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Abstract: The consumption of digital content is essential for economic and scientific development, leading to a
high dependence on information and communication technologies, which significantly impacts the
environment. Quantifying this ecological impact is challenging due to its intangible nature and the diversity of
factors. This research focuses on assessing the energy consumption and CO:z production of Spanish university
websites to evaluate their levels of digital pollution and environmental impact. The calculation of the carbon
footprint considers factors related to energy consumption and the use of green or renewable energies. The
findings indicate that only 17% of university websites can be considered environmentally friendly. There are
significant differences in CO2 consumption and emissions depending on whether the websites implement
environmentally sound practices. This study highlights the lack of initiatives aimed at reducing energy
consumption and greenhouse gas emissions associated with web information management. The study shows
that Spanish universities have the potential to contribute to the reduction in CO2 emissions by implementing
sustainable development practices on their websites. Furthermore, it fosters awareness about technology usage
and its environmental impact, promoting the adoption of green and sustainable approaches.

Keywords sustainability; carbon footprint; digital pollution; information retrieval;, university
websites; education; information and communications technologies; e-pollution

1. Introduction

The 2030 Agenda recognizes the potential of Information and Communication Technologies
(ICTs) to facilitate the achievement of the Sustainable Development Goals (SDGs) [1]. This
recognition implies a reduction in actions that are harmful to the planet and consumption. Moreover,
ICTs offer unprecedented opportunities to promote development and social inclusion. These
opportunities range from facilitating access to education and health services to driving innovation
and improving efficiency in resource management. ICTs also play a pivotal role in the advancement
of sustainable development on a global scale. These technologies facilitate the promotion of distance
education, the implementation of real-time environmental monitoring systems, and the management
of resources for the elderly [2]. However, it is essential to ensure that these technologies are accessible,
affordable, and environmentally friendly, in order to increase their positive impact and effectively
contribute to the achievement of the SDGs. It is possible that the implementation of these technologies
may have unintended consequences, such as increased resource consumption [3].

ICTs have promoted the intensive use of the Internet through various electronic devices [4], to
the extent that the practice of searching for and reading information in digital format has become an
everyday activity. This phenomenon implies a favorable impact on reducing paper consumption and
the deforestation associated with its production, and consequently, energy savings. These tasks
related to the search and consultation of web information, which are carried out daily on the Internet,
also have an impact on the environment. There is a clear relationship between the increase in
digitalization and ICT actions and the increase in energy demand and its carbon footprint [5].

Global Internet consumption is subject to fluctuations due to the growth and evolution of the
infrastructure, as well as the increase in the number of connected users and devices. In recent years,
a significant increase in online data consumption has been observed due to the increased demand for

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202407.0396.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 July 2024 d0i:10.20944/preprints202407.0396.v1

digital services such as video streaming, video conferencing, social networking, e-commerce, and
remote work [6,7]. The forecast for the coming years is that consumption will continue to increase
[8,9]. This is driven by the proliferation of internet-connected devices, the advancement of
technologies such as the Internet of Things (IoT) and the development of augmented reality [10].

In terms of global energy consumption, the Internet is estimated to consume 416.2 TWh per year
[11] of the 178,899 TWh consumed worldwide between primary energy and other renewable sources
[12]. This means that Internet electricity consumption exceeds that of an entire country such as the
United Kingdom, which is in eleventh position in the ranking of countries with the highest electricity
consumption, according to data provided by the CIA World Factbook in 2020 [13]. Spain is in fifteenth
position with a consumption of 240 TWh.

Internet use undoubtedly provides significant benefits for the environment by reducing the
ecological footprint associated with everyday activities (e.g., commuting, broadcasting, monitoring
environmental actions) and by enabling more efficient management of resources and processes
[14,15]. However, the consumption data indicate a considerable contribution to CO: emissions and
an additional contribution to global warming. The resulting implications highlight the importance of
addressing Internet consumption from a sustainability perspective, considering both the benefits and
the environmental impact associated with the increasing digitization of society [16].

