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Abstract: This paper presents a carbon footprint (CF) observatory recently developed within our
research group. It aims to introduce a new concept of CF accountability, which focused not just on
measuring CF, but also on making users reflect about and eventually change their lifestyles to reduce
their personal emissions. With this conception, the CO2web observatory includes not only a CF
calculator, but also the CF of different alternative consumption scenarios. Therefore, the user may be
more aware of the impact of different personal decisions, such as emissions linked to different food,
cars, home appliances or pets. In addition, the CF calculator provides quantitative comparisons of the
emissions linked to current habits of users with those of similar cohorts, along with specific advices
for those consumption sectors where emissions are significantly higher than their cohort’s average.

Keywords: carbon footprint; calculator; climate change; climate action; greenhouse gases; emissions;
consumption; habits

1. Introduction

Climate change is considered the greatest environmental challenge facing humanity today,
with wide implications on social and ecological systems [1]. The different Conferences of Parties of the
UN Framework for Climate Change have emphasized the need to take solid commitments to reduce
greenhouse gas (GHG) emissions, but still trends are far from being optimal to avoid the 2 degree target
agreed in the Paris agreement [2]. Therefore, we need to make further efforts and provide creative
ways to “flat the curve” and decouple the economic development from rising GHG emissions.

Several authors have shown that a large percentage of GHG emissions (60–70%) are related to
personal consumption [3,4], which indicates the relevance of individual decisions on climate change
mitigation, and the importance of linking Climate Action and Responsible Consumption, both included
in the Sustainable Development Goals (Goals 13 and 12, respectively).

The analysis of the impacts of personal decisions on GHG emissions is part of a growing concern
of individual responsibility in climate action beyond governments, industry or NGO [5]. Among the
different instruments to improve citizen awareness on climate change and mitigation measures, carbon
footprint calculators (CFC) have become a popular tool, as they help educating about the impacts of
daily habits on GHG emissions [6,7]. Following Birnik [8]: “carbon calculators constitute a potentially
powerful bridge to connect individual action and lifestyle choices with the increasingly urgent need
to prevent dangerous climate change” (p. 280). Several calculators are freely available on the web,
showing the accumulated emissions of the user from different sectors: food, transport, house energy,
clothing, etc. [7,9].

Some studies have shown that these calculators stimulate the interest of users and motivate their
commitment, whilst providing them with science-based information to take optimal decisions [10].
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Since they account for personalized information to calculate emissions, CFCs increase individual
awareness about the impact of daily decisions [11]. CFC users report an increase of personal guilty
or satisfaction when they compare their emissions with reference groups, leading to improve or
reinforce personal commitments [12]. Finally, CFCs have revealed possibilities for behavioral and
technological changes that could significantly reduce household footprint [13]. However, as occurs in
other environmental issues, increasing awareness about climate change through CFC does not always
translate into change of habits [11].

Several authors have highlighted that there are no standards regarding how CFC should be
programmed, nor the methods or calculations they should incorporate to get consistent results [8,14,15].
This implies that very different values can be estimated from similar user behaviors, or even with the
same inputs [16], which reduces the credibility of CFC to promote actual changes [17,18]. On the other
hand, it is common that calculators are not accompanied by sufficient information to contextualize
the results (or this information is not properly communicated) [19], which does not facilitate users’
understanding of the results nor the ways to reduce their personal CF. Some review papers have
suggested a list of ‘good practices’, oriented both to the design of CFC, including the information and
recommendations that a user should receive [8,20].

