
started with 500 . . ) . KPN
h apparent in the residential environment.
ouses.
Amsterdam
The FMCA is a global organisation (2004). The scobp
Digital Home SIG is offering services and
Digital Home SIG implementation models of Digital Home. Also the EMCA

2S

ICTRegie: lIP-
DSL
2009 - e.v.

NL

The companies and institutions who were alreadiedn
in the Domotica Platform initiate the 1IP Domoti&a
Smart Living. This platform investigates new
possibilities for improvements of the quality d€lithe
productivity of households and the value of living
environment.

TU-Delft,
TNO,
KPN,
Others

B@Home
2004 - 2008

Smart City Project
2009 - e.v.

The pilot project is
running.
Amsterdam

The project B@Home aims to develop new business
models and technical architectures for end-to-end
provision of ubiquitous broadband services to thmé,
supporting people with their needs for infotainment
health care, education and work.

This is a pilot project to help 500 Amsterdam hdwdds
cut energy bills and reduce CO2 emissions. Cisco

provides an IP-based home energy management sys

with energy display that link to appliances andeoth
power-using systems within the home, e.g. smarérae
provided by Nuon, through both WiFi and powerline
carrier communications network. IBM provides the
applications, the energy management system ansl lin
them to the data centres to be stored.

t

F

tem,

Freeband

Cisco,
IBM,
Nuon
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The

SmartHouse/Smai

Grid project ICT-enabled collaborative technical-commercial PCC, ECN,
2008 — 2011 aggregations of Smart Houses, to achieve the needed ICCS, MVV
Execution phase, rs(?ica?l higher levels of ener \ efficiency in Bpe ENERGIE
already funded yhg ay y Re- AG, ISET
(2.56min) in GR,
NL and DE.

_ .| Under EISA, primary responsibility to coordinate
NIST: Smar.t.Grld development of a framework that includes protoaoid
Interoperability . , | ESIA

model standards for information management to aehie

Standards Project

interoperability of Smart Grid devices and systems

ERANET
2007
Europe

The UAS system

Cooperation / Harmonization national research awogr
in context of Smart Grids in Europe, also Nethetlan

participating.

A security system developed for healthcare. Isisdlin

ﬁ?_m — 2008 nursing to alerts the nurses when patients ararnger. NG
Motiva thuiszorg | To increasing the self-reliance of chronic patiesats
system their quality of life improves and decreases hadpit
2007 — 2014 visits. The first pilot project was started Jun@2@nd
The pilot project | took 12 months, in this pilot project a group 0063 Philips,
is finished, chronic heart patients of 8 hospitals in Rotterdaen Achmea
working on large | participating. Philips’ Motiva is an interactivessgm to
scale deployment| help patients receive home care, send up theinvdta
broadbandechnologies.
Koala
2006 - 2007 Koala is a bridge between small-scale pilot prgj¢icat .
) A Thuiszorg

Low scale often cover one aspect of technological possiegitand Groni

I . . X roningen,
deployed, working it aims a wide range of new care services. Thenalie Menzis
on large scale goal is to optimize the care and welfare of peoyta L

- KPN, Meavita

deployment. chronic disease and elderly.
NL

Pilot personen

This pilot project extensively tested the personal

CareWestOsira|

alarmering plus alarming system, with automatic data transport from Groep,
2005 — 2006 . oo Het Oosten,
: sensors and used devices like: wireless sendekesmo
Completed in . ) . de Algemene
detectors, infrared reporter, electronic door Idigit .
Amsterdam Woningbouw
comfort system. )
Vereniging
Tele-ECT
2005 e.v. Tele-ECT is a small device to make an ECG thatbgan
forwarded with a mobile phone, to be used for . .
Life Signal

Already in use in
NL, also outside
NL.

diagnosing and monitoring. It mainly uses Bluetcarid
GPRS technologies.
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58597 T nggéd The aim of this project is to help residents te liv glrrgar%z
independently, by delivering remote care the fggetif Inte?nos’
15 First deliver safety. It consist of personal alarm system, fiaera and Thuiszor
already in uZe video intercom systems: application of the multdiion Stichtin 9
y ' home automation system for housing and care of the 9
Dordrecht . . Het Spectrum,
second generation Vicasa. Thureborgh
é:rras\;ﬁlon The deployment of a wireless system consistingagw Zorastation
16 ) contact and touch screen, that allows customersate Parﬁwi'k
2005 e.v contact with care workers and to live secure and Aveantj '
o independently.
Utrecht
Domotica / Zorg-
op-afstand project
égragra?ée(;[est The aim of this project is enhancing safety foermis Vilans
living at home having nursing home indication and :
2008 - 2009 . . . Zorgpalet
17 This project is the receiving nursing at home. It targej[s people. W|th Baarn. Soest
. dementia (late stage) and those with somatic cantpla ! !
pre-production . L ; TNO Defensie
ilot. Svstem is This application development system is based on the en Veiligheid
pIoL. SY: ambient intelligent technology: UAS 9
already in de
market.
Utrecht
Converged Platform
Project “Y” The aim of this project is to optimise and enhahee
18 2005 — 2007 Service Architecture of the KPN. The project has KPN
in NL contributed to introduction of IMS within KPN netwko
NG HLR The aim of this project is de convergence of th&RHL
2009 - 2011 (user database for cellular networks, e.g. GSM, @MT
19 Projectisinthe | GPRS) and HSS (user database used for fixed amafutKPN
implementation LTE network).
phase in NL.
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B Classification systems and their relations

The SBI 1993 is based on the classification offbeopean Union, Nomenclature statistique des Aétvi

économiques dans la Communauté Européenne (NACEXret of the United Nations, International

Standard Industrial Classification of All Econordictivities (ISIC). SBI 1993 has six levels, withettwo

highest levels (sections and subsections) indichiedetters and the lower levels (divisions, grqups

classes and subclasses) which are indicated byemsmb

SBI-code to the level of classes (four digits)imikr to the NACE, which is applied in all EU Me=b
States. The subclass level, indicated by 5 diggts, more specific case for Dutch classification.tide

level of division, indicated by two digits accordimo SBI 1993 and NACE which also corresponds to

ISIC of the United Nations.

ISIC

NACE

SBI

CPC

CPA

Prodcom

'
El:l-

De ISIC is de wereldstandaard afkomstig van de Verenigde Naties

Op de eerste twee digits van de ISIC is de NACE van de Europese Unie
gebaseerd. De twee laatste digits zorgen voor een Europese detaillering.

Op basis van een EU-verordening is het CBS verplicht de nationale
activiteitenindeling SBI te baseren op de vier digits van de NACE. De vijfde digit is
een extra uitsplitsing voor nationaal gebruik.

Producten:

GS

g

Indlustrié'le hérkomst

3 GN

Figure 58: SBI distraction [6]
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Table 8: Mapping sections (SBI 1993), sectors andput Output table

Section | Sector

A Agriculture 1
2
3
4
5
6

B 7

C Mining 8
9

D Manufacturing 10

Activity cluster (1/0)

arable farming

market gardening

animal production

other agriculture

gardening and agriculture specific services

forestry and hunting

fishing and aquaculture
extraction of oil and natural gas

mining other resources
processing and preserving meat

Vital

[y
[EEN

processing and preserving crustaceans and mollusc

=
N

processing and preserving of fruit and vegetables

=
w

manufacure of dairy products

[N
o

manufacture of prepared animal feeds

=
2]

manufacture of other food products n.e.c.

[ER
()]

manufacture of coffee and tea

[ER
~N

manufacture of beverages

[
[e¢]

manufacture of tobacco products

=
\o]

manufacture of textiles

N
o

manufacture of confection

N
=

manufacture of leather and related products

N
N

manufacture of wood, cork and plaiting materials

N
w

manufacture of pulp, paper and paperboard

N
S

manufacture of corrugated paper, paperboard
&containers of paper and paperboard

25

publishing and printing

26

reproduction of recorded media

27

processing of coke and renewed petroleum products

28

manufacture of basic chemicals

29

manufacture of anorganic chemical products

30

manufacture of renewed petroleum products

31

manufacture of fertilisers and nitrogen products

32

manufacture of chemical end products

33

manufacture of rubber, synthetic rubber and plastic
products

34

manufacture of construction materials

35

manufacture of basic metals

36

manufacture metal products

37

manufacture of machinery and equipment

38

manufacture of household related machinery and
equipment
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Section | Sector Activity cluster (1/0) Vital

39 | manufacture of machinery and computers
manufacture of other electrical machinery and

40 | equipment

manufacture of audio, video and telecommunications
41 | equipment

manufacture of medical, measure and control

42 | equipment

43 | manufacture of motor vehicles

44 | manufacture of ships

manufacture of railway, aircraft and aerospace related
45 | vehicles

46 | manufacture other transport means

47 | manufacture of furniture

48 | other manufacture of goods n.e.c.

49 | recycling preparation

E Energy 50 | electricity, gas, steam and air conditioning supply
Water LYQ water collection and distribution \Y

<

F Construction 52 | site preparation

53 | construction of buildings

54 | construction of roads, railways and water projects
55 | building installation

56 | building completion

57 | renting construction machines

G Trade BY: 3 motor vehicles wholesale trade

Bl motor vehicles retail trade

08 car service and gas stations

Y8 wholesale trade

YA retail trade

H Horeca €Y accommodation and food service activities
| Transport ¥¥ public transport

%Y transport of goods

;1] transport via pipelines

67 HERIE1IN ololq

X river transport

=8 air transport

¥[0] services for land transport

VAN services for water transport
FPA services for air transport
73 REVEIEENEES

I Telecom and
post

J Finance 75 | banking \Y
76 | insurance \'
77 | financial support companies

K Real Estate Vi3 real estate exploitation
g£] other real estate
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Section | Sector Activity cluster (1/0) Vital
80 | renting mobile goods

81 | computer services

82 | research
83 | legal consultancy
84 | engineers and architects

85 | advertisement and promotion companies

86 | labour recruitment and provisional of personnel

87 | cleaning of buildings

88 | other business services

L Government Sl common central government administration \
common decentralised government administration and
0l municipalities

chl other government administration and social insurances \
Pl defence \
M Education 93
94
95
N Healthcare 96 \

97

98 | private companies environmental care

0 el sovernmental environmental care

100 | culture, sports, recreation, radio and television

101 | gambling

102 | other services

103 | household services

oo

104 | goods and services n.e.c.