This article aims to quantify the ecological impact of the websites of Spanish universities. The
paper begins by reviewing the literature that has analyzed the digital pollution produced by ICT and
websites in relation to the measurement of their environmental impact (Section 2). Although the use
of the Internet has enormous benefits for process reduction, it also entails significant energy
consumption and a carbon footprint for each activity undertaken. In Section 3, data on the carbon
footprint and energy consumption of Spanish university websites are analyzed. Section 4 presents
the results on the estimation of whether a website is considered clean or not with respect to the CO2
emissions emitted to the environment. Finally, the discussion is developed, and then the conclusions
of the study are presented, confirming that energy consumption can be reduced in the specific field
of Spanish university websites, contributing to a more sustainable environment.

2. Background

2.1. Digital Pollution and Environmental Impact

Digital pollution refers to the environmental impact generated by each digital activity. This
pollution is caused by the extensive use of digital technologies such as the consumption of data
centers, transmission networks and devices. The environmental impact of a product or service is
calculated in terms of greenhouse gas emissions measured in metric tons of CO2 equivalent, which
encompasses various harmful gases emitted into the atmosphere. The term digital pollution can
address several aspects, including e-waste generation, energy consumption and pollution from the
production and disposal of digital devices. In other cases, e-pollution refers to the waste generated
by electronic products at the end of their useful life (e.g., computers, mobile phones, televisions, or
household appliances). Energy analysis is influenced by many factors, such as hardware, the number
of users and services on the Internet, and even the evolution of technology towards greater efficiency.

Regarding the energy consumption aspect of manufacturing the devices, data varies, but experts
[17] have calculated that manufacturing a computer requires 240 kilos of fossil fuels, 22 kilos of
chemicals and 1.5 tons of water. These data serve as an example of dematerialization, where the value
and utility of the product significantly outweigh the environmental impact of the materials used in
its production.

The energy consumption figures for computers are substantial, and their environmental impact
is notable, especially when considering the cumulative production in a single year. According to
Canalys (2022) [18], a company specializing in technology market analysis, computer sales showed
an increase in 2021 registering 341 million units, whose production alone must have generated a
consumption of more than 80 billion kilos of fossil fuels, 7 billion kilos of chemical products and 511
million tons of water. These data illustrate that computing devices contribute significantly to the
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environmental footprint associated with Internet access, emphasizing the need to examine their
environmental influence.

Furthermore, the manufacturing of electronic devices contributes to the generation of waste
electrical and electronic equipment. Globally, the production of technological waste is increasing
every year, exceeding sixty million metric tons of waste [19]. However, the production of
technological waste is uneven across countries, with China and the United States being the largest
producers [20,21] and the United Kingdom being the leader in waste production per capita (23.9 kg).
These factors collectively contribute to the escalating trend of digital pollution, presenting a
substantial environmental challenge. Projections predict an increase in ICT emissions [22-24] and if
current trends persist, waste production could exceed eighty million metric tons by 2030 [25]. This
growth trend poses a major global challenge for governments and institutions to ensure digital
sustainability.

The concept of digital pollution has evolved as the understanding of how digital technologies
affect the environment has deepened, encompassing not only the production and disposal of devices
but also the energy consumption associated with digital infrastructure and device lifecycle
management.

2.2. Internet Consumption

In the field of Information Technologies, pollution from data centers and transmission networks
is mainly linked to the electricity consumption of the Internet. Some authors [26] attribute 7% of
global electricity consumption to ICT and data traffic in digital networks. This is a worrying figure
considering that this study forecasts a 20% increase by 2030. As noted by [27], data centers collectively
account for approximately 1% of global energy demand. Despite the substantial expansion in data
center storage capacity, this growth has occurred alongside enhanced energy efficiency, resulting in
a relatively modest increase in energy consumption.

