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Willkommensworte

Daniela Murhammer-Sas
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Energie, Mobilitdt, Innovation und Technologie
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= Bundesministerium
Klimaschutz, Umwelt,
Energie, Mobilitat,
Innovation und Technologie

= Bundesministerium
Finanzen

Wo Sie die Chancen fiir Kl in Bezug auf Klimaneutralitit sehen

CN

Analyse von
Herausforderungen und
Finden neuer Losungen

O
oo
O

Verbesserte Effizienz und

Prozessoptimierung (z.B. Mobilitat,

Energie, Logistik, andere
Technologien..)

‘ .} AIMAT 2030

Artificial Intelligonce Mission A

195 w Iy

Erh6hung der Transparenz  Simulation griiner Zukiinfte Unterstitzung der
von Klimadaten und Co2 und Reaktion auf Wissensvermittlung und Starkung des
AusstéRen dkologische Entwicklungen Verstdndnisses in Bezug auf
Klimawandel Mitigation

®
£ 250,

Reduktion des Co, Verstarkte Mehr Zusammenarbeit
FuBbadrucks von Kl Grundlagenforschung zwischen den Disziplinen




= Bundesministerium

Klimaschutz, Umwelt,
Energie, Mobilitat,
Innovation und Technologie

Agenda
(1/2)

AIM AT 2030

Artificial Intelligonce Mission Austrla

= Bundesministerium

Finanzen

10:15

10:45

10:55

13:00

14:00

14:45

Keynote: Teil der L6sung oder Teil des Problems? Die
ambivalente Rolle von Kiinstlicher Intelligenz in der
Klimafrage Ivona Brandic, TU Wien

Vorstellung neuer FZO-Forderméglichkeiten
Vernetzung der Teilnehmenden mit Good Practices

Mittagspause

Eine gemeinsame Vision fir die Zukunft von Al for Green in
Osterreich

Keynote: Vom Traum zur Realitat - Das Losungspotenzial
von Al in der Praxis, Jasmin Lampert, AIT



= Bundesministerium

Klimaschutz, Umwelt,
Energie, Mobilitat,
Innovation und Technologie

Agenda
(2/2)

AIM AT 2030

Artificial Intelligonce Mission Austrla

= Bundesministerium

Finanzen

15:30

16:00

16:45

17:00

Ab
18:00

Keynote: Wie wird Kl eine griine Technologie? Ein Blick in
die Zukunft, Felix Creutzig, Mercator Research Institute on
Global Commons and Climate Change

Gemeinsame Diskl_._xssion der Chancen von Kl fur die
Klimaneutralitat in Osterreich

Abschlussworte durch Michael Wiesmuiller,

Bundesministerium fur Klimaschutz, Umwelt, Energie,
Mobilitat, Innovation und Technologie

Voraussichtliches Ende der Veranstaltung

Beginn des Abendprogramms durch den 3. Trustworthy
Al Stammtisch powered by Al Austria & aws



= Bundesministerium
Klimaschutz, Umwelt,
Energie, Mohilitat,
Innovation und Technologie

Keynote

RIS 0

= Bundesministerium
Finanzen

Teil der Losung oder Teil des Problems? Die

ambivalente Rolle von Kiinstlicher Intelligenz in
der Klimafrage

Ivona Brandic, TU Wien

11
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CO, Footprint of NN and Transformers
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tuning &
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Source: Emma Strubell, Ananya Ganesh, Andrew McCallum: Energy and Policy Considerations for Deep Learning in NLP, ACL (1) 2019: 3645-3650
Inspiration for Visualisation: Keren Bergman, Multicore World 2023 https://2019multicoreworld.files.wordpress.com/2023/02/bergman-keren-23.pdf



Der hohe Ressourcenverbr:
kiinstlicher Intelligenz

Anhand vor anderen Computern versucht ein Forsehul
spaten

tRog | Woma Dranse
B9, 5o 2030, 3300, X0 feritinn

Im Gastblog schreidt hvona Brandic von der Teckmischen Uni
Wien fider den oft nicht hten Faktor Nachhaltighelr be

kiasrbiche Intelligons. : - IVONA BRANDIC

Als Professorin flir High-Performance-Computing Systeme ORI

Wiea mit Farschungsfolazs aul IT-Nachhalrigieit erlebe kb acvzem, wie

mein kieknes feines Mint-Orchidéenfach cinen regidrechoicn Boom erded ZIB Klima (Austrian National Broadcast) about
Uhr Eloerseits !nw e mich Ober die ulcnn(nu det beewen Odfentichieit wen )

die Wichtighei dev Nachhakinked dererveics bin ich Gber energy consumption of Al, broadcast at March

den Grund dieser Erkenntals schockien. 11th 2023

JUNGE-AKADEMIE-BLOG

Kiinstliche Intelligenz fiir mehr Sicherheit

-
im StraBenverkehr
Ki-Forschung um die Wette
R Zwel Projekte der TU Wien geben Einblick, -
Die dunkle Seite der KI Intelligenz haben kann
lwattiche InteBgeet 003 bl mommeton kM 2us dun ScMirgtribens mogcudemkan, wor :
vz B computergeterurten Tevie voe (NINPT srgen hernatiossl fur Aufusten. Dot 8log / vona Brandi¢
Sat 2 v regwreOvem Wettiaat Cor 10 Rbeven getirt - Gwr auch et Gor Gonwelt 1 uni 2022, 1348
GEST Sean Gor Wriamenrracay (o vershiddenas s o pagrm Sohaele ASRATY (D1 0
baloc, sopen achoute Die Informatikerin Ivona Brandi¢ schreibt im g
" kiinstliche Intelligenz im Strafienverkehr und b
kann.

Es gibt kaum einen Bereich in unserem Leben
die Digitalisierung beeinflusst wird, Gesundhe]
power arid, intelligente Transportmittel sind n
avon betroffen sind, Eine der wichty
1de, eigentlich exponentiell steigend
Informations- und Telekommunil

Source: https://orf.at/stories/3303661/

in Modell sagt sogar voraus, dass, Mayr's

Magazin
(ORF)
commenting
the current
technological
Al race

Extremer Energiehunger von Kl und IT: Was wir tun konnen —— = -
Wie viel Energne verschiingt ChatGPT?
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Clouds

Abstraction Layer

... several 1000 of PMs ...

| S U

1

g

€2
-

i 8
A

| == )
Physical Machine (PM)

Virtual Machine (VM): Abstraction of a physical
mach|ne’ ”SImulatlon Of a Computer” Source: R. Buyya, Ch. S. Yeo, S. Venugopal, J.

Broberg, I. Brandic. Cloud computing and
emerging IT platforms: Vision, hype, and

Cloud: economic and ecological data center solutions reality for delivering computing as the 5th

utility. FGCS 25(6): 599-616 (2009)



Workload Shift in Space and Time

LOW CARBON HIGH CARBON LOW CARBON Carbon Aware Computing at Google. and Beyond
INTENSITY INTENSITY INTENSITY e i oo

P___——— —————— |
default cluster capacity Some opgortunites

Embad Carhon Bnnis @80 S (Raduc iy

virtual capacity curve (VCC) b I A e e
1 A tools 10 identity Saxbile computs workioas)
DRe-ngineer software 5o that parts aw mone faxio i Ure and soece
delayed to next day P S
e aE ) Carbion- mvare Cloud-contrled devices (nol anly compute)

CPU

Ana Radovanovic & Shashi llager: Lecture at TU
Wien: “Data Intensive Computing”

previous day’s
flexible load, -°

midnight noon midnight

Source: Radovanovic, Ana, et al. "Carbon-aware computing for datacenters." IEEE Transactions on Power Systems 38.2 (2022): 1270-1280.
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A cup of coffee?

