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Intergovernmental Panel on Climate Change
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It is unequivocal that human influence has warmed the atmosphere, ocean and land. Widespread and rapid 
changes in the atmosphere, ocean, cryosphere and biosphere have occurred. […] Human-induced climate 
change is already affecting many weather and climate extremes in every region across the globe. Evidence of 
observed changes in extremes such as heatwaves, heavy precipitation, droughts, and tropical cyclones, and, in 
particular, their attribution to human influence, has strengthened since [the Fifth Assessment Report in 2014].

Global surface temperature will continue to increase until at least mid-century under all emissions scenarios 
considered. Global warming of 1.5°C and 2°C will be exceeded during the 21st century unless deep reductions in 
CO2 and other greenhouse gas emissions occur in the coming decades. […] Many changes in the climate system 
become larger in direct relation to increasing global warming. They include increases in the frequency and 
intensity of hot extremes, marine heatwaves, heavy precipitation, and, in some regions, agricultural and 
ecological droughts; an increase in the proportion of intense tropical cyclones; and reductions in Arctic sea ice, 
snow cover and permafrost.

BNL, June 2024



the harsh reality
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Current policy implementations are not sufficient 
to reduce GHG emission to the required extent.

We are here



the harsh reality

6BNL, June 2024

Richest 10% of the world’s population 
means annual income > €34,000. 



the science we do
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the harsh reality for science
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the harsh reality for science
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Other initiatives
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o The All European Academies (ALLEA), Towards Climate Sustainability of the Academic 
System in Europe and Beyond
o Published a report in May 2022 addressed to students, faculty and researchers

o Snowmass Contribution, Climate Impacts of Particle Physics
o report "Climate impacts of particle physics", submitted to the proceedings of the US 

Community Study on the Future of Particle Physics (Snowmass 2021)

o Recommendations by the young High Energy Physicists (yHEP) association in Germany
o Report on a broad range of topics, including, but not limited to, travel, conferences, 

computing and infrastructure, resource management and financing, and green 
energy.
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Our initiative
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from Peter Millington
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o Hardware
o Software
o Data Centers

o Sources
o Saving
o Recuperation

o Conferences
o Canteens

o Commuting
o Conferences
o Collaborations

o Life-Cycle
o F-Gases

o Consumables
o E-Waste

A broad-scope reflection on the environmental impacts of our research activities across:



UN Sustainable Development Goals (SDG)
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The anchor that we aligned with as a guide to the areas 
that we must address is the UN Sustainable Development 
Goals.

All of these focus areas are affected by or affect scientific 
research.

More importantly, social justice cannot be disentangled 
from Sustainability and this is often overlooked within the 
broader scientific community.



SDG and Science
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differences we can make
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computing costs
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o High Energy Consumption: The High-Luminosity phase of the Large Hadron Collider (HL-
LHC), expected to be operational from the end of this decade, will require 5 to 10 times the 
computing capacity needed for the Large Hadron Collider (LHC) , with data storage needs 
reaching about ten
exabytes

o Not even possible: At the same time, some lattice quantum chromodynamics (QCD) 
calculations, applied, e.g., to studying heavy quark decays and anomalous magnetic 
moments, can be too expensive to pursue, even if approximately 10% of open-science 
super-computing in the United States is devoted to such studies

o Individual impact: Up to 88% of the electricity consumption of an astronomy researcher at 
MPIA, is due to (super)computing



recommendations
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consumption
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CERN uses 1300 GWh of electricity 
annually,

This is the equivalent of what is used in a 
city of > 100,000 people in the USA

This is the equivalent of what is used in a 
city of > 600,000 people in Brazil

This is the equivalent of what is used in a 
city of > 2,00,000 people in India



mitigation
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mitigation
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CERN has 653 buildings with a total 
roof area of 421,000 m2, which 
amounts to approximately 80 GWh 
annual electricity generation 
potential. A comparison with the 
electricity consumption in 2019 of 428 
GWh, when the LHC was not in 
operation, shows that around 18% of 
CERN’s basic (non-LHC) electricity 
demand could be produced locally 
with solar power.



mitigation
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recommendations
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cost of food
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cost of food
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emissions
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mitigation
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cost & emissions

3 6BNL, June 2024 Traveling to CERN (Geneva) from other parts of Europe



conferences
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conferences
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colliders
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coolants
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carbon footprint
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Environmental report for all major 
experimental facilities, universities 
and national labs?



recommendations
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circular economy and waste
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a Circular Economy does not necessarily 
eradicate waste, it is a means for reducing waste.

The entire process has one common waste: Energy



the inverted waste pyramid
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a circular economy is not the final solution

a paradigm shift in the way we approach 
consumption is necessary



e-waste accountability
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e-waste accountability
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Elements found in e-waste

Environmental impact of elements



e-waste hazard
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e-waste
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Global e-waste monitor 2020 report: 
https://ewastemonitor.info/gem-2020

per Capita e-Waste

1. Northern Europe: 22.4 kg
2. Northern America: 20.9 kg
3. Western Europe: 20.3 kg
4. Southern Europe: 16.7 kg
5. Eastern Europe: 11 kg
6. South America: 9.1 kg
7. Central America: 8.3 kg
8. Caribbean: 7.8kg

https://ewastemonitor.info/gem-2020


e-waste
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Global e-waste monitor 2020 report: 
https://ewastemonitor.info/gem-2020

per Capita e-Waste

1. Western Asia: 9.6 kg
2. Eastern Asia: 8.6 kg
3. Central Asia: 7.1 kg
4. Southern Africa: 6.9 kg
5. South-Eastern Asia: 5.4 kg
6. Northern Africa: 5.4 kg
7. Southern Asia: 4.8 kg
8. Middle Africa: 2.5 kg
9. Western Africa: 1.7 kg
10. Eastern Africa: 0.8 kg

https://ewastemonitor.info/gem-2020


Our contribution to e-waste
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In 2019, e-waste weighed substantially more than all the adults in Europe, or as much as 
350 cruise ships the size of the Queen Mary 2, enough to form a line 125 km long.

Only 17.4% of 2019’s e-waste was collected and 
recycled. This means that gold, silver, copper, 
platinum and other high-value, recoverable 
materials conservatively valued at US $57 billion 
– a sum greater than the GDP of most countries 
– were mostly dumped or burned rather than 
being collected for treatment and reuse.



Primary sources of waste in academia
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Short-term and regular
o Paper: journal articles, official documents, circulars and newsletters, books
o Plastics: stationary, organizational aids (clips, binders, folders)
o Essential consumables: Food, chemicals
o Energy: electricity, heating and cooling, fuel for transportation, computation

Short-term and irregular

o Conference gifts
o Conference supplies
o Allied footprints of conferences, workshops and meetings

Long-term

o Electronic waste: computers, tablets etc.
o Electrical appliances: coffee machines (a much smaller concern)
o Furniture
o Constructions with a shorter lifecycle, civil engineering for experiments, etc.
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Thank you!

Ayan Paul
The Institute of Experiential AI, Northeastern University
Epistorm, Northeastern University
Brigham & Women’s Hospital, Harvard Medical School

email: a.paul@northeastern.edu
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