Consumption is attributed both to overall demand and to the individual usage of each user. To
estimate digital consumption, activities related to the equipment used to access the Internet are
considered, including routers, access networks, cabling, antennas, data centers, computers, laptops,
or tablets. The creation of every video, every stored photo, or every message sent contributes to digital
pollution. Emerging technologies such as 5G, Al and cryptocurrencies are contributing to the global
increase in electricity consumption, even with the improvement of energy efficiency of services and
products associated with ICT [28].

Empirical evidence suggests that higher ICT adoption correlates with increased energy demand
[29-31]. However, there are some discrepancies in terms of energy consumption trends. Recent
studies [32,33] have identified a negative and significant correlation between ICT and energy
demand, consistent with earlier research [34,35]. These works show a stagnation of the carbon
footprint generated by ICTs, with values at the same level as in 2010. According to these studies, the
divergences may be attributed to the widespread adoption of smartphones and more energy-efficient
systems. Additionally, differences in data could be influenced by varying classification criteria within
the ICT sector.

Cloud computing is a cost-effective and environmentally friendly option for reducing economic
costs and environmental impact. The shared use of computing resources offers both economic and
environmental benefits [36]. However, the technology and data that are stored in the cloud also
require substantial amounts of energy, contributing significantly to the carbon footprint. The
measurement of operations considers energy consumption in data centers, communication networks,
user devices, and the energy required to manufacture the equipment.

In terms of information exchange, a vast amount of data is created daily through various
communication channels, including instant messaging, video conferencing, emails, videos, social
media postings, and streaming platforms. Each of these web-based interactions generates data that
must be stored in data centers, consuming significant amounts of energy and water to cool the servers
[35,37,38]. Finally, unused data take up space, contributing to digital pollution.
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In relation to web information retrieval, Google estimated the electricity used for a simple
internet search in 2009 at 0.2 g of COz. Google currently handles about 3.5 billion queries per day,
which amounts to 630,000 tons of CO: per year. Although the figure is large, these emissions
represented less than 0.0001% of humanity’s carbon footprint, according to Berners-Lee [39], who
tried to calculate the carbon footprint of all human activities. However, concerns remained, as [40]
tried to address the question of how to set a green research agenda for information retrieval systems
by addressing the issues of climate change and environmental sustainability. For some authors, the
consumption of a search is also influenced by various factors such as the browser installed, the search
engine used, the response time, or the use of click prediction [41,42].

Regarding the consumption of information on the Internet, the amount of energy consumed
when consulting a web page could vary significantly depending on several factors, such as the design
and content of the page, the efficiency of the servers, the content delivery network, and the type of
device used to access the page, among other elements.

Global data on the ICT sector’s carbon emissions also vary according to the literature. Some
studies attribute 1.7% of global CO:emissions to the ICT sector [43], in particular the ITU report
estimates a production of 620 tons of carbon dioxide in 2020 [44]. Figures for digital pollution in 2022
indicate that it accounts for 4% of global greenhouse gas emissions [45].

2.3. How to Measure a Website’s Carbon Footprint

Each website can be evaluated in terms of energy consumption and CO: emissions. On average,
for each page visited, 1.76 g of CO2 is produced, or seven grams in the case of a Google search.
Consequently, the ecological impact is conditioned by the following: (1) the number of requests made
to the http server; (2) the weight of the page in bytes; and (3) the loading time. Therefore, the greater
the amount of content, media and animations on the page, the higher the energy consumption. In the
early years of the Internet, web pages were generally lighter due to the scarcity of audiovisual
content. However, over time, heavier resources such as images, videos, JavaScript and other
technologies have been introduced. Despite technological advancements aimed at improving
efficiency and optimization, the average size of web pages has continued to increase steadily.