In addition, CFCs measure the actual emissions derived from the user’s consumption, but they
are less suitable to provide quantitative information on alternative choices, beyond general guidance
to reduce personal emissions. In other words, they inform about the impact of the actual behavior
(that is after the consumption was made), but they fail to inform about different alternatives before the
consumer decision is taken. For instance, most CFCs include information on actual emissions derived
from using a certain car, but they do not inform about which cars have lower CO2 emissions when
somebody is willing to buy a new one. CF of alternative choices are also a practical way to find out
which ones are more important to reduce personal emissions and to focus on those decisions that really
matter. Several environmental psychologists have emphasized the need of guiding pro-environmental
behavior against those actions that have a greater environmental impact, particularly when they do
not require continuous efforts, such is the clear case of technology choices [21,22]. Therefore, personal
CFCs should be complemented by information on CF from a wide set of choices, as to foster behavioral
changes that will better link responsible consumption and climate action.

2. Objectives

This paper presents an integrated approach to CF estimations that was developed for improving
citizen’s awareness about the impact of personal choices. The concept is shown in a web tool that
includes information for both before and after the actual consumption is made. Instead of a single
CFC, we designed a Carbon Footprint Observatory named CO2web (https://www.huellaco2.org/),
freely open for all users, which aimed to provide a comprehensive information on GHG emissions
linked to personal consumption of ordinary citizens. The observatory was designed as an easy to
use tool for promoting citizens’ awareness about personal GHG emissions and foster behavioral
change though focused recommendations. It has three main blocks interrelated. Firstly, the scientific
basis of climate change, as well as the concept of CF and its calculation are presented. The second
section, “Exploring alternatives”, reports on the CF of activities linked to citizens’ daily habits (food,
transportation, clothing, hygiene, home appliances, IT/devices and pets) showing comparisons between
them and alternatives with lower emissions in some categories. Finally, the section “Compute your
footprint” includes a personal CFC, preceded by an explanation for the user to understand its operation,
requirements and results. The CO2 observatory has been developed in Spanish, but will be soon
translated to other languages. This paper shows the design and contents of the CO2web observatory,
the problems and solutions encountered to implement the web site and the compliance with best
recommendations, as well as a first evaluation of its potential

https://www.huellaco2.org/
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3. Materials and Methods

3.1. Design of the CO2web Observatory

The design of the CO2web observatory started from a comprehensive review of web sites
and scientific papers dealing with CFC. More than 60 sites were reviewed and analysed. The main
recommendations and good practices indicated by previous studies were taken into account [7,9,19],
both including the contents and the graphical interface. The main problems detected in the
implementation of similar tools [23] were also considered. The central objective (behavioral change)
needs a previous phase of user preparation, for which there is a need to facilitate the appropriate
information and highlight the importance of the topic and the user’s contribution to raise awareness.
After that, it is necessary to validate the experiences of the users by collecting their opinions and using
this feedback to continue improving the whole cycle. Proper dissemination helps in collecting feedback
from media and general public (Figure 1).Sustainability 2020, 12, 6529 4 of 14 
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3.1.1. Meeting Conceptual Requirements

The first guide for designing the observatory was to fulfill the requirements recommended in the
specialized literature [7,9,19,24]). The following were considered:

• Information: science-driven, data based on solid sources, whenever possible in the peer-reviewed
literature.

• Comprehensiveness: include a wide variety of sectors related to personal consumption (those
with the greatest impact on GHG emissions).

• Content detail: provide a proper level of detail and options for the different categories. Equilibrium
between being too general to provide just a general estimation of emissions, and being too specific
as to make greatly complex to fill the input data.

• Traceability: all data included in the observatory should be properly referenced.
• Interactivity: facilitate interaction with the user.
• Usability: easy access and operation. Handy features and explanations facilitate navigation and

use. Functional diversity has been considered.
• Attractive design: good aesthetic, user-friendly colors and icons. Adapted to all devices.
• Awareness: beyond the information, it was considered essential to make the user aware about the

importance of the topic (climate change as the main current environmental challenge) and his or
her individual contribution (through the acquisition of more sustainable habits).

• Behavior change oriented: comparisons between different options and alternative “low carbon”
products, diets or transports; general and personalized suggestions to reduce personal carbon footprint.

• Effectiveness of communication: parsing and communicating emissions with different levels of
detail, both grouped and disaggregated.

