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! Information Technology 
➡ From 1G to 5G (6G) 
➡ From Internet to IoT to Industry 4.0 

! Grand challenges 
➡ Societal Security,  
➡ Resources, Climate 
➡ “The Divide” 

! IoT and automated systems 
➡  Automation and societal aspects 

! Sustainable Innovation 
➡ Digital Inclusion 
➡ Return on SDGs (RoSDGs) 

! Conclusions 
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“The last time I was connected by wire was at birth” 
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The Internet and the Nordics
• First Arpanet Connection to Kjeller  (June 1973) 

• (except Hawai) 
• List_of_Internet_pioneers [Wikipedia] 

–  Yngvar Lundh, Paal Spilling  
• Anwendungsentwicklung 

– .php, OpenSource, Linux, Skype, Spotify 
– OperaSoftware, FAST Search 
– Nokia, Ericsson 
– Telenor, TeliaSonera 

• Mobiles Internet:  
–     GSM 
–       Mobile Anwendungen

3Vint Sigrid
Yngvar Paal 
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the Internet
! uses Internet Protocol TCP/IP 

➡ http(s), (s)ftp, smtp, ssh 
!  Applications like  

➡ World Wide Web   
➡ electronic mail,  
➡ telephony 
➡ file sharing
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11 ©2007 Deloitte & Touche GmbH WirtschaftsprüfungsgesellschaftWeb 2.0 Expo Berlin 2007

How come these guys didn’t think of that?

Source: http://www.michaelkaul.de/History/history.html

Jon Postel

Steve Crocker

Vinton Cerf
1972

1973 Kjeller
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The Internet of Things (IoT)
! IoT = 

➡ Things + 
➡ Internet + 
➡ Semantics 

! Things that communicate 
➡ with Things: computer, 
➡ understand the meaning, 
➡ takes own decisions
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Source: L. Atzori et al., The Internet of Things: 
A survey, Comput. Netw. (2010), doi:10.1016/ 

* security 
* privacy 
* dependability 
* context-aware  
* personalised

Things

Internet
Semantics
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Internet connectivity
! Wired 

➡ Fibre 
➡ ADSL/VDSL 
➡ Broadband 

! Wireless 
➡ Mobile (3G, 4G, 5G) 
➡ Wifi (802.11…) 
➡ Powerline communication 

! Sensor Communications 
➡ Bluetooth 
➡ Ultra Wide Band 
➡ NB-IoT, LTE-M (eMTC) 

! RFID, NFC
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Note:  
Classification according to  
a) distance 
b) capacity (kbit/s, Mbit/s)
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6G: Digitisation of the Society
! 1G-3G: Speed, flexibility 
! 3G-4G: Service view 
! 5G: Industrial 

➡ Business challenges 
➡ ownership 

! 6G: Societal 
➡ sustainability
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1970 1980 1990 2010

Services & Society

[adapted from Per Hjalmar 
Lehne, Telenor, 2000]

2000 2020

1G

3G

2G

Mobile telephony

Mobile telephony, SMS, 
FAX, Data

Web, Multimedia, 
Communications

Mobile broadband 
services

NMT

GSM

UMTS

4G LTE

....5G
Industrial challenges, 
IoT

6G

2030

Sustainability, SDGs 
Societal challenges
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5G: Industrial Challenges
! enhances Mobile Broadband 

! massive IoT 

! ultra Reliable, Low Latency communication
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[source: Nokia ]

URLLCmIoT

eMBB

https://networks.nokia.com/5g/get-ready
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5G network slicing for  
Free Access to Information for All
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Communication, 
Internet, 
Entertainment

Automation, 
Manufacturing, 
Retail

Autonomous systems
Health/Medical
Alarm, Infrastructure

Information 
(text & pictures) 

Mobile Broadband

Massive IoT

Reliable & ultra-low latency

5G Networking

Software-enabled routing

Free access to information
for all

0 1 0 1
1 0 0 1
0 1 0 0

URLLCmIoT

eMBB
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The Internet of Things (IoT)
! IoT = 

➡ Things + 
➡ Internet + 
➡ Semantics 

! Things that communicate 
➡ with Things: computer, 
➡ understand the meaning, 
➡ takes own decisions
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Source: L. Atzori et al., The Internet of Things: 
A survey, Comput. Netw. (2010), doi:10.1016/ 

* security 
* privacy 
* dependability 
* context-aware  
* personalised

Things

Internet
Semantics
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IoT area 2 (“The Things”)
! Integration of Sensors on pocket computers 

