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Abstract. In the face of global warming caused by greenhouse gas
(GHG) emissions, the IT industry is responsible for 3–4% of global car-
bon dioxide emissions. Organisations aiming for a green IT strategy need
to do more than just improve their environmental impact. Carbon foot-
printing is a valuable decision support tool that allows organisations to
measure and communicate the environmental impact of their activities.
To do this, they need tools that can calculate, track and report their
greenhouse gas emissions and guide actions to reduce and offset these
emissions. The aim of this article is to present a specific tool for calcu-
lating an organisation’s digital carbon footprint, called WeNR Light. It
is directly based on the WeNR2021 study.

Keywords: Sustainable Information Systems · carbon footprint
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1 Introduction

Firstly, one of the biggest challenges facing the world today is climate change,
because of its impact on people and the environment. In the 1970s, governments
around the world became aware of the need to address sustainable development.
In 1983, the World Commission on Environment and Development (WCED)
took on the mission of uniting nations in the pursuit of sustainable develop-
ment and popularised the term “sustainable development” with the publication
of the Brundtland Report [6]. Since the Rio Declaration, Agenda 21 and the
United Nations Framework Convention on Climate Change, society has become
more sensitive to the environment, including greenhouse gases (GHGs). Later,
in 2015, the 2030 Agenda for Sustainable Development (United Nations, 2015)
proposed a set of 17 Sustainable Development Goals (SDGs) to be achieved by
2030, including SDG13 (Climate Action - Acting Urgently to Combat Climate
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Change and its Impacts). More recently, in 2019, the European Commission
(EC) proposed the European Green Deal, which includes 50 specific actions to
combat climate change, with the aim of making Europe the first climate neutral
continent by 2050 [3].

In addition, the main factor contributing to climate change is global warm-
ing, which is measured by the concentration of greenhouse gas (GHG) emissions
released into the atmosphere. For organisations seeking to achieve their climate
neutrality goals, the first step is to determine their current environmental perfor-
mance in terms of their carbon footprint (CF) [19]. Then, based on an analysis
of the current situation, organisations can propose action plans to reduce or
even offset their GHG emissions [26]. The most important regulatory framework
for accounting for greenhouse gas emissions is the Greenhouse Gas Protocol
(2004), which defines the carbon footprint as the total quantity of greenhouse
gas emissions, generally expressed in carbon dioxide equivalents (CO2e), result-
ing directly or indirectly from an organisation’s activities [27].

This is why the concept of sustainable computing has gained new media
visibility in recent months due to the increasing place of digital technology in
our lives and activities [18], and the growing awareness of the role of human
activity in global warming. On the intangible side, the IT sector (all sectors
combined) now accounts for nearly 4% of global GHG emissions. Thus, climate
change and sustainable development must be taken into account in all areas [29].

In summary, organisations, as the main users of digital technologies [25], must
play an important role in the convergence of climate and social emergencies and
technological transformation. To reach the awareness phase of the digital envi-
ronment and social impact, we need to move to the next phase: the measurement
phase. Indeed, as long as measurement is not at the heart of management, organ-
isations will blindly experiment and fail to act on the critical levers. To remedy
this, and as a direct legacy of the WeGreenIT work published by WWF in 2018.
ISIT (Institute for Sustainable IT) in France, Switzerland and Belgium has con-
ducted the only free study to measure the quantitative and qualitative footprint
of information systems, WeNR 2021.

The WeNR method allows everyone to use a simplified process to assess the
carbon footprint of their IT assets. The work of collecting and compiling the
data sources and assessing the reliability of the values is carried out by a team
of WeNR engineers with the aim of disseminating a common reference framework
within the community. In this respect, WeNR is a big step forward [28].

However, data collection for those who wish to participate in the work can be
complicated. For example, the amount of refrigerant gas injected into the chiller
each year, the total power consumption of the server room, is often difficult to
obtain. This difficulty should not be an obstacle to participation in the WeNR
process.

