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Abstract. The use of digital technology in agriculture, such as sensors, satellites, and artificial intelligence,
for developing sustainable agriculture and controlling the impacts of climate change, has been enhanced
under the European Green Deal. Given the environmental exigencies, the agricultural sector must adapt to
new technologies that ensure the sustainable development of the whole agri-food sector. This paper
emphasizes the importance of measuring carbon footprints in agriculture as a tool for further improving
the sustainability of the sector. Specifically, the research addresses the importance of sustainable
technologies and practices, including agriculture, circular economy, and conservation agriculture, which
play an important role in reducing carbon emissions from the agricultural sector. Thus, in the framework
of the European Green Deal and digitalization, a bibliographic analysis was carried out using the Web of
Science database to review the scientific interest on carbon footprint generated by farms. The aim of the
paper is to tackle the significance given by the scientific community on the carbon footprint of farms in
order to enhance the development of a comprehensive set of measures that can incorporate the sector’s
social and environmental responsibility, and ensure further the right path towards a sustainable future
without affecting the profitability of the small farmers.
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Introduction

The European Green Deal is the EU’s constant effort to tackle the complex problems associated
with climate change, as the decline in biodiversity and to adopt the right approach to further
appropriate the use of natural resources. The action focuses on the transition to a circular economy
as well as the contribution of the agricultural sector to the environment. In this context, attempts to
control the impact of carbon and greenhouse gas emissions apply to all areas and particularly to
agriculture. The utilization of digital technology in the agricultural sector is a valuable instrument
for attaining enhanced resource management and mitigating environmental impacts (Pandey &
Agrawal, 2014). The new EU agenda entails the use of cutting-edge technologies, including
sensors, satellites, and artificial intelligence, to gather and analyze up-to-date data (European
Commission, 2019a,b; Faichuk et al., 2022). Through the process of quantifying and evaluating
the carbon footprint, a more comprehensive understanding of the environmental ramifications of
agricultural practices can be calibrated in order to ensure sustainable development across EU
member states (Ozlu et al., 2022; Istudor et al., 2021). This enables the identification of specific
domains where modifications can be introduced to mitigate the release of greenhouse gases (Gil et
al., 2019). Given the prevailing conditions, it has become vital to priorities the identification and
reduction of the carbon footprint (Holka et al., 2022); is critical to reduce the negative effects of
greenhouse gas emissions and ensure the implementation of the Paris Agreement targets (Aslan et
al., 2020) for maintaining a food-safety and security level that can meet a growing population need.
However, there is no systematic study and evidence for the carbon footprint of the agricultural
practices even though it is a strongly debated issue in the field literature, as a source of greenhouse
gas emission. Having in mind that the carbon footprint concept was incorporated after into the
European strategies and policies, more specifically by such initiatives as the European Green Deal
and the digitalization process, included in the strategic document of Agenda 2030 (United Nations,
2015), there has been developed a significant potential for the research in the field of carbon
footprints and the assessment of carbon emissions of the agricultural operation (Rebolledo-Leiva
et al., 2017).

Understanding these facets has significant importance given the European Green Deal and
the ongoing process of digitization within the contemporary milieu (Gosnell et al., 2019). The
purpose of this study is to better understand the relationship between the carbon footprint and
agriculture sector in the context of digitalization and the use of tools from the European Green
Deal. Furthermore, the study aims to provide a deep knowledge of current practices and challenges
in the quantification of agricultural carbon emissions and how the digitization process can
overcome these barriers effectively. With better estimation and quantification of carbon emissions
originating from agricultural practices, policymakers and farmers can judge the environmental
repercussions of their own activities and can finally make definite strategies toward reducing their
carbon footprints (Chiaramonti et al., 2021). The current research also supports the possibility that
sustainable agriculture could reduce the effects of climate change and also help in the preservation
of natural resources (Wang et al., 2019).