105 Household spending and salaries® v

% In 1/O table the activity cluster 105 is not takato account. The activity cluster 105 Househslé ispecial node
which is added in this table for the research psegaxplained in subparagraph 3.2.2. This nodssiential for our
research to consider the household as an impaortatg in the monetary network analysis.
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Table 9: Ranking of connectivity vital activity clusters links > 1 min

75 |75 |75

Table 10: Ranking of connectivity vital activity clusters links > 10 min

% S S S0 SN S DS QSN S QS S &S S S
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50 |50 [50 [50 [50 |75 |75 |75 |75 |75 |75 [0 [s0 |75 |75

Table 11: Ranking of connectivity vital activity clusters links > 100 min
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Table 12: Ranking of connectivity vital activity clusters links > 1000 min

N
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50 |75 |
50 |

50 [50 [50 [50 [90 [s0

Table 13: Ranking of connectivity vital activity clusters links > 10000 min
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Household

Telecom

L/
|

Finance (banking) Energy

Figure 59: Top 4 highest degree activity clusterd.{nk weight > 100 min)

Non-existing connections within the I/O network

Link weight = 0 min

Within the data set of I/O, water ""5.0.00.0 6 .

nearly the half of the element vy "%

(of total 105x105) correspond: o " ® g Government
to an empty or a zero elemen : '
However an empty elemen
means non-existing relatior
and a zero means rounde :
down to zero. In Figure 60 botl ~ ™n®
are considered as non-existir Govemmen®
links. >
Because the sector network

very dense in nature, we als .
plot the non-existing links ,<®
between the 105 activity ®
clusters. Figure 60 shows th r
non-existing links of the
transaction network of 2007.
Household has the lowes
connectivity degree in this - .
graph. Finance @ ® Prransport

Healthcas -
) .fransport

ransport

Transport =
®

® Government

© - .Transport
Governmer’ -

Nodecount = 105 Pog, LN
Linkcount = 5307 TradeHousehowgranwort

Figure 60: Money transaction network 2007 (Link weight = 0 min)
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Some activity cluster structure examples

Figure 61: The SBI 2008 structure of Healthcare (s#ion Q)

Figure 61 shows an example of section Q derivenh fitte SBI 2008 tree structure, represented asmaipla
graph.

Figure 62: The SBI 2008 structure of Energy (sectioD)

Figure 62 shows a second example of a planer gvajth represents the section D of SBI 2008
classification.
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C Trend analysis

Sector Product of dienst

1 Energie 1 Elektriciteit
2 Aardgas
3 Olie

2 Telecommunicatie 4 Vaste telecommunicatievoorziening
S Mobiele telecommunicatievoorziening
6  Radiocommunicatie en navigatie
7  Satellietcommunicatie
8  Omroep

9 Internet-toegang

10 Post- en koeriersdiensten

3 Drinkwater 11 Drinkwatervoorziening
4 voedsel 12 Voedselvoorziening) -veiligheid
5 Gezondheid 13 Spoedeisende zorg/overige ziek g
14 Geneesmiddelen
15  Sera en vaccins
16 Nucleaire geneeskunde
6 Financieel 17 Betalingsdiensten / betalingstructuur
18  Financiéle overdracht overheid
7  Keren en beheren 19  Beheren waterkwaliteit
opperviaktewater 20 Keren en beheren waterkwantiteit
8 Openbare Orde en 21 Handhaving openbare orde
Veiligheid (OOV) 22 Handhaving openbare veiligheid
9 Rechtsorde 23 Rechtspleging en detentie
| 24 Rechtshandhaving
10 Openbaar bestuur 25 Diplomatieke communicatie

26 Informatieverstrekking overheid
27 Krijgsmacht
28  Besluitvorming openbaar bestuur
11 Transport 29 Mainport Schiphol
30 Mainport Rotterdam
31 Hoofdwegen- en Hoofdvaarwegennet
(Rijksinfrastructuur)

32 Spoor
12 Chemische en 33 Vervoer, opslag en productie/verwerking van
nucleaire industrie chemische en nucleaire stoffen

Figure 63: Vital sectors, products and services [13

—--

Finance

1993 E. van Boven & M. Hosseini9 - 06 - 2010

Figure 64: Hierarchic graph of the vital sectors (midirectional graph)

Figure 64 shows the dependencies of the vital sed@toa hierarchic graph. The columns in the image
indicate the relationship of each sector to anothrethe top, we see the households, where allrothe
sectors provide a service or product.
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C.1 Transactions between vital sectors in millions of euros

The diagrams below show the monetary transactietden vital sectors. The left columns are the
figures based on linear scale and the right coluamedased on logarithmic scale. The colour of éaeh
represents the destination sector. In these figheesalaries are also included. The red line ah egaph
corresponds to the amount of money transacted tihensorresponding sector to household sector.
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C.2 Transactions between vital sectors in millions of euros, without
salaries

The diagrams below show the monetary transactietden vital sectors. The left columns are the
figures based on linear scale and the right coluamedased on logarithmic scale. The colour of éaeh
represents the destination sector. In these figheesalaries are not included. The result showss th
transactions between sectors more clearly.
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C.3 Trend analysis 2000, 2010 and expert expectations 2020

Table 14 shows the extended trend analysis of 28000, and innovation expert expectations 2020s Thi
table shows the evolution of the related concepthé Household, Telecom and Energy sector. Thé mos
important part is the last column, which predicitife concepts, mentioned by innovation experts.

Table 14: Trend analysis 2000, 2010 and expert exgations 2020

letter, fax,

centralised,
non- sustainable

journalist,
studio’s:
Hollywood,
Hilversum,

TV broadcast,

CD, LP, satellite
channels,
“videotheek”,
Kazaa

analog camera,
photo album
ontwikkelen,
video tape

cash money,
credit card, pin,
cheque

flight ticket, train
ticket, hotel

fuel costs + road
tax + insurance,
post TNT

email, SMS, chat

newspaper, store:

letter, fax,
email, chat, SMS, ping

centralised,

partly decentralised
sustainable < 10%
studio’s: Hollywood,
animoto.com,
decentralised
generation,
journalist, blogger ,
near real time
consumer production
TV broadcast,
newspaper, NU.nl,
video on demand,
DVD, Blu-ray, satellite
channels, YouTube,
Twitter

digital camera, photo
album on web, USB,
laptop, mobile devices

cash money, credit
card, pin, chipknip,
cheque, internet
banking

e-ticket, OV chip card,
Hotel, “woningruil”,
airbnb.com,
crashpadder.com

fuel costs + road tax +
insurance, company
based parcel transfer:
post TNT

email, SMS, ping, video
attachment, scanning mail, generic
chat, location update, ambient-,
short voice-, conditional-
messaging,

centralised, partly decentralised,
sustainable >30%, Smart Grid

Artificial Intelligent content
generation, Al image recognition
adding context to content, meta
data, real time content production
journalist, blogger

TV broadcast, digital newspaper,
video on demand, Blu-ray, satellite
channels, YouTube, Leanback, live
streaming

personal digital communality,
digital cameras, video collection

cash money, internet banking,
mobile payment, electronic wallet,
social currency, sensor interactior,
DNA based

couch surfing, peer-to-peer hotel,
breakfast networks, hotel.com,
experience, artificial mobility

pay for actual travel, road pricing,
consumer based parcel transfer
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shops, urban market shops, urban market,  shops, urban market, transaction

mail order, viavia internet shops, engines (supply/demand
newspaper marktplaats.nl, eBay matching), marktplaats.nl, eBay
secretary, self- secretary, business carc LinkedIn (audio, video),
organising, business LinkedIn, outlook outlook, avatars, personal

card msn smileys assistants , augmented reality

presence in several places
simultaneously, tele-presence,
physical world, cyber space,
social networks: Facebook,

physical world, cyber
space, second life, socie

physical world networks: Facebook,

hyves.nl hyves.n|
TV-, newspaper-, online-,
TV-, newspaper-,  TV-, newspaper-, online SR G Sl
. presence/location based-
online- , context related- . .
: . : advertisement, ratings, feedback
advertisement advertisement, ratings

loops, social opinions,
interactive gaming/TV

public and private networks
specific access type mix of public and private both using single VPN over the

per user group network same network, mobile AAA for
VAS
still a lot of classes, but
various access only two are relevant:  less access types e.qg. fibre can
guality classes best effort and premium handle lot of traffic in one link
traffic

Passport, driving license,
Passport, driving license ID exchange, DigiD, BSN,
many different accounts linked network of trusted
DigiD, BSN parties, linked ID, electronic
signature

Passport, driving
license, sofi-nummel

PC, pda, mobile phone, PC, TV, pda, mobile phone,

only the PCs sma.lrt phones, gaming g art phones, iPhone, iPad,
connected to www  devices, PS3, iPhone,
iPad M2M, cars

telecare, telehealth, doctor
assistance, video conferencing,
artificial doctor, distance
operation, telephone

doctors visit, telecare,
telehealth, doctor
assistance, telephone

doctors visit,
telephone

>
o
°
@
S
=
o
®
n
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D Energy sector

D.1 Dutch electricity market and infrastructure

In the electricity market in The Netherlands, thare different types of players. These are eldttric
producers, suppliers of electricity, retailers lefcericity, and the network operators. The netwaoplerator
(utility operator) is responsible for the physi¢ednsport of electricity. It must apply a governmen
regulated rate, the capacity rate.