To remedy this problem, the WeNR Light was born. The WeNR Light version
is a much lighter version replacing the long questionnaire with a much smaller
one of about ten questions to be filled in directly on the site and allowing a
quick result of the equivalent number of kilograms of CO2 that an employee
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produces per year for an organisation. However, there is an uncertainty rate
close to 10–15%.

We will begin this article by detailing the general WeNR 2021 study that was
used and its main results, drawing conclusions and strategies for recommenda-
tions. We will then show the declination of the WeNR tool into a lighter version,
WeNR Light, and the conclusions that can be drawn from it, discussing them at
the end of the article.

2 Study WeNR

In this chapter we present the results of the WeNR2021 study, which we will use
to create our WeNR Light tool from the same database.

2.1 Presentation of the Sample

Fig. 1. Firms distribution by size.

The sample studied represents 62 French (82%), 9 Belgian (11%) and Swiss 4
(7%) companies, for a total of 1,309,604 jobs, distributed among different sizes
of companies: VSEs (10%), SMEs (18%), MSEs (36%), and LMEs (36%). The
companies in the sample are established in different sectors of activity (other
specialized, scientific and technical activities: 26%; public administration: 23%;
financial and insurance activities: 12%; production and distribution of electric-
ity, gas, steam and water: 7%; transport and warehousing: 7%; administrative
and support service activities: 6%; trade, repair of motor vehicles and motorcy-
cles: 6%; other: 4%; legal, accounting, management, architectural, engineering,
controlling, and technical analysis activities: 4%; real estate activities: 3%; and
manufacture of food products, beverages, and tobacco products: 1%), either in
the public domain (27%) or in the private domain (74%) (Fig. 1).
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3 Interpretation

We will detail the different interpretations that can be made of the results of the
study.

Facts
The main number to remember is the digital carbon footprint of a European
employee which represents 265 kg CO2e per year (220 working days). It would
take the planting of 66 trees per year to offset it.

Focus on Equipment
First of all, for the distribution of GHGs by equipment area, in their life cycle,
the manufacturing of office equipment is responsible for 77% of the GHG emis-
sions of the organizations participating in the study. Overall, nearly 90% of
GHG emissions come from manufacturing (office equipment and data centers
combined) [24].

Otherwise, 7% of the office equipment of the organizations studied is pur-
chased reconditioned. This is a significant area of improvement for organizations
wishing to reduce their environmental footprint. After use within the organiza-
tion, an average of 34% of office equipment is reconditioned or given a second
life. This is also a lever for improvement to reduce the environmental impact of
an IT asset.

In terms of lifespan, monitors and network equipment stand out with a lifes-
pan of 7 years. In the study, smartphones and tablets have a lifespan of 4 years
(global average of 18 to 36 months depending on the country), which shows that
organizations are committed to extending the lifespan of their equipment. The
longevity of equipment is a very encouraging sign that needs to become more
widespread. To continue their efforts, organizations that are already well on their
way to a digitally responsible approach can implement key best practices such
as equipment repurposing and reuse. This exercise can significantly reduce the
environmental footprint of the Information System.

Focus on Maturity
Regarding maturity, the participating entities demonstrate maturity on the sub-
ject of responsible digital with an average score of 59%. Digital responsibility
is expanding and moving out of the environment of expert organizations, which
are already far ahead on the subject. Less mature entities are taking up the
issue and are seeking to evaluate the footprint of their information systems from
the very beginning of their DR approach. The democratization of the deploy-
ment of Green Procurement approaches and the ability of organizations of all
sizes to work to implement good practices to reduce the social and environmen-
tal footprint of their Information System play a determining role and is very
encouraging [7].

Recommendations
The recommendations that we can make are:

– Develop a Sustainable IT Strategy
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Develop a responsible digital strategy based on measuring the environmental
footprint of the Information System with WeNR. The deployment of the NR
approach allows for a 10 to 20% reduction in the environmental impact of the
information system [5].