To assess the carbon footprint of a website, several resources are available, such as Greenpixie
(Greenpixie Website Carbon Calculator Available online: https://greenpixie.com/website-carbon-
calculator (accessed on 19 June 2024)), Digital Beacom (Digital Beacom Beacon Available online:
https://digitalbeacon.co/ (accessed on 19 June 2024)), Ecograder (Mightybytes Ecograder Available
online: https://ecograder.com/ (accessed on 19 June 2024)) or Website Carbon Calculator (Wholegrain
Digital Website Carbon Calculator v3|What's Your Site’s Carbon Footprint? Available online:
https://www.websitecarbon.com/ (accessed on 19 June 2024)), which offer a CO: calculator.
Greenpixie offers a minimalist view providing the COz consumption data and the percentage of the
CO2 producer with respect to the rest of the pages. Other tools are aimed at developers and provide
reports with detailed data to help implement strategies to improve page efficiency (e.g., Google
Lighthouse). These applications generate an analysis with varying degrees of depth of selected pages
of websites by scoring the pages out of 100. The reports typically include information on page loading
speed, accessibility, and SEO performance. In this line, Ecograder assigns a score out of 100 to
websites and includes aspects such as performance, efficiency, user experience, and emissions in the
report. The overall score is broken down into categories such as accessibility and page size, providing
measurements of the weight and emissions of images, scripts, and code.

The Digital Beacon tool, accessible through its website or browser extensions, provides detailed
information on the carbon footprint of a website, categorizing emissions by file type. It includes data
on CO2 generated on the first visit and after caching of the site, along with details on the size of
necessary data transfers. In addition, it shows a history of the tests performed, recording both size
metrics and emitted CO2. Digital Beacon claims to calculate the impact based on data transmission
using the OneByte methodology [35]. In addition, Wholegrain Digital provides a carbon calculator
(Website Carbon Calculator v3) to measure the impact of websites on the planet. According to
Wholegrain Digital’s data, the average website analyzed produces approximately 0.5 g of CO: per


https://doi.org/10.20944/preprints202407.0396.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 July 2024 d0i:10.20944/preprints202407.0396.v1

page view. This amounts to 60 kg of CO: per year for a website with 10,000 visits per month.
Considering these values, an acceptable carbon footprint should be below these figures. To estimate
the energy consumption and emissions associated with a website, Website Carbon Calculator
considers the amount of data transferred via cable, the energy intensity inherent in the web data, the
primary energy source used by the respective data center, and the carbon intensity associated with
the electricity consumed by the center. In addition, a value is provided for the volume of traffic
generated by the website, which could be a determining factor in the calculation of its environmental
footprint.

3. Materials and Methods

This paper presents an empirical assessment of the energy consumption of Spanish university
websites and their impact on greenhouse gas emissions. This research focuses on analyzing the
carbon footprint based on energy consumption. This methodological approach is suitable to show,
through observation and data quantification, whether there are initiatives to reduce the digital
footprint in higher education institutions. The findings enable an evaluation of universities’
dedication to Sustainable Development Goals (SDGs) concerning digital sustainability. The study
employs a methodology that combines a literature review with analysis of data gathered from various
sources.

3.1. Sample

The websites of 93 Spanish universities were selected for this study. The sample is complete in
terms of the Spanish scope, including public and private, on-site and/or distance learning educational
centers. According to their type of funding and governance, Spanish universities are 47% private and
54% public. The distribution across the different Spanish regions is unequal, with the largest number
of institutions concentrated in the Community of Madrid, Catalonia and Andalusia, respectively
(Figure 1). The consultation and evaluation of the websites were carried out between April and May
2023 and data were collected from 92 websites; only in one case were no valid values obtained. These
data have been revised and completed in 2024.

Basque Country

Public University

21
Catalonia |

1

1 2

- 2
2

Galicia — 4

Castileand Leé

Community of Madrid
1

—— Valencian Community

Andalusia

CanaryIslands

Figure 1. Distribution of Spanish universities by region.