➡ monitoring of a real-life wireless installation,  
➡ network impact of services and applications with respect to wireless characteristics. 
➡ IoT energy system monitoring 

! IoT gateway 
➡ Raspberry PI installation 
➡ Cloud integration (edge computing)
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IoT Life cycle

12
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The Internet of Things (IoT)
! IoT = 

➡ Things + 
➡ Internet + 
➡ Semantics 

! Things that communicate 
➡ with Things: computer, 
➡ understand the meaning, 
➡ takes own decisions
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Source: L. Atzori et al., The Internet of Things: 
A survey, Comput. Netw. (2010), doi:10.1016/ 

* security 
* privacy 
* dependability 
* context-aware  
* personalised

Things

Internet
Semantics
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Why Semantics?
! Syntax vs. Semantics
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What do the tags mean for the machine?

<Title>Ontological Engineering</Title>  
<Author>Asunción Gómez-Pérez...</Author> 
<Price>$74.95</Price>  
<Product>Book</Product>

Title: Ontological Engineering  
Authors: Asunción Gómez-Pérez... 
Price: $74.95 
Product: Book

E
ng

lis
h

 الاسم>الھندسة فٮعلم التطو ر </الاسم>>
 <<المؤلفّون>آسنسیون غومزـبرز </المؤلفّون
السّعر>$74.95</السّعر>>  
<<الكتاب>المنتج </الكتاب

  الھندسة فٮعلم التطو ر :الاسم
 آسنسیون غومزـبرز :المؤلفّون

 السّعر: $74.95
الكتاب :المنتج

A
ra

b

Source: Juan Miguel Gomez, University Carlos III de Madrid 
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Why Semantics?
! Conceptual Level
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lunch (.no) lunch (.es)

Source: Juan Miguel Gomez, University Carlos III de Madrid 
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Internet of Things 

16

Industry4.0 Future Home Society5.0
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Industry 4.0 - Automation
! EU is pushing1 Industrie4.0 

➡ digital innovation hubs,  
➡ leadership in digital platforms,  
➡ closing the digital divide gap 
➡ providing framework conditions  

! Cyber-Physical Systems 
➡ interactivity people-machines 
➡ virtual machines 
➡ virtual sensors 
➡ automated factories
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1 http://europa.eu/rapid/press-release_SPEECH-15-4772_en.htm
Source: Trumpf / Forschungsunion 
 Wirtschaft & Wissenschaft

http://europa.eu/rapid/press-release_SPEECH-15-4772_en.htm
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Internet of Things (IoT)
! Interconnected power systems 

➡ measure:  
‣ Voltage,  
‣ Frequency variation 

➡ automatic control 

! Controlling home appliances 
➡ Power consumers: 

‣ heat pump, water heater 
‣ car charger 
‣ washing machine, dish washer 

➡       Convenience & Security
18
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IoT challenges - “programmed to kill”
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https://www.technologyreview.com/s/542626/why-self-driving-cars-must-be-programmed-to-kill/
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Change in Business Models due to IoT

21

http://www.scmagazine.com/iot-
security-forcing-business-model-
changes-panel-says/article/448668/ 

http://www.scmagazine.com/iot-security-forcing-business-model-changes-panel-says/article/448668/
http://www.scmagazine.com/iot-security-forcing-business-model-changes-panel-says/article/448668/
http://www.scmagazine.com/iot-security-forcing-business-model-changes-panel-says/article/448668/
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Grand Challenges
! Grand Challenges 

➡ Climate 
➡ Resources (radio, minerals) 

‣ Kobald (East - DR Congo) 
➡ Societal Security, Divide 

! Digitisation 
➡ Mobile Networks 
➡ IoT 
➡ Automation 
➡ … 

!

22

“Internet had the ability to 

dismantle the divide. 

Internet failed miserably, th
e 

divide is bigger than ever.” 

Kate Gilmore, Human Rights, UNO
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Challenge 1: Climate

23

not today
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Challenge 2: Resources

24
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Resources: Shortage of Materials 

! EU critical materials 
in Energy Technology 

! REEs terbium, 
neodymium, 
dysprosium

25

Source: HyProS Arena 
Meeting UiO, 6Dec2018
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Resources: Recycling rates of Metals 

! 30+ elements have 
<1% recycling rate

26

Source: HyProS Arena 
Meeting UiO, 6Dec2018
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A sustainable Future?