Although most consumers only purchase electrieitgmall minority of businesses and consumers lpcall
produce electricity and hand it over back intoghid. They are also referred to as “prosumers”.

The Dutch electricity market consists of severatips:

1. Energy Producers

2. Tennet: the operator of the national high voltagegr network & 110 kV )

3. Regional Grid Operators: controlling the regionahhvoltage distribution grid (10 to 110 kV)
and low voltage networks.

4. Program Managers: they buy power for the supphiertzave a duty to deliver.

5. Suppliers: they supply power to customers, botlviddals and businesses.

For example NUON performs the roles (1, 4 and 5htinaed above. Other parties e.g. Liander only
perform one role being a Regional Grid Operator

Nuon Eemshaven (2011)
é Electrabel Eemscentrale

@—— Electrabel Centrale Bergum

Electrabel Lelystad (2009) .'L/‘___’E_b_b CHEI:ESF gazma\-m @ Unknown
Electrabel F/erocenn-ale\. @— EssentErica @ Gas
Electrabel Warmtekrachtcentrale \. @ coal
Almere ———0 @— Electrabel Centrale Harculo @ Gas WKK
Eletrabel Warmtekrachtcentrale e— EssentEnschede O Biomassa
Eneco ]:‘co[;«l?r'Ip(rlio()(})u;)[> b_—__,./’-—— El::czta 2%% : g::tl).a]iomassa. Ges (multifucl)
Essent Moerdijk (2009) Essent Cuijck S
E.On Rijnmond (2012) > — Elbzigf];lg:&lﬁeu
Intergen Rijnmond (2012) / e
Delta / EAF Essent Maasbracht Clauscentrale

Essent Bergen op Zoom

Essent Geertruidenberg Amercentrale

Figure 65: Electricity production in Netherland

Figure 65 shows the centralized electricity platiis, colours of the circles corresponds to the tyfpine
plant. This picture shows the current Dutch sitwratin which many centralized locations producing
electricity in a non-sustainable manner. The gowvemt is still planning to add more electricity geatsn
plants.

Since first of July 2004, the Dutch energy marketreéleased by government to promote (price)

competition among energy suppliers and create feeelom of choices for the end-users. By splitbihg

the energy companies, the difference is createddsst the energy suppliers and the companies that
manage the energy and provide transport networstiie Dutch households, the open energy market
means they can choose from which energy providepemy they take electricity and gas.
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D.2 Sustainable energy sources

The most important renewable sources are listembel

Solar energy- consist of different variants, which are briedlyplained below:

« Solar panels convert sunlight into electricity gsiRhotovoltaic (PV) cells, which is the most
popular form.

e Solar collectors convert sunlight into heat. Espiécicheap, major versions, such as tubes in
asphalt, roofing and exterior walls can be combiwit heat storage in groundwater and a heat
pump to lead huge CO2 reductions in the Energysect

* Roofs also convert sunlight energy into heat (withmaving to be visible in or on a building).

* Solar Tower — Using solar energy in a vertical pigeereby a steady air flow developed. This
system may have a capacity equal to a conventmvaér plant.

e Photo Electro Chemistry (PEC) cells — These argerdlike two layers of one conductive solid
electrode and a liquid as the other. They can tijracse sunlight to decompose water into
hydrogen and oxygen.

Advantageslittle pollution of the environment
Disadvantagesdepending on the amount of Sun, today's solas eedl still expensive

Geothermal energy- is the stored heat in the accessible part ok#réh's crust. It includes the energy
stored in the soil that may be withdrawn and ustedan either be used directly, such as for headind
cooling in the heat market (heat pump heatingyyelsas for generating electricity or in a combioatof
heat and power.

Advantagesilt provides comfort in your home (e.g. floor hegi

Disadvantages:

Wind energy— A wind turbine uses the power of the wind to drawreelectric generator and thus generate
electricity.

e Large wind turbines (height up to 100 meters, dsewind parks)

« Small wind turbines (that can be easily integrated an urban environment, e.g. on the roof of

tall buildings)

Advantageslittle pollution of the environment
Disadvantagesdepending on the amount of wind, affect the liveryironment of animals because the
windmills are so large.

Hydroelectric power refers to production of electrical power throughk use of water level difference,
usually by building a dam or a natural waterfall.

Advantagesno air pollution

Disadvantagesfishes die by water consumption, there is a chdangie environment of all kinds of
animals and plants.

Bio-energy — Biological methods are based on photosynthesish siscthe use of bio-waste or the
cultivation of bacteria that produce oil. Furthermotrees, elephant grass or other fast-growingtpla
which were destroyed or generated fermentable ersauld be used. The efficiency of this process is
limited because photosynthesis can exploit onlyai%he energy from the sun.

AdvantagesNo additional CO2 emissions

DisadvantagesHowever, emissions from other pollutants that l@a@&nvironmental degradation (when
trees are harvested) may cause changes in thatsadfitanimals and plants.

Hydrogen- Hydrogen is another option, which is seen as tiséagmable energy of the future. Combustion
of hydrogen, in fact, releases no carbon dioxid®Z)C However, there are still many problems to eolv

One is the production of hydrogen. That must belpced environmentally friendly otherwise the use of
hydrogen from an environmental viewpoint doesn’kenaense. Hydrogen is very popular in car industry,
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as there are already many hydrogen fuel cell cads H2ICE (hydrogen fuelled internal combustion
engine) vehicles on the roads.

AdvantagesNo CO2 emission (if electrolyse of water is readiby non-polluting sources); it can be used
as battery (see Figure 50) which is a clean, efficand flexible energy storage.

Disadvantage:Hydrogen is very expensive because it needs butkly leeavy tanks, it needs external
electricity to be generated.

D.3 Classic large scale energy storage

The three most important technologies for The Nédhes large scale energy storage is outlined helow
which are explained briefly:

Pumped Storage System

A Pumped Storage System (PAC) is a hydroelectreepcstation (at night) pumping water from a lower
to an upper reservoir. If the morning peak loals, ftoodgates open and water flows through théntall
water-powered generators. Electricity generatetltlyines driven by Water from the elevated resenoi
flow downward (energy level converted into eleatienergy). Energy storage takes place oppositeavhe
the turbines are used as a pump. A PAC can benglisshed between natural inflow of water into the
upper reservoir and a PAC with pumping the infloatev to the upper reservoir, which might be an
option for The Netherlands. In such a system watv-level of height between the reservoirs the
conversion efficiency depends on the water levethie reservoirs: the emptier the tank, the more
inefficient.

Underground pumped storage system

An underground pumped storage system (OPAC) differa the PAC-system in the sense that one of the
two reservoirs is installed deep in the ground.aldlat country like The Netherlands, it can be an
advantage, since increase in height between tieeviaiss and therefore the conversion efficiencyt vl
independent of the water level in the reservoirs.

By pumping up the water at the times of cheap ateppbwer when there is oversupply, and let it flow
downhill through the power generator at a lateretirthe storage system will achieve high efficiency.
Moreover, use of existing underground tanks carredse the investment required for installation.
Countries like Germany, France, Britain and Belgibhave been using such systems for many years,
particularly for stabilization of the national grid
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Figure 66: Representation of the compressed-air ergy storage concept'

Compressed Air Energy Storage System

A Compressed Air Energy Storage System (CAES) dmésise water, but it uses compressed air as a
medium for storing mechanical energy. When a cosgmeis used to compress air, energy is storduein t
air pressure, which might subsequently be used toatk. CAES generally uses the underground, closed
caverns which can be brought to high pressure.|l&fedr the heating of the air in caverns, the askd

air pressure is incorporated in a combined steathgas combustion process with a high efficiency,
whereby the electricity is produced.

2 source: http://www.sandia.gov/media/NewsRel/NRZ006fton.htm

122



\ Appendices

E Home related connections and standards

E.1 Fixed connections

Dial-up connection(up to 128 Kbps), which uses an analog or ISDN enodind connects to an ISP
through a telephone line.

Asymmetric digital subscriber line, ADSUp to 8 Mbps downstream, 1 Mbps upload), heramnection
runs the Internet via a telephone line to the Iewdtch, then the connection continues over tcefiiihe
ADSL signal on telephone line is separated in feemqy, so that telephone and internet connections ca
both be used simultaneously. The term “asymmetmiters to the difference in upload and download
speed. One problem with using the telephone iy is that the maximum speed deteriorates \wih t
length of copper wire used. The Internet spee@eddent on the distance to the local exchange.

ADSL2, ADSL2 Hup to 24 Mbps download and 1.3 Mbps upload). Thia new form of ADSL, which
mainly provides faster download speeds.

Very high bit rate digital subscriber line, VDSLPSL2 (up to 52-200 Mbps downstream, 13 Mbps
upload), which are the next-generation DSL conoestiVDSL?2 is since September 2009 in 40 cities of
Netherlands with a maximum speed of 60 Mbps dowastrand 6 Mbps upload. The higher speed is
achieved by using the copper phone line only inptbtion of the connection between home and tleestr
level. From street level, the signal is furthensmitted via optical fibre.

Cable Internefup to 200 Mbps download, 108 Mbps upload, acogrdd DOCSIS 3.0) runs the Internet
through RTV coaxial cable "next" to radio and téten signals to the local switch, and then furtbeer
fibre. Subscriptions with download speeds of 50-1R1ips are already widely available.

