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Planetary Boundaries

* Define a safe operating
space for humanity based
on critical environmental
processes.
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Planetary Boundaries

* Define a safe operating
space for humanity based
on critical environmental
processes.

We have already
breached 7 of 9
planetary
boundaries.
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1.8 Earths

Earth Overshoot Day
1971 - 2025

1 Earth

Ecological Overshoot

* Using more natural
resources than our
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Country Overshoot Days 2025

When Earth Overshoot Day would land if all the people around the world lived like... Cou ntl'ies WithOut an
Overshoot Day
Feb 6 | Qatar

Feb 17 | Luxembourg .
Feb 26 | Singapore Country Portion of Earth
/ Mar 2 | Mongolia required if everyone
Mar 4 | Estonia . .
/ Mar 7 | Kuwait, Latvia lived like...

Mar 9 | Bahrain
Mar 13 | United States
Mar 15 | Oman Bangladesh 46%
Mar 16 | United Arab Emirates

Mar 19 | Denmark, Australia
Mar 26 | Canada Nigeria 5304
Mar 27 | Belgium

Mar 28 | Lithuania
Mar 29 | Austria

Apré |Russiqn Federation, Finland Nepal 55%
Apr 8 | Saudi Arabig, Slovenia

Apr 9 | South Korea

Apr 10 | Czech Republic, Sweden Ethiopia 60%
Apr 16 | Norway

April 19| France

April 23 | Kazakhstan

Dec 17 | Uruguay

Nov 18 | Indonesia

I

Nov 11 | Nicaragua

Oct 31 | Ecuador

Oct 28 | Tunisia
Oct 25 | Ghana

0
Sep 22 | Iraq April 24 | Mentenegro Kenya 61%
April 27 | Croatia
Sep 16 | Guafemcﬂf: April 29 | Israel .
Sep 13 | Albania April 30 | New Zealand Tanzania 67%

Sep 10 | Azerbaijan

May 1 | Bulgaria
Sep 9 | Dominican Republic

May 3 | Germany, Poland

Sep 6 | Colombia May 5 | Netherlands, Portugal Céte d'lvoire 74%
May é | ltaly
Aug 25 | El Uzbekistan, Gabon May 7 | Swilzer|an_d, Turkmenistan
Aug 21 | El Salvador May 8 | Japan, Serbia India 75%

May 9 | Malaysia
May 10 | Slovakia
May 13 | Belarus Sri Lanka 81%
May 17 | Bosnia and Herzegovina, Ireland, Chile

May 20 | United Kingdom
May 23 | China, Spain

Aug 16 L Peru
Aug 14 | Algeria, Thailand

Au? 1 | Brazil
July 30 | Mexico
July 21 | Costa Rica

July 20 | Viet Nam, Paraguay May 25 | Greece Egypt B8%
July 12 | Bolivia May 31 | Romania
July 10 | Lebanon June 2 | Hungary Jordan 89%
July 3 | Armenia, Argentina . June 13 | Iran
o] SJu|);hlA|FF:sw0|ml June 17 | Georgia
uly OU rica J ]8 T" k'
et | Tudkys Philippines 94%
For more information, visit: 000g
o EARTH https://overshootday.org/newsroom/country-overshoot-days/ Senegal 99%
[ OVERSHOOT Source: National Footprint and Biocapacity Accounts, preliminary 2025 Edition Global Footprint Network
DAY York University, FoDaFo, Global Footprint Network, data.footprintnetwork.org & Advancing the Science of Sustainability



Climate crisis probably weakened
glacier that caused devastating Nepal-
Tibet floods, first study finds

Scientists say global heating was a destabilising factor in
collapse of 200,000 sq metre glacier in August

Climate disasters displaced 250 million

Floods, storms and droughts have uprooted people across
=1 theglobe asrising temperatures intensify conflict and
AN hunger

European heatwave is worst ever and
impossible without climate crisis,
scientists say

Study also finds high humidity means people in hundreds
of cities are enduring their worst ever heat stress

We need to act now.



Astronomy’s Carbon Footprint

| | |
m Office

Netherlands I Employee
(1040) B Travels

EEN Computing
B Purchase

MPIA (Germany) B Observatories

(320)

IRAP (France)
(263)

Australia
(934)

(I) é lll (IS é 1IO 1I2 1I4 1I6 1I8 ZIO 2I2 2'4 216 2'8 3IO 32
tCO,e employee™! year™! N
Knodliseder (2024)

* Average astronomers’s CO; footprint is ~tens of tonnes / year.



Astronomy’s Carbon Footprint

I Office

I Employee
s Travels

EEN Computing
I Purchase
I Observatories

Netherlands
(1040)

MPIA (Germany)
(320)

IRAP (France)
(263)

Australia
(934)

(I) é éll (IS é 1IO 1I2 1I4 1I6 1I8 2IO 2I2 2I4 216 2I8 3I0 32
tCO,e employee™! year™! N
Knodliseder (2024)
Average astronomers’s CO; footprint is ~tens of tonnes / year.

