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Transparent reporting of research-
related greenhouse gas emissions
through the scientific CO,nduct
Initiative
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Marcel Goihl'

Estimating the greenhouse gas emissions of research-related activities is a cri-
tical first step towards the design of mitigation policies and actions. Here we
propose and motivate a transparent framework for reporting research-related
greenhouse gas emissions, through the inclusion of standardised reporting
tables in scientific publications.

The recent International Panel on Climate Change (IPCC) special report on the impacts of
global warming to 1.5 °C above pre-industrial levels has made clear both the scale and urgency of
action required, across all sectors of society, to avoid a wide range of severe negative societal and
ecological impacts!. Science is no exception to this. While scientific research has been extremely
important in highlighting the need for action in the first place, it also potentially carries a
significant carbon footprint itself. Given this, many scientists and scientific institutions recognize
the responsibility they have in designing and implementing meaningful sustainability strategies.
A first step towards any such strategy is the systematic estimation of research-related greenhouse
gas emissions. However, at most research facilities, frameworks which facilitate this process do
not exist. As a result, the requisite data for evidence based decision making and policy design is
not available. To address this, we present a simple framework for the transparent reporting of the
greenhouse gas emissions of scientific research. In particular, we propose that authors include a
CO, reporting table in their publications—such as the example given below in Table 1—which
details the research-related greenhouse gas emissions associated with generating the publication.
These publication-specific CO, reporting tables

are relatively easily produced,

help authors understand and monitor the emissions of their research,

help departments and universities better estimate their carbon footprint,

help to raise awareness for the carbon footprint of scientific activity, both within the
scientific community and beyond it.
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The hope is that ultimately such reporting will allow for an assessment of the various
contributions to research-related emissions, and therefore facilitate the transformation of
scientific research in order to mitigate these. In the following, we will present our proposal in
more detail.
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Table 1 An example of a CO, reporting table, taken from
Sparaciari et al.2.

Numerical simulations

Total Kernel Hours [h] 120000
Thermal Design Power per Kernel [W] 5.75
Total Energy Consumption of Simulations [kWh] 1960
Average Emission of CO, in Germany [kg/kWh] 0.56
Total CO,-Emission from Numerical Simulations [kg] 1098
Were the Emissions Offset? Yes
Transportation

Total CO,-Emission from Transportation [kg] 2780
Were the Emissions Offset? Yes
Total CO,-Emission [kg] 3878

The original caption of the table was as follows: “Estimated climate footprint of this paper.
Prototyping is not included in these calculations. Estimations have been calculated using the
examples of Scientific CO,nduct3 and are correct to the best of our knowledge.” As of today, we
would not include the offset line any longer, as the use of offsetting schemes where emissions
are mitigated elsewhere is fading. This is due to the adoption within the Paris agreement of
national determined contributions, i.e., local emission reduction goals for every country. Instead
of allowing entities to generate emission savings in other countries, every country now has to
set its own goals, in place of buying offsetting credits.

Why this framework

As mentioned briefly above, we believe there are a variety of
reasons which motivate the reporting framework we propose here
—namely publication specific greenhouse gas emission reporting
tables. Here we elaborate on these reasons.

1. Ease of production: There are many organizational levels
(e.g., departmental, university-wide) and time-scales (e.g.,
annually) at which one could attempt to account for
research-related emissions. However, we believe that
publication-specific reporting tables are particularly con-
venient, due to the fact that authors of a scientific
publication are in a favorable position to estimate the
resources which were expended during the course of the
research project which lead to the publication. As such, the
barriers to the production of such tables are lower than with
alternative reporting mechanisms.

2. Aid universities and departments in better estimating
their carbon footprint: While publication-specific report-
ing tables can be produced with relative ease, one would
ultimately like to be able to obtain estimates of depart-
mental and university-wide carbon footprints. As depart-
ments and universities keep track of all affiliated
publications, we believe that the presence of publication
specific reporting tables — especially if standardized - could
significantly aid in the process of estimating departmental
and university-wide carbon footprints.