¢3¢

» Representing the energy configuration of a single caffeine
molecule at a single instant requires approximately 10*® bits in a
classical computer

« Can be done using 160 logical qubits on a quantum machine

1 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000000 wvs. 160

Slide: Courtesy of Nico Einsiedler (IBM), TU Vienna Quantum Fall Fest 2022

12



Beyond O and 1

Quantum

Von Neumann

Bottom up approach
- Variational Quantum Linear Solver (VQLS)
- Quantum Eigenvalues —> Native 3d
modeling of molecular dynamics
applications
|_| PQ C Problem: Currently quantum systems can
be used by quantum researchers only!

HIGH-PERFORMANCE QUANTUM COMPUTING 13




FFG

Forschung wirkt

—Ar QG

HIGH-PERFORMANCE QUANTUM COMPUTING

lon-trap quantum computer
Source: courtesy Experimentalphysik, Univ. Innsbruck
Picture: courtesy Vincenzo de Maio

FFG Flagship Project High Performance Integrated Quantum computing
(HPQC)
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Siberia’s gateway to the underworld

Source: https://www.science.org/content/article/siberia-s-gateway-underworld-grows-record-heat-wave-thaws-permafrost Batagaika crater




Ambarnaya river, Norilsk, Siberia
Source: https://www.brusselstimes.com/news/115566/u-s-offers-to-help-
russia-following-arctic-oil-spill/

WIEN ey Wien SYKE
Finnish Environment Institute
n( P
L Source: S. Ahmad, H. Uyanik, T. Ovatman, M. T. Sandikkaya, V. De Maio, I. Brandic, A. Aral.

Sustainable Environmental Monitoring via Energy and Information Efficient Multi-Node Placement.

Chist-era IEEE Internet of Things Journal

SWAIN - Sustainable Watershed
Management Through loT-Driven
Artificial Intelligence

In-silico digital representation of the
river

viscoelasticity

Data from loT sources + expert
knowledge = digital model of the
river

Predicted Micropoliutant Source
— ] p- % G
e e :
Waming Signal / ' \ A =
/ ~ e > :
) BN
I f‘é TE  Messurement Deta Local Watershod
'@ =

LLF




FFG

Forschung wirkt
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NETZPOLITIK

30 Minuten Netflix wie sechs Kilometer
Autofahrt: Kritik an "Klimakiller"
Videostreaming

Onlinevideos sollen mittlerweile so viele CO2-Emissionen erzeugen wie ganz Spanien

30. Oktober 2019, 12:22 419 Postings

Weil man sich die Fahrt ins Kino oder das Geschaft spart und weder Verpackung
noch Transport von Datentragern erforderlich ist, hat Videostreaming den Ruf, gut
fur das Klima zu sein. Dem ist aber nicht so, sagt ein Experte der eigentlich auf
Menschenrechte spezialisierten Non-Profit-Organisation Shift, wie "Bigthink"
schreibt.

Neﬁ\'\)(

Netflix und Co sollen laut Berechnungen den Treibhausgasausstol3 ankurbeln.
Eine halbe Stunde Unterhaltung soll das Aquivalent von 1,6 Kilogramm CO2-
Emissionen verursachen, was einer Autofahrt iiber 6,3 Kilometer entspricht. Im
vergangenen Jahr sollen die Emissionen der Streamingdienste in Summe

Videostreaming wird offenbar
zunehmend zum Klimaproblem.

ungefahr jenen von Spanien entsprochen haben. Aufgrund der wachsenden

Narmiidaridid Adar Mianmata ranhnat van nftia maidt AlnarVlardanmalions

Source: https://www.derstandard.at/story/2000110497282/30-minuten-netflix-wie-6-km-autofahrt-kritik-an-klimakiller



Energy Consumption by Country 1969-2018

Austria

Norway

India

Note: Electricity is the only power source for the IT.

Source: https://www.visualcapitalist.com/wp-content/uploads/2020/09/energy-consumption-interactive.htm/

Fossil Fuels
Total oil Coal Gas
86.2% 34.3% 29.2% 22.8%
1,283.4K TWh 509.8K TWh 434.3K TWh 339.3K TWh
Alternative Energies
Total Nuclear Other
13.8% 4.6%
205.2K TWh 68.8K TWh 2

Solar

Sri Lanka

Click on a Source to
sort countries and
highlight selected

source(s)




90% Capacity factor, constant output, offline for refueling, maintenance.

9,098,136 Megawatt Hours of electricity per year.
60 Year life span.

One 1154-Megawatt Nuclear Power Plant:
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9,098,136 Megawatt Hours of electricity per year.
25% Capacity factor, variable output based on weather conditions.

2077 2-Megawatt Wind Generators:
20 year life span.
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Thanks to funding agencies and my team

2010

2013

[ A &

T

A

i

Horizon 2020
European Union funding
for Research & Innovation

European
Commission

oCosc

EUROPEAN COOPERATION
IN SCIENCE AND TECHNOLOGY
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Forschung wirk!
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= Bundesministerium = Bundesministerium
Klimaschutz, Umwelt, Finanzen
Energie, Mobilitat,
Innovation und Technologie

Vorstellung

Neue FZO-Fordermoglichkeiten mit
Fokus auf Al for Green

Gerit Oberraufner, FWF
Markus Proske, FFG
Hannes Schwetz, aws

RIS 0
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Austria —




Al Mission Austria — Al for Green FWE G

« Zielsetzung: exzellente wissenschaftliche Grundlagenforschung im Bereich Al
Green. Verwendung von Al Technologien um

« den Umweltschutz voranzutreiben

» den Arten- und Naturschutz zu gewahrleisten

« dem Klimawandel entgegenzuwirken

« den Ressourceneinsatz zu verringern
« Ausschreibungsstart: 15. November 2023, laufende Einreichung
« Abwicklung: Uber bestehendes, gut etabliertes Forderportfolio

« Einzelprojekte, ESPRIT, PEEK, 1000-Ideen

FWF — Al Mission Austria und Al Green 16.11.2023 15



FFG

Forschung wirkt

WIR FORDERN
ZUKUNFT.

ARTIFICIAL INTELLIGENCE MISSION AUSTRIA (AIM AT)

Markus Proske
11.12.2023 | Wien




Al MISSION AUSTRIA (AIM AT) '} FFG

Gemeinsame Initiative von FWF, FFG und AWS, finanziert durch den Fonds Zukunft Osterreich
*  FWEF: Al-Grundlagenforschung

* FFG: anwendungsorientierte Al-Forschung

*  AWS: unternehmerische Umsetzung

Web: ffg.at/aim

Rickblick auf 2023:
* Standortlbergreifendes Leitprojekt zur vertrauenswirdigen und menschenzentrierten Nutzung von Al
*  Stiftungsprofessur ,Edge Al“

Ausblick auf 2024 mit Fokus auf , Al for Green“:
e Stiftungsprofessur ,Al in Green Energy Systems”
e Auf-und Ausbau von , Al for Green”“ Kompetenz
* 10 industrienahe Dissertationen
*  Forschungspraktika flir Schiler:innen
¢ Al zum Schutz von Okosystemen und Férderung nachhaltiger Landnutzung

© FFG 2020 | Osterreichische Forschungsférderungsgesellschaft | www.ffg.at




aws aws Digitalisierung | Al Wachstum & Unternehmen

£,

aws Al-Férderungen im Uberblick
www.aws.at/aimissionaustria

austria wirtschaftsservice

Al-Start

Jetzt Antrag
stellen!
Nur noch bis

04.

Al-Start

Al-Start: Green

Al-Adoption

Al-Adoption: Green

Al-Wissen

Dezember
2023

moglich!