• Support: give guidance and answer questions from users.
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• Feedback: collect user’s opinion and suggestions to improve.
• Dissemination: open to ordinary citizens, no specialized audiences.

3.1.2. Technical Requirements

In addition to the general requirements established for the global design of the site, the CO2web
observatory aimed to comply with technical recommendations of CFC [8,9].

First in terms of functional units, all emissions data in the CO2web site are expressed in “Carbon
dioxide equivalent” (CO2e) units, the most standard CF of life cycle analysis. The CO2e integrates
emissions from different GHG by expressing them in terms of their potential warming with respect to
CO2. The potential warming was estimated from Myhre and collaborators [25], considering a time
horizon of 100 years.

As far as the functional unit concerns, it was adapted to the characteristics of the item assessed: for
food or cleaning products, we used liters, kilograms or dozens. For computer equipment, household
appliances and clothing we computed CF per unit of product (refrigerator, computer, trousers, etc.).
The same criteria were applied to pets.

3.2. Target Information of the CO2web Observatory

The CO2web site included two sets of CF data. On the one hand, tables with emissions computed
for a wide variety of consumer choices (named “Exploring alternatives” (EA)). On the other, a CFC.
The former includes data obtained from a literature review of dedicated studies on LCA. Whenever
more than one study was available, the average, maximum and minimum values were included in the
final tables, as well as the country where the calculations had been made whenever available. For the
CFC, only the average values were included to perform the calculations.

The food section of the EA section includes a summary table, with the CF of different types of
viands, including beef, legumes, vegetables, drinks, fruits, etc. Particular tables of each type of food
are also included, going up to 145 products. For instance, the fresh fruit section covers 19 products,
including apple, orange, avocado, bananas, etc.). Most of the food CF estimations were taken from
Clune et al.’s (2017) review paper, databases of government environmental agencies [26,27] and,
to a lesser degree, specific academic articles for certain products (cacao, coffee, liquors, beer, wine)
or previous own studies [28]. For tobacco consumption, we followed the study of Zafeiridou and
collaborators [29].

In the transport section, international and national databases about fuel consumption and
related emissions were consulted for various types of vehicle, including urban and interurban buses,
underground, short and long-distance trains, and airplanes [22,30,31]. For cars, the calculation included
emissions from three phases of the life cycle. Phase 1 includes the extraction and processing of the
materials needed to manufacture the vehicle (steel, iron, aluminum, copper, plastic, etc.). Phase 2
refers to the production processes (stamping, molding, spinning, machining, welding, painting, etc.).
Phase 3 indicates the emissions due to use, based on the distance travelled, type of fuel and efficiency.
The recycling and disposal phase has not been included, because there is still little experience of it,
particularly in the case of electric cars. We estimated emissions for seven types of cars (hatchback
and compact, sedan, wagon, compact-minivan/MPV, minivan, CUV, SUV). The calculation was made
from the five best-selling models in Spain in 2018 for each segment. The calculations of phase 1 and
2 were based on the average emission for the different materials multiplied by the weight of the
vehicle. The proportions are a bit different for electric cars, to which the emissions caused by the
high-voltage battery manufacture are added, depending on its load capacity (kW). A standard value
of 110 kgCO2e/kWh has been used for this calculation [32]. Phase 3 was calculated from the average
consumption of the different models (in l/100 km), applying the standard emission factors for Spain
in 2018: 2.157 kgCO2e/l for gasoline, 2.493 kgCO2e/l for diesel and 2.71 kgCO2e/kg for compressed
natural gas [33,34]. In all cases, it was assumed an average car lifespan of 200,000 km. For electric
cars, when all electricity comes from renewable sources, zero emissions were assumed. Otherwise,
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the emissions average of the Spanish electric energy mix was applied (0.246 kgCO2e/kWh in 2018,
https://www.ree.es/es). For motorcycles, a 12 years lifespan is assumed, with an average use of 5000 km
per year. An average consumption per engine capacity has been included. For electric ones, an average
battery of 8kW is assumed, with a standard consumption of 7 kW/100 km. Same ratio of emissions
from battery manufacture as in electric cars.