Materials and methods

Scientometrics is a discipline that focuses mainly on providing a scientific basis for the improvement
of scientist research. The main objective of the field of scientometrics is to simplify the complexity
of the academic world through quantitative approaches by examining many characteristics, such as
the scientific output or the impact of research, and converting them into statistical information.
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Scientometrics is an empirical approach to analyzing and unveiling some of the intricate patterns
and trends underlying the entire scientific study that is analyzed (Gerry McKiernan AB, 2005). This
discipline is based on rational approaches, in particular the organization and analysis of data on
these indicators, which provides deep knowledge of the applied methodologies and their application
at global level. In the present study the methodology was employed for the investigation of the
carbon footprint of farms within the framework of the European Green Deal and the process of
digitization. The process involved analyzing multiple sources of information. In general terms, this
process can include a database of bibliographic databases such as Scopus, Google Scholar and Web
of Science, which assembles a large number of scientific articles. The Web of Science database was
used in this article to provide a broader range of indexed articles over the period extending to the
adoption of the European Green Deal. Bibliometrics is a highly intriguing and specialized area
within the domain of scientometrics (Hood & Wilson, 2001). This subdiscipline involves
quantitative analysis of scientific publications in a statistical and analytical context, with the aim of
providing comparisons and evaluations of knowledge creation based on existing knowledge. This
provides a robust methodology for analysis and comparison of scientific activities in different areas
of research, countries, or academic institutions. The aspect of library measurement encompasses its
characteristic criticalness, in which complex measurement is used to measure academic activities.
These metrics facilitate the identification of emerging patterns and shifts in the significance of
research areas by analyzing data derived from the processing of scientific publications (Broadus,
1987). This research is also aimed at identifying new research topics and trends in research
development, whether they are increasing or declining.

The fundamental distinction between bibliometrics and scientometrics can be
comprehended in terms of their precision and distinct objectives. In fact, biblimetrics is a
systematic method of quantitative assessment of scientific research; it is a method of accessing and
analyzing scientific outputs by certain indicators, such as the number of publications, the impact
of citations and the impact of factors on journals. Specifically, it deals with the publishing process
and the general characteristics of scientific information, which means that it has a fairly integrated
view of the field of research. In contrast to the aforementioned, scientometrics has a wider range
of activities and methods that focus on the overall analytical assessment of scientific research,
emphasizing on the qualitative characteristics and general impact of research. The main purpose of
this discipline is to analyze and evaluate research efforts and resource funding in specific research
sectors. It also helps to understand the dynamism of collaboration networks and the other social
impacts of research efforts. These methods have led to progress in knowledge and benefits for
society on a wide range of fields, from the social sciences and humanities to the precise and
technical sciences. Consequently, although their nature is very independent, library and scientific
analysis are today of great importance and relevance in the world of learning, consolidating an
important basis in the field of research and development. Hence, an overall analysis of the carbon
footprint of farms under the European Green Deal and digitization can be done from a number of
research perspectives, one of them being the bibliometric analysis. Therefore, taking into account
the quantitative analysis methods, a bibliometric analysis was employed by using the software
package VOSviewer in the study of the field literature.

The software was developed and executed by Nees Jan van Eck and Ludo Waltman, two
researchers affiliated with the Centre for Science and Technology Studies at Leiden University
(van Eck & Waltman, 2019). VOSviewer is a valuable quantitative research tool that demonstrates
significant promise for visually representing the interrelationships of keywords connected with the
publications under investigation (van Eck & Waltman, 2017). The software allows users to visually
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analyze the frequency and relationship of keywords in the scientific literature. The study examined
the carbon footprint of agricultural farms in the context of the European Green Deal and
digitalization. The literature query has been carried out in the Web of Science database on the
English search query "carbon footprint," "farm," and "agriculture." In total, 705 works have been
detected according to the specified conditions since 2009. Identification was carried out in
accordance with the given specifications, applying terms associated with the Web Science query.