15.000 EUR Zuschuss bis zu 50% Férderquote
Erste Schritte zur Umsetzung vertrauenswiirdiger Al-Vorhaben

= Al-Start + Schwerpunkt auf Green
Initiative zur Erreichung von Klima- und Nachhaltigkeitszielen,
Einreichung ab 02/2024

150.000 EUR Zuschuss bis zu 80% Fdrderquote

Innovative vertrauenswiurdige Al-Projekte und Vorbereitung auf
Regulierung, Standards, Normen und Zertifizierungen, Einreichung ab
01/2024

= Al-Adoption + Schwerpunkt auf Green
MaRnahmen zum Klima- und Umweltschutz als auch zur
Anpassung an die Folgen des Klimawandels, Einreichung ab 01/2024

AWS-Coaching und bis zu 40.000 € Zuschuss

bis zu 80% Foérderquote

20.000 € Zuschuss und Beratung fur die Implementierung von Daten-
strategien Al-Geschafts- und Innovationsschutzstrategien

20.000 € Zuschuss fir Al-Weiterbildungen und Al-Zertifizierungen,
ab Anfang 2024



= Bundesministerium
Klimaschutz, Umwelt,
Energie, Mobilitat,
Innovation und Technologie

Vorstellung

RIS 0

= Bundesministerium
Finanzen

Good Practices im Bereich kiinstliche
Intelligenz und Klimaneutralitat

Je 3 Minuten Vorstellung

Folgend Moglichkeit zum individuellen Kennenlernen

19



= Bundesministerium
Klimaschutz, Umwelt,
Energie, Mobilitat,
Innovation und Technologie

Vorstellung

RIS 0

= Bundesministerium

Finanzien

Al4GreenHeatingGrids

Sebastian Haid, Arteria Technologies

20



JXU RTERIA

Al4GreenHeatingGrids ol Joumems farar ECHNOLOGIES

Einsatz von Kl zur optimierten Regelung groBer, komplexer Warmenetze _

eI =

Topic 1
Forecasting

Thermohydraulisches

Topic 2
System des
Warmenetzes

Surrogate
Modelling

Topic 3
Optimizatio
n

Bis zu 20% CO, Einsparung

Sebastian Haid
sebastian.haid@arteria.at



= Bundesministerium
Klimaschutz, Umwelt,
Energie, Mobilitat,
Innovation und Technologie

Vorstellung

RIS 0

= Bundesministerium

Finanzien

DrSOLAR

Alex Frass-Ehrfeld, Elle Zadina, Kaegan
Schiff, AIR6Systems

22



SOLAR

SYSTEMS

DROHNEN-BASIERTE PV-ANLAGEN INSPEKTION MIT K

SOLAR ENERGIE*

Weltweite Stromerzeugung nach Quelle
(netto, Billionen kWh)

12 history | projections
10
8 -
A !_J':':ll-:l ga
6 —~
4
Nuclear
2
Other

0 ¢ . - .
2010 2020 2030 2040 2050

Image Credits:
(1) www.earth.org
(2) DTU FOTONIK

LOSUNG ZUR EFFIZIENZSTEIGERUNG (BETRIEB & WARTUNG)

Identifikation von fehlerhaften Modulen
aus der Luft

"y . --ﬁ —
I.- g o R

AIR4 Drohne von AIR6 Systems

SWIR SENSOR

EL VERFAHREN 2

SWIR Sensor + Elektrolumineszenz

Mode-A Mode-B

(a)3

3 Software /K|

(3) www.researchgate.net/publication/359273663_CNN-based_Deep_Learning_Approach_for_Micro-crack_Detection_of_Solar_Panels
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AldTrees
Anahid Jalali AIT

(7} AIMAT 2030 2

tificial Intelligonce Mission Austrla



= Hundssminisrerium F F G The developments described are carried out within the Al4Trees research project
'n"r'“"'* dtz, Umiwelt funded by the Austrian Research Promotion Agency (FFG) in the frame of the
" Forechung wirkl Research, Technology & Innovation (RTI) initiative “Al for Green”.

Mobilitat

tign und Techralogie

https://www.linkedin.com/company/ai4trees/
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Al RoboSens

Markus Loinig, Senzoro GmbH
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Produktionsstatten
mit 0 “Zero”

Aktivitdten / Waste Scenarios

1.) Detektion von Leckagen (z.B. Druckluft)
2.) Detektion von Warmeverlusten (z.B. defekte Isolierungen)

3.) Detektion von nicht voll funktionsfahiger Bauteile
(z.B. defekte Ventile, defekte Walzlager)

4.) Detektion von Anomalien (z.B. Gerdusche, Geriiche/Gase,
Vibrationsverhalten)

Sensoren

5.) ... weitere 1) Gas-/Geruchssensor

2) Warmebildkamera
Industriepartner & Zielgruppe 3) Luftultraschallsensor

4 WiEN ENERGIE

4) Visuelle Kamera

5) Vibrationssensor
6) Korperschallsensor

7) ... weitere

Automatische Detektion von
Energieverlusten in Fabriken
mittels Kuinstlicher Intelligenz,
Inspektionsroboter und
Sensor-Fusioning

Konsortium

X Spezialisiert auf die Auswertung
Senzoro von Sensordaten mittels

Senzoro GmbH Kiinstlicher Intelligenz
smart %‘4‘ Spezialisiert auf autonome
Inspectinn Inspektionssysteme fiir

Smart Inspection GmbH Industrieanlagen

niversitit fiir N‘N“ B,

t:/;it::bitlztuf:g 8: )‘g‘; Spezialisiert auf Sensor Fusioning
Krems i $Be

&

Department fur"*

integrierte Sensorsysteme
N

Was fehlit ?
Wir sind auf der Suche nach weiteren
Industriepartnern, um moglichst
realistische Szenarien zu definieren

¥ und Analyse von Sensordaten
mittels Kiinstlicher Intelligenz

(Bei Interesse: info@senzoro.com)
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DurAlcell

Florian Krebs, JOANNEUM RESEARCH
Forschungsgesellschaft mbH
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DurAlcell

Multi-sensory Al for long duration battery management

______ Al
o
l"A"AAA"l Voltage \&
[
=== ==l e — P —
EESEE-, | >
|-.=-.-p=.p=”=.| Pressure S m
' y
|= o | | | =| 'll'emperature> =) &4
|-=-=--I k
_____ —— \

Main goal: Increase battery efficiency to save valuable ressources

State of
charge

State of
health

JOANNEUM \
RESEARCH
DIGITAL /
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Rebottle: KI-Implementierung in
48 Stunden

Lilia Gerber
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Implementierung
in 48 Stunden
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REWAI und RecAlcle
Michael Haslgribler, Pro2Future
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|Lenzing J\U
Reducing Energy &

Institut fir

Waste USing Innovative by nature Pervasive Computing
Graz-
Pm’Future ' I S D S
REWALI - Reducing Energy and Waste using Al T s

Project Duration: 01.04.2022 - 31.3.2025

DI Dr. Michael Haslgriibler, Pro*Future, michael.haslgruebler@pro2future.at

Consortium:

Pro2Future GmbH

Johannes Kepler University Linz - Institute of Pervasive Computing (JKU-IPC)

Graz University of Technology - Institute of Interactive Systems and Data Science (TUG-ISDS)
Lenzing AG

This work was supported by REWAI (FFG, Contract No. 892233)

Shareholders of Pro2Future GmbH: Publlc fundmg of Pro?Future:

JXU gty Fronius’ AR TEFER  chmmm g FFG @ Oiisi  »sro

uuuuuuuuuuu
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e o 5 UNIVERSITAT
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Pro*future o= SI E M EN s

recAlcle - Recycling-oriented collaborative waste sorting by continual learning

Project Duration: 01.07.2022 - 30.6.2025

DI Dr. Michael Haslgriibler, Pro*Future, michael.haslgruebler@pro2future.at

Consortium:

Pro2Future GmbH

Siemens AG Osterreich

Montanuniversitat Leoben, Lehrstuhl fiir Abfallverwertung und Abfallwirtschaft

This work was supported by recAlcle (FFG, Contract No. 892220)

Shareholders of Pro2Future GmbH: Public funding of Pro?Future:

= Burss iU

XU, whyy @@ VAR T

agpaE
wiE AT L

Dias. Lamel
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ESCADE

Jia Lei Du, Salzburg Research
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Large-Scale Artificial
Intelligence for Data Centers

Weltweit nachhaltigstes KI-Rechenzentrum

Dr.-Ing. Jia Lei Du, Salzburg Research
Al Policy Forum, Technisches Museum, Wien
11. Oktober 2023

| . R i
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Fledged

Stefan Ubermasser, AIT
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FLE-DGED Bere CHIE T

Fedleoted Leaming in the LY Giid lor Edoe Al Applcofions

Federated Learning Architecture

FLEDGED Goals: Develop, test, and evaluate
federated learning for defined LV applications in
the distribution system (including end users) to
achieve the following:

Be-3

LV € fShara
eninniion

* Improve services through on-site use of local
high-resolution data and situation-dependent
machine learning algorithms

* Ensuring data privacy and increased security El o o o e e o e
by avoiding data transfers ciliei}- sl P reteallnaliian Mkt

* Enabling new services that were not feasible
due to privacy issues and/or the problem of
transferring large data sets

« With a focus on services that increase hosting
capacity and the use of local renewable
energy generation by better supporting planning
and decision-making processes e

« Services to forecast flexibility, promote optimal '
energy market decisions, avoid costly grid
reinforcements, and increase grid stability

Rasimantal ProsymsrAnca ¢ Cio-Simyiated Low Violiags Netwons
(Lanoraion-Hasmerane) | fLamnraony-Dotaan)

Dieses Projekt wird aus Mitteln der FFG gefordert. www.ffg.at
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GreenTrAlnPlan

Matthias RolSler, dwh GmbH
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|@n

Verspatungen
I- und datenbasiert

Energieverbrauch

I- und datenbasiert |

| Optimierung

9 Al-basiert

Heuristikemn

Simulation
" Agentenmbasiert

Reihe: 1116

TECHNISCHE
UNIVERSITAT
WIEN

Lokumia llfrl Ianung
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Gabriele Traugott, FH Hagenberg
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BAMBI FFG

A% . : . ¥ Forschung wirkt.
Biodiversity Airborne Monitoring g

Based on Intelligent UAV sampling
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Willkommensworte

Alexander Banfield-Mumb-Miuhlhaim

Bundesministerium ftir Finanzen

RIS 0
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Eine Vision fiir Kl und Klimaneutralitit in Osterreich

Gertraud Leimiller

winnovation consulting gmbh

RIS 0

49



= Bundesministerium
Klimaschutz, Umwelt,
Energie, Mobilitat,
Innovation und Technologie

Keynote

RIS 0

= Bundesministerium
Finanzen

Vom Traum zur Realitat — Das
Losungspotenzial von Al in der Praxis

Jasmin Lampert, AIT
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AI I AUSTRIAN INSTITUTE
OF TECHNOLOGY

TOMORROW TODAY

VOM TRAUM ZUR REALITAT — DAS LOSUNGSPOTENZIAL VON Al IN DER PRAXIS

Jasmin Lampert (AIT)

Al Policy Forum, 11. Oktober
2023
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WICHTIGE THEMEN IM 21. JAHRHUNDERT




AI I TTTTTTTTTTTTTTTTT
OF TECHNOLOGY

KANN Kl HELFEN KLIMANEUTRAL ZU WERDEN?

Einerseits

Kl-Anwendungen haben eigenen
CO,-Fuldabdruck

»

Andererseits

16/11/2023

Kl-Anwendungen konnen helfen, um
optimale (effiziente) Losungen zu
finden

55



WAS IST KI?

> Eréebnis

Klassisches Programmieren

> Reéeln

16/11/2023

Maschinelles Lernen

56



WAS KANN KI? s
=

Anomalien

erkennen Optimieren

\

Information -
extrahieren Modellieren

/

N

Regression

16/11/2023
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WAS KANN KI BESONDERS GUT?

Muster-

’ erkennung \
|

\

Bildanalyse

Optimierung

komplexer
Systeme

Information
extrahieren

Generative Kl

16/11/2023 58



WO WIRD Kl EINGESETZT, UM KLIMANEUTRAL ZIIT.

ZU WERDEN?

16/11/2023

Elektrische Systeme

*Erneuerbare Energiequellen
*Reduzieren des Energiebedarfs
* Globale Effekte erzielen

Transport

*Reduzierung des Verkehrs

« Effizienz von Fahrzeugen verbessern
* Alternative Antriebe

* Modaler Shift

Gebaude und Stadte

* Gebaude-Optimierung
« Stadteplanung
» Smart Cities

Industrie

* Optimierte Lieferketten
»Verbesserung von Materialien
* Produktion & Energie

Forst- und Landwirtschaft

* Monitoring: Emissionen, Biodiversitat
*Nachhaltige Landwirtschaft
* Forstmanagement

Klimawissenschaften

*Bessere Modelle und Vorhersagen
*Vorhersage von Extremereignissen

S
FT

ECHNOLOGY

AUSTRIAN INSTITUTE
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AI I AUSTRIAN INSTITUTE
OF TECHNOLOGY

Kl IN DER LANDWIRTSCHAFT

SENSORIK

ENTSCHEIDUNI: &
STRATEGIE

16/11/2023 60



Kl IN DER LANDWIRTSCHAFT

* Anwendungen:

Optimierung der Ernte

Geringerer Einsatz von DuUngemitteln
und Pestiziden

Resistentere Pflanzen
Automatisierung der Prozesse

16/11/2023

Fitisinas
T

e
EE

61



KLIMAFITTE PFLANZEN

- KUNSTLICHE
+ + ' INTELLIGENZ
Datenintagration
Klimadaten, Bodenanalyse, & Ki-gestiitzte Modelle
Wetterdaten

Bodenmikrobiom

b

q Prazisio asseru
Klimadaptierte mole kulare Pflanzenziichtung & REOENARBETIng

Mikrabielle Bodenverbesserung

Quelle: HBR@AIT

16/11/2023 62



PREDICTBEETWEEVIL

R4y
Data- and model-based prediction of sugar beet weevil occurrence S
Industrie: AGRANA Research & Innovation Centre o

AlT: HBR & DSAI
Dauer: 3 Jahre

PROBLEM: Auftreten des Rubenderbrisslers verursacht hohen Schaden
(Verlust von 4.460 ha in 2020 in Osterreich)

ZIEL: Vorhersagemodell fur die Ausbreitung des Derbrusslers

METHODIK: Datensammlung (Klima, Bodenfeuchtigkeit, -typ), Analyse
(Bodenmikroben, Biodiversitat), Regressionsmodell als Basis, Kl-basierte
Modelle, um komplexe Zusammenhange zu erfassen

16/11/2023 63



KI'IN DER FORSTWIRTSCHAFT

Anwendungen:

* Monitoring Waldbestand und Biodiversitat

* Ausbreitung von Schadlingen und
Krankheiten

* Wachstumsmodelle
» Optimale Strategien im Forstmanagement
* Tracking von Holzbestanden

16/11/2023 64



AI4TREES: PROBLEMSTELLUNG

Growth [lvnamll:s

Underlying Physiﬂlogmal Processes

Tree '
Growth

Tree Growth

European Forests

Significant Carbon Sink Miliailiiu: ;Lnfm::;;* hange Climatic Model Phenological Tree Health Carbon Sequestration
Extremes Patterns Change
Heat Waves, Droughts, ete. ‘l."cgrta’tiun season length, etc.
e = BER ATeo- oo\ [El
Eordadursznang EEW u mwe It data Tm.tunnmﬁmm\r [: cenrar
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AI4TREES: IN A NUTSHELL

