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Abstract
More and more cities are setting themselves ambitious climate 
protection targets, including CO2 neutrality. Schools are im-
portant institutions of cities and therefore they have to play a 
central role in achieving this goal. 

With the investment backlog building up and pressure from 
the Friday for Future movement increasing, the Wuppertal In-
stitute and Büro Ö-quadrat have initiated the project Schools-
4Future, aiming to support secondary schools to become cli-
mate-neutral. In cooperation with secondary school students 
and teachers, the project team evaluated the existing situation 
of the participating schools and developed GHG-balances 
and feasible climate protection concepts. For this purpose, 
an Excel-based carbon footprint (CF) assessment tool for 
schools has been developed which is freely available. The tool 
covers all important emission areas, including heating energy, 
electricity use, travel to and from schools, school trips, the 
school canteen and paper consumption. The students were 
found capable to conduct the CF assessment with the guid-
ance of the teacher, information materials and support of the 
researchers. So far, six pilot schools have completed their CF 
assessment with emissions ranging between 335 and 944 kg 
CO2 per person. 

In this paper we present the tool and compare the CF assess-
ment of some schools. We further elaborate on how the tool and 
project has increased the climate awareness and self-efficacy of 
students and even stimulated measures by the school board.

Introduction
For a long time, the investment backlog in German schools 
has been a recurring topic in public debate and many schools 
are in dire need for renovation. It comes as no surprise that 
schools are among the biggest emitters in the public sector 
with a large greenhouse gas (GHG) reduction potential. Be-
yond this, schools play a critical role in achieving Germany’s 
climate protection goals as they lay the foundation of knowl-
edge for a responsible next generation. Given this dire need 
for renovations and improvements, schools are faced with 
immense challenges when it comes to contributing to climate 
protection. But the retrofitting of all German school buildings 
is a lengthy process and, not least, also a political and financial 
struggle. Therefore, new, flexible, and easy-to-use approaches 
are needed. 

Reduction measures that derive from behavioral changes are 
one way to fill in the gap. While the actual amount of reduced 
emissions might be negligible, the students that change their 
behavior can act as multipliers, encouraging others in the peer 
group or at home to reflect upon one’s own habits (Mezirow, 
2003). This in turn can lead to an increased feeling of self-effi-
cacy which describes the belief in one’s own ability to perform 
a certain task or achieve a certain result. Students can also exert 
political pressure on decision-makers to invest more in climate 
protection by qualifying and publishing their findings.

Therefore, in addition to technical improvements at schools, 
it is crucial to increase the awareness on this topic, to inform 
students and to show them the various possibilities to make 
an impact (in the school environment and beyond). Recent 
research shows that climate change-focused communication 
and teaching approaches that increase students’ self-efficacy 
and perceived benefits of sustainable energy behavior can con-
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tribute to students’ commitment regarding sustainable energy 
(Janmaimool and Chontanawat, 2021).

One approach to deal with climate change and climate pro-
tection in schools and, at the same time, to identify the status 
quo and the potentials of CO2 reduction is the measurement of 
the carbon footprint (CF). Calculating the schools initial CF, 
reassessing it and observing changes/reductions can be an ef-
fective approach to increase the students’ self-efficacy as it pro-
vides direct feedback loops (Hamann et al., 2016). Especially in 
the realm of GHG emission reductions this is very important as 
the reduction otherwise remains invisible.

Measuring the CF is not a new approach: More and more 
public institutions as well as private companies rely on carbon 
footprints to assess and later reduce their emissions (Jones 
and Kammen, 2011). CFs therefore are an established meth-
od for quantifying GHG emissions, assessing potential reduc-
tions and further an important tool for raising awareness of 
the impact of the private and public sectors (Jurić and Ljubas, 
2020). Although the range of approaches and methods is very 
large, there are only limited tools that focus on carbon assess-
ments of schools. In Germany, there are some programs and 
initiatives that begin with a simple CF assessment in their first 
phase. Examples are the initiatives fifty/fifty, Energie gewinnt 
and Klimaschulen Hamburg (fifty fifty, 2021; Landesinstitut 
Hamburg, 2012). However, they only focus on the energy 
consumption, neglecting the fields of mobility and school 
canteen. 