Results and discussions

The agriculture sector has been recognised as a substantial source of greenhouse gas emissions,
thereby making a notable contribution to the phenomenon of global climate change. In recent years,
there has been a proliferation of scientific viewpoints about the assessment of carbon footprint
within this particular industry (Yang et al., 2014). Nonetheless, a dearth of clarity and agreement
persists on the most precise and all-encompassing approach to quantifying and evaluating the
carbon footprint within the realm of agriculture (Martin-Gorriz et al., 2021).

This study seeks to address the lack of information in this area by conducting a comprehensive
review of the current scientific literature. The objective is to enhance our comprehension of the
different strategies, procedures, and instruments employed in assessing carbon footprint within the
agricultural sector (Hu et al., 2019). Figure 1 displays a graph illustrating the progress of academic
research over the years, as indicated by the index. A significant increase in scientific interest can be
observed from 2009 (2 published papers) to 2023 (65 published papers), the first upsurge of scientific
interest begins after 2015, the year in which the Agenda 2030 document was adopted, introducing the
term sustainability in relation to the productive sectors of a state's economy. Moreover, a 30% increase
in the 2023 compared to the 2019, can also be observed in the scientific community's interest regarding
the relationship between the “carbon footprint” and “farm”, the year 2019 marking the adoption of the
European Green Deal, which proposes certain requirements for maintaining the relationship between
agriculture and the environment.

Figure 1. The evolution of publications dedicated to the issue of the carbon footprint of farms
in the context of the European Green Deal
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Source: Authors' own processing based on data extracted from the Web of Science.

Figure 2 shows a group of key study words that help explain the deeper nature of these
relationships. The construction of this figure involved the utilisation of co-occurrence analysis,

DOI: 10.2478/picbe-2024-0133, pp. 1602-1612, ISSN 2558-9652 |
Proceedings of the 18t International Conference on Business Excellence 2024

PICBE |
1605



wherein terms derived from the title, abstract, or keywords were considered, and counting was
employed as the method of quantification. Inclusion of keywords in Figure 3 was contingent upon
their occurrence frequency of at least five instances within a total word count of 3021.

Table 1 presents the ranking of the thirty frequently used terms in relation to the key words
of the study, which appear in the published works of the scientific community between 2009-2023,
the presence of keywords such as “life-cycle assessment”, “agriculture”, “management” or
“sustainability” suggests the need to implement management practices that take into account the
natural relationships between ecosystems to ensure the long-term sustainable development of the
agricultural sector. Figure 2 depicts graphically the relationship between the keywords presented
in the table, while in Figure 3 the correlation over time of the keywords is highlighted, taking into
account the elements brought by the European Commission in 2019 through the European Green
Deal, but also the impact produced by the 2030 Agenda in 2015. Consequently, this paper
undertakes the realization of the field of research by a coherently viewed trend and pattern, hence
delivering a comprehensive survey over time horizons. The analysis of the data and the summaries,
both graphical and tabulated, facilitate the deciphering of the trajectory and focus being undertaken
for this research paper.

Table 1. Top thirty recurring terms identified in the metadata of the analyzed publications
on the subject of the carbon footprint of farms in the context of the European Green Deal

Ranking | Term or term structure Number of occurrences Intensity of the correlations
1 carbon footprint 452 3308
2 greenhouse-gas emissions 243 2041
3 life-cycle assessment 216 1726
4 life cycle assessment 155 1275
5 agriculture 104 828
6 management 96 785
7 sustainability 94 711
8 systems 89 695
9 environmental impacts 81 682
10 emissions 72 526
11 Ica 72 569
12 mitigation 69 583
13 milk-production 66 572
14 energy 64 463
15 production systems 52 446
16 greenhouse gas emissions 48 367
17 soil 48 367
18 impacts 47 365
19 climate change 46 334
20 methane 46 387
21 impact 45 339
22 climate-change 43 343
23 efficiency 43 338
24 performance 43 312
25 greenhouse gas 41 344
26 livestock 41 318
27 nitrous-oxide emissions 41 342
28 environmental impact 39 323
29 variability 38 329
30 sequestration 38 333

Source: Authors’ own processing based on data extracted from Web of Science.
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Figure 2. Analysis of correlations between the words associated with publications dedicated
to the carbon footprint of farms in the context of the European Green Deal
Source: Authors' own processing in VOSviewer 1.16.19.