Fibre (often up to about 100 Mbps for download and somext upload). In the fibre networks, the fibre
optic cables are rolled to the home or office. Phene or cable RTV is possible only within the hasne
office use. There are two common methods:

* Fibre to the Home (FTTHbhe fibre optic cables run into individual homé&sis often requires
extensive work to install the new cable in the hooneoffice. FTTH is therefore, considered
mainly in new house construction projects.

» Fibre to the Building (FTTBis another alternative where the constructiorilwkfis made only to
the outer edge of the building. The Internet isvigled via an internal network (LAN) or the
traditional telephone line to the end user.

Hybrid Fibre-Coax, HFhetworks use fibre and coaxial broadband connestio realize high speed data
(up to 200 Mbps download, 108 Mbps upload). Thielkof technology is widely used in cable networks,
to provide TV. These networks mostly consist ofeadend which is connected to the community centre
through a fibre. From the community centre to thd aser it is connected by coax. The fibre optidaso
convert the optical signal into an electronic slgarad vice versa without interpreting. HFC netwohkse
higher data carrying capacity then DSL and the @jeaot limited by the line-length.
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E.2 Wireless connections

WiFi, IEEE 802.11 a/b/g wireless Etherrep to 540 Mbps), is one of the popular wireleshit®logies
used as wireless internet connection at home or adaotspot (antennae in crowded places such as
stations). The range is limitation of WiFi, the rsds are received with a regular antenna up to
approximately 30 meters away.

General Packet Radio Service, GPRf to 58 Kbps download, 29 Kbps upload) is anothieeless
communication technology in which the internet dataansported here via the GSM network, the neobil
telephone network, it is also known as 2.5G.

High-Speed Downlink Packet Access, HSOPR Mbps max), is a packet switched communications
whereby the internet traffic is sent and receivea the network of UMTS. However, using new
techniques higher speed can be achieved. HSDRSaskaown as 3.5G.

Worldwide Interoperability for Microwave Access, MAX, comes in two variants. With a slightly
misleading name of "Fixed" WiIMAX (max.70 Mbps) umdhbis technology a user moves freely in the
area of the antenna, with radius up to 50km. Tleedpn the whole range is dependent of the distande
outside range of antenna the connection dies. &umibre, remote UMTS masts and Wi-Fi hotspots can
be connected to the physical network through WiMAKis variant is a competitor of broadband via DSL
and cable.

“Mobile WIMAX” (max. 15 Mbps) is a competitor to UMTS and HSDMAth this version the user can
have unlimited travel without losing the connectidis method makes services such as TV and VolP
over the mobile network perfectly possible.

Long Term Evolution, LTELOO Mbps max) is also known as 4G. This high-dpmeccessor to UMTS /
HSDPA is still under development and will be readyuse in the coming years. LTE could largely use
existing GSM and UMTS networks.

Femto cell

A Femto cell in mobile telephony is a small celiub@se station with a low power typically desigiied
use in-house or small business. As it is showrigaré 67, the home network is connected to the lmobi
network through a broadband internet connectiothéncurrent version, femto cell station supposts to
five cell phones simultaneously, for in-house ul®ee benefit to the user is that the femto cell eases
the in-house service quality, where there is ncetavearby.
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Figure 67: The basic idea of a Femto cell [40]

For the mobile telephone company, there is alsereefit, because the user takes care of the coonecti
between the base station and mobile network, s;mtheme usage of the mobile device don’t burden th
mobile network, which can be beneficial for capapianning in densely populated areas.

In this way, the mobile network operator can expidreir range without many additional expenses.
However, there is a lot focus on femto cells for UBA They could also be used for GSM, CDMA2000,
TD-SCDMA and WIMAX. A recent study from ABI Researéorecasts that by 2011, there will be 102
million users of femto cell products on 32 milliancess points worldwide [41].

E.3 A diversity of in-home standards

Many different in-home related standards existisgrvarious purposes. Most of them are incompatible
Some of the in-home related standards are expléiekalv.

OSGi

The Open Services Gateway initiative (OSGi) Allianspecifies a hardware independent dynamic
software platform that makes it easier to moduéagapplications and services via component modeband
manage model. The OSGi platform is a Java VirtuatMne (JVM) and is offering to build the OSGi
programming framework. The OSGi Alliance consistdarge companies such as Sun, IBM, German
Telekom, NTT and Oracle, but also from many smatlempanies, and others from the open source
software field. Therefore, the jointly defined OSsEndard is open to all interested parties anck thee
appropriately liberal patent laws works. The gem@®EGi software platform can be used to control or
connect all types of devices, for example, in theomotive field, in mobile phones, in building
automation, the intelligent remote control of hdusd appliances or in the “Assisted Living”.

An OSGi device is a representation of a physic&icdeor other entity that can be attached by aedriv
service. OSGi devices that represent physical devire instantiated by network base drivers. The
platform is originally designed for residential gafy and plays an essential role in the home n&twor
especially because often there is no OSGi prograigiitaemework installed on the respective devices.
The OSGi programming framework is also availablerfmbile phones and cars. Here they run without
the additional gateway, but directly on the powedmbedded hardware. The specification of the OSGi
Service Platform defines a Java-based runtime emvient above the JVM and its basic services. An
important feature of the service platform is thdighto dynamically control service applications ran
threat patterns and, most importantly, to also tepdad remove. With the OSGi Service Platformsit i
possible to run several largely independent andutaodapplications in parallel in the same virtual
machine, and this can be done throughout theyiféecof the application remotely. [42][43]
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UPNP

UPnP enables management at the application layendme appliances. UPnP standards are based on
TCP/IP network and allow devices to connect seastyée simplify the implementation of home network
for digital content sharing, communication and daiament. These standards focused on the
interconnection between devices and network managefd4]. UPnP AV Media Servers are media
servers which use the UPnP protocols to communigikeother devices to store and share digital medi
such as photos, movies, or music. There are UPrdtalMBervers available for most actuation systends an
many hardware platforms. UPnP AV Media Servers lbancategorized as either software based or
hardware based. Software-based UPnP AV Media Secagr be run on PCs, mainly Microsoft Windows,
Linux, BSD, Unix or Mac OS X. Hardware-based UPnR MAedia Servers can run on any NAS
(Network Attached Storage) devices or any spediicdware for delivering media, such as a PVR
(Personal Video Recorder). Currently, there areensaftware-based UPnP AV Media Servers than there
are hardware-based, but it might change in thedutu

DLNA

The Digital Living Network Alliance (DLNA) is an ternational association of manufacturers of
computers, consumer electronics and mobile phongis the goal to provide interoperability of
multimedia equipment from different manufacturershe home network and ensure personal use. So for
example you can use a Sony PS3 to browse your miideos or photos from your old PC, which is
configured as DLNA media server. The DLNA was foeddn June 2003 as the Digital Home Working
Group (DHWG) by Sony and Intel. The DLNA includesanmore than 250 members from 20 countries
including Cisco, Ericsson, Hewlett-Packard, Micfbstotorola, Nokia, Panasonic, Philips, Samsung,
Sharp and Toshiba. The main tasks of the orgaaizaticlude the joint development and continuous
updating of technical guidelines (Home NetworkediDe Interoperability Guidelines) for developerslan
equipment manufacturers in the field of consumectebnics, computers and mobile devices.

X10

X10 is a standard for communication between netvaenkices for home automation. Hereby the power
line is used as a medium for the transmission ofrobsignals.The digital data from the X10 protoiso
encoded at a 120 kHz carrier signal which coincidi#h the zero-crossings of the 50 Hz or 60 Hz AC
power signal, resulting in a data throughput ofb8/sec. The digital data is a network address and
control command, sent from one controller to anotbentrolled device. The X10 technology was
originally created in 1974 and an improved vergbithis protocol was released in 1997. In this iars
there is extra data can be sent with the statubeoflevices to verify. This status information niay
example consist of a simple status lights on or Af§o, the temperature or other sensor readings ar
displayed.

KNX

KNX is a standard that describes how sensors amdatacs communicate with each other. This
communication protocol is used in building automatand home automation. KNX Association certifies
products according to this standard so that pradiotn different manufacturers together in one eayst
can be used. The KNX is an association of appradéipd 00 manufacturers, including key players ia th
electrical, HYAC and white goods market.

The KNX standard is based on the predecessor sysiesiuding EIB, EHS and Batibus. By all bus
devices which are connected via the KNX media (edspair, radio frequency, power line or
IP/Ethernet), information can be exchanged. Butigiagants are divided into two categories: sensms
actuators. The KNX communication protocol descriltles following applications: lighting, blinds,
heating, ventilation, air conditioning, securityd#o/video, telecommunications, consumer electsarmd
display/reporting of sensor and actuator informmafib].
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LONWORKS

LONWORKS the standard is more flexible than EIBclied in KNX) and is applicable both within the
home environment, and within a business environmdiiis standard is used within operating
environments in both large and small companies. lised for networking of devices over media su&h a
twisted pair, powerline, fibre optics, and RF. LORRKS in terms of applicability wider than EIB and
used for controlling lighting, heating, air conditing, elevator controls, fire alarm, security aatess
applications. OSGi Middleware-Standard (Java-Fraomkwis used for integration of LONWORKS
within the residential gateway. LONWORKS is usedldwide and even in Europe - notably Germany -
a large user base: the LON Nutzer Organization.Mamk International (which is the association for
LONWORKS standard) and its affiliate organizatidrae grown to nearly 400 members today [46]. An
important element in the detriment of the LONWORKi&ndard is that currently insufficient training
opportunities are available for installers. Morapvihere are high costs associated with necessary
installation tools.

