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» TNO

REVENUE ORGANISATION TNO
(INCL. GOVERNMENT GRANT)

= GOVERNMENT
GRANT
= MARKET AND
5 4 O 1 GOVERNMENT SAL
I 48%
MILLION EURO
+1%

534.5 MILLION EURO 2019

NUMBER OF EMPLOYEES

3,562

TOTAL

3,431 2019

) TNO is an independent research organisation
science
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‘Innoyaiing for employment,
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'"Tutning eomplex issues into

sustainable innovations'




» INTRODUCTION TO TNO ICT

ﬁ ) About TNO ) News ) TNOlaunchesf...

TNO LAUNCHES FULLY FLEDGED 5G TEST
NETWORK

29 JUN 2020

Happy to share that TNQO's 5G lab facilities (with a popular name Hi5) have been
extended with a multi-vendor Open RAN base station (i.e. Accelleran’s dRAX + 3rd
party DU + 3rd Party RU).

#5gnetworks #5g #oran #5gtechnology
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» WHY GREEN NETWORKS ARE IMPORTANT
HOW MUCH ENERGY DOES A NETWORK CONSUME? e T R R T

@ NS used 1,346 GWh VATTENFALL L'ﬁ:
in 2019 2

k KPN Networks q
p n used 580 GWh in 2019 - HHE ~290.000 Dutch houses use in a yea

O @ VDF Ziggo Networks

used 295 GWh in 2019 Equivalent to 5t largest Dutch

B city between Utrecht and
Eindhoven
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» GREEN CLOUD: ENERGY-EFFICIENT CLOUD
GREENCILLOUD NEEDS GREEN NETWORK

) Growth of cloud computing, and trend towards edge computing

) Cloud computing = data centers + (access) networks to reach ‘cloud’

Energy-efficient Cloud Computing

Technologies and Policies for an

) Energy consumption of (access) networks) is almost 50% of cloud computing Eco-friendly Cloud Market

) Edge data centers share to increase: 2% in 2018 to 12% in 2030
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Calculations by Borderstep Institute

* Energy-efficient cloud computing Technologies and Policies for an Eco-friendly Cloud Market (Nov. 2020)



FIBRE NETWORKS ARE ENERGY EFFICIEN

H European |
Commission

Fibre is the most energy efficient broadband technology

* Fibre is the most energy efficient broadband technology | Shaping Europe’s digital future (europa.eu)

innovation
for life



https://unsplash.com/@scottwebb?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/stairs?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://digital-strategy.ec.europa.eu/en/library/fibre-most-energy-efficient-broadband-technology

Photo by g

LOT TO GAIN WITH FIBRE NETWORKS

Green ICT: Optical transport networks are crucial to enable green ICT —
But in itself is not sufficient.

In two ways: ‘
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Green ICT: Optical transport networks are crucial to enable green ICT —
But in itself is not sufficient.
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Use case #1

SOCIAL XR BREAKS THE BARRIERS OF DISTANCE
VIRTUAL PRESENCE USING XR

VIRTUAL PRESENCE with Social XR

work, learn, and interact while remaining physically distant; enable contact when
physical distancing

XR MEETINGS XR VISITS REMOTE EXPERTISE

See also www.tno.nl/en/smart-society/



Use case #2

VIRTUAL MUSIC REQUIRES <30 MS END-TO-END
LATEI\If‘\/

y|— < >
==y Ry

E2E chain for virtual music

Ensemble bouwt zelf aan
superstream voor livemuziek

Livestream Sa#n mnsceran varaf verschllencs ‘aranss, via Zacm gaat datmiet.

Ensemly= nscmna ot Canram zelf aan een e etk

Switzedand Connected

BLAY, Flavie Léa and Swisscom team up
for Switzerland’s first decentralised live
music experiment

IMEC/VRT research on choir box via 5G

Swisscom

@ Dutch national newspaper NRC
(“Music ensemble develops superstream for

live music”) m innovation
for life
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» LOT TO GAIN WITH FIBRE NETWORKS

Green ICT: Optical transport networks are crucial to enable green ICT —
But in itself is not sufficient.

In two ways: ‘
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@ Access node

) WHERE TO START: AT THE CPE

Photo by g
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VDSL2-Vectoring “ FTTH-PtP FTTH - GPON

» WHERE TO START: AT THE CPE
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Active network .
clements mine | gSUSeLianes e | 794 Gpre s 35 ps
access network
Power consumption
Power consumption . ;
higher than
cunlﬂﬁi::lgi%ﬁﬂ - PON 406 . 3. CPE uses
bulk of the
Total energy enerovl
consumption 5,465 4,987 3,557 gy:
[MWh/year]

Figure 30: Comparison ofthe number of active network elements and the power consumption of the examined

2: Total usage by
PON is close to
VDSL

Source: Prysmian group energy consumption of telecommunication access networks
https://www.prysmiangroup.com/staticres/energy-consumption-whitepaper/index.htmil
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» WHERE TO START: OTHER OPPORTUNITIE S
SNEAK PREVIEW OF ETSI F5G WHITE PAPER

Key Technologies

Energy aware switching/routing

Application specific energy reduction

Self healing network

Power saving algorithms in the access network

— o See ETSI F5G
E] ﬂnﬁ%ﬁ‘ resources on ETSI -
= L Our group Fifth
Generation leed Fibre Development Index:
Network (F5G) S ltsenrte

1 o
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Energy Aware Routing and Aggregation
in Multilayer Optical Networks

Artur Lason, Jacek Rzasa, Andrzej Szymanski and Andrzej Jajszczyk

Energy-Aware Algorithms for IP Over WDM g
Optical Networks

Georgia A. Beletsioti, Georgios 1. Papadimitriou, Senior Member, IEEE,
and Petros Nicopolitidis, Senior qubgzr; IEEE

ENERGY EFFICIENT APPROACHES IN PASSIVE OPTICAL |
NETWORK: A REVIEW

innovation

for life

*Nurazmina Lingas', M. Rakib Uddin’, Shah Newaz’, and Hasnul Hashim'
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» MAKING FIBRE GREEN
NEXT GENERATIONS SHOULD BE GREEN

Innovation in fibre networks should be “green”

* We need to reduce CO2 emissions everywhere

«  The ICT and telco sector is well aware of this

+ Alot to gain in Optical networks

The next generation of fibre networks can have a positive impact in various ways:
+ The networks themselves consume less energy

+ The energy they consume is renewable

+ And: they support novel use cases reducing energy consumption in various verticals

You can support this development:

* Prove and show what is possible in research and development

- Contribute to industry standardisation such as F5G with a green ambition

Let’s put some energy in making fibre green



https://unsplash.com/@scottwebb?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/stairs?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText

T Tt ‘-'_"' RIS .
" _"zﬁ - -
- —
— e ——

THANK YOU
FOR YOUR TIME

m innovation
for life

— y - v
3

— < =l
/""
LR
N
N s

Sandesh Manganahalli Jayaprakash
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Scientist
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» INTRODUCTION TO TNO ICT

) ICT key areas for broadband networks

) Fast and open infrastructures
) Data sharing
) Trusted ICT

Y Track record

) Open 5G standalone testbed already in 2020
) Open RAN testbed
) Longer ago: xDSL and G.fast innovations

) Developing use cases and requirements
) Building Proof-of-concepts and trials
) Exchange with standardisation organisations

Y TNO and SDOs in the context of broadband networks
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