Farms play a crucial role in both the agricultural sector and the food industry. The
individuals in question bear the responsibility for the cultivation and extraction of sustenance and
primary resources, including but not limited to dairy, meat, grains, and the like. At the same time,
their operations exert a significant impact on the ecosystem. Nowadays, agribusinesses are forced
to become more and more efficient in their working in the context of sustainability. The
measurement of carbon emissions caused by the production process in agriculture and animal
husbandry represents an assessment of their ecological effectiveness, or in other words, the carbon
footprint. Within the framework of the European Green Deal, agricultural establishments are
mandated to curtail their emissions of greenhouse gases and implement measures aimed at
mitigating their ecological footprint. In this context, the green cluster in Figure 3 contains terms
related to ammonia, balance, beef cattle, beef-production, carbon dioxide, cows, dairy production
system, enteric methane emissions, greenhouse gas emissions, livestock, manure, farms,
performance, mitigation strategies. This cluster is designed to give a proper view of the problems
associated with the farm's carbon footprint and how to design efficient mitigation strategies for
minimizing environmental impact. The carbon footprint of farms is mainly dictated by beef
production and dairy production systems. Such operations serve as the main influencing factor in
the generation and emission of greenhouse gases, particularly carbon dioxide (CO2) and methane
(CH4). Without doubt, methane is of a more critical nature regarding global warming in
comparison to carbon dioxide; however, it has to be mentioned that emissions of CO2 are also
considerable because the amount of energy that needs to be consumed for the production of feed
and for the process of husbandry in these farms is far from negligible. In most systems, there is a
direct positive relationship between the quantity of milk produced and the CO2 emitted. The reason
for this is that in the case where a high number of cows are being reared, more feed needs to be
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produced to support them, and consequently, more milk would be obtained. Therefore, in these
systems, a sensible meat-to-milk ratio has to be established to minimize the magnitude of poor
environmental impacts.
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Figure 3. Analysis of the evolution of the correlations between the terms associated with the
publications aimed at the carbon footprint of farms in the context of the European Green Deal
Source: Authors' own processing in VOSviewer 1.16.19.

Another important factor in this group relates to methane emissions, particularly enteric
methane emissions, which are those produced during the digestion process of animals. Cattle are
among the large emitters of methane, and their digestive process, ruminating, and stomach
fermentation are mostly to blame. Furthermore, the cluster highlighted the blue colour in Figure 3
comprises terms such as agroecology, aquaculture, carbon footprint, circular economy, climate
change, CO> emissions, eco-efficiency, energy consumption, food miles, life cycle analysis, supply
chain, sustainable agriculture, water, vertical farming, and urban agriculture. This cluster
specifically focuses on the topic of the carbon footprint of farms, discussing it in conjunction with
the concepts of sustainable agriculture and the European Green Deal. These issues are interrelated
and involve the importance of protecting the environment, biodiversity, and natural resources in
the context of agricultural production. As already stated, the topics and technologies that are
covered by agronomy are vast. All the environmental practices are interrelated in their goals of
increasing the efficiency and sustainability of farming, such as the circular economy concept that
can be effectively applied in the agricultural sector through the practise of recycling organic waste
for utilisation as fertilisers or energy sources.