« Ziel: Modellierung des Baumwachstums
unter Berucksichtigung des veranderten .
Klimas Bestand I Freiland

* Motivation: Waldbestand bindet
Kohlendioxid

» Gefordert durch das BMK im Rahmen des
»Al for Green“ Programms

* Herausforderungen:

- Datengrundlage erfasst nicht die
klimatischen Veranderungen

* Angepasste Modelle fur einzelne
Baumarten

» Berlcksichtigung unterschiedlicher
Daten-Modalitaten ICP Forest Monitoring Network

www.aidtrees-project.at



DATENGRUNDLAGE

www.aidtrees-project.at

; __ o
Jahrliche Messungen

Terrestrial Laser Scanning

2-3 Beobachtungen/Jahr

Fernerkundung




TECHNOLOGISCHER ANSATZ 4

e Data Science

* Raumliche Analyse und Vergleich
mit Klimadaten

* Qualitatsanalyse
Kl
- Erklarbare Algorithmen (XAl)

*  Probabilistischer Ansatz: Gaul3sche
Prozesse

» Physics-informed Machine Learning

www.aidtrees-project.at



Baumwachstum als Klassifikation

No Growth Fast Growth No Growth

x_train = tree_df['2010-01-01": '2012-12-30]
x_test = tree_df['2013-01-01": '2013-12-30']



Kl FUR ERNEUERBARE ENERGIEN

Problemstellung:

« Erneuerbare Energiequellen spielen eine
wichtige Rolle zur Erreichung der
Klimaziele.

» Kl-basierte Prognosemodelle fur Wind-
und Sonneneinstrahlungen konnen |
effiziente Einbindung von erneuerbaren : 0
Energien ermoglichen. N

* Energieausbeute von Wind-, Wasser-
und Solarkraftwerken mithilfe von Ki
optimieren.

16/11/2023 70



@8}& GeoSphere AIT....c

¢~ Austria

ENERGAIZE

* Um bessere Prognosemodelle fur den
Energiesektor zu gewinnen, sind
langfristige dynamische Wetter- und
Klimaprojektionen nétig.

* Diese Projektionen sind sehr zeit- und
rechenintensiv

* Physics-informed Machine Learning
kann helfen, um effizienter zu hoheren
Auflésungen zu kommen.

» Sondierung:Gefordert durch das BMK im
Rahmen des ,Al for Green® Programms

16/11/2023 7



UNSER ANSATZ

BEDARF

Win d

.

Thearatisches Wastar
Potential
Ermeuerbare
Energietrager

16/11/2023

Physicsinformed Al

. S

High resolution climate mode| projections

AI I AUSTRIAN INSTITUTE
OF TECHNOLOGY

PV

¥

Hreales” Potential
Erneuerbarer

Energietriger

72



UNSER ANSATZ

PhysicsinformedAl

16/11/2023

| .reales” Potential

Ermneverbarer

Anwendung von KI:

«  Beim Downscaling von Klima- und
Wettermodellen (Superresolution)

- Bei der effizienteren Erzeugung von
Ensembles

» Optional: Bei der Erkennung von
extremen Wettersituationen (Pattern
Recognition)

73



PHYSICS-INFORMED MACHINE LEARNING

Modelbasiert « Weniger Daten

notig

P hyS| CS- * Verbesserte

Recheneffizienz

x + Informed - Besser

Physikalische

Einschrénkungen M L verallgemeinerbar
 Besser
Datenbasiert VAL interpretierbar

Learning




HINDERNISSE

16/11/2023

o

<

Ll

Fehlende oder nicht reprasentative Daten

Nicht dokumentierte oder inkompatible
Datenformate

Nicht digitalisierte Daten

Domanenexperten haben wenig
Kl-Expertise und umgekehrt

Fehlende Recheninfrastruktur

7
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TTTTTTTTTTTTTTTTT
OOOOOOOOOOOO

ZUSAMMENFASSUNG

Klimawandel und Nachhaltigkeit sind die groldten
Herausforderungen fur die Zukunft der Menschheit.

Kl-Anwendungen sind immer wichtiger fur
wissenschaftliche Entdeckungen und in der Industrie

Der (richtige) Einsatz von Kl ist entscheidend, um
Klimaneutral zu werden.

16/11/2023 76



VIELEN DANK!

16/11/2023

Klimawandel und Nachhaltigkeit
sind die groften
Herausforderungen fur die
Zukunft der Menschheit.

Kl-Anwendungen sind immer
wichtiger fur wissenschaftliche
Entdeckungen und in der
Industrie

Der (richtige) Einsatz von Kl ist
entscheidend, um klimaneutral zu
werden.

Dr. Jasmin Lampert

Senior Scientist

Data Science & Al

Center for Digital Safety & Security
jasmin.lampert@ait.ac.at
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Wie wird Kl eine griine Technologie? Ein
Blick in die Zukunft

Felix Creutzig, Mercator Research Institute on Global
Commons and Climate Change

79



IPCC: insight on climate
solutions and the role of Al

Prof. Dr. Felix Creutzig

Chair Sustainability Economics of
Human Settlements, TU Berlin

Mercator Research Institute on Global
Commons and Climate Change -
Berlin

MCC ®g




Felix Creutzig




Stuck in the age of fossil fuels

« 2019 emissions 12% higher than in 2010 and 54% higher than in 1990.

* Emissions grwoth slowed from 2.1%/yr for 2000-2009 to 1.3%/yr for 2010-
2019.

* Decarbonisation of energy is progressing far too slow at the global scale
compared to what we see in 1.5°C and 2°C scenarios.

Global net anthropogenic emissions have continued to rise across all major groups of greenhouse gases.

a. Global net anthropogenic GHG emissions 1990-2019"

3861 4261 5361 596G1 59 + 6.6 Gt I Fluorinated

+0:7% yr! $21% yr! +1.3% ! 2% gases (F-gases)
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%

I titrous
axide (N:0)

B ethane (CHa)
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use, land use
change, forestry
{CO;LULUCF)

B CO:from fossil

tuel and industry
(CO:FF)

50
i 1

ELY 1%

GHG emissions (GCOx-2q yr7)

1990 2000 2000 29 2019




The unit costs of some forms of renewable energy and of batteries for passenger EVs have fallen,

INCREASED EVIDENCE OF
CLIMATE ACTION

and their use continues to rise.

Cost {$2020/MwWh)

Adoption (GW)

Photovoltaics (PV) Onshore wind Offshore wind
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450 450

2000 2010 2020 2000 2010 2020

2000 2010 2020

800 800 40
600 ‘ £00 30
400 400 20
200 200 ' 10
0 -—— ~ 0= 0 -——

2000 2010 2020 2000 2010 2020 2000 2010 2020

Market cost
Adoption {note different scales)

ARS (2010)
Fossil fuel cost (2020)
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Concentrating
solar power (CSP)

:

g

g

g

Li-on battery packs ($2020/kWh)

0

2000 2010 2020 2000 2010 2020

8

6

4

2

Adoption (millions of EVs)

—— 0
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Felix Creutzig

Batteries for passenger
electric vehicles (EVs)

A growing number of countries
have achieved sustained GHG
emissions reductions for longer
than 10 years.

Some key technologies have
developed much better than
planned. Since 2010, up to 85%
decreases in the costs of solar and
wind energy, and batteries. Large
increases in installed capacity.

An increasing range of policies and
laws have enhanced energy
efficiency, reduced rates of
deforestation and accelerated the
deployment of renewable energy.