For ‘clothing’, the same procedure was followed as for food, detailing the maximum and minimum
emission values, average, as well as the country where the calculations had been made. We included
the 16 main types of clothing and 4 types of footwear [26,35–39]. Following the same method, we listed
13 products in the ‘hygiene and cleaning’ section [40–45].

For computers and electronics, as well as for home appliances, both the emissions associated
with the manufacture of the different devices, as well as those associated with consumption were
included [26,46–48]. Two consumption rates were considered for IT products: low (1h/day) and
intensive (6 h/day). Again, a distinction was made between the national electricity mix and the case
of generating energy fully from renewable sources (in which case the consumption emissions were
considered equal to zero).

Finally, the emissions associated to pets (dogs and cats) were focused on their food consumption.
This was estimated from their weight, multiplied by the emissions associated with the production
of the ingredients (meat, vegetables and other supplements), along with the processing of all the
components to obtain ready-to-sell dry food, as well as the transport to the point of sale. However, as
some studies point out, part of the food of companion animals comes from human leftover food. Still,
this factor is very much dependent on local cultures [49–51].

3.3. Programming

The CO2web was programed using standard computer tools. All the web sections were programmed
in HTML and PHP, while tables and databases were built using MySQL and Javascript All the CO2web
site was designed to be device-independent. It was a requirement that all menus were adapted on the
fly to different screen dimensions of most popular devices, including desktop computers, tables and
mobile phones.

The tables of the explore alternatives section were programmed with dynamic ranking, so the
user might order the data using any of the headers of the tables. The database was linked to a user
friendly editing tool, to facilitate the updating of the reference data when new studies are available.

For the CFC, the input fields included minimum and maximum limits to avoid recording unrealistic
data. The programming included a verification step, where the user is asked to confirm the value
introduced when it was likely to be unrealistic. These thresholds were extracted from the averages for
Spain in each category. For instance, if the average consumption of natural gas in Spanish homes is
7000 kWh, users will be asked for confirmation when including a data higher than 50% of the previous
one (>11,000 kWh). Yet, they will be free to include elevated consumption data if that is their case.
In this way, unintended errors in data introduction were reduced. Once the user fills a certain field,
the CFC immediately offers the corresponding data in equivalent emissions. Thus, the user does not
need to complete all the sections to know the impact of each product/habit. This was designed to
improve the awareness of the impact of different consumption sectors. To better understand personal
emissions, a series of control variables were defined in the CFC: sex, age, place of residence, educational
level and occupation. Therefore, the estimation of personal CFC could be compared with persons of
similar characteristics. The CF database should be updated whenever a new user introduces his-her
information so the national and group averages were calculated and updated it with each new entry.

3.4. Validation

The data of the CO2web observatory comes from peer-reviewed papers and well-reputed
institutions and, therefore, its input data are validated from their own sources. Validation in this
regard refers to the actual achievement of the goals we foreseen when designing the tool. This is an

https://www.ree.es/es


Sustainability 2020, 12, 6529 6 of 14

on-going process that would require further effort. We present here a first assessment based on a small
sample of environmental science students from the University of Alcalá (Spain), following courses
on “Global Change” and “Environmental Ethics”. The objective was to analyze the impressions and
difficulties encountered by the students, solve doubts, correct possible malfunctions, facilitate the use
of the calculator and make the footprint information collected as complete and reliable as possible.