– Extend the life of equipment

From the moment of purchase, select equipment that is easy to repair and
to upgrade within the organization or outside: second life, reconditioning... It is
essential to extend the life of equipment to reduce its environmental footprint.

– Eco-design of digital services

While the environmental footprint of equipment is essentially a result of man-
ufacturing, usage will have a direct impact on its lifespan. Thus, designing digital
services that are more virtuous from an environmental, social and economic point
of view will have a direct impact on the quantity of equipment consumed by the
organization [2].

4 WeNR Light Application

In this section, we will describe how we have adapted the WeNR 2021 study into
the WeNR Light online tool:

4.1 Goal

The Carbon Footprint Estimator combines a data model with a user interface.
It allows people to measure their carbon emissions and track methods to reduce
them. It is called an online estimator because it exists online. Self-management
is about measuring your carbon footprint or taking action to minimise it. Many
estimators are available for public and private use to measure carbon footprints
or emissions. This is to provide users with the ability to manage their own
habits [1].

To use the information effectively, it must be relevant to the employee’s daily
activities. When collecting information, professionals need to consider the con-
text - in particular, carbon footprint calculators can be useful tools for decision-
makers to understand climate change and raise environmental awareness. Acquir-
ing information in this way is particularly effective when the information comes
from a professional context [4].

While there is some literature on personal carbon footprint calculators in
everyday contexts as we can see in Table 1, there is no research on specific tools
for professional contexts. This paper attempts to initiate and track greenhouse
gas emission reductions from the WeNR2021 study by providing an open source
carbon footprint calculator relevant to a professional domain to quickly measure
carbon impacts within an organization and drive action. The National Climate
Action Simulator (NGC) was chosen as a solid foundation for business applica-
tions. The data model is based on the WeNR2021 study and the scope is limited
to ICT [8].
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Table 1. Comparison of carbon footprint Calculator.

Name Accessibility Scalability Broad scope of
application

Carbon Footprint (CF, 2020) ••• • •••
Carbon Fund (CFund, 2021) •• •• ••
Cool climate (CoolCalifornia, 2021;
Simpson, 2009)

•• • ••

GHG Protocol Calculator (GHG
Protocol, 2021)

• • •••

myclimate (Foundation myclimate,
2021)

••• •• ••

Simple Carbon Calculator (National
Energy Foundation, 2017)

••• •• ••

Simplified GHG Emissions
Calculator (SGEC, 2020)

••• •• •••

Terrapass Calculator (Terrapass,
2021)

••• • ••

CA-CP (CA-CP, 2020) •• •• ••
SIMAP (SIMAP, 2020) • •• ••

The objective of the calculator is to enable users to identify the main sources
of ICT-related emissions. Special focus on user engagement and adoption. One
of the issues addressed in this article is to make users feel guilty and increase
positive influence by providing social comparisons and contextual suggestions.

4.2 Source Release

The French non-profit ABC has created a calculator called Nos Gestes Climat
en 2020. It was inspired by a calculator created in 2010 by ADEME, a French
public agency. In addition to the inspiration, Nos Gestes Climat also received
input from Avenir Climatique, a French NGO dedicated to improving carbon
accounting and the transition to a low-carbon society. The final product was
published as an open-source application and supported by ADEME and the
beta.gouv.fr incubator. NGC was created with Avenir Climatique and ADEME
as advisors. They worked on a project to facilitate access to carbon footprint
information, as well as on the need to transform awareness into active engage-
ment. Many people, organisations and institutions are discussing climate change
and a low carbon transition. This includes schools, businesses, governments and
even families. Until recently, the public had access to climate information, includ-
ing emission factors, via an online database maintained by ADEME, but it was
difficult for non-specialists to use [1].