To limit global heating to 1.5°C above pre-industrial levels (Paris Agreement),
average footprint per person should be < 2.3 tonnes. UNEP Emissions Gap Report 2021



LOFAR’s Carbon Footprint

Experimental Astronomy (2023) 56:687-714
https://doi.org/10.1007/510686-023-09901-z
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Abstract
The LOw Frequency ARray (LOFAR) is a European radio telescope operating since
2010 in the frequency bands 10 - 80 MHz and 110 - 250 MHz. This article provides an
analysis of the energy consumption and the carbon footprint of LOFAR. The approach
used is a Life Cycle Analysis (LCA). We find that one year of LOFAR operations
requires 3,627 MWh of electricity, 48,714 m3 gas and 135,497 liters of fuel. The asso-
ciated carbon emission is 1,867 tCO2e/year. Results include the footprint stemming
from operations of all LOFAR stations and central processing, but exclude scientific
ost-processing and activities. The electrical energy required for scientific processing
ms from 1% (standard imaging and time-domain), to 40%
(wide field long baseline imaging) of the energy consumption for the observation. The
outcome provides a transparent baseline in making LOFAR more sustainable and can
serve as a blueprint for the analysis of other research infrastructures.



Our Steps Towards Sustainability

LOFAR Enhanced Network for Sharp Surveys LENSS

* Majority of LOFAR observations
did not use international baselines due
to large compute requirement.

 LENSS aims to increase processing
speed by 40x and FOV by 4x.

We aim to maintain
the same energy footprint
despite these improvements!

de Jong et al. (2024)



LOFAR Enhanced Network for Sharp Surveys LENSS

« Advanced GPU acceleration

* Using tensor cores to deliver up to 100x
computation per watt.

* Optimizing algorithms

* To reduce storage requirements and
latency.

* Dynamic scheduling

* Energy-intensive processing to coincide
with renewable energy availability.

de Jong et al. (2024)



KEA LOFAR

* New design for LOFAR High-Band
Antennas

e Currently use a Styrofoam casing
* Cradle-to-cradle design

* Plan to use recycled or bio-based
materials

* CO; footprint ~24 ton lower

» Shipment for one LOFAR station in 1
container instead of 16

* Easy to roll-out and roll-in and recycle

Credlt KEA LOFAR team



Projects with Sustainability as a Bonus

LOFAR Data Deletion & Compression

* Data stored in Long Term Archive (LTA) m Now Start . —Target

&0

* Volume of ~55 PB at its peak

40

* In LOFAR Data Valorisation (LDV)
project:

20

* Data compression (8 to 4 bits)

* Deletion of data with low future
SCIentIfIC Value 0 TOTAL LTA [PB] SURF [FPE] JUELICH [FBE] POZMAM [PE]

* Reduction of data volume by 15 PB! Credit: Noa Peters & the LDV Team.




Ambient L-Band Feed for Westerbork

e Uses transistors based on
indium-phosphide (InP)

* Eliminates the need for cryogenic
cooling with liquid Nitrogen

* Energy + cost-efficient and
low maintenance

* Increased sensitivity and
iInstantaneous bandwidth
Kriiger et al. 2026
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What can you do?

CITIZEN

ELECT LEADERS JOIN A POLITICAL CREATE MEDIA CONTACT YOUR TAKE PART IN A
WHO'LL MAKE PARTY OR ATTENTION ON POLITICAL PEACEFUL
AND IMPLEMENT ORGANIZATION THE CLIMATE REPRESENTATIVE. PROTEST.
STRONG CLIMATE WORKING FOR CRISIS.
POLICIES. CLIMATE ACTION.
¥ v r‘ ‘ * 3
&) % ‘ *
[~ ] 3 . AN
WORK WITH DIVEST FROM TAKE CLIMATE TAKE COLLECTIVE USE YOUR
COLLEAGUES TO FUNDS ACTION CLIMATE ACTION; PARTICULAR
MEET SCIENCE- SUPPORTING THROUGHOUT ADVOCATE IN SKILLS.
BASED TARGETS FOSSIL FUELS YOUR YOUR
INITIATIVE. AT YOUR ORGANIZATION. PROFESSIONAL
WORKPLACE. FIELD.
~k .
¢ {7} ”»r *
E_ i = - 1 -
CHOOSE A FOSSIL- DIVEST FROM CHANGE TO A DONATE TO
FREE BANK. PERSONAL GREEN PENSION CLIMATE
INVESTMENT OR RETIREMENT CHARITIES.
FUNDS PORTFOLIO.
SUPPORTING
FOSSIL FUELS.
CUT DOWN ON REDUCE CAR FOLLOW THE USE RENEWABLE
FLIGHTS. EMISSIONS. PLANETARY ELECTRICITY IN
HEALTH DIET. YOUR HOME.
_es e @
BUILD CLIMATE WALK THE TALK. TALK ABOUT THE START CLIMATE INSPIRE
COMMUNITY. WALK. CONVERSATIONS CULTURAL
AND LISTEN. CHANGE TO
SUPPORT

: ‘
L4

g

* l

CLIMATE ACTION.