NDCs are insufficient to keep 1.5°C
well within reach

Projected global GHG emissions from NDCs announced prior to COP26 would make it likely that
warming will exceed 1.5°C and also make it harder after 2030 to limit warming to below 2°C.

a. Global GHG emissions b. 2030
- & — Modelled pathways:
% S s B Trend from .implemented policies .
= E== Limit warming to 2°C (>67%) or return warming to
1.5°C (>50%) after a high overshoot, NDCs until 2030
_ 60 == Limit warming to 2°C (>67%)
; = - - I I === Limit warming to 1.5°C (>50%) with no or limited overshoo:
S g P @ 11 Past GHG emissions and uncertainty for 2015 and 2019
s Z (dot indicates the median)
s = 40 -]
L% _’g Policy assessments for 2030; Percentile:
€ -
Pt e N == Policies implemented by the end of 2020 95*
S z : 75%
5 B NDCs prior to COP26, Medi
20 unconditional elements 2% s
== NDCs prior to COP26, P
10 including conditional elements
0 0
10 10

2010 2005 2020 2025 2030 2035 2040 2045 2050




End-use interventions can reduce
GHG emissions by 40-70% in 2050

Demand-side mitigation can be achieved through changes in socio-cultural factors, infrastructure
design and use, and end-use technology adoption by 2050.
c. Electricity: indicative impacts

a. Nutrition b. Manufactured products, mobility, shelter of change in service demand
15 15 " 15
N Hurman settlements o

=10 - 10 . - 10 I.
g = -----'. =
> S 5
B _-:. ot % PEECR E
G5 5 . “ L 5

“I ‘. Food Industry Land transport Buildings Electricity

* By 2050 a combination of effective policies, improved infrastructure and technologies leading to behavioural
change has the potential to enable reductions in GHG emissions by between 40 and 70%.

* The types of technologies used and what infrastructure is provided can help individuals
to lead low-carbon lifestyles (e.g.energy-efficient buildings; make walking & cycling, car-sharing & access to
public transport easier).

* The way choices are presented can influence decision-making (e.g. plant-based diets; food waste).

Creutzig et al, Nature Climate Change 2022 and Chapter 5, IPCC 2022
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Accounting framework: system level effects
dominate but are highly uncertain

; -
\ C y
\ SYSTEM-LEVEL K
\ IMPACTS /
Increasing precision in GHG Increasin, g,ﬁffec on
emissions & '\ mmtes GHG ermss:ons
\ I
\\ | e I ’ Rebound
\ IMMEDIATE APPLICATION / effects
Y IMPACTS
Optim: oonrndsabs&mtion
\
Lock-in and
path dependency \
Buiddings \
\ Communicati
d educatio.
N\ Power systems
COMPUTE-
P RELATED IMPACTS
Consum: y Operational and embodied
behavior
Energy
A

-~
{ MACHINE LEARNING ALGORITHM \ ‘=
\ Inference, training, development J

_______________

Kaack, Creutzig et al (2022) Nature Climate Change
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Energy demand of data center is huge — 1% of
global electricity consumption -and growing but
efficiency gains mostly compensate

Trends in global data center energy-use drivers

@ Global installed storage
capacity (exabytes)

@ Giobal data center IP
traffic (zettabytes/year)

Data center workloads and Service
compute instances (millions) | Gemands

1.3 Global installed base of have risen
servers (millions)

100

10

1
@ Average PUE 0.75 Energy
@ Typical server energy intensity efficiency
(watt-hour per computation)  0.24 0.19 has
0.1 Average number of servers 0.11 increased

per workload

Average storage drive energy
use (kilowatt-hour/terabyte)

PUE, power usage effectiveness; IP, internet protocol. Masane t o t al (2 O 2 O) Science

Relative change from 2010 to 2018 (2018/2010)




Al contribution can be high (training) but overall
energy demand unknown

ICT sector -rel
(~1.4%) | Ak M Operational
M Other ICT | #@Embodied .
and other

Large data Distributed

ICT sector

centres compute
:7_ Inference Training Development
Other - N
sectors ey iE ey
N RN |
m-u (B B B
Energy per run 8] _Kal 8-B8-8
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End use sector

Residential energy
use (e.g. Nudges,

feedback,
Infarmation)

Smart mobility
(Shared  mobility
and digital feedback

for gcodriving)

Smart cities (Using
digital devices and
big data to make
urban transport and
building use more
efficient)

| PCC for the first time assesses potential
and risks of digital technologies to climate

change mitigation

Quantitative evidence

2-4% reduction In global

household energy use
possible

Reduction for  shared
cycling, sharad_ pooled

mobility, and ecodriving;

Increase for ride hailing, ride
sourcing

30% reduction In a “smart
city" scenaric due to
targeted climate-mitigation
interventions, Including Al-
based low-carbon urban
planning, shared pooled
mobility, etc.

Contribution of
digitalization

Effective in combination
with monetary incentives,
non-digital information

Apps together with big data
and machine learning as
preconditions for new
shared mobility

Big data analysis

necessary for optimization
of service provisioning

systems

Felix Creutzig

Systems perspective,
risks, and societal
impacts

Mew appliances Increase
consumption

Ride hailing increases GHG
emissions, especially due
to deadheading, as well as
scale effects

eouaeneee’. .| Chapter 16,

Privacy concemns linked WGIII, IPCC

with

nam&sdlgltak devices in (2022)



Digitalisation, if steered by standards and
pricing, offers new opportunities for GHG
emission savings

30 printed structures [Energy use] 4 "o

30 printed structures [CO2 emissions) |
Disaggregated feedback [Energy use] + masen
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Home energy management systems [Energy use) 4
Smart lighting [Energy use) i | s )
Smart heating [Energy use] 4 boarren

Food gamification [CO2 emissions] + |
Food gamification [Activity) 4 Bt § s o
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e-music [Energy use] 1 | |

e-publications [Energy use] { e 1

Entertainment

Education &

e-publications [CO2 emissions] "

30 printing for lightweight aircraft [CO2 emissions) 4 [
3D printing for lightweight aircraft [Energy use) 4 (AR
Virtual meetings [CO2 emissions] 44 ) [

Synthesis by Nico Heeren,
Eric Masanet and Alessandro

Sanchez Pereira; mostly
based on Wilson et al 2020

Virtual meetings [Energy use] + |
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Telework [Energy use]
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In particular by sharing material
stock and vehicles (occupancy

metrofurban rail

Sharad hike 2 ICF
[P = EVErage DCOUarn
Private bike 43 o
More intense use [CO2e] 4
PEF-FCEW B O oo st
B aring 1C02E] 4 p ' Ridesaurcing - car - FCEY O mocispaent
fade sourciog - car - BEV (Two pecks) T
i B Thres
Car-sharing [Energyl 1 I L Ridesomrcing - car - T 8 EOuF
Car-gharing [Activity] i i 25 Ridesaurcing - ear - PHEV o Five
mdesgurcng - o - HLY
Carsharing [C02e] 4 Pk} LELIES Mishes sy cirg - can - 10T
20
T = FCLY
Hadeabaring [Energey] 4 Cui]
o Taxl LV {iwo packs)
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] 0 108 150 pait) 250
Recycling [CO2e| 4 | I GHE emistlons (g CO2e} per passenges ki
Remam#acturing [CO2e] 4 i

Synthesis by Nico Heeren, Eric
Masanet and Alessandro Sanchez
Pereira; right panel based on ITF, 2020
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Shared urban mobility systems:
occupancy is key

* deadheading

=
=]
=
7]
=
E E 250
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B~ 50 nill ™™ | . | . |
g3
g5 0
=
S & E 8 & % 5 > . .
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T o 8 o o = 5 ' 5w a -
- 8 i 7 = & o = 2 -~
1~} a ] i
E s = B & g o S = 2.
g £ & £ g - g ° ITF (2020)
-7 = - Creutzig (2020)
Single occupant Two occupants Fouroccupants  mmm Bus-|CE Metro/ urban train

* Smaller vehicles better than larger ones

« Lifetime of e-scooters matters

* Private bike better than shared bike

* Private motorized transport better than public transport with 4 passengers

* Ridesourcing (Uber) unacceptable choice due to deadheading (=cruising of vehicles in
search for passengers)




Electricity systems
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Societal adaptation
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Climate prediction

Key roles of Al:

Distilling raw data into actionable information
Approximating time-intensive simulations
Improving predictions

Accelerating scientific discovery

Optimizing complex systems

U e

Supporting (urban) climate governance
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Deep dive: The role of
Al in urban governance
and solutions

Prof. Dr. Felix Creutzig

Chair Sustainability Economics of
Human Settlements, TU Berlin

Scientific Coordinator Einstein Center
Climate Change

Mercator Research Institute on Global
Commons and Climate Change -
Berlin
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Big data in urban

sclences

Evolution of key “Big Data” sources
and technologies and the rise of Social
Media Data (SMD).

increasing availability of location-
based social, infrastructural, and
landscape/biophysical data.