HomePlug

HomePlug is an open standard for powerline comnatioiss developed by the HomePlug Power line
Alliance. Member of this alliance includes 3Comse€i, AMD, Compaqg, Conexant, Intel, Motorola,
Panasonic and Texas Instruments. HomePlug is netifeqally designed as a solution for home
automation, but it competes with wireless standékeésWiFi. HomePlug 1.0 standard was developed in
2001. This standard is suitable for data rateoupttMbps. A new version of the HomePlug AV staddar
to allow speeds of 100 to 200 Mbps, and it is &létdor Voice over IP (VOIP) and High Definition TV
(HDTV). Besides the HomePlug alliance, there aheioparties recently joined in this market, suckthas
Consumer Electronics Powerline Communications A& (CEPCA) (Sony, Mitsubishi and Panasonic).
This alliance has developed a specification for grdine technology that allows speeds up to 170 Mbps
Unfortunately, this standard is not compatible viftt HomePlug standard.

ZigBee

ZigBee (IEEE 802.15.4) is an open standard forleéi®connections between devices at short distalices
is a complement to Bluetooth and Wi-Fi, it is uded transmitting sensor data and (process) control
(monitoring & control) as the health of a patiensafety in the home monitoring using sensors. Jded

of the ZigBee was the realization of a low costy lsower, ubiquitous, wireless network technologn. A
important task of the alliance was the definitidnan open industry specification for unlicensed.use
ZigBee networks consist of up to 256 nodes andusegl in: automation of lighting, heating and seguri
systems, replacement of infrared communication rapthcing wired controller technology. The ZigBee
architecture supports three types of topologies: dtar topology, the cluster-tree topology and mesh
topology. The star topology is the simplest fornhene one of the nodes functions as the central.ricale
form a large network, often several star networleslimked together, resulting in a cluster-treenmek.
Both topologies have the drawback of one or monglsipoint of failures to accommodate, the central
node(s). In environments where high reliabilityégjuired, the best solution is to furnish a medivork
[47].

The recent Zigbee Health care specification adddicabequipment to the growing list of applicatidos
ZigBee Wireless Sensor Networks. The ZigBee desllgnvs connection with portable, mobile and fixed
products, making physical Ethernet cables unnepesthe devices have a very low current usage. The
long battery life can go up to several years dejmgndn the device itself. The design in the formaof
mesh network ensures reliable coverage over a ke The new platform will provide economies of
scale in the production of Home Use Medical Deviddsreover, the manufacturers of equipment rid of
the necessity of technical ZigBee specificationsetrn them, so they instead concentrate on their o
specialization to use their medical expertise npoodiciently [48].
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F Definitions

Smart Home

“A “Smart Home” can be defined as a residence gopdpwith computing and information technology
which anticipates and responds to the needs ofottmipants, working to promote their comfort,
convenience, security and entertainment throughrtheagement of technology within the home and the
connections to the world beyond.” (Aldrich, 20035]

Smart Living
The definition that Professor Nico Baken has memtibis as follows

“The Smart Living program aims to contribute to timprovement of people’s Quality of Life and the
sustainable use of limited resourc®¥ge can roughly distinguish three areas in whichasehumans can
move. Either we are at home (in the neighbourhosldgwhere (e.g. at work, at school) or travelling.

The Smart Living program is important because ia@ns our homes and neighbourhoods which are
important entities to draw...and then we have the f®'s: People, Planet, Profit and Pneuma. It is
difficult to organize things on these P’s and tetafct, but you can have an extensive analysiheset
domains.

The old paradigm where we did many things in a redimed way and everything was completely
functionally decomposed, versus another way of iwgrko which | feel out of brown now, and which is
fitting the internet, the prosumer. Well we havask ourselves how does the 24 hour living loak ldnd
how does this migrate to the new paradigm, and tiwencan make value cases that it is appropriate
instant with it right now. What | see now, if wentveo move to this new paradigm we need to godbrev
sensitive design, with functional and non-functimeguirements incorporated simultaneously.

To concretise our understanding of Smart Living,oudine an image of a Smart Living neighbourhood,
with concepts like together, decentralized, susialm and trans-sector”

Service bundle
Service bundle can be defined as various levefaraftional-content based on customer/individuak'sse
needs.

Complex Networks

Complex networks are a relatively new field of @sé resulted from graph theory that focuses less o
the study of small graphs, the properties of irdirél nodes and links in these graphs, but rathehen
statistical properties of large scale networks [7].

Sector

On a macroscopic level, economy and society hagerdgosed into a number of sectors that together
provide the foundations for our daily lives. A s#atan be defined as a cluster of homogeneousitagiv
[4]. From a mathematical perspective a sector eaddfined as the area enclosed by two radii ofceci
and their intercepted arc (a pie-shaped part afckel

Sector Network
A sector network is a network in which the nodesssgctors.

Trans-sector Innovation
Trans-sector Innovation is innovation that involt®e or more sectors.

Vital Sector
We speak of vital sectors, containing vital infrastures, when it comes to products, services and
underlying processes which, if they fail, sociardption may cause. This may be because thereamg m
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victims and economic losses, or restoring lastg land there are no real alternatives, while we ainn
miss these products and services [5].

Holon®

A holon is an identifiable part of a system thas haunique identity, yet is made up of sub-ordinetes
and, in turn, is part of a larger whole (Arthur Isder, The Ghost in the Machine, Page 47,48) [A9].
“part” means something fragmentary and incomphetach by itself would have no legitimate existence.
On the other hand, a “whole” is considered as sbimgtcomplete in itself which needs no further
explanation. But wholes and parts in this absdetese just do not exist anywhere, either in theailowf
living organisms or of social organisations. What fimd are intermediary structures on a seriegwéls

in an ascending order of complexity [49]. A defimit Prof.dr.ir Nico Baken suggested during a wodgsh
of Statistics Netherlands - TRANS workshop (12 Néyt0):

“A holon can be either conceptual or real. One ahstinguish a holon from its environment as a lagjic
entity that is both a whole and a part. A holon dan perceived as a logical entity. A real holon can
change as a function of time.”

Telecom

Given the fact that there is no global consenswitathe definition of a sector and the activitieatt
belong to each one of them, below the Telecom séstdefined from classification and a functional
perspective. Thus, for the purpose of this theses,consider the Telecom sector to be an alternative
aggregation, containing all the activities corregping to division 61, and additionally includingeth
broadcast function mentioned in division 60 in IR€v.4 [6]:

60 - Programming and broadcasting activities
601 - Radio broadcasting
602 - Television programming and broadcastiriyities

61 — Telecommunications
611 - Wired telecommunications activities
612 - Wireless telecommunications activities
613 - Satellite telecommunications activities
619 - Other telecommunications activities

From a functional perspective, the Telecom seatoitdcbe defined as the sector serving both economy
and society that offers its Value Added ServiceA$Yrelying on its unique capability of transfegidata
by means of electro-magnetic (EM) waves [3].

Energy
Section: D - Electricity, gas, steam and air cdadihg supply®
Division: 35 - Electricity, gas, steam and air citioting supply

351 - Electric power generation, transmission @isttibution
352 - Manufacture of gas; distribution of gasefugds through mains
353 - Steam and air conditioning supply

%5 See also TEDx presentation of Prof.dr.ir. Nico &atkhttp://www.youtube.com/watch?v=EDZtJaefpZE

%6 Source; http://unstats.un.org/unsd/cr/registroseapp?Cl=27&Lg=1&C0=35
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Node weight
A definition for node weight found in the literatuis as follows:

“One expresses a kind of activities, organizatiamsevents, named “acts”; and another expresses the
“actors” participating in some acts. In each actetlactors basically show collaboration relationshifh
each other, however they play different roles m¢boperation. Usually every actor tries to plag thost
important role; therefore the role difference cam tegarded as a kind of competition. The node wvteigh
usually signifies the role or “importance degreef’@ach actor.”[50]

The node weight distribution provides informatidioat the actor competition. In this thesis we aimg
to investigate the meaning of the node weight withe trans-sector network.

“The weight wi of a node i can be placed on thegdizal of matrix W. Matrix W can be defined as a
weighted adjacency matrix. In this way, the nodéghtecan be understood as the weight of a self-
loop.”[1]

Cloud
An emerging computing paradigm where data and sesvieside in massively scalable data centres and
can be ubiquitously accessed from any connecteidetewver the internet.

SCADA

Supervisory Control And Data Acquisition (SCADA)dsfines as the collection, transmission, processin
and visualization of measurement and control sgyfraim multiple machines in large industrial system
Sometimes even unfairly called distributed consgstems (DCS). A SCADA system consists of a
computer that has SCADA software. A SCADA systenilifates the exchange of measurement data, the
visualization of data for the human operator, tiftuence of these systems (control), and procedsiag
measurement data to reports (data) or warning.

Jini2?