Credit: https://jointheshift.earth/



What can you do as an astronomer?

mmm Office
Netherlands . Employee
mm Travels

(1040)
B Computing
B Purchase
mmm Observatories

* Reduce air travel

MPIA (Germany)
(320)

« Limit in-person attendance at conferences

Australia

* Combine conference and work visits o3|

12 14 16 18 20 22 24 26 28 30 32
tCO,e employee™! year™!

Knddlseder (2024)

Departure Arrival
| AMS - Amsterdam Airport Schiph... ~ | ‘ YUL - Montreal / Pierre Elliott Tru... ~

Distance (each way): 3,423 miles or 5,509 km

Round-rip emissions per passenger: 2 metric tons CO2 equivalent

Avoiding this trip is as climate friendly as being vegetarian for: 3.7 years

Avoiding this trip is as climate friendly as carpooling for: 2 years

This many people in the world emit fewer greenhouse gases in one year: 1.4 billion
You could travel this far in an electric train like Eurostar: 8.3 times around the world

These emissions melt this much Arctic sea ice: 64.3 square feet or 6 square meters

code & sources

https://flightfree.org/calculator/


https://flightfree.org/calculator/

What can you do as an astronomer?

mmm Office

. Employee
mm Travels

B Computing
B Purchase
mmm Observatories

Netherlands

* Reduce air travel (1640)

MPIA (Germany)
(320)

« Limit in-person attendance at conferences. AP France)

(263)

Australia

e Combine conference and work visits. (o34) |

12 14 16 18 20 22 24 26 28 30 32
tCO,e employee™! year™!

Knddlseder (2024)

« How do you process data?

Departure Arrival
AMS - Amsterdam Airport Schiph... ~| YUL - Montreal / Pierre Elliott Tru... ~

* Test and optimize code on small data chunks

Distance (each way): 3,423 miles or 5,509 km

e Save compute by catching bugs early and scaling
up only when it works efficiently

Round-rip emissions per passenger: 2 metric tons CO2 equivalent

Avoiding this trip is as climate friendly as being vegetarian for: 3.7 years

(] Use t00|s I|ke N umba to 0pt|m|ze COde Avoiding this trip is as climate friendly as carpooling for: 2 years

This many people in the world emit fewer greenhouse gases in one year: 1.4 billion

* Consider environmental footprint of processing
infrastructure

You could travel this far in an electric train like Eurostar: 8.3 times around the world

These emissions melt this much Arctic sea ice: 64.3 square feet or 6 square meters

* Use shared infrastructure for more sustainable
Com pUtlng code & sources

https://flightfree.org/calculator/


https://flightfree.org/calculator/

What can you do as an astronomer?

mmm Office
« How do you store data? e a0y = Trovelt
B Computing

B Purchase
MPIA (Germany)

* Is the data compact enough for long-term (520) = Observatores
storage? e rance)
~ Why not downsample data before storage Moz

Juil if there is no structure at high time resolution? L U S it A

_ Knodlseder (2024)
* Don’t unnecessarily store RFI-corrupted data.

* When writing proposals,
* Check if archival data already exists.

* Optimise observation parameters (integration
time, bandwidth) to reduce the data volume.

~ Ifyour FRB has a high Galactic DM, why
Ak, Observe it at a higher time resolution?



What can you do as an astronomer?

e Limit Al usage

* Especially image generation if it is not
adding significant value. AI'S ENERGY FOOTPRINT

The power consumed by artificial intelligence (Al) tools varies greatly depending on the task. An Al model that
provides answers to queries is much less energy-intensive than one that generates images from text prompts,

° Choose Iower_ | m pact AI altern atlves (ECOSIa AI for example. And the data show that even Al models of the same type can vary widely in energy consumption.

Chat) instead of energy-intensive models A modelt L= tean Thechorgy oqured __ Abatnywith s muchanrgy
to fully charge a smartphone could run a laptop for ours
(CIaUde, ChatGPT, etC.) lmag:ygr::::::_ % | . L ; |
Image captioning r 1$9£
. Automatic speech recognition o e o .0250 c.
¢ Keep your Iaptop for as Iong as pOSSIbIe Question answering o @ 041_.0 o :
: : 05 : :
* Producing a typical ~2 kg computer requires et ctsslicston DU Rt SUUUOS N A I
~ 1 0 0.0 0. 0 00 ,000 0,000
800 kg Of raW materlals Tot;lenergy c1onsumed (1in Wht) to ;)erform a :ask1,0001times 1
ValeI’O and Va.lero 2019 *Tests conducted on 20 popular open-source models. Each dot represents one model;

1 Watt-hour represents power consumption of 1 W extended over 1 hour.

Source: Unpublished analysis by S. Luccioni et al./Al Energy Star project



There is no planet B.

Let’s find ways to do our research without compromising the future of life on Earth.

“The indigenous canon of principles and practices that AL CRENEIS S

govern the exchange of life for life is known as the
Honorable Harvest. They are rules of sorts that govern our
taking, shape our relationships with the natural world, and
rein in our tendency to consume—that the world might be as
rich for the seventh generation as it is for our own.”

SWEETGRASS

ROBIN WALL KIMMERER

chawla@astron.nl
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