4. Results and Discussion

4.1. Contents

The observatory consists of four main blocks dedicated respectively to (Figure 2):
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The web also includes a section called “further information”, which brings together all the
references and databases used in the calculations and the information offered; as well as a “Contact”
section, where the users can send their suggestions and record their experience through a simple survey.
The three central blocks are briefly described below: Fundamentals, explore alternatives and calculator.
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4.1.1. Science

The first block after the presentation includes information on climate change and the scientific
bases that explain the human influence on the increase in global temperature. Later, the concept of HC
and the main methodologies for its calculation are explained.

4.1.2. Alternatives

As previously indicated, this section collects a compilation of emission data associated with the
most common consumption habits, including calculations of emissions linked to the different types of
food, automobiles, air transport, clothing, hygiene and cleaning products, home appliances, office/IT
products and pets. Furthermore, various alternatives for low carbon meals are included, as well as
comparisons between all the categories, in order to show the equivalents between different habits.

4.1.3. CFC

The calculator includes five sections in addition to some control variables (age, gender, profession,
education level and size of residence area) and a final section of results and comparisons (Figure 3).
The household section includes the option of selecting various sources of energy in the supply, as well
as choosing whether all the energy comes from renewable sources or not. To fill in this section, users
are required to have the energy bills of the last months. It is also requested to indicate the number of
people who live in the house to estimate the per-capita emissions. The energy sources considered are:
electricity, natural gas, diesel, other gas sources, coal and pellets. The food section requires the user to
enter the approximate amounts consumed per week of different food groups (vegetables and legumes,
fresh fruits, meat, etc.). In the clothing section, the user is asked to enter how many pieces are bought
per year. In transport, the user can enter the annual km traveled by automobile, motorbike, train, bus,
metro or airplane. Finally, the user is requested to include the tobacco use (number of cigarettes/week),
pets and technology.
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The calculator offers the possibility of comparing the results with people of similar characteristics,
using the variables: age, sex, work, place of residence, level of studies. Users can download a
personalized report in PDF and EXCEL formats, which includes a summary of annual emissions (in
kgCO2e and percentage), a comparison with the user’s cohort (in numerical data, percentage and
graphs) and recommendations. In this case, the system includes only specific suggestions, related to the
section where the user’s carbon footprint is higher than the national average (+1 standard deviation).



Sustainability 2020, 12, 6529 8 of 14

4.2. Validation

Preliminary validation of the CO2web observatory is included here, taking into account three
dimensions: compliance with requirements, both from a user and from a technical perspective,
and students’ feedback. Further efforts are required for a full validation of the impact of the tool to
increase user awareness about climate change and personal CF, and potential consequences on their
personal behavior.

4.2.1. Compliance with User Requirements

Table 1 identifies target user requirements and final solutions provided in the CO2web observatory.

Table 1. Target user requirements and solutions implemented [7,9,19,24].

Requirement Target Implemented

Information Science-based

All references included proceed from peer-reviewed papers and
official institutions.

Scientific basis of climate change, the calculation of CF and life cycle
analysis are included.

Content
Correct equilibrium between

comprehensiveness and
parsimony

The main sectors of consumption were included: transport
(airplane, train, car, bus), food (all categories), clothing, computers
and home appliances, cleaning and beauty products, tobacco, pets).

Traceability All data properly referenced

Data were obtained from peer-reviewed papers or databases from
reference institutions (National Electrical Grid system, for instance).

Each emission data is linked to its source using a hyperlink.
The section “additional information” includes the complete list of

references.

Interactivity Interaction with the user
All tables can be ordered according to the user’s preference criteria

(type of product, origin, number of emissions, etc.), so that the
differences can be easily observed.

Usability Easy access and operation

Navigation is minimized to facilitate access to all submenus. Icons
were designed to facilitate navigation of people with reduced

visibility and functional diversity.
The whole content was also adapted to the different devices and

operating systems available.

Attractive design Good esthetic Design an original logo and icons.
Warm colors and fonts for the website.

Awareness
Make the user realize the

importance of climate change
and individual acts.

Comparisons of personal CF with people from the same cohort.
Individual suggestions based on departure from average emissions

of the same cohort

Behavior change
oriented Facilitate changing habits

Establishment of comparisons between emissions associated with
different activities.

