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Motivation
• COVID19 has triggered many new developments  

unimaginable prior to pandemic


• The momentum for change and rethinking is  
strong at the very moment  
(hopefully reaching critical mass in our community today:)


• Several other science communities have  
started initiatives on sustainability already 
(e.g. recent HEP workshop on Sustainable HEP)
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https://indico.cern.ch/event/1004432/page/22786-closing-statement


Agenda of today 
• Knud Jahnke: Sustainability in Astroparticle Physics (Introduction)


• Victoria Grinberg: Sustainable Conferences/travel in astroparticle Physics 


• Volker Lindenstruth: Green computing


• Christos Markou: Green experiments


• Course of the meeting


• 12 minute talks + 3 minutes for questions


• General discussion afterwards
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• Studies of physics+astronomy, Uni Hamburg,  
incl. 1 year at Uni Uppsala, Sweden


• PhD Astronomy, Uni Hamburg, 2002


• Postdoc Leibniz Institute for Astrophysics, AIP,  
Potsdam, 2002-2005


• Postdoc Max Planck Institute for Astronomy (MPIA),  
Heidelberg, 2005-2007


• Emmy-Noether Group Lead MPIA, 2007-2012


• Staff astronomer and Euclid Mission group lead at MPIA, since 2011


• Within Euclid (=ESA cosmology space mission, launch 2022)  
context: instrument scientist for near-infrared photometry

Knud Jahnke

Introduction
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An astronomical institute’s perspective on 

meeting the challenges of the climate crisis

Analysing greenhouse gas emissions of an astronomical institute is a first step to reducing its environmental 

impact. Here, we break down the emissions of the Max Planck Institute for Astronomy in Heidelberg and propose 

measures for reductions.Knud Jahnke, Christian Fendt, Morgan Fouesneau, Iskren Georgiev, Tom Herbst, Melanie Kaasinen,  

Diana Kossakowski, Jan Rybizki, Martin Schlecker, Gregor Seidel, Thomas Henning, Laura Kreidberg and  

Hans-Walter Rix

H umanity’s production of greenhouse 
gas (GHG) emissions is threatening 
our habitat, our physical and mental 

health, and the chances of long-term 
survival of human society as we know it1,2. 
The GHGs emitted as we burn fossil fuels 
for energy have already resulted in a mean 
surface temperature rise of more than 1 °C 
since the late nineteenth century3. To further 

limit the temperature rise to less than 1.5 °C 

(as per the Paris Agreement4) requires all 
sections of human society to reduce their 
GHG emissions to net zero by 2050. The 
scientific profession is not exempt. It is our 

responsibility to analyse the origin of our 
work-related emissions, to identify solutions 

for reducing emissions, and to determine 
the responsibility on a personal, institute-, 
community- and society-wide level for 
implementing the necessary changes.

As astronomers of the Max Planck 
Institute for Astronomy (MPIA) in 
Heidelberg, Germany, we have assessed our 

work-related GHG emissions. The MPIA 
is a well-funded, international astronomy 
research institute with ~150 researchers 
and ~320 employees in total. A wide range 
of research is conducted at the institute, 
including the development of astronomical 

instrumentation, analysis of observational 
data, and theoretical modelling of 
astrophysical phenomena with computing 
facilities. The institute is scientifically 
well connected both within Europe and 
internationally, which, in combination with 

the broad range of research departments, 
makes it a good test case for the analysis of 
research-associated GHG emissions. This 
report can therefore serve as a template for 
other institutes. Our analysis provides a 
complementary, European perspective to 
the analysis on the Australian astronomical 

community5, the Canada–France–
Hawaii Telescope6, the annual European 
Astronomical Society conferences7 and an 
earlier analysis of US astronomy8.

MPIA GHG emissionsWe assessed the MPIA’s GHG emissions 
in seven categories: business flights, 
commuting, electricity, heating, computer 
purchases, paper use, and cafeteria meat 
consumption. These categories were selected 

either because they were likely to have a 
large contribution or because we had no 
prior gauge of their significance. For this 
first assessment, we omitted other purchases, 

including materials and components for 
instrumentation, additional office supplies, 

and IT hardware other than desktop and 
laptop computers.The GHG emissions associated with 

some categories were easily determined, 
for example from electricity and heating oil 

bills, computer expenses, paper purchases 
and recycling amounts. However, other 
categories proved less straightforward. 
Assessing the emission from flights required 

both a manual transcription of invoices 
and a questionnaire to all employees about 
self-booked business trips, as there was no 
automated and accessible list of itineraries, 
carriers or classes. Nevertheless, all the 
numbers quoted here (see Table 1) capture 
the MPIA’s 2018 emissions quite well. We 
estimate the major contributors to our GHG 

emissions, that is, flying and electricity, to be 

accurate to within 20%.Table 1 summarizes the emission sources 

and the associated quantities. We have 
converted the units for each source into 
tons of CO2-equivalent emissions (tCO2e). 
The term ‘equivalent’ indicates that these 
values are normalized to the GHG impact 
of CO2. In particular, the numbers in this 
table account for flight emissions at altitude 