Two examples for a more comprehensive analysis of CO2 
emissions in schools was made by Gamarra et al., who pub-
lished the analysis of a comprehensive sustainability perfor-
mance of high schools (Gamarra et al., 2019) as well as the 
life-cycle assessment of five schools in Spain and Portugal 
(Gamarra et al., 2021). An analysis of the energy consump-
tion in schools in over 20 countries is provided by Dias Perei-
ra et al. (Dias Pereira et al., 2014), which attempts to derive a 
benchmark based on a literature review. More recently, a tool 
developed by Greenpeace Germany has been introduced in the 
context of the Schools for Earth project. It provides an easy-
to-use online interface where the data needed to calculate the 
emissions can be easily entered (Greenpeace, 2021). However, 
it is lacking transparency with regard to methods and its bi-
ased calculation of green electricity generated by Greenpeace 
is critical. 

To overcome the aforementioned gaps, the Schools4Future 
project developed a freely available CO2 balancing tool for 
schools, which aims to sensitize schools to climate protection 
measures. We present the tool and elaborate on differences in 
the CF assessments of some schools. We also seek to answer 
the question whether the tool is appealing and easy-to-use for 
students and teachers alike. Finally, we explain how the tool 
and project has increased the climate awareness and self-effi-
cacy of students and even stimulated measures by the school 
board.

Materials and methods: The Excel Tool
The Schools4Future CO2 assessment tool is designed to be used 
by students and therefore offers easy handling yet complex cal-
culation options. The tool contents of three key areas mobility, 
heating and electricity, as well as food in the school canteen 

and consumables (paper). Each area has a different color that 
is attributed to respective sheets to facilitate the handling. On 
each page there is a short instruction for quick data entry. For 
example, regarding electricity the tool distinguishes between 
electricity production from PV and electricity use. For the CF 
assessment the electricity use is usually taken from the electric-
ity bill and therefore includes all consumption from lighting 
and IT as well as electric pumps for the heating system.

The calculations (e.g., the conversion of kilowatt hours to 
CO2 emissions) are done automatically, so that the advantages 
of Excel are fully exploited here. The emissions factors used are 
integrated into the summary. This ensures transparency, while 
also enabling to adapt the freely available tool to schools in 
other countries given prior adaptation to the country-specific 
emission factors.

Descriptive figures, which are also created automatically 
when entering the data, have been integrated to immediately 
visualize the results and by that making them more compre-
hensive. In an extra sheet, all results of the single areas are sum-
marized. In addition, the total emissions per school and per 
student are illustrated. The tool also automatically generates the 
results in pie charts and bar charts. Hence, the tool generally 
allows the students to conduct the CF assessment on their own 
fostering the students’ self-efficacy. However, some support by 
teachers, school staff and authorities is needed to collect the 
specific data in the first place (e.g. providing the electricity and 
gas bills, information on the size of the photovoltaic systems, 
the amount of paper used and a list of all school trips conduct-
ed in one year). 

Case study
The Excel tool was developed within the Schools4Future proj-
ect aiming at raising awareness of the GHG reduction po-
tentials in schools. In mid-2020, twelve secondary schools in 
Germany have been selected as pilot schools to test the CO2 
assessment tool. The schools were selected based on different 
criteria: geographical diversity, school type, social milieu and 
general need for renovation. The CO2 reduction potential also 
played an important role. Until now, six schools have already 
completed the CF calculations, making the timing ideal for a 
mid-term evaluation of the project. Table 1 shows some central 
conditions that are important to consider before assessing the 
GHG emissions:

The table shows that the schools differ regarding their size 
and location. School 1, 2 and 5 are significantly smaller than 
the other schools. It also shows that each school uses a differ-
ent heating system ranging from conventional fossil fuel-based 
systems (School 1 and 6) to district heating (School 4 and 5) 
and wood chips (School 3) to integrated systems such as CHP 
(School 2). All schools have in common that they have a pho-
tovoltaic system (5–35 kWp). The average commuting distance 
of the students account for 5.2 km with the average commuting 
distance of the rather rural School 1 being particularly long (7.8 
km) and the one of the centrally located School 4 and School 6 
being particularly short (3.6 km).