3.2. Variables

For each website, Cleaner and Dirtier values were collected for the carbon footprint analysis.
Cleaner represents the percentage of cleanliness compared to other websites and dirtier is the
percentage of dirtiness compared to other websites analyzed. These rating data were transformed
into the following two categories: Green or No Green to facilitate their processing. The classification
is determined based on several variables, including grams of CO:z emitted per visit; the production of
CO:z in kilograms produced per 10,000 monthly visits over a year; type of energy used; the number
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of trees needed to absorb the amount of carbon emitted during a year; and the energy consumption
in kilowatt-hours.

Data were also collected regarding the characteristics of the universities including their funding
sources, the number of students enrolled in the 2023 academic year, and the autonomous community
where they are located This information aims to determine whether funding sources or student
enrollment significantly influence environmental impact. Finally, the values relating to the organic
traffic of the page were collected and correlations analyzed.

3.3. Data Collection and Analysis

The tool employed to collect data on the carbon footprint was the Wholegrain Digital Website
Carbon Calculator V3 [11]. The collected values include energy-related factors such as data transfer,
energy intensity, source of energy used in data centers, and carbon intensity of electricity, according
to the Sustainable Web Design Model (Estimating Digital Emissions Available online:
https://sustainablewebdesign.org/estimating-digital-emissions/ (accessed on 20 June 2024)).

e The wired data transfer accounts for the energy required to load a website. This value is
proportional to the data transferred and considers an adjustment for users who have visited the
website. It is measured in gigabytes (GB).

e  Energy intensity calculates the average value (Kwh/GB), as the criteria involved vary for each
website and visitor.

e  To determine the source of energy used in the data centers, it is checked whether the data center
uses green energy, and if so, the carbon emissions are reduced in the calculation. If there is no
information yet on the type of energy they use, it is assumed that they use a standard grid. In
the case of information regarding the use of green or renewable energy, Wholegrain Digital
Website Carbon Calculator V3 applies a reduction to the calculation, although only the
adjustment for green hosting is considered in the formula, if the provider has registered the IP
on the Green Web Foundation server.

e  Carbon intensity of electricity (g CO2/Kwh) utilizes an international average and a lower value
for renewable electricity.

e Website traffic is measured in thousands (K).

Standardized and average-adjusted values are used for these factors. The total annual CO:
emissions are calculated from the factors related to the energy consumed, supplemented by emissions
from an average user visiting a website. This carbon footprint calculation is computed by the number
of annual visits and data is provided on kilos of CO:z per 10,000 visits per month. Data is also collected
on the number of trees that need to be planted to offset the digital carbon footprint. In order to
contextualize this data, the equivalent kilometers travelled with an electric car are provided. As a
result of the assessment of these factors, it is estimated (as a percentage) whether the site is clean or
not, with respect to the CO2 emissions emitted to the environment. In its 2024 revision, the application
assigns a rating ranging across seven levels (from A+ to F) according to CO:z emissions. University
characteristics are sourced from the Ministry of Science and Innovation data catalog. Organic traffic
is extracted using the online SEO tool ahref.com (accessed on 12 March 2023).

4. Results

The values obtained for the websites of Spanish universities illustrate their environmental
impact. Descriptive statistics reveal that only 17% of university websites can be considered clean
(Green). Therefore, it stands out that most of them turn out to be non-sustainable websites (83%),
although it should also be noted that in one case no data was available (n/a) (Table 1). The highest
proportion of sustainable websites is attributed to private universities (11%), while only 7% is
attributed to public universities. Regarding the pages labelled as polluting (No Green), between
public and private, there are 76 universities that could improve their consumption and COz emission
rates. Globally, the energy consumption of each university website marked as No Green (44,585 kWh)
is more than 5 times that of universities with pages labelled as Green (1607 kWh) (Table 1).
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Table 1. Energy consumption in kWh of the websites of Spanish universities.