(for example, soot, sulfates, nitrogen oxides, 

and cirrus clouds from contrails), as well as 

methane emissions from meat farming.
The MPIA’s total GHG emissions for 

2018 amount to 18.1 tCO2e per researcher. 
Alternatively, the contribution per refereed 

science publication, of which there were 

583 either authored or coauthored by MPIA 

astronomers in 2018, is 4.6 tCO2e. However, 

regardless of the chosen denominator, these 

metrics have caveats in attribution. For 
example a substantial part of the institute’s 
emissions results from instrumentation 
projects that will lead to future publications, 

but at the same time, we do not account 
for the emissions associated with the 
construction of observing facilities used in 
the 2018 papers; in addition, simulations can 

take months to years.The MPIA’s astronomy-related GHG 
emissions per researcher in 2018 were 
alarmingly around three times higher than 
the German target for 2030 (which is in line 

with the Paris Agreement; see Fig. 1)9–11. 
Moreover, the per-researcher emissions 
are ~60% higher than those of the average 
German resident, whose annual 2018 
GHG emissions (by consumption) were 
11.6 tCO2e (refs. 9,12,13; GHG emissions by 
consumption per adult resident were 14.0 
tCO2e (ref. 12)). Of course, these numbers 
just compare the work-related contributions 

of MPIA researchers to the Paris target 
and German averages, neglecting the 
additional emissions associated with 
non-research-related ‘private’ emissions by 
MPIA researchers, such as, for example, 
housing, clothing, private mobility, or food.

Few comparisons exist in the 
astronomical context. We therefore 
compare the MPIA’s emissions to the recent 

assessment by the Australian astronomical 
community5. The MPIA’s per-astronomer 
emissions are approximately half that of 
an Australian astronomer, which amount 
to 42 tCO2e per capita (see Fig. 1). Note 
that we calculated flight emissions using 
the model by atmosfair14, which estimates 
approximately double the emissions of the 
Qantas calculator15 used for the original 
Australian assessment5. Adjusting the 
reported Australian number by this factor, 
the MPIA’s flight emissions are similar or 

NATURE ASTRONOMY | VOL 4 | SEPTEMBER 2020 | 812–815 | www.nature.com/natureastronomy



Victoria Grinberg  
Sustainable Conferences/travel
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The carbon footprint of large astronomy 
meetings

The annual meeting of the European Astronomical Society took place in Lyon, France, in 2019, but in 2020 it was 

held online only due the COVID-19 pandemic. The carbon footprint of the virtual meeting was roughly 3,000 times 

smaller than the face-to-face one, providing encouragement for more ecologically minded conferencing.

Leonard Burtscher, Didier Barret, Abhijeet P. Borkar, Victoria Grinberg, Knud Jahnke, Sarah Kendrew, 

Gina Ma!ey and Mark J. McCaughreanT he scientific evidence that we live 
in a climate emergency calls for 
urgent action1. As a society, we 

are collectively failing to live within our 
environmental boundaries2, with possibly 
catastrophic consequences for human 
civilization1. The time to address these 
issues is now1,3. The United Nations 
Emissions Gap Report from 2019 states that 

each year a global reduction of emissions 
of 7.6% is required to limit the average 
global temperature rise to 1.5 °C (ref. 3) 
— the target that was outlined in the Paris 
Agreement in 2016. At the current rate of 
emissions, we will exceed the ‘carbon budget’ 

to meet this goal within the next eight years4.
While ultimately systemic change is 

required to solve the climate crisis, it is also 
the responsibility of individuals to reduce 
our emissions. This applies in particular 
to astronomers who rely heavily on fossil 
fuel energy for, for example, computation, 
telescope operation and travel5–8. To 
future-proof astronomy, we must recognize 
impending environmental change, financial 

uncertainties and the need for moral 
introspection, which threaten to hinder 
the continuation of the discipline. At the 
same time, the advancement and sharing of 

knowledge in general (and particularly with 

the public) is becoming even more vital as 
we face a global threat.