“Nos Gestes Climat” is a fork of the futur.eco project (copied from the code,
then modified to serve another purpose), which is itself a fork of mon-entreprise.fr
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(my-company.fr), mon-entreprise.fr (my-company.fr) is produced by the French
public service incubator beta.gouv.fr and URSSAF. This forked chain shows an
interest in open source code for public services, where working on professional
fields (social contributions) allows working on very different subjects. This suc-
cess prompted the my-company team to outsource the core of the project to
the TypeScript publi.codes library, which allows users to write public interest
models in a new French programming language, and expose these algorithms as
well as simple tables to collect. The necessary input goes directly to the web
page. Models developed using public.codes can be fully documented in the web
application itself. In UCS, users can easily access the account details [1].

NGC is divided into two code bases, the user interface and the data model
represented by a yaml file. The model repository is where contributions are
mainly made by the Datagir and ABC teams, but also includes anyone who
finds bugs, has problems or wants to incorporate better local models. The use of
publi.codes ensures that template updates automatically update end-user forms
without any additional effort from the developer [9].

Since the first deployment of the project in June 2020, over 600 issues have
been resolved or prioritised in the GitHub repository, which also includes the
UCS roadmap and detailed release notes [22]. The user interface itself is coded
in Javascript/Typescript and is rapidly evolving to help users understand their
footprints in an interactive, mobile and graphical way, and easily share their
results on social networks to engage in conversations to move away from changes
in personal social debate at the level and want action at the political level. The
user experience of the form follows the design principle that there should only
be one question on the screen at a time (even in desktop mode), rather than the
traditional collection of 10+ entries on a single page. Questions are grouped by
consumer category, which also allows users to pause between sets of questions
[17].

4.3 Advantages of the Organisational Design Tool

We chose the source version because it is faster than implementing and deploying
from scratch. The final open source version will be made available on the GitHub
platform so that future development can take place within other organisations
[14].

The second advantage of WeNR light is the way users are engaged. User
engagement is essential to ensure that the carbon footprint estimates via the
calculator have an impact on user habits. Features such as simulation speed,
interface and user-specific recommendations are carefully considered in the vari-
ants.

4.4 Designing the Declination

In order to build the declination, we chose to take the data from the WeNR study
and we clustered them in order to have several possible scenarios, i.e. several
homogeneous groups. Once this cluster was created, we performed a multivariate
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linear regression to give a weight to each question. The “our climate actions”
tool enabled us to implement this method.

The image below represents the clustering into several homogeneous groups
of organisations:

4.5 Implementation

The image below shows how the WeNR2021 study and its offshoot, the WeNR
Light, have been implemented (Figs. 2 and 3):

Fig. 2. Grouping of WeNR data by organisation type.

Fig. 3. Overall operation of the tool.
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Unlike other calculators, WeNRLight is based on a mathematical model of
the WeNR 2021 study that is a mutlivariate linear regression on multiple groups
of data in order to simplify the WeNR model, allowing us to obtain the most
accurate results possible by limiting the number of questions asked.

5 Achievement

We will describe the implementation of the WeNR Light, we will find the list
of the 9 questions we have to answer and the information, if the decision maker
does not have any values, a default one is proposed. These default answers are
an average that represents the type of organisation (Fig. 4).

Fig. 4. Home page.

In order, the most relevant questions extracted from the WeNR study are

• The number of staff in your organisation,
• The number of laptops,
• The number of desktop computers,
• The number of screens,
• The number of computer accessories (mouse, keyboard, docking stations,

etc.),
• The number of mobile phones,
• The number of printers (printer/copier, copier, etc.),
• The number of physical servers deployed in your organisation.
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The first thing to do is to click on the START button to begin the question-
naire.

For the questions, we have to choose the corresponding answer among the
six proposals. Ergonomics being very important to guide the decision-makers,
the small information logo represented by an i in white on a blue background.
We will then have a frame appearing in the foreground with an explanatory text
on the definitions (Figs. 5 and 6).

Fig. 5. Example of questions.

Fig. 6. End page.

The second most important page of the site, it allows us to have our equivalent
consumption of kilograms of CO2 per employee per year. A calculation will be
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made according to the answers to the questionnaire and the result will be written
in the address bar of your browser. This result will be read out and indicated in
large print to the right of the image of a balloon filled with greenhouse gases.