In order to measure the emissions of the mobility sector, 
surveys were conducted in all schools. The students actively 
participated in the development of the survey which was then 
accessible either as printed version or online via a QR code. In 
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some schools the students even prepared, conducted and eval-
uated the survey on their own with the help of the provided 
CF-assessment tool. As part of the survey, students and teach-
ers were asked how far they commute to school and what mode 
of transport they choose to get to school.

With regard to the school food, most school canteens take 
into account aspects such as regional and organic food. They 
also mostly offer vegetarian alternatives. However, the low 
number of meals sold per day (except School 3 and 5) reveal 
that less than half of the students and teachers actually make 
use of the offer.

In all six schools, students were involved in the CF assess-
ment and in schools 3 to 6, the CO2 assessment tool was used. 
Support was given by the caretakers, school authorities and the 
secretariat to obtain the data. In addition, there was at least one 
teacher in each school who was responsible for the project. In 
the six pilot-schools where the CF assessment was carried out 
by a larger group or by younger students, the teachers played 
an important role in the coordination of the work and commu-
nication and therefore had an important share in the success 
of the project. The schools were supported by the Schools4Fu-
ture project team, i.e. scientists with many years of experience 
in the field of carbon footprints and carbon assessments. The 
tool offers the possibility to enter the data in a very flexible way. 
Therefore, the schools also proceeded very differently and the 
time span used for the CF assessment ranged from one week to 
half a year depending on how the schools organized the assess-
ment (Wagner et al., 2021).

Results
The following section firsts present and compares the data 
derived from the case study, followed by an assessment of the 
project’s potential to increase the motivation and the feeling of 
self-efficacy of the project participants.

COMPARISON OF THE CARBON FOOTPRINT ASSESSMENT 
The CF assessment of the six schools shows different results 
concerning the GHG emissions they produce (Table 2). This 
is not unusual, as schools have different preconditions and cir-
cumstances. In particular, the size of the school and the num-
ber of students and teachers have a significant influence on CO2 
emissions. The age of the building (and the time of the last re-
furbishment of the building) also leads to higher or lower GHG 
emissions. In order to be able to compare the different schools, 
the CO2 emissions per student were calculated for this paper.

Not surprisingly the emissions deriving from building ener-
gy use outnumber the emissions related to the transport sector 
in most cases (except for School 2 and 5), while GHG emissions 
deriving from canteen and consumables are very low in com-
parison. 

In terms of energy consumption, the CO2 balance strong-
ly depends on the school’s heating system, the building sub-
stance and possible renovations. A particularity of School 3 
is the wood chipping heating system, backed up by a con-
ventional oil heater. Because of occasional shutdowns of the 
wood chipping heating system for repairs and maintenance 
and because of both systems running in parallel at peak load 

Table 1. Overview of participating pilot schools with completed CF assessments.

 
 School 1 School 2 School 3 School 4 School 5 School 6 

City Kirchzarten Freiburg Wuppertal Wuppertal Wuppertal Pulheim 
Number of 

students 520 625 1370 1420 400 1440 

Number of 
teachers 52 80 125 143 41 160 

Heating 
systems 

gas CHP wood chips district 
heating 

district 
heating gas 

(Oil as 
backup) 

Gas for peak 
demand 

Oil for peak 
demand 

(Gas as 
backup) - - 

PV system: 
yes/no 

Capacity 

Yes Yes Yes Yes Yes Yes 

30 kWp 35 kWp 5.5 kWp 32.7 kWp 4,8 kWp 1.1 kWp 

Location of 
the school 

rather rural 
1 km from 

center 

urban 
4 km from 

center 

outskirt 
7 km from 

center 

urban 
<1 km from 

center 
urban rather rural 

Commuting 
distance (av.) 

7.8 km 
students 
8.2 km 
teachers 

5.4 km 
students 
10.6 km 
teachers 

5.3 km 
students 
19.4 km 
teachers 

3.6 km 
students 
11.1 km 
teachers 

6.2 km 
students 
10.3 km 
teachers 

3 km 
students 
15.4 km 
teachers 

Regional/ 
organic food 
Vegetarian 
alternatives 

Yes 
Yes 

Yes 
Yes 

Yes 
Yes 

hardly 
twice/week 

Yes 
yes unclear 

Meals served 
per day  150 170 735 210 500 200 
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hours, the oil heater considerably deteriorates the overall GHG 
emission. This results in School 3 having the worst value of the 
six schools. A good practice example is School 2, which was 
(partly) refurbished energetically in the last years and is now 
equipped with a combined heat and power plant (CHP).