3. Assist authors in understanding and monitoring their
carbon footprint: There is currently a growing desire
among researchers and policymakers to understand and
monitor the greenhouse gas emissions of scientific research.
We believe that the process of estimating and tracking the
emissions associated with specific research projects will
provide an impetus for such monitoring, and will greatly
aid researchers in gaining a better understanding of the
environmental impact of their research, while simulta-
neously raising awareness of such issues more broadly.

4. Raising public awareness in the scientific community and
beyond: While there is currently a growing societal
awareness of environmental and sustainability issues,
scientists and researchers are often relatively unaware of
the environmental impact of their own research. As
scientists and researchers are constantly engaging with

research publications, we believe that the inclusion of
emission reporting tables in publications will help in raising
awareness of research-related sustainability issues within
the scientific community. Additionally, similarly to the
inclusion of funding acknowledgements, such tables will
provide transparency to the broader public, who are
ultimately the main contributors to the funding of scientific
research.

Creating a greenhouse gas emission reporting table
Having provided a motivation for our suggested reporting fra-
mework, in this section we discuss the process of creating a
publication specific CO, reporting table. While there are well
established carbon reporting schemes whose methodology is
publicly available—such as the greenhouse gas protocol* for
product life-cycles—these schemes typically focus on the carbon
footprint of either whole companies or the full life cycle of a
product, and as such require some adaptation for estimating
emissions of a research project. Given this, before creating the
table, we first need to collect the necessary data to estimate the
carbon footprint of the project in question. We opt for a very
simple guideline: doing the best we can. More specifically, we
suggest trying to capture as many sources as exactly as possible,
while at the same time acknowledging that there are limits to
what can be reasonably estimated or included. Ultimately, we
would like to encourage reporting even weak estimates as a first
step, provided they are acknowledged as such.

Let us now give a simple step-by-step manual on how to
estimate the carbon footprint for a given project.

1. Define the scope of the analysis. This means fixing the time
frame to analyse, which parts of your work contributed to
this specific project or which locations are relevant to the
analysis.

2. Collect the relevant emissions sources. With respect to the
previously defined scope, list the emission sources that
contributed to the project. These can be for example flights
to a conference, where the project was presented or
experiments which contributed to the results.

3. Estimate the footprint of the carbon sources. For each of the
sources, calculate the emissions. In the ideal case, there is
direct data for the calculation, such as the fuel used to drive
to a conference, or a power meter for the computer used. In
many cases, however, either default values or estimates have
to be used. The underlying assumptions should be
justifiable.

The process has to be carried out iteratively. For example, it may
happen that in the final step there is no data available to estimate
a source or that estimates show that a specific source is negligible
compared to other emissions, making it necessary to revert to the
second step; or during the analysis it may transpire that the work
will be presented at a conference, making the authors re-evaluate
the scope.

Having completed step three of the list above, you are now in
position to present the carbon footprint as part of the resulting
publication. For concreteness, we will walk you through the
creation of the reporting table in Table 1, which was already
included in the work of Sparaciari et al2, a recent theoretical
physics publication which combined both analytical and
numerical work. For the scope, the authors decided to include a
specific conference visit where they met and outlined the original
idea for the project, as well as the numerical simulations which
produced the results shown in the publication. This meant that all
the prototyping prior to the final results was excluded. While
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prototyping certainly did contribute to the emissions of the
project, data which would have allowed for meaningful estima-
tions was not collected during this phase of the research project.
We note that this exclusion was mentioned explicitly in the
caption of the reporting table. Other factors such as commuting
and heating/cooling of the office were neglected, as first estimates
showed that the corresponding emissions were small compared to
the other sources.