EWASS 2019 equivalent emissions
Conferences are a vital element of 
astrophysical research and collaboration, 
but the air travel often connected with 
face-to-face conferences is a major source of 

environmental concern. Following last year’s 

annual European Astronomical Society 
(EAS) meeting in Lyon (the European Week 

of Astronomy and Space Science (EWASS) 
2019), we conducted a short survey among 
participants who had agreed to receive such 

communication via e-mail (719 out of 1,240 

attendees) to estimate the current, collective 

carbon emissions generated through travel 

to and from the meeting. In establishing 
this initial estimate as a baseline, it was 
hoped that guidance could be developed 
to reduce future travel-related emissions. 
The anonymous questionnaire was very 
simple and only asked for the participants’ 
origin and final destination and their main 
mode of transport. After two weeks we had 
collected 267 (22% of all participants) valid 
responses.Just over two thirds of the respondents 

(66.9%) indicated that they arrived in Lyon 
by airplane, 27.8% arrived by train and 
the remaining 5.3% used other means of 
transport such as car, bus, metro, bike or by 

foot. 86.5% returned directly to their origin 

after the conference using the same means of 

transport. Of those who did not, the modal 
split was similar to the inbound journey.

We computed the CO2-equivalent (CO2e) 

emissions associated with every plane or 
train trip using an online travel footprint 
calculator with its default settings, and 
we refer the reader to the accompanying 
paper9 for a discussion on the pitfalls of 
the methods used in these calculations (for 
example, assumptions about the radiative 
forcing index). For car trips, we used Google 

Maps to compute the shortest road distance 

and assumed emissions of 110 g km–1  
(ref. 10). The result of this computation is 
shown in Fig. 1.The majority of trips (~80%) produced 

CO2e emissions of less than 1,000 kg per 
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Fig. 1 | Histogram of CO2e emissions per trip. The blue histogram corresponds to the left axis, and 

cumulative emissions are shown with the red line and the right axis. Some example destinations are 

indicated for reference. Note that these numbers refer to respondents only (~22% of all participants).
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• Studies of physics+astronomy,  
Ludwig Maximilians University in Munich, Germany


• PhD at the Remeis Observatory, Bamberg and  
Erlangen Centre for Astroparticle Physics (ECAP)


• Postdoc at MIT Cambridge/Boston USA (2014-2016)


• Postdoctoral research fellowship at ESA/ESTEC (2017-2018)


• Junior research group leader at the University of Tübingen, Germany


• Scientist with the Science Division at the European Space Agency (ESA) 
based at ESA's European Space Research and Technology Centre 
(ESTEC) in the Netherlands



Volker Lindenstruth

Green computing
• Studied Physics at TU Darmstadt (Diploma in1989)


• Phd at Goethe University Frankfurt (1993)


• Feyodor v. Lynen Fellow at LBNL Berkley (1993-1995)


• Scientific Staff at UC Space Science Laboratory,  
USA (1995-1997)


• Chair of Computer Engineering at U. of Heidelberg  
and Director for the Kirchhoff Institute (1998-2009)


• Since 2010 on the board of FIAS, (chaired in 2012-2018)


• In charge of scientific IT at the GSI Helmholtz centre  
since 2010.
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Green IT Cube



Christos Markou

Green experiments
• Studied at Imperial College, University of London,  

UK, obtaining his B.Sc. (1985)


• PhD at Imperial College, University of London, UK (1989)


• Participated in several high energy particle physics experiments,  
at CERN, Geneva and DESY, Hamburg, and lately at KM3NeT


• Researcher at NCSR DEMOKRITOS Institute of Nuclear and Particle Physics  
(1995-today)


• Chairman of the Institution Board of KM3NeT (2016-2019) 


• Director of the Institute of Nuclear and Particle Physics of NCSR DEMOKRITOS  
(2019-today)
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KM3NeT as a carbon-neutral facility140 
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Abstract 

The document presents a techno-economic study for the two out of three installation sites 

of KM3NeT carbon neutral facilities using renewable energy technologies. It reports initially 

the theoretical background and the data that this study is based on and it analyses the 

methodologies that are used to obtain the results. Specifically, it uses the levelized cost of 

energy (LCOE) as a metric to express the techno economic prospects of various renewable 

energy technologies. The results have shown that the cost per generated kWh drops 

significantly as the system’s lifetime is prolonged and that the LCOE value can change 

considerably for a wind turbine by changing the wind speed of the site even for the same 

scenario and system lifetime. Moreover, most of the systems in Capo Passero have lower 

LCOE values from the respective systems in Kalamata even for the cases where the life cycle 

cost is higher in Italy than Greece. The large-scale horizontal axis wind turbine LCOE range is 

€ 0.045-0.070/kWh for Kalamata and € 0.034-0.052/kWh for Capo Passero (S2 case) while 

for PV plants it is € 0.030-0.046/kWh in Kalamata and € 0.027-0.041/kWh in Capo Passero.  