Since all schools have a PV system, they are also credited 
with a value towards their carbon footprint. Depending on the 
size of the system, the value is higher or lower. The largest sys-
tem is installed at School 2. Here, more than 14,000 kg of CO2 
emissions could be credited in 2019. At School 6, the PV system 
is too small to save significant impact on the emissions related 
to one student.

The three main factors that led to greater use of cars and public 
transport, and thus higher GHG emissions, were longer distance 
to schools, rather rural, hilly areas and areas that are not cy-
cle-friendly. This applied to both students and teacher commut-
ing. Furthermore, the CO2-carbon assessment tool also allows to 
evaluate GHG emissions by school trips and student exchange 
programs such as the Erasmus program, an EU program for ed-
ucation, training, youth and sport. It turns out that the trips by 
plane are particularly significant. School 2 stands out here, with 
a number of intercontinental student exchanges trips, including 
destinations in Australia and South America. With almost 200 
tons of CO2 emissions, it is by far the highest value and clearly 
exceeds the emissions caused by travelling to school every day. 
Regarding the mobility sector, School 1 has the lowest emissions 
with only about 7 tons of CO2 for school trips. The large spread 
in the per students’ emissions in the mobility sector are best vis-
ible in Figure 1, which gives a visual representation of the GHG 
emissions in different sectors for the six pilot schools.

In all six schools, the excel-tool was also used to estimate the 
GHG emissions from the school canteen, based on a selection 
of typical meals served leading to total GHG emissions ranging 
from 13 tons to 52 tons CO2eq. The emissions per student from 
the school canteen show a relatively small range between 25 and 
38 kg CO2eq./student. The small share relative to the overall GHG 
emissions can mainly be attributed to the relatively low number 
of meals sold and the high proportion of vegetarian products 

with much lower CO2 balance in some schools. Organic and re-
gional products also have a positive effect on the CO2 balance.

CONTRIBUTION TO THE STUDENTS’ FEELING OF SELF-EFFICACY 
In order to examine the question of how the tool enables students 
(and teachers) to experience self-efficacy and motivates them to 
implement climate protection measures, the Schools4Future 
project also closely observed the students’ and teachers’ feedback 
as well as the produced outcome reflected in the climate pro-
tection measures developed following the CF assessment. One 
finding was that almost all the students were highly motivated to 
carry out a concrete project and to determine the current status 
quo of the school with regard to climate protection. 

The tool helped the students to make emissions tangible, 
which directly led to discussions on how to reduce this value. 
Already during the work on the CO2 balance, the students en-
thusiastically got engaged in collecting ideas for the reduction 
of GHG emissions. In addition, several discussions took place 
with different actors, like the school management, the canteen 
operators, the caretakers and others. In one school, the stu-
dents independently organized a climate-day, which was at-
tended by the facility management and city officials, including 
the city-mayor. This climate day let to committed investments 
of 500,000 Euro by the city facility management for measures 
on the heating system and the implementation of smaller mea-
sures, such as the construction of a parking facility for bicycles. 
In other schools the discussion with the school board is less 
progressed and assisted by the project team.

Learning through research: the students have learned a lot 
about emissions and climate protection during the project. This 
can be verified by the fact that the students presented the results 
of the CO2 balance to the school public, the press or local politi-
cians without significant support from the teachers or scientists. 

Overall, it can be stated as a result that the schools’ self-effi-
cacy has increased through their own recording of greenhouse 
gas emissions. The students were able to acquire new compe-
tencies and use them in discussions with decision-makers as 
well as in their own everyday school life. 

Table 2. Overview of GHG emissions in different areas for the six pilot schools with completed CF assessment.
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On the one hand, they were able to develop their own pos-
sibilities for action, for example, by making decisions at the 
schools to no longer use airplanes for school trips in the future. 
On an individual level, it became clear that many individual 
decisions have an effect on the school’s overall CO2 balance. If 
many teachers and students come by bicycle, this noticeably 
reduces the school’s CO2 emissions. On the other hand, the re-
sults presented were able to trigger considerable pressure for 
action among the cities’ decision-makers. 

