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LOFAR2.0:
54 stations
6-9Gbps per station
394Gbps centrally
Long Term Archive – 30PB of data



Radio astronomy is intensive

F. Swijen et. al. 2022



Significant part of our impact is computing



But our desire for knowledge demands…

● More resolution

● More sensitivity

● More data

● More high quality papers



Only going to get worse...
● Computational effort required scales with ~O(n3) 

of the number of receivers

● Size of the array adds an additional linear factor

● Scientific output is already limited by limited 
computational resources rather than telescope 
time

● Any telescope larger than the SKAO in terms of 
receivers/stations will very quickly become 
unaffordable to process

● This is unlikely to be solved by conventional 
technological developments (GPUs, Moore’s law 
scaling, etc)

● Data volume challenges not even taken into 
account here



https://ourworldindata.org/grapher/co-emissions-per-capita
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How long until the impacts become so large that 
they fundamentally alter human society?

1.5°C warming is likely to be reached or exceeded in the early 2030s.

Even if all existing policies fully implemented as of now: 2.8°C warming by 2100.





https://ourworldindata.org/grapher/co-emissions-per-capita



Introducing:
● Expanding LOFAR’s field-of-view from 

12 to 50 degrees of sky

● Achieving a resolution 20 times sharper 
using the full 2000 km baseline of 
antennas

● Processing observations 40 times 
faster, turning weeks of computing into 
hour

● Maintaining its 2022 energy 
footprint despite these 
dramatic improvements



The LENSS committment

LENSS project commits to not 
exceed 2022 energy budget 

Up to:
● 4x FoV
● 20x resolution
● 40x time to science



(Some) risks and challenges

● How do we meaningfully profile the system so we know where to 
optimise?

○ Then what exactly do we optimise and how?  
○ How do we optimise energy budget allocation?

● What about the rising cost of components needed?

● How to interface System’s Engineering and Agile?



(Some) risks and challenges

● How do we convince the scientific community to care about 
sustainable science?
○ Academia is competitive
○ No incentive to care about doing it sustainably

● And how do we guard against Jevon’s paradox?*

Improved efficiency increases overall use and       consumption*



Plans and mitigations

● Project management
● Engineering
● Computer Science



Project management

● Key objective: not exceeding environmental impact of 
pre-existing instrument
○ First hard commitment to sustainability in large radio astronomy 

projects in the EU

● Dedicated sustainability work package
○ Define the scope
○ Ensure uniform approach within the project with metrics
○ Facilitate verifiable sustainable development with requirements



Project management

● Project Board
○ Expert on green HPC methods

● Sustainability engineers
○ Within the project as WP leads
○ New hire in the organization: develop procedures which enable us 

to embed project results in long-term best practices in whole 
ASTRON



Engineering
● System’s Engineering based approach considering entire lifecycle

○ Including components lifecycles + decommissioning
○ Sustainability Engineer with a relevant technical background as 

project engineer
○ Identify engineering hueristics to assist Computer Science experts in 

system profiling and design

● Ensure proper stakeholder buy-in and engagement 
● Investigate incentives for sustainable space science

○ And social pressure to adapt to sustainable practices



Computer Science

● Involved in requirements analysis from the start
● Identify and mitigate bottlenecks 

○ e.g. minimise required read/writes and storage usage)
● Effective use of VPUs when better suited than FPUs
● Wide-spread introduction of GPU accelerated code
● Algorithmic advances implemented when possible
● Routine monitoring of performance and energy consumed

○ Monitoring built in from the start, not afterthought

Most efficient, not necessarily fastest, use *

*



My take

Sustainability is fundamentally a Systems Engineering problem



Project Engineer
/Systems Engineer

● Provide a systems engineering structure within which Computer 
Scientists have freedom to innovate

● Provide interfaces/act as an interface between various work 
packages/stakeholders:
○ Relate Engineering and Computer Science concepts
○ Stakeholder engagement
○ Does everyone have what they need to build their thing?