The CFC includes comparing the user’s CF with other people with
similar characteristics.

The CFC report includes personalized recommendations.

Support Easy to introduce user
suggestions Contact link, user questionnaire

Dissemination Open to ordinary citizens, no
specialized audiences.

The observatory has been referenced in Newspapers and dedicated
media, as well as in national and local radio.

Two videos of the site were produced (2 m version to be
permanently exposed on the website, and a 20 s version to be

distributed by social networks.

Feedback Collect user’s opinion and
suggestions to improve.

A brief questionnaire was added once the calculation results were
obtained and also in the “contact” section.

4.2.2. Compliance with Technical Requirements

In accordance with the recommendation of best-practices [8,9], the following technical requirements
were implemented (see Table 2).
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Table 2. Technical requirements and compliance.

Requirement Compliance

1. Express all emissions data in CO2
equivalent (CO2e) Yes

2. Base conversions to carbon dioxide equivalents
on 100-year GWP conversion factors. Yes, following Myhre et al. [52].

3. Base calculations on up-to-date emission factors
whenever possible.

Average emission of the Spanish electrical system
was obtained from 2018

4. Provide a comprehensive footprint including
allocating emissions for a variety of
consumption categories.

Outputs indicated total emissions as well as those
derived from food, transport, clothing, pets, etc.

5. Adjust for the number of people living in a
household in the correspondent topics. Yes

6. Allow users to estimate their housing emissions
in detail. Yes

7. Allow users to model their food related
emissions in detail. Yes

8. Allow users to model their transportation
related emissions in detail. Yes

9. Permit manual data entry (to get accuracy in
calculations) but giving orientations to avoid
illogical results.

Yes

10. Offer both aggregated and detailed results. Yes, outputs are downloadable in both pdf and
excel format

11. Allow comparisons with several control factors
beyond income level.

Yes. Age, Educational level, Size of urban area,
sex, profession

12. Offer personalized recommendations based on
each user’s results. Yes

4.2.3. Students Feedback

The students who have used the observatory have positively valued the contents, highlighting
aspects such as: (1) the interest of the whole website to reflect on the impact of their daily activities on
climate change; (2) the possibility of comparing their emissions with people with similar characteristics;
(3) The analysis of the reasons that could explain why their emissions were higher or lower than the
average values of that groups (i.e., the impact of transportation depending on their place of residence,
or that of food related to specific diets). Some of the comments extracted from the survey are:

• “I found this work very useful. I was able to check my CF and become more aware of the emissions
we emit over the course of a year. This concept should be more present in our day to day lives”.

• “My footprint has been XX kgCO2e, a very high one in relation to the rest of my colleagues because
last summer I traveled to XXX, which has increased my emissions a lot”.
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• “Finally, is transport where the most CO2 emissions are registered compared to the total, because
I am below the average in practically in the rest of the sections. The fact of studying and working
at the same time implies higher than average emission values”.

This first preliminary validation offers hopeful indications about the acceptance of this type
of tools by the user, due to the fact that some of the conditions indicated by previous research as
predictors of ‘CFC continuance intention’ are met, according to the former comments: low-carbon
attitude, low-carbon behavioral intention, satisfaction and perceived usefulness [53].

Another factor pointed out by the aforementioned study, low carbon subjective norm, does not
appear at this point, which may be based on the fact that, in Spain, there is currently still no real social
pressure on emissions reduction on a personal level. However, as can be seen from the following
asserts, the most aware users do consider that it should exist:

• “The population should have more information about our HC and thus, little by little, create a
new lifestyle with small gestures and try to reduce it”.

• “This type of technology is very interesting, since many people could see the environmental
disaster they may be causing. Let ideas like this proliferate to continue educating people”.