Universities  Universities (%) Mean+SD  Max kWh of Energy Min kWh of Energy

Green 16 17 100.4 £ 25.11 139 46
Private 10 11 103.80+17.24 138 82
Public 6 7 94.83 + 36.00 139 46

No Green 76 83 586.64 + 631.66 3.309 131
Private 33 36 524.36 +598.90 3.309 135
Public 43 47 634.44 + 658.65 3.309 131

n/a 0
Public 1 0

Total 93 100 502.09 + 602.73 3.309 46

The pages evaluated represent a total energy consumption of 46,192 kWh, with the highest
consumption corresponding to public universities labelled as No Green (27,281 kWh). The average
expenditure is 502.09 kWh, which represents more than the average monthly consumption of a
household in Spain (270 kWh (according to Red Eléctrica Espafiola (REE)). However, the average
consumption of the pages labelled as green represents less than one fifth of the energy consumption
(100.44 kWh).

With regard to environmental alteration, the universities with Green pages have an average
value of 0.35 g of COz, not exceeding the emission of 0.47 g, while the average of the No Green pages
shows mean values of 2.04, with a maximum of 10.57 and a standard deviation of 2.13. Considering
that most universities have a No Green page, the difference in total COz emissions is significant,
reporting more than 149.5 g of difference. The total impact of the universities’ pages is estimated at
160.67 g of CO: (Table 2).

In terms of CO: produced per visit to the website, the data indicate that a user generates an
average of 1.75 g each time a page is visited. However, there is a significant difference between Green
and No Green values. When the page is clean/Green, the average consumption is 0.35 g of CO2. When
the page is considered No Green, the average is 2.04 g of CO, but it should be noted that in 16% of
cases, the values exceed this value, even reaching 10 g of COs.

Table 2. CO2 emissions (g) from the websites of 94 Spanish universities.

Universities Mean = SD Max. CO: Min CO: Total CO:

Green 16 0.35+0.09 0.47 0.17 5.56
Private 10 0.36 £0.07 0.45 0.28 3.56
Public 6 0.33 +0.12 0.47 0.17 2.00

No Green 76 204+213 10.57 0.48 155.08
Private 33 1.73 +1.90 10.57 0.51 56.95
Public 43 228+2.28 10.57 0.48 98.13

Total 92 1.75+£2.04 10.57 0.17 160.64

When considering data on organic website traffic and the number of students enrolled at the
university, a positive correlation (0.891) is observed between the number of students enrolled and
traffic. Consequently, higher enrollment numbers correlate with increased traffic, amplifying the
environmental impact on No Green pages.

For every 10,000 monthly visits to a website, Spanish universities collectively produce 19,211.37
kg of CO2 per month. These values mean that offsetting the carbon footprint with trees would mean
planting 921 trees per year and 290,813 km could be covered by an electric car (Table 3).
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Table 3. Data obtained for 93 Spanish universities according to Green or No Green classification.
Category n/a no data available on Wholegrain Digital Website.

X Organic Traffic X Enrolledin X 10.000 Visits per X Trees to Zkmin
(in K) 2023 Month (kg) Compensate Electric Car
Green 3,050.80 282,334 667.76 39 10,281
No 9,406.50 1,312,407 18,543.61 882 280,532
Green
n/a 398.30 53,620
Total 12,855.60 1,648,361 19,211.37 921 290,813

The data show significant differences in CO: production, measured in kg per 10,000 visits per
month. For pages labelled as clean, emissions range from 20 to 55 kg. In contrast, pages categorized
as dirty have an average value of 207.27, with some exceeding 1267 kg of CO2 emissions.

In this study, the servers hosting the analyzed websites predominantly used bog standard
energy, with sustainable energy employed in only in only 37% of cases. Interestingly, some websites
managed to achieve a clean label without using sustainable energy. However, in more than 73% of
the sites that used sustainable energy, the websites were classified as No Green.

