Demystifying environmental impact of ICT

Matti Parssinen :) Nl
D.Sc (Tech), MBA, |5|t|ngScLoIar L

Department of Communications an ‘

Aalto University i
|
Director of Autonomio research ¢

1
l»

Telia Company

| | . 3
Head of Telia Onge *iSerwce Mafid e




Content

Background
ICT energy consumption
Future research

What can | do?




Research
Background



Netti Sya kasvava"a tahdi"a Sahkaé ja 24.9.2019 | Kuvaaja: Markus Sommers | Kirjoittaja: Petja Partanen

S““f'“.syy"'?e.'_’ ovat nettivideot - ICT-ilmastotalkoot tapahtuvat konesaleissa
"Epamiellyttava totuus, josta ei haluta
puhua" Alati kasvava osuus maailman sahkosta kuluu tietotekniikan pyorittamiseen.

. ) e _ _ Matti Parssinen tutki vaitostyossaan, miten leikata tietotekniikan
Tietotekniikka-alan hiilidioksidipaastot ovat jo kovemmat kuin

lentoliikenteella. ympéristokuormaa.

| Hiiljalanjalki 26.6.2019klo 05.45 | paivitetty 1.7.2019 klo 21.47 TIEDE
Mika on verkkovideon katselemisen hiilijalanjalki? -
HS selvitti

-—

.7 2zo0Tunnin verkkovideon katsomisen paastot vaihtelevat. Ne

vastaavat muutaman pysakin bussimatkaa tai korottelya
@) «ariHarkana Helsingista Nurmijarvelle.

Kuinka paljon sdhkdd Areena ja sen kaytto kuluttavat? Mikd on Areenan
hiilijalanjalki? Tarkkaa tietoa ei luultavasti ole kenelldkaan, mutta jonkinlaisia
arvioita voi esittaa.

Tutkija haluaa, etti kohua herattanytta
= videostriimauksen paastoarviota tarkennetaan:
“Laskelmissa on ainakin 100-kertainen virhe”



Main factors affecting ICT energy consumption

Energy
efficiency of
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Scope of the research: Traditional ICT services (loT ja industrial automation are scoped out)
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New method

Phase 1. Define the scope
of the assessment and a
high-level system

boundary
Device Connectivity Applications
Vi i S
4 l h
| = A P ro
N
o -

Phase 2. Define the
layered system boundary
up to the component level
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Phase 3. Assess the total
power consumption of the
system (top-down and/or

2016
Devices (TWh)

Smartphone total energy 8.6
PC total energy 75,7
Laptop total energy 22,9
Tablet total energy 9.6

Connectivity (TWh)
RAN 140,0
P5-CORE 146,7
Fixed line CPE 162,1
Operator DC 29.3
Office networks 49,7
Internet core 29.6
Applications (TWh) 385,0
Total Power Consumption 1059,15

Phase 4. Define the relevant
protocols delivering the
service and shares of
service-related traffic on
each protocol layer
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Phase 5. Define the traffic
classes and the share of
service-related traffic in
each class

Phase 6. Assess the power
consumption of the service
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Phase 7. Assess the CO2
emissions of the service

Strandard

Mean Minvalue Maxvalue Median _deviation

1057,84 843,71 127873 105784 66,93
112,351 39,024 222,76 111,51 23,76

Expected Minvalue Maxvalue

Calculated results

1059,15 79,01 133429
106,59 20,38 282,75

Total infra energy TWh

Ads energy consumption TWh expected [min, max]
Ads CO2 (million tons CO2e.) emissions expected [min, max]*
Advertising fraud €02 (million tons CO2e) emissions expected [min, max]**

factor 0,5656 kg CO2e/kwh (Kern et al., 2015)
=*Advertsing fraud percentage 23% (Botlab, 2017)

106.59 [20.38, 282.75]
60,28 [11.53, 159.93]
13.87 [2.65, 36.78]

Phase 8. Perform uncertainty
analysis and calculate the total
uncertainty of the model and
the range of results




The total energy consumption of ICT (TWh)

n= 1M rounds, 200 bins
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1058 TWh of electricity

136 Loviisa nuclear power 179 times the 2018 wind Comparable to yearly
plants * power capacity of Finland domestic electricity
2018 ** consumption of Japan***

1 TWh =1 000 000 000 000 Wh

* https://www.fortum.fi/tietoa-meista/yhtiomme/energiantuotantomme/voimalaitoksemme/loviisan-voimalaitos
** https://fi.wikipedia.org/wiki/Tuulivoima_Suomessa
*** https://yearbook.enerdata.net/electricity/electricity-domestic-consumption-data.html



The total energy consumption of programmatic
online advertising (TWh)

n= 1M rounds, 200 bins
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https://github.com/3mission/energysim



Future Research



The shape of things to come...

AUTONOMIO

Want to contribute?
Please contact matti.a.parssinen@aalto.fi



www.cybercontrols.org



Energy efficiency in deep learning
Does more energy mean better results?
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params = {
‘n': [10000, 20000, 30000, 40000, 50000, 60000, 70000), # sample size

‘network':

'hidden _conv':
'hidden_dense':
‘neurons_conv's: [32,

[ 'conva2d',

[

'neurons_dense':

'epochs':

(5,

10,

o, 1,

'dense’'], # type of network architecture
2, 3), # number of hidden convolutional layers

1,2, 3, 4, 5), # number of hidden dense layers

(32,
15,

64, 128, 256), # number of neurons in convolutional layers
64, 128, 256), # number of neurons in dense layers
20) # number of epochs

1000 1500 2000 2500
Ws

Experiment: N = 2825 permutations,
val_acc >=0.99 2 n =127

Ws is measured from NVIDIA 2080 Ti
power_draw
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What can | do?



EVERY ACTION COUNTS

NOT RELATIVE TO
ANYTHING