Sustainability Engineer

● Focus on Sustainable Development Goals
− Not just CO2 and energy consumption

● Raise stakeholder awareness about negative impact of scientific 
research

● Begin questioning the bigger picture

* https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://unstats.un.org/sdgs/report/2026

*

https://www.un.org/sustainabledevelopment/sustainable-development-goals/




Ethics Education

Environment

SUSTAINABILITY

SUSTAINABILITEEEEE

(+ Equity + Economy)



All used in electronics/batteries etc

- Cobalt - Coltan - Gold
- Tin - Tungsten- Tantalum



All used in electronics/batteries etc

- Cobalt - Coltan - Gold
- Tin - Tungsten- Tantalum

All conflict minerals linked to slave/child labour and exploitation 

Source: https://danwatch.dk/en/how-the-global-electronics-industry-came-to-rely-on-forced-labour-and-debt-bondage/
Source: https://www.z2data.com/insights/what-is-forced-labor-in-the-technology-industry-supply-chain

https://danwatch.dk/en/how-the-global-electronics-industry-came-to-rely-on-forced-labour-and-debt-bondage/


Source: https://www.greendigest.co/p/nvidia-environmental-and-social-impact

Companies Global Impact

https://www.greendigest.co/p/nvidia-environmental-and-social-impact


https://www.business-humanrights.org/en/from-us/briefings/2025-knowthechain-ict-benchmark/
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forced labour in supply chains:



https://www.business-humanrights.org/en/from-us/briefings/2025-knowthechain-ict-benchmark/

KnowTheChain 2025 Benchmark
● 45 tech companies assessed for risks of and actions against 

forced labour in supply chains:
○ Average score: 



https://www.business-humanrights.org/en/from-us/briefings/2025-knowthechain-ict-benchmark/

KnowTheChain 2025 Benchmark
● 45 tech companies assessed for risks of and actions against 

forced labour in supply chains:
○ Average score: 20/100



https://www.business-humanrights.org/en/from-us/briefings/2025-knowthechain-ict-benchmark/

KnowTheChain 2025 Benchmark
● 45 tech companies assessed for risks of and actions against 

forced labour in supply chains:
○ Average score: 20/100
○ NVIDIA (31st/45): 



https://www.business-humanrights.org/en/from-us/briefings/2025-knowthechain-ict-benchmark/

KnowTheChain 2025 Benchmark
● 45 tech companies assessed for risks of and actions against 

forced labour in supply chains:
○ Average score: 20/100
○ NVIDIA (31st/45): 11/100



https://www.business-humanrights.org/en/from-us/briefings/2025-knowthechain-ict-benchmark/

KnowTheChain 2025 Benchmark
● 45 tech companies assessed for risks of and actions against 

forced labour in supply chains:
○ Average score: 20/100
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KnowTheChain 2025 Benchmark
● 45 tech companies assessed for risks of and actions against 

forced labour in supply chains:
○ Average score: 20/100
○ NVIDIA (31st/45): 11/100
○ AMD (7th/45): 35/100
○ 3 passed:

■ Samsung Electronics (61), 
■ Hewlett Packard Enterprises (53) 
■ Cisco Systems (51)

○ BOE Tech (0th/45): 0/100



Source: https://www.greendigest.co/p/nvidia-environmental-and-social-impact
https://www.nvidia.com/content/dam/en-zz/Solutions/about-us/documents/2025-Forced-Labor-Human-Traff
icking-and-Child-Labor-Statement.pdf
https://www.sec.gov/Archives/edgar/data/1356104/000119312520119847/d921927d8k.htm

Companies Global Impact
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Source: https://www.greendigest.co/p/nvidia-environmental-and-social-impact
https://www.nvidia.com/content/dam/en-zz/Solutions/about-us/documents/2025-Forced-Labor-Human-Traff
icking-and-Child-Labor-Statement.pdf
https://www.sec.gov/Archives/edgar/data/1356104/000119312520119847/d921927d8k.htm

Companies Global Impact

NVIDIA → owns Mellanox (2020) → Israeli-founded company with HQ & core R&D in Israel.

https://www.greendigest.co/p/nvidia-environmental-and-social-impact
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● MUST have rapid design and deployment of energy sustainable systems

AND
● Large scale awareness campaigns

● Mass social, ethical and regulatory reform

● Boycott of competitive, capitalist culture

  Hold people like Musk and companies like NVIDIA accountable



What is actually needed?
● MUST have rapid design and deployment of energy sustainable systems

AND
● Large scale awareness campaigns

● Mass social, ethical and regulatory reform

● Boycott of competitive, capitalist culture

How do we incentivize ethics?



Thank you! 
brown@astron.nl