A review of the rating based on CO: emissions and the type of energy used (Figure 2) reveals
that none of the pages achieved the A+ rating assigned to pages with a lower environmental impact
(A+=0.095 g CO2 per pageview). Most of them are rated F, which is considered the least sustainable
and means that they emit values greater than or equal to (20.847 g COz). Figure 1 shows that the
majority of those using a non-sustainable server also have the lowest rating (F), but also the best grade
for this assessment (A) is obtained by a site with a conventionally powered server. It also stands out
that almost 20% of the websites using a sustainable server obtained the lowest grade (F) in terms of
sustainability.

In relation to energy consumption and CO2 emissions related to the region where the university
is located, the data indicate that the regions with the highest number of universities tend to have
higher total energy consumption and CO2 emissions (e.g., the Community of Madrid and Andalusia).
However, this relationship is not necessarily directly proportional. For instance, Andalusia, with
thirteen universities, is the region with the highest energy consumption (7966 KWh) and the highest
CO:z emissions (28.84 g) in absolute terms. However, Aragon, with two universities, has the highest
average consumption and CO: emissions (Table 4). Only La Rioja would be within the classification
of sustainable and environmentally friendly emissions.

Table 4. Energy consumption and CO:z emissions by Spanish region.

Mean kWh

Region Universities ZkWh MeanCO:2(g) X CO:(g)
Energy
Aragon 2 1748 3496 5.9 11.17
Canary Island 5 1046 5231 3.38 16.91
Valencian Community 9 617 5549 224 20.13
Andalusia 13 613 7966 222 28.84
Navarre 2 601 1201 2.04 4.08
Castilla y Leon 9 509 4581 1.86 16.77
State 1 492 492 1.81 1.81
Catalonia 12 436 4800 1.51 16.66
Region of Murcia 3 361 1084 1.33 3.99
Balearic Islands 1 362 362 1.33 1.33
Community of Madrid 21 369 7742 1.25 26.35
Basque Country 4 326 1303 1.08 4.32
Castilla-La Mancha 1 324 324 1.04 1.04
Galicia 4 279 1116 0.96 3.84
Asturias 1 202 202 0.74 0.74

d0i:10.20944/preprints202407.0396.v1
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Figure 2. Assigned classification (A—F) and type of energy (bog standard and sustainable energy) used
by the universities” website infrastructure. The grading scale, offered by Website Carbon Calculator,
ranges from A+ to F, correlating the page weight from HTTP Archive with estimated CO:z emissions
per page view. Assigned n/a when data unavailable. Bog standard energy refers to conventional
energy without advanced technologies to reduce carbon emissions.

5. Discussion

Digital pollution is a growing problem linked to electricity consumption in the Information
Technology (IT) sector. It implies a consumption significant enough to consider the implementation
of clean energy and to advocate for sustainability. Digital sustainability aims to meet current needs
related to technology manufacturing, data center infrastructure, and the vast number of internet
users, without compromising the right of future generations to use this technology [46]. Both
businesses and governments are committed to digital sustainability to reduce the environmental
footprint and conserve resources within the framework of sustainable goals. However, a scientific
assessment of the political impacts of the SDGs concluded that, to date, they have had only a limited
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transformative political impact in terms of sustainable development [35]. In relation to sustainability
efforts on Spanish university websites, the findings of this study show the poor implementation of
adequate policies. Despite the efforts made, further progress seems necessary to achieve a substantial
impact. Beyond institutional actions, there is a need for a change in human awareness and behavior
to ensure users understand the environmental consequences of their consumption. For this reason,
sustainability experts emphasize the need to measure the energy required to store and access
information as a key element in promoting digital sustainability. Data from this study revealed that
the type of energy used is not decisive for achieving a low energy rating, highlighting the need to
focus design efforts on minimizing the HTTP file transfer size. Enhancing web platform efficiency is
crucial to enabling all institutions to contribute effectively toward achieving the SDGs by 2030.

Furthermore, it is essential to recognize that overconsumption and overexploitation of natural
resources pose a significant threat to long-term sustainability. The 2030 Agenda highlights the need
to address this sustainable problem [1], as irresponsible consumption carries a considerable
environmental burden, depleting natural resources and exacerbating challenges related to climate
change, biodiversity loss and pollution. In this sense, the adoption of more sustainable consumption
practices and promoting a culture of responsible consumption become key elements in moving
towards sustainable development.