We also found promising reactions in respect of the pedagogical utility, as can be seen in the last
remark and others (i.e., “It is a very interesting teaching tool”). Finally, some users point to another
factor that seems to influence initial adoption of these technologies, perceived ease of use [54,55]:
“I find the accessibility of information very interesting, and the quick connection with personal life
habits. They help reflection”.

All this also confirms previous findings on the usefulness of the calculator to make students see
environmental issues (climate change in this case) that they would not otherwise pay attention to,
providing them with arguments and tools to understand de impact of their life habits [56].

4.3. Difficulties and Limitations

The main difficulties and limitations found to generate the CO2web observatory were related
to the accessibility and characteristics of the data. We have tried to provide a comprehensive list of
products, but sometimes is difficult to make comparisons among them, as the LCA may proceed from
different methods and national conditions. For this reason, whenever the same product had different
LCA assessments, we opted to include minimum, average and maximum emission values in the tables,
so the user would be better aware of the potential ranges of estimations. Moreover, when incorporating
data from different countries, it is also necessary to consider different factors, such as the national
energy mix.

We tested the observatory with different users, including those with familiarity with climate
science and those who were not familiar with it at all, so we could find out if they understood properly
the concepts and the data requirements. We corrected some of the expressions that were not readily
understood and include further explanations whenever necessary. For instance, some users thought
that the whole house energy consumption was applied to a single user (it was in fact divided by the
number of people living in the house), or whether airplane travels refer to single journeys or round trip.
With regard to the calculator, it is worth mentioning the difficulty found in some cases regarding the
availability and understanding of household energy bills (depending on the age of the user, whether
he or she owns the house or rents it, among other factors).

4.4. Accesibility

The CO2web observatory is freely accessible through a dedicated web page (https://huellaco2.org/).
It is accessible through the main web browsers (Firefox, Chrome, Safari, etc.), and includes a version
for desktop computers and mobile devices (tablets and phones). Access from both iOS and Android
devices have been successfully tested. It is currently only available in Spanish, but translation to other
languages is expected in the next few months.

https://huellaco2.org/


Sustainability 2020, 12, 6529 11 of 14

5. Conclusions and Future Work

Carbon footprint calculators are valuable tools for estimating GHG emissions, familiarizing
the public with issues related to climate change and the concept of carbon footprint. They can also
increase public awareness about how their lifestyles impact global warming and suggest behavioral
changes. However, many of these tools have shortcomings related, among other things, to transparency,
rigor, comprehensiveness or recommendations to reduce the footprint. In order to overcome the
aforementioned limitations and others detected to date, we have developed a CO2 observatory, which
aimed to develop an integrated approach to personal CF assessment, including information for both
before and after the consumption decisions are made. To accomplish the main objective, a series of
conceptual and technical requirements were established, which both the observatory and the calculator
should meet, following the main recommendations of previous studies. Subsequently, compliance
with user and technical requirements were verified. A preliminary validation with university students
confirmed the achievement of positive results with respect to the objectives set and provide useful
insights into the strengths and drawbacks of the observatory, which will be further evaluated in the
next versions.

All of the above indicates that the first version of the site presented here can be used directly
for educational purposes in schools, universities and in other institutions related to climate change
mitigation. In the current context towards low carbon societies, it can also be helpful in climate policies
and sensitization programs focused on the individuals’ responsibility.

The observatory also represent a framework that can serve as the basis for further research related
to climate action and responsible consumption in Spain.

Future work will focus primarily on evaluating the response of users, as well as the changes
experienced regarding their awareness and actions taken towards a low-carbon life. This could include
several options to be developed within the observatory in the short term: simulation of scenarios
and alternative options to reduce the computed footprint, tools to engage the users in tracking their
emissions through time, among others.

At the same time, it is planned to apply the tool to close real cases that can be followed up,
which will mainly include high-school and university students through several consecutive academic
years. The research will also be expanded through participation in international projects with partner
institutions from other countries, within the current line of emission reduction associated with climate
change mitigation.
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