27
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Challenge 3: Societal Security,  
here: the Digital Divide

28
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Digitalisation of the Society

29

Source: EU commission,  
https://www.youtube.com/watch?v=BK-UuUnQalM&feature=youtu.be

https://www.youtube.com/watch?v=BK-UuUnQalM&feature=youtu.be


Feb2020, Josef NollDigital Transformation, IoT and Industry4.0

Automation will come

30
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Source: Where Machines 
could replace humans, 
McKinsey 2016
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Starting Point:

31

http://BasicInternet.org
ttps://twitter.com/@Basic4all
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And what about IoT?

https://www.accessnow.org/
cant-reach-u-n-goals-
sustainable-development-
without-internet/ 

https://www.accessnow.org/cant-reach-u-n-goals-sustainable-development-without-internet/
https://www.accessnow.org/cant-reach-u-n-goals-sustainable-development-without-internet/
https://www.accessnow.org/cant-reach-u-n-goals-sustainable-development-without-internet/
https://www.accessnow.org/cant-reach-u-n-goals-sustainable-development-without-internet/
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Access to information  
to reach the Sustainable Development Goals

! Access to Information  
➡ only in 4 of the 169 targets 
➡ transferred from 2020 -> 2030 goals 
➡ repeated by the High-Level Panel 
➡ Under-communicated by Aid & 

Development

33
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Challenges
! Costs of Access 

➡ School connectivity (SDG indicator 4.A.1) 
➡ Digital Health for primary health facilities 
➡ Community involvement/digital transformation 

! Digital Content 
➡ School/Health/Community info 
➡ Uganda Knowledge Portal (UKP) 
➡ Digital Public Goods (UN, UNICEF) 

! Free access to Uganda Knowledge Portal

34

3G, 4G, 5G

Radio / Fibre

OPEX

CAPEX

Satellite

http://BasicInternet.org
ttps://twitter.com/@Basic4all
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6Genesis.com by Oulu University
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! Lighthouse project in Finland 
➡ 251 M€ funded 

! Goals 
➡ Support industry in finalization of 5G 
➡ Develop the fundamental technology 

needed to enable 6G 
➡ Speed up digitalization in society 

! Focus on Sustainable Development 
➡ FI, SE, NO, DK academic collaboration

http://6Genesis.com
https://www.youtube.com/watch?v=T6ubRoZCeVw
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Inclusiveness - Trust - Capacity  

United Nations High Level Panel on Digital 

Cooperation 2019
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Challenge 4: Existing Business Models

37
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Telecom view on digital inclusion

38

?
Addressable 
Market

#5Gfor All? 

“Internet had the ability to 

dismantle the divide. 

Internet failed miserably, th
e 

divide is bigger than ever.” 

Kate Gilmore, Human Rights, UNO

Source: Service Innovation 
through Smart Networks, 
Ericsson,  
https://www.ericsson.com/
assets/local/networks/
documents/service-
innovation-through-smart-
networks.pdf 

http://BasicInternet.org
https://plus.google.com/b/112843192525301686752/112843192525301686752/about
ttps://twitter.com/@Basic4all
https://www.ericsson.com/assets/local/networks/documents/service-innovation-through-smart-networks.pdf
https://www.ericsson.com/assets/local/networks/documents/service-innovation-through-smart-networks.pdf
https://www.ericsson.com/assets/local/networks/documents/service-innovation-through-smart-networks.pdf
https://www.ericsson.com/assets/local/networks/documents/service-innovation-through-smart-networks.pdf
https://www.ericsson.com/assets/local/networks/documents/service-innovation-through-smart-networks.pdf
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6G (#5GforAll) for digital inclusion
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[Adapted from: Service Innovation through Smart Networks, Ericsson, 2018]

Internet lit
e

All members  
of the 

Society

Fri acccess to information
Disposable  
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“3.9 Billion People are not 

connected” 

[Internet Government Forum, 2018]

“In 2020 45% of 

connections in Africa (SSA) 

are still 2G connections” 

[Ericsson: Service Innovation]

8% no Internet 

26% no Mobile Broadband

http://BasicInternet.org
ttps://twitter.com/@Basic4all
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Conclusions
• Sustainability & IoT - technology driven 
• #1 Climate 
• #2 Resources:  

Trillions of Sensors vs Waste/Recycling 
• #3 Digital gap vs digital partnership 

➡ “Nobody should be left out from the Digital Society” 
➡ Give everyone access to digital information & IoT 
➡ Freemium model for access 

• #4 Regulatory framework for digital inclusion 
•
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