For the conference visit, the predominant source were the
emissions from flights. These were estimated using free online tools
for converting flight data to emission data. The more information
about the flight is available, e.g., the airline used, the better the
estimate. For the numerical calculations, the authors used a
supercomputer at their department. The power consumption of the
kernels in the supercomputer were made publicly available by the
manufacturer. Knowing the simulation runtime, the authors then
estimated the power consumption of the numerical results. At this
point, a default value (see for example the data from the European
Energy Agency®) for the carbon emissions per unit electricity was
employed to obtain the final emission estimate for the numerical
simulations. The results have were collected into the table shown in
Table 1, which was then included in the published work?.

As already mentioned briefly, we note that the example above
is incomplete in two ways. Firstly, not all the sources that con-
tributed to the project were part of the final report. Some were in
fact purposefully neglected, as first estimates showed that they
would be irrelevant. For others, there was no data available. In
the case of the numerical prototyping, data would have been
available had the authors been aware of the inventory prior to
starting the project. Once again, however, we stress that our
approach is to do the best we can, provided the shortcomings of
the analysis are explicitly acknowledged. Secondly, we stress that
the above example is for a work in theoretical physics, performed
by a small collaboration, for which numerical simulations and
flights were the main sources of emissions. However, for research
in other fields, or for larger collaborations, there may be different
or additional sources of emissions. In light of this, we give here
an incomplete overview of additional possible emission sources,
which may be relevant for research in different disciplines.

e Experiments: Ranging from power consumption of
measurement devices to fridges as well as potential direct
release of greenhouse gases, e.g., from chemical reactions.

e Infrastructure: Heating, cooling and lighting of the
research work space. Usually a minor contributor to
project emissions and can be difficult to assess.

e Commuting: Contribution depends on the means of
transportation.

e Procurement: Potentially very relevant for the footprint,
but at the same time very difficult to assess. Asking for a
product footprint when buying equipment can help to
increase the awareness also at the level of equipment
suppliers.

e Waste disposal: Especially relevant for laboratories produ-
cing hazardous waste.

e Conference-related emissions: Such as lodging, diet and
infrastructure. Usually a minor contributor to the emis-
sions of a project and can be difficult to assess.

The scientific CO;nduct community

At the moment, there exists a small but increasing group of
motivated researchers adopting the framework we propose here.
It is clear that this initiative would benefit from network effects
and increased adoption quite heavily beyond the obvious aspect

of gaining traction. For example, the work required to compose
the proposed tables and include them in publications could be
significantly lowered if researchers had access to a repository of
existing tables, templates and model calculations as well as a
community of other researchers that can assist them in the
process. This is why we have launched an open source website,
https://scientific-conduct.github.io/, that provides a simple plat-
form for sharing and accessing these resources. The current focus
for the site is to explain the initiative and collect publications with
the included table, but depending on demand additional features
can, and should, be added. For the sake of concreteness, let us
finish with a list of ways in which the interested reader could
contribute:

e Include a table of carbon emissions in your next paper (a
simple LaTeX template can be found on the website). We
encourage you to include any additional sources or features
which may be relevant. For example, for future reporting
purposes it may be useful to include the emissions per
institution involved in the research project, if this can
feasibly be calculated.

e If you add the table to your paper and upload it to a
preprint platform such as the arXiv, let the whole
community know about it; in the comments field, add “1
CO2 reporting table” alongside the number of pages and
figures present in your pre-print.

e  When presenting the results of your paper at conferences
and seminars, dedicate the last slide of your talk to the
carbon emissions generated by the project. Additionally,
refer the audience to the Scientific Co,nduct website for
further information on the reporting framework. The
authors of this article have done so on several occasions,
always to an overwhelmingly positive response from
attendees.

e DPlease consider adding the paper to the list of examples on
the website (preferably via pull request, otherwise via email
to any one of the authors).

e Consider documenting the calculation for your table and
also submitting it to the website. If not the numbers
themselves, your methodology will probably be useful for
others trying to get started.

e The aim for the website is to become a repository that
makes the generation of the proposed tables easy and
comparable. If you want to get involved in supporting this
initiative beyond using the tables for your own research, we
would be very happy to hear from you.
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