SMD represents major new phase in
ability to understand links between
human behavior, values, and
preferences and infrastructural,
climatological, or other core
components of urban, peri-urban, and
rural systems that are important for
driving transformative change for
1mproving sustainability

Ilieva and McPhearson (2018)
Nature Sustainability

Creutzig et al (2019a)
Global Sustainability



Densification Consolidation
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GSI

Predict energy use with =

F
urban structure data
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New Al platform to
compute urban form
metrics relevant to
inducing GHG
emissions at street
and building level

Wagner, Creutzig et
al, TRD (2022)
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High-resolution Al methods can support
urban planning — as demonstrated in
evaluating new settlements in Berlin
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Nachtigall, Creutzig et al, in preparation




Causal Shap Value [km]

Causal Shap Value [km]

|dentifying urban form causal influence at
neighborhoodlevel across cities
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Joint governance of data, Al and physical

Infrastructure

walking and cycling.

Use digitalization to optimize public Sustainable urban ) —.==_
transit. Contactless payment and planning. Use big _‘ : -l- ; g

" time-specific ticketing to optimize data and machine — 4

S capacity consistent with physical learning tools to e e
st optimize transport e [ ; A==
> and urban planning. o ——r—

s - |

5 « Ready to go Build up urban data L
g Telework. Confinement * Institutional , S ]

k= dramatically increased alignment l“ll lllll K [ ]
= telework levels and JERARGHE, —

+ demand for ‘ * Vision

.20 videoconferencing tools. * Political

()] stamina

et Desolation. High level of Consolidation. PUI A
= confinement emptied made DTS and

g streets, especially in safe. Contlnugus

o cities with high exposure network provided.

% to COVID-19, such as

¢ Wuhan, Milan, and New * Readyto go * Vision

£ York. * Institutional * Political

“© alignment stamina

L

& A

£>' PUI. Municipalities providing pop-up

[a infrastructure to incentivize more

Confinement

Smart physical distancing

Creutzig et al, ERIS (2022)
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Post-COVID-19
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Digitalization, Al and
the Anthropocene —
Past, Present, Future

Prof. Dr. Felix Creutzig

Chair Sustainability Economics of
Human Settlements, TU Berlin
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Planetary stability: Accelerating
forces trump efficiency gains

Rapid integration of renewable energy
Vehicle-to-grid technologies
Shared pooled mobility

« Digitalization force of
oreat acceleration

« Enables both
accelerated resource
consumption and
accelerated efficiency
deployment

« Ressource demand
long-tailed:

proportional shift

from feW fossils to Energy use in data centers

many minerals Al use for oil field exploration
Unlimited deployment of autonomous
vehicles




Digitalization, society and planetary
stability

digitalization

Relevant direct and indirect
environmental footprints,
fueling the great

In some cases equalization force, but
structurally increasing income
inequality within and between

As realized in social networks:
Modifies communication patterns,
hinders deliberations, and advances

countries S
acceleration, but substantial polarization
potentials for environmental
impact reduction if directed

Equity Planetary stability Political agency
——ea
. . . -_
Inequal'ﬁv drives F{Ds'tm"al 5‘?"" Polarized societies find insufficient
consumption and hinders political o
e G common ground to advance policies
processes that protect p ane‘a-r\,r for the public good
stability

Creutzig et al, Digitalization and the Anthropocene, Ann. Rev. Env. Res. 2022




In balance, digitalization increases
inequality

Global National

More opportunities for developing .
countries to contribute to global

markets in the service sector (flat
world)

« ICT-based rationalizations substitute Supply Slde

for labor-intensive processes and thus

Results 1n polarization of income,
substituting middle-class jobs

erode the competitive advantage of Mining operations servicing the ICT
developing countries (74% of all robot sector are associated with forced labor,
installations in USA, China, Germany, including child labor, excessive working
South Korea, Japan) hours, low wages, lack of social

protectlon discrimination against
migrant workers, humiliating _
disciplinary actions and (sexual) violence

Consumption

* In developed world 87% have access to
internet, in developing world 19%

Creutzig et al, Digitalization and the Anthropocene, Ann. Rev. Env. Res. 2022




Political agency: substantial potential but
economics of attention and emotion
destabilize democracies

Influences political

@ digital agency

Collect more data and
refine algorithms

Provides
services

a2 - -y,
Monopolistic Political
p User ™ s
data platforms Opinion
Provides
‘ Data ’

@ Exercises behavioral
cantrol

Creutzig et al, Digitalization and the Anthropocene, Ann. Rev. Env. Res. 2022




Three pathways of digitalization Iin
the Anthropocene

Induced consumption
80 - \

1. Planetary destabilization y G
MoCracy an - netal
t (current pathway) political a‘;”éncy Equity stabim;y

|
l @ P
o« N\

l Systemic efficiency gains and reduced ressource

Acceleration of innovation and
technology development by Al

] PR
49/ —

Deliberate for the Good

consumption as enabled by directed digitalization

Global greenhouse gas emissions (Gt)

- AR ~t
0 s O\
Green but inhumane -
oS A O
2000 2020 2040 2060 2080 2100

year

Creutzig et al, Digitalization and the Anthropocene, Ann. Rev. Env. Res. 2022




Key leverage points

/ Apply to smart conscious \

sus.st.amable cities: NR—
- Participatory data
GOALS ;

governance | S tons vt

- Big data tools STRUCTURE & | mecnamel matenas %EE,T;.,.;’EE, :;,E. inforaion
. ows and idel
- Conscious of planetary it S i sorshonfor g
\_ stability - RULES & -' o
FEEDBACK Epistemic web to suppart l|
holistic Earth system

understanding

Data sharing mandates,
circularity requirements,
maonelany signals

[ Human |
|, societies |
A

The System
T

Summary:
« Digitalization part of planetary dynamics of the Anthropocene,

operation via environmental, social and political channels
« Set appropriate goals, developing balanced epistemic web, and apply

new rules via public policy




Three-tiered architecture of Al for
climate change mitigation

Avoid run-away consumption pathways
Governance Direct improved energy technologies
Direct enabling tools to shift & accelerate mitigation

Implement efficient energy end use technologies,
Pathways such as shared mobility systems, highly accessible
cities, and renewable energy grid integration

Develop Al-based tools for agile climate governance,
low-carbon urban planning that accelerate energy
conversation and climate mitigation efforts
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Physics & engineering are central to climate action

Climate prediction

Earth, atmospheric, oceanic
modeling .

Transportation

Aerodynamic efficiency modeling
Battery and alternative fuel

= -eR&D e TT
“"'"‘“»-*““'" i\ ==
s .w‘“ .. ¢ .
acdal wheh \ & /. P

o i

e T

Electricity systems
Wind farm optimization

Power system optimization & control

T A

Industry

Equipment control & demand response
Des:gn of /ow-mater/als structures
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Buildings & cities

Urban environmental simulations
Building heating & cooling control

FEE——
[T a— '

PR T W

e

Land use (agriculture)

Precision agriculture
Cleaner ammonia

\"m ~«sproduction




Why physics-informed ML?