Jini technology is a technology for building seevioriented architectures that defines a programming
model which both exploits and extends Java™ tecgyalo enable the construction of secure, distetut
systems consisting of federations of well-behavetivark services and clients. Jini technology can be
used to build adaptive network systems that artalsiea evolvable and flexible as typically requined
dynamic computing environments

27 Source;_http://www.jini.org/wiki/Category:Introdtien_to_Jini
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G Acronyms

ADSL
CAES
CCTV
CHP
DG
DHWG

DLNA
DSM

DVB
EAC
ECD
ECN
EISA
ERANET
FMCA
FTTB
FTTH
GPRS
GSM
HAVI
HFC
HLR
HSDPA
HSS
HVAC
HVDC
laaS
ICCS
[IP-DSL
IMS
11O
ISET
ISIC
LTE
MinBZK
NACE
NAS
NG
NIST
OSGi
PaaS
PAC
PBX

Asymmetric Digital Subscriber Line
Compressed Air Energy Storage
Closed Circuit Television
Combined Heat and Power
Distributed Generation

Digital Home Working Group

Digital Living Network Alliance
Distributed Systems Management

Digital Video Broadcasting

Electronic Access Control

Energy Citations Database

stichting Energieonderzoek Centrum Nederland
Energy Independence and Security Act
European Research Area NETwork
Fixed-Mobile Convergence Alliance

Fibre To The Building

Fibre To The Home

General Packet Radio Service

Global System for Mobile communications
Home Audio Video interoperability

Hybrid Fibre-Coax network

Home Location Register

High-Speed Downlink Packet Access
Home Subscriber System

Heating Ventilation Air Conditioning

High Voltage Direct Current

Infrastructure as a Service
Institute of Communications and Computer Syste

ICT Innovatie Platform Domotica & Smart ling

IP Multimedia Subsystem

Input Output table

Institut fiir Solare EnergieversorgungsTechnik

International Standard Industrial Classifioatof All Economic Activities

Long Term Evolution

Ministerie van Binnenlandse Zaken

Nomenclature générale des Activités Economsglans les Communautés Européennes

Network Architectures & Services
Next Generation

The National Institute of Standards and Tedbagy
Open Service Gateway initiative

Platform as a Service

Pumped hydro ACcumulation storage system
Private Branch Exchange
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PPC
PDF
QoS
SaaS
SBI
SCADA
SIG
SN
UAS
UMTS
UPNnP
V2G
VDSL
VESA
VPP
WIMAX
WP

Public Power Corporation

Probability Density Function
Quality of Service

Software as a Service

Standaard Bedrijfsindeling

Supervisory Control And Data Acquisition
Special Interest Group

Statistics Netherlands

Unattended Autonomous Surveillance
Universal Mobile Telecommunications System
Universal Plug and Play

Vehicle-to-Grid

Very high bit rate Digital Subscriber Line
Video Electronics Standards Association

Virtual Power Plants
Worldwide Interoperability for Microwave Aass

Working People
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H Matlab code

Separate.m

% this code separates from the WP
dataset each year apart (using
results from other codes, see
Separate?)

nx=[]; % this vector gives
the name of WP available elements,
the names are the same for each
year so we need to make this only
once

v=values;

v(isnan(v))=0;

% below are the vectors containing
de value of each year, e.g. d93
contains WP data of 1993

do3=[];

do4=[];

do5=[];

for i=1:13:length(names)
nx= [nx ; names(i)];
d93=[d93 ; v(i)];
d94=[d94 ; v(i+1)];
d95= [d95 ; v(i+2)];
d96= [d96 ; v(i+3)];
d97=[d97 ; v(i+4)];
d98=[d98 ; v(i+5)];
d99=[d99 ; v(i+6)];
d00= [d0O0 ; v(i+7)];
d01=[dO1 ; v(i+8)];
d02=[d02 ; v(i+9)];
d03= [d03 ; v(i+10)];
d04= [d04 ; v(i+11)];
d05= [d05 ; v(i+12)];

end

Separate2.m

% this code separates WP data set
is the data in section, division

g=nx;

total=[];

h=[];

n=[];

vl=[]; % sections
v2=[]; % sections
v3=[]; % sections
vA=[];

a=[;

t=[;

N = length(g);

f = char(g);

for i=1:length(g)
if isletter(f(i))
h=[h ; iJ;
end
end
for i= 1l:length(h)
if i~=14
w1l = g(h(i):h(i+1)-1); % names
w2 = u(h(i):h(i+1)-1); % data
for i=1:length(wl)
if
isequal(length(cellzmat(w1(i))),2)
vl=[v1; wl(i)];
end
end
for i=1:length(wl)
if
isequal(length(cellzmat(w1(i))),3)
v2=[v2 ; wl(i)];
end
end
for i=1:length(wl)
if
isequal(length(cell2mat(w1(i))),4)
v3= [v3; wl(i)];
end
end
for i=1:length(wl)
if
isequal(length(cell2mat(wl1(i))),5)
va4= [v4 ; wl(i)];
end
end
for i=1:length(wl)
if
isequal(length(cell2mat(w1(i))),1)
n=[repmat(w1(1),[length(v1),1])
v1];
t=[t; n];
end
if
isequal(length(cellzmat(w1(i))),1)
&& isempty(vl)
n=[repmat(w1(1),[length(v1),1])
v2];
t=[t; n];



\ Appendices

end
end
for i=1l:length(vl)
s= strmatch( vi(i), v2);
g=[repmat(vi(i),[length(s),1])
v2(s)];
t=[t; al;

if isempty(v2)|[isempty(q)
s= strmatch( vi(i), v3);
n=[repmat(v1(i),[length(s),1])
v3(s)l;
t=[t; n];

end
end
for i=1:length(v2)
s= strmatch( v2(i), v3);
g=[repmat(v2(i),[length(s),1])
v3(s)];
t=[t; al;

if isempty(v3)|lisempty(q)
s= strmatch( v2(i), v4);
n=[repmat(v2(i),[length(s),1])
VA(s)];
t=[t; n];

end
end
for i=1:length(v3)
s= strmatch( v3(i), v4);
g=[repmat(v3(i),[length(s),1])
vA(S)];
t=[t; al;
end
total=[total ; t];

else
wl = g(h(i): length(g));
w2 = u(h(i): length(g));
test
total=[total ; t];
end

end

Shape.m

% this code calculates the shape
size of circles in animation of WP,
and provides the related code for
Cytoscape

g=nx;
b =120; % maximum size

plot_data

fid =
fopen( 'shape_size output.txt' ,wtt)

1,‘0r i= 1:length(ql)
¢ = round((b/max(q1))*q1(i));

if c<1
e = sprintf( '%s %s %d"' ,char(ul(i)),
char( '=' ),1);

else
e = sprintf( '%s %s %d"' ,char(ul(i)),
char( '=' ),c);

end

fprintf(fid, '%s\n' ,e);
end

for i= 1l:length(g2)

¢ = round((b/max(q1))*q2(i));

if c<1
e = sprintf( '%s %s
%d" ,char(u2(i)), char( = ), 1);
else
e = sprintf( '%s %s
%d",char(u2(i)), char( = ), ©);
end
fprintf(fid, '%s\n" e);
end
for i= 1l:length(g3)
¢ = round((b/max(q1))*q3(i));
if c<1
e = sprintf( '%s %s
%d",char(u3(i)), char( = ), 1);
else
e = sprintf( '%s %s
%d",char(u3(i)), char( = ), C);
end
fprintf(fid, '%s\n" ,e);
end
for i= 1l:length(q4)
¢ = round((b/max(q1))*q4(i));
if c<1
e = sprintf( '%s %s
%d",char(u4(i)), char( = ), 1);
else
e = sprintf( '%s %s
%d" ,char(u4(i)), char( =), c);
end
fprintf(fid, '%s\n' e);
end
for i= 1l:length(g5)
¢ = round((b/max(q1))*q5(i));
if c<1
e = sprintf( '%s %s
%d",char(u5(i)), char( = ), 1);
else
e = sprintf( '%s %s
%d" ,char(u5(i)), char( =" ), c¢);
end
fprintf(fid, '%s\n' ,e);
end
fclose(fid);
Colour.m

% this code produces colour codes
for Cytoscape of each node in
animation of WP the shape
fid = fopen( ‘exp.txt' ,wtt);
for i= 1:length(g)

switch length(char(g(i)))

case 1
e = sprintf( '%s' ,char( " ),
char(g(i)), char( "), ‘=
51,255,0" );
fprintf(fid, '%s\n' ,e);

case 2
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end

e = sprintf( '%s' ,char( ),
char(g(i)), char( ), '=
255,0,0" );

fprintf(fid, ‘%s\n' ,e);

case 3

e = sprintf( '%s' ,char( ),
char(g(i)), char( "), '=
0,0,156" );

fprintf(fid, ‘%s\n' ,e);

case 4

e = sprintf( '%s' ,char( ),
char(g(i)), char( ), '=
149,179,215" );

fprintf(fid, ‘%s\n' e);

case 5

e = sprintf( '%s' ,char( ),
char(g(i)), char( ), '=
0,204,255" );

fprintf(fid, ‘%s\n' ,e);

end

end

fclose(fid);
Plot_data.m

% this function divides the data of
a year in each of the 5 hierarchy
layers (WP), this function is used

by Sort_data.m
g =nx;
N = length(g);
ul=(};
u2=[;
u3=[];
ud=[];
us=[;
q1=[];
q2=[];
a3=[l;
q4=[l;
a5=[];
for i=1:N
if length(char(g(i)))==1
ul=[ul; g(I
ql=[ql; p@)];
end
if length(char(g(i)))==2
u2=[u2 ; g(i)l;
a2=[a2 ; p(i)];
end
if length(char(g(i)))==3
u3=[u3 ; g(i)l;
a3=[a3; p()];
end
if length(char(g(i)))==4
ud=[u4 ; g(i)l;
q4=[a4 ; p()];
end
if length(char(g(i)))==5
u5=[u5 ; g(i)l;
a5=[a5 ; p()];
end

Sort_data.m
% this function generates
files with Sections,
Groups, Classes,

excel

Divisions,
Subclasses of

number of working people (WP)

year = [1993, 1994, 1995,

1997, 1998, 1999, 2000, 2001,

2003, 2004, 2005];

s=[ d93, d94, d95, d96, d97,

1996,
2002,

dos,

d99, d00, d01, d02, d03, d04, d05];

z={'A1' ,'B1' ,'Cl" ,'D1l" ,
1, 'H1' 't o, 'J1 K1,
x={'A" ,'B'" ,'C ,'D ,'E,
o, 'K, M
x=x(:)
sections =]
divisions = [J;
groups = [J;
classes =[];
subclasses =[];
for i=1:13
p=s(:,i)
plot_data;
sections = [sections q1];
divisions = [divisions g2];
groups = [groups q3];
classes = [classes g4];