This red cluster in Figure 3 corresponds to a variety of agricultural practices that include
agricultural soils, carbon sequestration, conservation agriculture, mitigation of climate changes,
crop rotation, diversity and dynamics, farm size, fertilizer application, land-use change, nitrogen
footprint, organic carbon, water-use efficiency, water yields, and total yields. Therefore, this
feature is important for understanding the carbon impact of the farms, with particular scrutiny
within the perspective of the European Green Deal. It contains the notion that agricultural soils are
a strong factor in driving the absorption and retention of carbon from the atmosphere and thereby,
they recognize having a huge influence on mitigating greenhouse gases in fighting against climate
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change. In the academic field of agricultural sciences, the high capacity of soils to store huge
amounts of carbon has already been acknowledged and not a new point of view. This process is
made possible by the fact that annual plants are able to capture carbon dioxide through the process
of photosynthesis and later, transform it into organic carbon molecules, which in turn are kept in
the soil. Additional pertinent terms within this cluster are "climate change mitigation", "fertiliser
application”, "land-use change", and "water-use efficiency". The terms are linked, interrelated, and
give an excellent illustration that sustainable agricultural practice adoption will have a significant
impact on climate change; as an example of a good environmental practice that can be adopted
includes of eliminating the use of chemical fertilizers and usage of water. It also includes preserving
the farmland as it is in its natural state and ensuring it remains so, so as to avoid it being turned
into degraded land.

Nowadays farm carbon footprint measurement is an important issue for the sustainable
development and progress of the society. In this regard, farm-related carbon emission
measurements and its carbon foot printing estimation are being important criteria for the global
sustainability goals, but the lack of proper standard procedures and measures make the process of
estimation difficult. There remains a need for one standard and one set of criteria within which
carbon emissions can be measured and reported for use in agricultural application so that uniform
and comparable data can be gathered for better efficiency in analysis and decision-making (Apetrei
et. al., 2019). Digital technology and practice of precision farming can instantly generate data on
the agricultural practices and emissions, while the data generated from such technologies can be
used for its carbon footprints. However, this is laced with several problems: the data has to be
reliable and accurate, data management and data ownership/privacy, and on the other hand, the
ability of small-scale farms that can be resource-poor to access and afford such technologies, in the
first place. Thus, the governments and other international organizations need to further stimulate
such transformation by providing economic incentives and economic support to make the
agricultural sector capable of this transformation process with financial and technical support.
Ensuring the effectiveness and practicality of carbon footprint assessment systems and policies is
guaranteed by the participation of stakeholders.

Conclusion

In the contemporary context of increasing climate change, the agricultural sector appears to be one
of the leading sectors creating huge impacts on the surrounding environment with greenhouse gas
emissions. With this concern, farms, especially producing beef and milk through cattle, are
demanded to create a leading role for themselves in order to reduce the environmental impact and
lower the carbon footprint. This is reflected by the European Green Deal in developing a circular
and sustainable economy with the help of reducing carbon emissions and climate change (Naresh
Kumar & Chakabarti, 2019). Important for providing the favorable role is the implementation of
sustainable agricultural principles and the promotion of practices that enhance microbial activities
in soils and increase soil biodiversity in order to foster the advancement of carbon sequestration.
In addition, the conservation of the grasslands and other natural ecosystems play the important role
in the process of carbon sequestration in the soil and in the process of reducing the emission of the
greenhouse gases. The European Green Deal focuses in provision of information and financial
support to the farmers for the adoption of such sustainable practices. For the effective mitigation
of the carbon footprint, the farmer must be aware of the range of available and repayable technology
and practices and will be provided with financial means that can make this possible. More rigorous
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and effective policy measures and regulatory modes should be applied to ensure that the emission
reduction goals are met properly and to promote the sustainability of agriculture.

The emission of carbon and the change in agricultural climate needs the collaboration of all
the stakeholders. Furthermore, it is essential that consumers actively participate and take
responsibility for their food and in turn encourage the producers and suppliers to integrate such
practices. The sustainability in agriculture needs to be improved to ensure that the next generations
have a sustainable and a responsible future. In closing, it is essential to note that the research has
some limitations such as the sample size of the research related solely to Europe, bearing in mind
that its results are thus inapplicable on a global basis; equally, in the undertook research the
application of digital technologies lay in the measurement of farm carbon footprints, while the most
important key variables involved land use and management practices. The use of a larger, more
heterogeneously varied sample will definitely catch the phenomenon of digitization in order to
measure the carbon footprints of farms in greater depth.
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