Physics-based “Pure” ML Hybrid
approaches approaches approaches

Efficiently leverage

physical 7 X 7?
knowledge

Transparent & o
robust behavior v X V"
Adaptive, data- o
driven X 4 v
Fast to run X 4 I?

Caveat: This is an
oversimplification!




Example: Modeling building dynamics
Modeling dynamics of buildings can be difficult & expensive, but is needed for

1implementing simulators and/or control strategies

Approach: Learn differentiable surrogate using physics-informed ML model

» Can employ within end-to-end “differentiable predictive control” workflow

Building model structure :1 | —_':'H—’ “.
e e A I { '} ',/'
E Weather and o :% E ' - ) | S .
! | cccupey evelope [~ . ee related platforms:
B 1 : COBS (building control)
— L ( -0 and City Learn (city-scale
15 pum ‘ - control)

fa) Structure of physics-based bullding thermal model. (D) Structured recurvens neural dynamics miodel,

Drgona, J., Tuor, A. R., Chandan, V., & Vrabie, D. L. (2021). Physics-constrained deep learning of multi-zone building thermal dynamics. Energy and Buildings,
243, 110992.

Drgona, J., Tuor, A., Skomski, E., Vasisht, S., & Vrabie, D. (2021). Deep learning explicit differentiable predictive control laws for buildings. IFAC-PapersOnLine,
54(6), 14-19.




Interpretability and uncertainty in climate
change

Climate change mitigation and adaptation require trust and robust decision-making

Precpxtation changes at 2.0°C (3.6°F)
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Interpretability and uncertainty in climate change

e
H?\_" Interpretability aims:

Oversight Regulatory oversight and recourse

Real-time settings: Intervening & overriding model
outputs

Domain-informed model debugging

Credibility Allowing stakeholders to decide whether to trust

Scientific discovery Working with and expanding domain knowledge

AUncertainty quantification aims:
Assessing risks Input to making robust decisions

Communication Avoiding overconfidence and increasing credibility




\A Example: Net load forecasting with
Bayesian deep learning

Residential net electricity load is uncertain due to
climate variability, variable power generation, ani

>

chual Load

s00 =
aperiodic human activities e
Approach: Bayesian theory combined with deep _
LSTM networks for probabilistic day-ahead net §’°°
load forecasts 2.0 |

» Using smart meter data and (partially e *EY U JY U
available) PV output data A U A
% 48 96 144 192 240 288 336 384 432 480

Time (0.5 hour)

Sun, M., Zhang, T., Wang, Y., Strbac, G., & Kang, C. (2019). Using Bayesian deep learning to capture uncertainty for residential net load forecasting. IEEE
Transactions on Power Systems, 35(1), 188-201.




Several notions of generalization
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» (Generalization across tasks
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» Generalization under concept drift

» Generalization from limited data




Example: Task-informed meta-learning

Remote sensing to map crops & forecast b ~;
yield can help avoid food insecurity ‘
under climate change, but data are
1mbalanced by location/crop

Binary Label ~———

Multiclass Label L o

TIML builds in location/task metadata to
meta-learning via a task encoder

) ~ '_ Hidden layer n
Added to MAML/other meta-learning UeEand
methods to improve performance on ‘ =

classification & regression tasks \_

G. Tseng, H. Kerner, D. Rolnick, "TIML: Task-Informed Meta-Learning for agriculture," arXiv 2202.02124, 2022.

G. Tseng, et al., "CropHarvest: A global dataset for crop-type classification," NeurlPS 2021 Datasets and Benchmarks Track.




1. Distilling raw data

Role: Distilling raw data into actionable information

Some relevant ML areas: Computer vision, natural language
processing '

Examples

» Mapping deforestation
» Gathering data on building footprints/heights [Mitigation]

» Evaluating coastal flood risk [Adaptation]

» Parsing corporate disclosures for climate-relevant info
[Adapation]




2. Approximating simulations

Role: Accelerating time-intensive, often
physics-based, simulations

Some relevant ML areas:

Physics-informed ML, computer vision, .
interpretable ML, causal ML gt

Examples

» Superresolution of predictions from climate models [A]
» Simulating portions of car aerodynamics [M]

» Speeding up planning models for electrical grids [M]




3. Improving predictions

Role: Forecasts and time series predictions

Some relevant ML areas: Time series

analysis, computer vision, Bayesian
methods

Examples

» “Nowcasting” for solar/wind power [M]
» Forecasting electricity demand [M]

» Predicting crop yield from remote sensing data [A]



4. Accelerating scientific discovery

Role: Suggesting experiments in order to r
speed up the design process

Some relevant ML areas: Generative

models, active learning, reinforcement
learning, graph neural networks

Examples

» Identifying candidate materials for batteries,

photovoltaics, and energy-related catalysts [M]
> Algorithms for controlling fusion reactors [M]




5. Optimizing complex systems

Role: Improving efficient operation of complex,
automated systems

Some relevant ML areas: Optimization, control,
reinforcement learning

Examples

» Controlling heating/cooling systems efficiently [M]
> Optimizing rail and multimodal transport [M]

> Demand response in electrical grids [M]

Note: Beware of misaligned objectives and rebound
effects




6. Enabling and facilitating planning and
governance

Role: Providing highly contextualized,
decision relevant information

Some relevant ML areas: classification

algorithms, predictive learning

Examples

> Low-carbon urban planning [M]

> Co-optimizing green, blue and built infrastructures
for climate resilience [A]




Artificial intelligence for
geographically explicit solutions

 Rapid growth in

machine learning o

applications albeit ® o )

from low base o] | B pemote s -
 Focus on applied e

1ssues not intended

for climate change
mitigation but of
Iindirect relevance

* Substantial expertise

in EU, most growth 1n
China

Milojevic-Dupont & Creutzig (2019) ot - - A'm I
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Al governance for climate change
mitigation: the urban example

Make use of agile Al-based urban planning systems to:

Avoid high energy consumption induced by inefficient urban

planning and urban sprawl

Improve energy efficient mobility services and housing use to

reduce GHG emissions

Shift and accelerate mitigation pathways by accelerating planning
processes and rapidly adapt (street) infrastructures
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= Bundesministerium = Bundesministerium
Klimaschutz, Umwelt, Finanzen
Energie, Mobilitat,
Innovation und Technologie

Gemeinsames Gesprach

Chancen von Kl fiir die
Klimaneutralitit in Osterreich

Ivona Brandic, TU Wien
Jasmin Lampert, AIT

Michael Wiesmdtiller, BMK

und Sie!

RIS 0

tificial Intolligonce Mission &



= Bundesministerium = Bundesministerium
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Innovation und Technologie

Abschiedsworte

Michael Wiesmiiller

Bundesministerium fiir Klimaschutz, Umwelt,
Energie, Mobilitdt, Innovation und Technologie
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bmk.gv.at/staatspreis-technologie

Staatspreis Technologie 2024
,Jechnologien initiieren Veranderung“



= Bundesministerium bmk.gv.at/staatspreis-technologie

Klimaschutz, Umwaelt,
Energi lobilitét,
Innovation und Technologie

Staatspreis Technologie
»Technologien initiieren Veranderung*

Ausgezeichnet werden Einreichungen in den drei Kategorien

* Al for Green
* Mobilitatstechnologien

* Innovationskultur in Technologieunternehmen
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Staatspreis Technologie
»Technologien initiieren Veranderung*

Ausschreibung:
27. September 23 — 13. Dezember 2023

Offizielle Preisverleihung durch die Ministerin
' am 11. Juni 2024
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