'El" ,'F1
L1 ,'M1" }
' G H

,'G

subclasses = [subclasses g5];
s=[ d93, d94, d95, d96, d97,

dos, d99, doo, do1, d02, d03, do4,

dos5];

end

xlswrite(  'Sections.xls' ,sections, 's
heetl' , ‘Al );
xlswrite(  'Divisions.xls' ,divisions,
'sheetl' ,'Al' );

xlswrite(  'Groups.xlIs' ,groups, ‘Al );
xlswrite(  'Classes.xls' .Classes, 'Al'
);

xlswrite(  'Sub_classes.xIs' ,Subclass
es, 'Al" );

Network.m

%% this function provides the

monetary network from /O
also generates input file
Cytoscape

p=I[; %network
r=1l;

h=;

d=1[; %degree

e=0; %variable
x=y1993;

x(isnan(x))=0;

g=x(105,:);

m=x(:,105);

table,
for
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X(105,:)=m";
x(;,105)=q";
s=[50, 51, 61, 62, 64, 65, 66, 67,
68, 69, 70, 71, 72, 74, 75, 76, 89,
90, 91, 92, 96, 105];
%% this code provides the network
of each year for the specific range
for i=1:105
for j=1:105
e = X(i.j);
if e>1
h=Tijl;
r=[rh];
end
end
end
for i=1:length(r)
if (sum(bsxfun(@eq,s,r(i,1)))>0
|| sum(bsxfun(@eq,s.,(i,2)))>0)
p=[p;r)l
end
end

%% this for-loop calculates the
degree vector

for i=1:105
d(i)= sum(sum(bsxfun(@eaq,i,p)));
end

%% this code gives colour to the
links in the network

fid = fopen( 'linkcolour.txt' ,wtt);
for i=1:length(p)
switch  p(i,1)

case 50
e = sprintf( '%d\t%s\t%d%s'
p(i,1), '(Pp)’ p(i,2), o=
153,204,0' );
fprintf(fid, ‘%s\n' e);

case 51
e = sprintf( '%d\t%s\t%d%s'
p(i,1), '(Pp)’ p(i,2), o=
0,153,204" );
fprintf(fid, ‘%s\n' ,e);

case 61
e = sprintf( '%d\t%s\t%d%s'
p(.1), '(Pp)’ p(i,2), b=
153,0,51' );
fprintf(fid, ‘%s\n' ,e);

case 62
e = sprintf( '%d\t%s\t%d%s'
p(i,1), ‘(pp) , p(i,2), o=
153,0,51' );
fprintf(fid, ‘%s\n' ,e);

case {64, 65, 66, 67, 68,
69, 70, 71, 72}
e = sprintf( '%d\t%s\t%d%s'
p(i,1), ‘(pp)" , p(i,2), o=
102,102,153" );
fprintf(fid, '%s\n' ,e);

case 74

e = sprintf( '%d\t%s\t%d%s'
p(i,1), ‘) p(i,2),
255,0,102" );
fprintf(fid, '%s\n' e);

case {75, 76}
e = sprintf( '%d\t%s\t%d%s'
p(i,1), ‘ep) . p(i,2), '
255,255,0" );
fprintf(fid, '%s\n' e);

case {89, 90, 91, 92}
e = sprintf( '%d\t%s\t%d%s'
p(i,1), ‘ep) . p(i,2), '
226,107,10' );
fprintf(fid, '%s\n' e);

case 96
e = sprintf( '%d\t%s\t%d%s'
p(i,1), ‘) p(i,2),
0,204,153 );
fprintf(fid, '%s\n' e);

case 105
e = sprintf( '%d\t%s\t%d%s'
p(i,1), ‘ep) . p(i,2), '
255,0,0" );
fprintf(fid, '%s\n' e);
end
end
fclose(fid);
Degree.m

%% this code provides a degree
matrix of all the years

deg =I;

x =1

I0=[y1987, y1988, y1989, y1990,
y1991, y1992, y1993, y1994, y1995,
y1996, y1997, y1998, y1999, y2000,
y2001, y2002, y2003, y2004, y2005,
y2006, y2007];

I0(isnan(10))=0;

for n=1:21

p=1; %network
r=1[;

d=[;

e=0;

x =10(;,n*105-104:n*105);

g = x(105,3);

m = x(:,105);

x(105,:)=m’;

x(;,105)=q";

%% this code provides the network
of each year for the specific range
for i=1:105
for j=1:105
e = X(i,j);
if e >=5000
h =i}
r=[r;h];
end
end
end
for i=1:length(r)
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if (sum(bsxfun(@eq,s,r(i,1)))>0
|| sum(bsxfun(@eq,s,(i,2)))>0)

p=I[p; @)l

end
end
%% this for-loop calculates the
degree vector
for i=1:105
d(i)= sum(sum(bsxfun(@eq,i,p)));
end
deg = [deg dT;
end
xlswrite('lO_grgl_5000_degree(1987-
2007).xls',deg,'sheetl’, 'Al");

z= sorting(10(;,i*105-104:i*105))

Dependencies.m
%% this code provides the
dependency values for the
hierarchical vital sector
dependencies graph
k=log(data);
u = max(max(k));
m = J;
for i= 1:length(k)
for j=1:3
if  k(i,j) <= (u/5)
m(i,j)=1
end
if ((uB)<  k(G,)) &&
(k(i.j)<= (u/5*2))
m(i,j)=2
end
if  ((uB*2)< k(i) &&
(k(i.j) <= (u/5*3))
m(i,j)=3
end
if  ((u/5*3) < k(i) &&
(k(i.j) <= (u/5*4))
m(i,j)=4
end
if ((uis*4) < k(i)
(k(i,j)<=u)
m(i,j)=5
end
end
end

9=[g z];

end

xlswrite(  '20100929 10 _listed_1987-
2007.xls" ,g, 'sheetl' , 'Al' );
Sorting.m

% this function selects the vital
activity clusters in the I/O data
set and sort it in one matrix
function [value]=sorting(x)
x(isnan(x))=0;
t=[l;
b=[];
y=[I;
value=[];
s=[50, 51, 61, 62, 64, 65, 66, 67,
68, 69, 70, 71, 72, 74, 75, 76, 89,
90, 91, 92, 96, 105];
for i=1:length(s)

t=[t; x(s(i),)];

end
b=[t(1,:); t(2,:); sum(t(3:4,));
sum(t(5:13,)); t(14,);

sum(t(15:16,:));  sum(t(17:20,%));
t(21,:); t(22,2)];

b=[b; sum(x)-  sum(b)];

% here we -calculate the "others
sector" sum of total minus sum of b

y=[b(:;,50) b(;,51)
sum(b(;,61:62)")' sum(b(:,64:72)")'
b(:,74) sum(b(:,75:76)")'
sum(b(:,89:92)")' b(:,96)
b(;,105)];

y=ly sum(b’)-sum(y’)T;
value= reshape(y,100,1)

Mainsort.m

% this function uses Sorting.m and
generates Xcel file 10_listed_1987-
2007

I0=[y1987, y1988, y1989, y1990,
y1991, y1992, y1993, y1994, y1995,
y1996, y1997, y1998, y1999, y2000,
y2001, y2002, y2003, y2004, y2005,
y2006, y2007];

I0(isnan(10))=0;

z=[];

o=[l;

for i=1:21

Mapping.m

%% this code maps the WP with I/O
data set

V = names;

w = values;

w(isnan(w))=0;

m=[];

sn=[];

c=[];

d=

Djﬁtﬁ
[ Rl v

—h
11
=

; %% this is the set
of diagonal elements of 1993-2005

e=[];

IOSN=];

map=[l; %% this matrix will
contain working people corespondin

to 10 table rows
s=[d93,d94,d95,d96,d97,d98,d99,
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d00,d01,d02,d03,d04,d05];

jr=[1993, 1994, 1995, 1996, 1997,
1998, 1999, 2000, 2001, 2002, 2003,
2004, 2005];

I0S=[y1993, y1994, y1995, y1996,
y1997, y1998, y1999, y2000, y2001,
y2002, y2003, y2004, y2005];
10S(isnan(10S))=0;

y =[50, 51, 61, 62, 64, 65, 66,

67, 68, 69, 70, 71, 72, 74, 75,

76, 89, 90, 91, 92, 96, 105];

for i=1:13

g=s(.i);

m(1)= q(4);

m(2)= q(5)+ q(6);

m(3)=q(7);

m(4)=q(8);

m(5)=q(9);

m(6)= q(12)+ q(13);

m(7)= q(14);

m(8)= q(16);

m(9)= q(17)+q(18);

m(10)= qg(21);

m(11)= q(25);

m(12)= q(26);

m(13)= q(29)+q(30);

m(14)= q(33);

m(15)=
q(31)+q(34)+q(36)+a(37)+q(38)+q(40)
+q(41);

m(16)= q(39);

m(17)= q(42);

m(18)= q(47);

m(19)= q(48);

m(20)= q(56); %% no data
m(21)= q(57);

m(22)= q(61);

m(23)= q(68);

m(24)= q(69);

m(25)= q(71)+q(76);

m(26)= q(86);

m(27)=q(87);

m(28)= q(90)+q(91)+q(94);

m(29)= 0; %% no data
m(30)= q(92);

m(32)= q(95)+ q(96)+ q(97)+
q(98)+q(99);

m(33)= q(100);

m(34)= q(107);

m(35)= q(114);

m(36)= q(117);

m(37)=
q(129)+q(134)+q(139)+q(140)+q(141)+
q(142);

m(38)= q(142);