Discussion
A major challenge for the S4F team was the fact that it was 
almost impossible to introduce the tool to classes in the field 
due to the ongoing COVID-19 pandemic. While this proved 
to be a challenge in the first place, the project team addressed 
this challenge by creating an online-based version of the CO2 
assessment tool that allows students and teachers to work on 
the assessment in parallel and to enter the data from anywhere 
(e.g., from home). It also led to a sudden increase of integrat-
ing digital tools and platforms in the school context which en-
couraged students at some schools to conduct e.g., additional 
surveys to assess data on the school canteen’s food and possible 
climate protection measures.

Other challenges concern the assessment of emissions relat-
ed to nutrition: Many students struggled with the selection of 
ingredients as, logically, not all ingredients can be incorporated. 
The tool has already been improved by adding and specifying 
ingredients accordingly. While this will reduce the inaccuracy, 
it will naturally never be complete. However, the foremost goal 
of the tool is not accuracy but accessibility, which is sufficiently 
fulfilled as its practical relevance to the reality of students’ lives 
can contribute to closing the knowledge-awareness-action gaps 
of existing climate protection learning settings to some extent. 

Once put into place, it would be valuable to analyze whether 
the assessment of GHG at one school effectively leads to (signif-
icant) reduction measures. In this context, school comparison 
should also be shed light on if the tool and its assessment ex-
plain the source of emissions to such an extent that students can 
learn from each other. To this end, the project foresees peer-to-
peer-learning-events amongst the schools to encourage recip-

rocal learning. In addition, the uploaded data might serve as a 
trigger to increase efforts if one school performs particularly 
good in one area A (mobility) while performing bad in another 
area B (nutrition). Figure 2 shows the ranking of per-student 
GHG emissions in different sectors for all six pilot schools with 
completed CF assessment. The figure shows that the schools 
perform very differently in different emission sectors, indicat-
ing that all schools have significant saving potential in one field 
or another and could potentially learn from each other. 

Therefore, comparison possibly induces competition which 
in turn improves the overall climate change mitigation efforts 
of all participating schools. Further, comparisons increase the 
public and political pressure to spend more on energy efficiency 
and other climate protection measures in schools. To this end, 
it would be advisable to facilitate comparison through an on-
line tool which automatically mirrors the emissions of different 
schools for different sectors. After completion of the CO2 bal-
ances, discussions can take place in the schools about the areas 
in which climate protection measures can be taken to reduce 
the CO2 footprint. For example, many schools underestimated 
how high the CO2 emissions are for school trips if airplanes are 

Figure 1. Comparison of GHG emissions per student for different schools.

 

 
Figure 2. Ranking of per-student GHG emissions in different sec-
tors for all six pilot schools with completed CF assessment.
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used for this purpose. The carbon footprint is the first step to 
plan climate protection measures in a targeted way and it is a 
good instrument to quantify the effect of implemented meas-
ures and thus function as a feedback loop that helps to motivate 
further climate protection activities. 

While the testing at various other schools in Germany is still 
underway, prospective research could focus on the question 
whether the data assessed qualify for comparative analysis of 
different school-based climate protection approaches within 
Germany and beyond. Accordingly, it is recommended to at-
tentively follow the development of other tools around the 
world, compare them and make adjustments (i.e., adjusting 
the emission factors) wherever necessary, based on the find-
ings. The project team believes that the method can be applied 
to other European schools without significant adjustments. 
To this end we consider the development of a tool which can 
be applied throughout Europe to enable comparison between 
schools of different European/EU countries.

Conclusion
Students all over Europe are faced with the consequences of cli-
mate change. And similarly, to the current Covid-19 pandemic, 
this crisis cannot be solved by any one country on its own. While 
the pandemic has certainly not helped in reducing the invest-
ment backlog in German schools, it has pushed the digitalization 
in schools all around Europe, thus also facilitating the means of 
international cooperation and exchange between schools. What 
better way could there be to build upon these achievements for 
an international Schools4Future movement in which students 
not only support each other with turning their schools green but 
also grasp the importance of international cooperation? 
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