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Potential data to be handled globally in 2050

Collective sum of Worlds Data from 2007 to 2050 in the core, edge and
endpoints, trillion GB (ZettaByte)
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Source until 2025: https://www.networkworld.com/article/3325397/idc-expect-175-zettabytes-of-data-worldwide-by-2025.html
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Potential data handled by Fixed Optical

Data handled by fixed optical networks (including Wired Access networks, Wi-Fi modems and Core + Metro
networks) increase around 25% per year.

Fixed Optical Network Data traffic (EB/year) 2010-2030
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The Network of the Future must deliver

High speed

Large capacity

Low latency

Multiple simultaneous connections
Autonomy

Scalability

Safety

Reliability

Low energy consumption

Optimal material efficiency



Trends

 Switch IC Capacity (b/s): Increased >40% per year since 2010.
* Ethernet Link speed (b/s): Increased >30% per year since 1983.

* Energy to transport one bit (J/b): Reduced >20% per year since 2001. (reduction rate is 10 times
per decade).



Energy saving technologies of today and
future: Core + Metro

General technologies for Routers:
* light wavelength multiplexing

* multi-level modulation

* polarization multiplexing

e multi-core fiber

* laser with narrow line width-> Lower dB loss/km

Line cards:

These technologies may help reduce the J/bit
(W/bps) by 77 to 90% in 2030 compared to 2018.

* Content Addressable Memory

Photoelectric conversion modules

Future technologies:
* Co-Packaged Optics

* High Electron Mobility Transistor | «  photoelectric fusion These teChnOIOgleS may help reduce

the J/bit by 93 to 99% in 2050
compared to 2018.

technology
* Quantum
Communications




Electricity use and intensity of fixed optical

Electricity usage (TWh) of Wired access + Core + Metro

* In 2020 globally, fixed optical

networks 2020-2030, 20% annual improvement El, 2020 networks (including Wired
study EASL, Expected case
wssin Y P so01es  access, Core + Metro
100,000 A networks) used around 170
10,000 M TWh electricity, ~0.6% of
1,000 global consumption.
100 — \ e * The present electricity
10 | “171Twh 0.036 kWh/GB, in line with 95 Ty intensity (El) range is 0.022 to
. measured El 0.14 kWh/GigaByte.
2020 2022 2024 2026 2028 2030 Snd Energiefioltivitet | Globalconnects Fibermerveerk”
Year * At best El will keep on

improving around 20% per
year.



The global situation — electricity

* Fixed optical networks use stage is around 10% of Internet use stage.

* Fixed optical networks production stage is around 1% of Internet
production stage = reuse should not be top priority for hardware.
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s production important for ICT
infrastructure?

e Source: Fig.6

.6 in
https://doi.org/10.1016/].resconrec.2021.105951

These results are for a 0.27 kgCO,e/kWh electricity mix and only for Carbon indicator for a 4G wireless network LCA.
The production (Embodied Carbon Footprint, ECF) is hardly noticable for ICT infrastructure.

For a typical server LCA - with 4 years lifetime and similar electricity mix — the weighted (15 indicators including carbon)
shares for Embodied impact and Operation impact are around 38% and 62%. (Carbon 22% and 78%, Energy 15% and 85%).

Source: PEF weighting of Table 5 in
https:/doi.org/10.1016/j.jclepro.2018.07.012

Circularity may lower primary resource consumption but not always the energy consumption (carbon emissions...).
Reuse is very risky for electricity consumption of ICT infrastructure...



Effect of PSTN decommissioning and variable
El on Fixed networks global electricity use

Possible development of global TWh with 20% annual improvement of
kWh/GB from 2016 in 2010 to 2030 interval
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This modeling is similar to that started to be used in 2015 for wireless for various G (2G,3G..)



New TWh predictions for global access networks

Predictions suggest
that future wired
10000 access networks

Wired and wireless access network Global TWh prediction -
newest understanding
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Other TWh predictions for global Core +
Metro networks " osedsa how the avided
Core + Metro network Global TWh prediction - newest f:;ﬁ:;llilg?gsetr;?flzsif;(F:{ISecrI]DC.y

understanding
* Highly important to upgrade

10,000 3000 (replace) and not reuse the
equipment!!
1,000 300 35000 400
90 * The electricity consumption of
100 75 32 40 core routers is directly
15 proportional to the electricity
10 I I I use of Core + Metro.
1

* |n 2030 Core+Metro will use

2018 2030 2050 )
more TWh than Wired access.
H Core + Metro old m Core + Metro new Baseline
Core + Metro new BAU Sc. B Core + Metro new Likely Sc. * Core + Metro and Wired

access will be the smallest
share of the ICT infrastructure
energy footprint.

W Core + Metro new Best case Sc.



New predictions for ICT infrastructure

Global Electricity use (TWh) of Core + Metro, Wired
access, Wireless access and Data centers 2018 to 2050
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axis.

Likely scenario
resembles other
predictions for 2030.
No alarming levels
before 2030 thanks to
improvements made
possible with “known”
technologies.

2050 predictions are
highly uncertain.

The avoided TWh are
huge thanks to efficiency
gains.



Other predictions for ICT infrastructure

Global TWh trends with Likely Scenario
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Data centers new

* Data centers may long-
term become largest
consumer of electricity.

* Wired access networks
much smaller users
compared to others in
the future.

e Savings thanks to Smart
System Architecture
approaches are >40000
TWh in 2050 for Wireless
access!!



New predictions for Networks and Data centers —
BAU scenario (no El improvements) 2018 to 2050
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Traffic to grow =28% per year from 2018
to 2050.
No improvements are done of HW
electricity consumption efficiency —i.e.
the BAU scenario will not happen in
reality.
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improves
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New predictions for Networks and Data
centers — Likely scenario 2018 to 2050
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New predictions for Networks and Data
centers — Best case scena rio 2018 to 2050

2018 Baseline Traffic to grow =28% per year from 2018 to 2050.

* Around 8% annual improvement of HW electricity
consumption efficiency from 2018 to 2050.

m Core + Metro

m Wired access

i * El (kWh/GB) from 2018 to 2050 overall improves
= Data centers =14% p.a. for Core + Metro.
* =16% p.a. for Wireless access.
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Policy implications

Large network equipment - such as fixed optical - are neither statistically nor causally connected to large waste
generation.

Fixed Optical networks are extremely energy efficient (photonic) and proposed technologies may decrease the
consumption for a “do no significant harm” situation.

Reuse of Large network equipment is therefore a counterproductive and risky end-of-life strategy.
Material recycling is relevant for recovery of critical materials.
Optimal material handling will require design-for-materials efficiency.

The magnificient chance is offered by energy efficiency of new...not by reuse/refurbish old

The amount of avoided electricity use from using new equipment (replace inefficienct old equipment) is gigantic.
The energy saving handprint solutions cause an enormous handprint in the digital sector.

There is a monumental avoided environmental impact which is estimated by the differences between BAU scenario
and the energy saving scenarios (Likely and Best case).

The emission reductions - and thereby the avoided emissions from energy efficiency - are collossal.



Technology implications

* Due to large standby-power use, system architecture and software
measures are needed to a large extent in addition to hardware
improvements.

* Compared to the BAU scenario for all ICT infrastructure - for the Likely
scenario - system architecture based electricity consumption savings
(in Wireless access) can help reduce 35% in 2030 and 60% in 2050!