Here are the average values for each type of organisation:

• VSE: 207 kg CO2e,
• SME: 385 kg CO2e,
• MCE: 600 kg CO2e,
• LE: 278 kg CO2e,
• Association: 280 kg CO2e.

In an even smaller box you will see a small explanatory text followed by the
uncertainty rate.

Further down you will see the average value for your type of organisation,
allowing you to see where you stand (remember, however, that there is some
uncertainty) [12].

As for good practices to improve your carbon score, a page has been created
that allows you to know more in detail the action related and how to act well in
the organisation to reduce its digital carbon footprint [30].

Fig. 7. Recommendations page.

Figure 7 gives an overview of the practical actions that companies can take
after completing the calculator. For example, extending the lifetime of their
equipment, these are all extracted from the best practices guide of the French
government’s interministerial digital department [30].

Regarding the collection of data, the site does not collect data, it will just
monitor some small trivial information such as the pages consulted, the time
spent and the address of the page at the end of the simulation containing the
total digital carbon footprint [13].

6 Discussion

Firstly, it is important to have a sufficiently accurate and up-to-date inventory for
the entire range covered by WeNR. The free GLPI software is so popular in the
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community that we recommend it. We recommend including its average power
consumption or carbon footprint in the checklist when purchasing equipment.
This will greatly facilitate your future WeNR evaluation [11].

For server rooms, the use of a communication PDU (Power Distribution
Unit) is the best method. In the absence of these readings, theoretical values are
recommended as part of the method [20].

Electricity in mainland France is particularly decarbonised. We recommend
using the value from the EcoInvent database (0.119 kgCO2e), although it cor-
responds to peak production. This value is very low compared to the European
or world average due to the high share of nuclear in the French energy mix. It is
important to keep in mind that this creates other problems that do not translate
into CO2 (no decommissioning, waste storage, etc.) [21].

We also recommend publishing the data obtained in order to raise awareness
of climate issues among users, who are often well-intentioned. Finally, the WeNR
methods are designed to work independently, but WeNR can help you implement
or interpret the results, as well as provide relevant advice.

7 Conclusion

Several conclusions can be drawn from the above results. Firstly, we found that
there are few solutions for estimating an organisation’s ICT carbon footprint,
and the solutions that have been implemented are mainly focused on households
and transport, and rarely provide accurate information. The transparency issues
mentioned are partially addressed by WeNR, thanks to the thorough sharing of
sources and factors used [10]. Secondly, our research related to green IT revealed
that ICT needs to pay more attention to its energy consumption. While most
large data centre manufacturers and service providers are aware of the need to
act and adopt measures to reduce GHG emissions at various stages [15], the
research shows that there are few solutions for small data centres [23].

Thus, the results of this study confirm that there is still much to be done in
this area and that application services are needed to help companies reduce their
costs and emissions. In carbon reduction efforts, communication is as important
as the policies and actions themselves: to involve as many of the company’s
stakeholders as possible, public organising activities need to be carried out. These
activities will increase the number of interested people [22].

It is also important to broaden and improve the data sources used. In the
future, WeNR aims to become the reference tool to support the deployment of
sustainable IT approaches and reduce the environmental impact of European
organisations’ information systems over time. ISIT announces the release of a
new version in 2022 in addition to the WeNR Light, the WeNR Plus, which will
provide benchmarking and actionable sustainable IT insights for participating
ISIT member organisations and the WeNR 2022 and 2023 campaign.

Finally, WeNR Plus will use the WeNR models and calculations to provide a
more comprehensive and detailed report in terms of quantity, quality and com-
parison with peer organisations, but most importantly by analysing the impact
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of policy decisions. In addition, the analytical tools provided will help define
an action plan for developing a responsible digital strategy. Finally, as different
cloud providers liberalise their carbon impact, the next version of WeNR will
include the implementation of APIs to quantify the greenhouse gas emissions of
cloud systems.
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