The carbon footprint is a widely used metric in environmental studies in various sectors,
including the textile industry, tourism, automotive, agriculture and the technology and computer
industry. So far, in this field of ICT, the carbon footprint has focused especially on the waste of
technological materials such as devices or batteries. The development of ICTs and new habits in
information management and communication are also linked to digital consumption that impacts the
environment. Digital consumption is a phenomenon that is difficult to measure, partly because it
seems invisible due to the high consumption of intangible elements. According to previous studies
[47], users do not perceive a negative impact on the environment when using technology. In fact, it
is often regarded as a relatively harmless activity, possibly because the alternative of not using it
implies a higher CO:z production. In this study, we have only analyzed whether universities reflect
digital sustainability on their websites, but the fact is that the volume of websites worldwide raises
the emissions data to that of developed countries. It is therefore timely to report on the carbon
footprint generated by web resources and the actions of internet users. By becoming aware of the
impact on the environment, initiatives can be promoted to educate populations on both the
optimization of web resource management processes and responsible and sustainable use.

It is only a matter of time before the university education community also applies sustainability
criteria to its website, as academia and research can educate populations on the responsible use of
energy resources and the responsible consumption of information. In order to control man-triggered
climate changes, the commitment of the institutions is required, which must implement a strategy to
reduce emissions. This purpose involves calculating the carbon footprint to adapt to some of the
European policies such as Spanish Law 7/2021 [48] on climate change and energy transition (whereby
they must publish their carbon footprint), and Law 11/2018 [49] on non-financial and diversified
information (information on carbon emissions and planning to reduce them) or the green
procurement plan of the General State Administration to include commitment to the environment as
a criterion for awarding contracts. It is expected that the increase in energy demand will be offset by
energy efficiency (data centers, servers, storage devices, network and infrastructures), but for this to
happen, sustainable web design (SWD) must be implemented. The results of this study indicate that
the web pages of Spanish universities have not yet reached the optimal values to be classified as clean
pages according to the Sustainable Web Design Model [50].

6. Conclusions

This paper examines the carbon footprint associated with the use of web information in relation
to the websites of Spanish universities. The results of this study indicate that the web pages of Spanish
universities have not yet reached the optimal values to be classified as clean pages. Although in many
cases, they use servers powered by sustainable energy sources, there is still room for improvement.
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In general, neither public nor private universities are yet making sufficiently efficient use of resources
to reduce CO:z emissions. Given the high volume of traffic on university websites, the resulting high
energy consumption leads to considerable CO: emissions and thus a significant carbon footprint.

This work is a novel contribution to the awareness of consumption in this area and promotes the
adoption of ecological and sustainable approaches. It confirms that significant energy consumption
can result from seemingly innocuous choices, such as accessing websites of Spanish universities. If
other non-university websites are considered, all data point to a substantial increase in energy
demand, driven not only by the growing volume of websites, but also by the increasing number of
users in our increasingly digitized society.

There are various methodologies for calculating the carbon footprint, and the choice of a specific
methodology may influence the results. Our study has followed the SWD model, but we recognize
that using different approaches may produce slightly different results. It is suggested that the
environmental benefits come from applying sustainable web design practices, so in future work, we
aim to determine which technical differences are the most relevant to determine the best practices to
achieve the greatest environmental benefit. Also, we intend to conduct a comparative analysis
between the results obtained in Spain and those from other EU member countries to compare
behavior and commitment to European policies. To develop this approach, we will analyze reference
websites that provide comparable and reliable data. Additionally, it is essential to identify and utilize
a model that serves as a reference for other countries to follow the same CO2 reduction criteria,
thereby facilitating a more consistent and effective evaluation of the strategies implemented in
different geographical contexts.
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