m(39)= q(143);

m(40)= q(144);

m(41)= q(151);

m(42)= q(152)+q(153);

m(43)= q(156);

m(44)= q(161);

m(45)= q(164);

m(46)= 0; %% no data

m(47)= q(166);

m(48)=
q(172)+q(173)+q(174)+q(175)+q(176);
m(49)=q(179);

m(50)= q(181);

m(51)= q(182);

m(52)= q(184);

m(53)= q(186);
m(54)=q(190)+q(191)+ q(194)+q(195);
m(55)= q(200);

m(56)= q(207);

m(57)= q(455);

m(58)= q(216); %%
m(59)= q(222); %%
m(60)= q(221)+q(223)+q(224);
m(61)= q(225);

m(62)= q(309);

m(63)= q(360);

m(64)= q(379)+q(380)+q(381)+q(382);
m(65)= q(383)+q(384);

m(66)= q(386);

m(67)= q(387);

m(68)= q(390);

m(69)= q(395);

m(70)= 0;

m(71)=0;

m(72)=0;

m(73)= q(397);

m(74)=0; %%
m(75)= q(401);

m(76)= q(406);

m(77)= q(410);

m(78)= q(416)+q(419);

m(79)= q(424);

m(80)= q(427);

m(81)= q(436);

m(82)= q(442);

m(83)= q(449);

m(84)= q(468);

m(85)= q(478);

m(86)= q(481);

m(87)= q(487);

m(88)= q(477)+q(486)+q(490);
m(89)= q(507);

m(90)= q(508);

m(91)= q(509)+q(510);

m(92)= 0; %% no data
m(93)= q(514);

m(94)= q(518);

m(95)= q(529)+q(533);

m(96)= q(537)+q(574);

m(97)= q(575);

m(98)= q(609);

m(99)= q(619);

m(100)=
q(630)+q(631)+q(632)+q(637)+q(638)+
q(644);

m(101)= q(650); %%
m(102)= q(651);

m(103)= 0; %% no data
m(104)= 0; %% no data

map=[map m’;

end
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c=zeros(105,13);

¢(1:104,:)=map;

for i=1:13
a=diag(l0S(:,((i-1)*105+1):i*105));
b=c(:,i);

e=corr(a,b);

d=[d e];

end

d=d;

for i=1:13
e=diag(l0S(:,((i-1)*105+1):i*105));

f=[f e];

end

g= sum(c)’; % this is the sum
of number of working people in each
year

r= sum(f)’; % this is the sum
of internal montary transactions of

each year

%% y1993 is de naamgeving voor 1O
tabel matrix voor jaar 1993

%% d93 is de naamgeving voor WP in
een vector in de volgorede van
SBI93

%% map is een vector die de mapping
van WP op IO doet

Sectorsinf.m
% this function provides, by TRANS
selected, activity clusters

monetary transactions derived from
I/O table, inflation correction is
included, and it also generates the
Xcel files

Inflation= [0.7, 1.1, 2.5, 3.9,
3.7,21,27,2,2.1,22,2,2.2,
2.6,45,34,21,1.2,1.7, 1.1,

1.6];

Inf= (Inflation/100 + 1);

jr=[1987, 1988, 1989, 1990, 1991,
1992, 1993, 1994, 1995, 1996, 1997,
1998, 1999, 2000, 2001, 2002, 2003,
2004, 2005, 2006, 2007];

I0=[t1988, 11989, 11990, 11991,
11992, 11993, t1994, 11995, 11996,
11997, 11998, t1999, t2000, t2001,
t2002, t2003, t2004, t2005, t2006,
t2007];

I0(isnan(10))=0;

1=t1987;

I(isnan(1))=0;

DC=[l; % Totaal kolommen 1-104

DE=[]; % Consumptieve bestedingen

door huishoudens

DM=[]; % Totaal kolommen 105-114
t=[;

a=1,

z=[J;

10C=[];

IDC=[]; % Totaal kolommen 1-104:
Water, Finance, Onderwijs, Energy,
Zorg, Telecom en post, overig

IDE=[]; % Consumptieve bestedingen
door huishoudens: Water, Finance,
Onderwijs, Energy, Zorg, Telecom en
post, overig

IDM=]]; % Totaal kolommen 105-114:
Water, Finance, Onderwijs, Energy,
Zorg, Telecom en post, overig

[IDC=]]; % Totaal kolommen 1-104:

Government, Real Estate,
Construction, Water, Finance,
Onderwijs, Energy, Zorg, Telecom en
post, overig

IIDE=[]; % Consumptieve bestedingen
door huishoudens: Government, Real
Estate, Construction, Water,

Finance, Onderwijs, Energy, Zorg,
Telecom en post, overig
[IDM=]]; % Totaal kolommen 105-114:

Government, Real Estate,
Construction, Water, Finance,
Onderwijs, Energy, Zorg, Telecom en
post, overig

HIDC=[]; % Totaal kolommen 1-104:
Government, Real Estate,
Monstruction, Water, Finance,
Onderwijs, Energy, Zorg, Telecom en
post, overig

HIDE=]]; % Consumptieve bestedingen
door huishoudens: Government, Real
Estate, Monstruction, Water,
Finance, Onderwijs, Energy, Zorg,
Telecom en post, overig

HIDM=[]; % Totaal kolommen 105-114:

Government, Real Estate,
Monstruction, Water, Finance,
Onderwijs, Energy, Zorg, Telecom en
post, overig

for i=1:20

a =a* (U/Inf(i));

t=10(;,i*117-116:i*117)*a;

z=[zt];
end
I0C =l z];
for i=1:21

t =10C(;,i*117-116:i*117);

h =1t(:,107);

DC = [DC h(2:105)];

h =1(;,109);

DE = [DE h(2:105)];

h =1(;,117);

DM = [DM h(2:105)];
end
IDC=[DC(50,:); sum(DC(96:97,));
DC(74,)); sum(DC)- DC(50,:)-
sum(DC(96:97,:))- DC(74,) 1;
Energy, Zorg, Telecom en post,
overig
IDE=[DE(50,:); sum(DE(96:97,)));
DE(74,); sum(DE)- DE(50,:)-
sum(DE(96:97,)))- DE(74,) 1;

%

%
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Energy, Zorg, Telecom en post,

overig
IDM=[DM(50,:); sum(DM(96:97,));
DM(74,); sum(DM)- DM(50,:)-

sum(DC(96:97,:))- DM(74,) 1;
Energy, Zorg, Telecom en post,

overig

IIDC=[DC(51,:); sum(DC(75:77,:));
sum(DC(93:95,:)); DC(50,);
sum(DC(96:97,:)); DC(74,);

zeros(1,21)];
t=[sum(DC)- sum(IIDC)];

IIDC(7,:)=t; % Water, Finance,
Onderwijs, Energy, Zorg, Telecom en
post, overig

IIDM=[DM(51,)); sum(DM(75:77,:));
sum(DM(93:95,:)); DM(50,:);
sum(DM(96:97,:)); DM(74,);

zeros(1,21)];

t= [sum(DM)- sum(IIDM)];
IIDM(7,:)=t;
Onderwijs, Energy, Zorg, Telecom en
post, overig
IIDE=[DE(51,3);
sum(DE(93:95,%));
sum(DE(96:97,)));
zeros(1,21)];

t= [sum(DE)- sum(IIDE)];

sum(DE(75:77,%));
DE(50,});
DE(74,);

% Water, Finance,

IIDE(7,)=t; % Water, Finance,
Onderwijs, Energy, Zorg, Telecom en
post, overig

HIDC=[sum(DC(89:92,:))+ DC(99);
sum(DC(78:79,:)); sum(DC(52:57,:));

DC(51,); sum(DC(75:77,2));
sum(DC(93:95,:)); DC(50,);
sum(DC(96:97,)); DC(74,));

zeros(1,21)];

t= [sum(DC)- sum(lIIDC)];
IIIDC(10,:)=t; % Government,
Estate, Construction, Water,

Real

Finance, Onderwijs, Energy, Zorg,
Telecom en post, overig
[IIDM=[sum(DM(89:92,:))+ DM(99);
sum(DM(78:79,3)); sum(DM(52:57,));

DM(51,:); sum(DM(75:77,2));
sum(DM(93:95,:)); DM(50,:);
sum(DM(96:97,:)); DM(74,5);

zeros(1,21)];

t= [sum(DM)- sum(IIIDM)];

[IIDM(10,:)=t; % Government, Real
Estate, Construction, Water,
Finance, Onderwijs, Energy, Zorg,
Telecom en post, overig
[IIDE=[sum(DE(89:92,:))+ DE(99);
sum(DE(78:79,:)); sum(DE(52:57,%));

DE(51,:); sum(DE(75:77,));
sum(DE(93:95,))); DE(50,));
sum(DE(96:97,))); DE(74,);

zeros(1,21)];

t= [sum(DE)- sum(IlIDE)];

IIDE(10,:)=t; % Government, Real
Estate, Construction, Water,
Finance, Onderwijs, Energy, Zorg,
Telecom en post, overig

% xIswrite('lO_IDM_Totaal kolommen
105-114(1987-2007)Inflatie
gecorrigeerd.xIs',IDM,'sheetl’,

'ALY);

% xlswrite('lO_DC_Totaal kolommen
1-104(1987-2007)Inflatie
gecorrigeerd.xls',DC,'sheetl’,

'ALY);

% xlswrite('lO_DE_Consumptieve
bestedingen door huishoudens(1987-
2007)Inflatie
gecorrigeerd.xls',DE,'sheetl’,

'ALY);

% xlswrite('lO_DM_Totaal kolommen
105-114(1987-2007)Inflatie
gecorrigeerd.xIs',DM,'sheet?’,

'ALY);



