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Abstract: Over the years, energy is becoming an essential factor with an impact on social, economic,
and environmental aspects. More than 2.5 billion people are connected to agriculture worldwide,
so the importance of agricultural energy production has become increasingly important. This study
provides a comprehensive review of renewable energy, environment, and farm publication trends.
Two hundred articles from 1988 to 2022 were analyzed, with special attention devoted to the last three
extreme years, using the Scopus database and the Bibliometrix tool for analysis and visualization.
Research on this topic experienced significant developments after 2008, with many fluctuations
being revealed. Historically, China and the USA were the most productive countries in agricultural
energy production advancements. However, in the last three years, the research center’s respective
contributions have undergone major changes. China maintained its dominance, but the importance
of the USA fell sharply, and new centers (India, Poland) appeared. Biogas is the most popular method
which is used and searched in this area between 1988-2022 since it includes both sustainability and
locality. However, between 20202022, the importance of the circular economy has been highlighted
in the literature. Complex energy systems, dual use of land, and energy storage might be the most
important challenges for future research.

Keywords: Bibliometrix tool; agriculture; environment; locality; sustainability; circular economy;
COVID; Russian-Ukrainian war

1. Introduction

The sustainability of energy utilization is one of the most important driving forces for
the development of renewable energy [1] due to the fluctuating prices and availability of
conventional fossil energy sources. Sustainable agriculture has an enormous potential in
renewable resources, while the low-carbon energy supply and the diversification of energy
structure have become the direction of energy transformation through the promotion of
renewable resources.

The intensive economic development of the last years and decades has been accom-
panied by considerable energy use worldwide. For most countries, especially developing
and emerging countries, greenhouse gas emissions have increased significantly in recent
decades. This has exacerbated the problems of global climate change, environmental pol-
lution, and energy security. This has led to important milestones, such as ratifying the
Kyoto Protocol and the Paris Agreement and developing and prioritizing further programs
and initiatives to promote climate action. These commit participating states to reduce
greenhouse gas emissions [2].

As fossil fuels, among their many drawbacks, are a significant contributor to global
warming, the international focus is increasingly turning to a sustainable development
agenda that requires cleaner and renewable energy sources [3]. Renewable energy sources
play a vital role in economically efficient and technically feasible strategies to reduce
greenhouse gases. Numerous studies and policy reports emphasize the indispensable and
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fundamental role of non-fossil energy sources in diversifying energy supply sources and
mitigating environmental and energy problems [4,5]. These energy sources, particularly
solar, wind, hydro, biomass, and geothermal energy contribute to various economic, social,
and environmental goals [6]. Their use can, among other benefits, contribute to energy
security, reduce energy costs and dependence on fossil fuels, foster local economic develop-
ment, and job creation, improve air quality and, thus, human health, and reduce negative
environmental and climate impacts [7,8]. These benefits are increasingly driving countries
to turn to renewable energy sources [9]. By the second half of the 2020s, renewables are
expected to overtake coal in electricity generation, and by 2050, renewables will account
for 50% of global electricity generation [8].

Although the amount of organic matter potentially available is almost infinite, its
diversification limits energy use. Solar energy allows plants to sequestrate 125 gigatons of
carbon from the atmosphere per year, equivalent to using 300 million tons of oil per day [9].
However, a Hungarian study found that among sustainability attributes, biomass was less
important for GHG emissions than land demand and increasing local incomes [10]. This
fact highlights the necessity of studying energy self-sufficiency at the farm level.

1.1. The Impact and Potential of Renewable Energy Production

The share of renewables in global energy consumption (in 2021:595 EJ /year [11], is
estimated at only 14% according to WBA (2021) [12], with the largest share (70%) coming
from biomass, which will play a major role also in future energy systems [13]. Conventional
utilization methods account for 85% of the biomass used for energy purposes, liquid
biofuels for 8%, and biogas for 7% [12]. However, energy use of biomass accounted for only
27% of global biomass production (1260 EJ /year, [9]), food and feed for 55%, biomaterials
for 8%, while other uses and losses account for about 10%. In the EU, the structure differs
slightly, with less energy (21%), higher food and feed (59%), and biomaterials (about 20%).
At the same time, the demand for biomass is growing; EASAC (2017) [14] estimates that
food demand will increase by 60% by 2050. However, limited land and sustainability
criteria may limit future biomass use for energy [15], which according to Popp et al. (2013)
will be in the range of 100-300 EJ /year by 2050, contributing 25-33% to the future global
energy mix, according to [16]. IEA (2019) [17] estimated that the fastest growth would be
expectable in solar energy, followed by wind and hydropower.

Globally, the promotion of the use of biomass in household applications and energy
generation is conducted by all agricultural countries, and most governments have intro-
duced schemes, incentives, and methods to increase investments in the generation of energy
from renewable energy sources [18]. In addition, for dominant EU countries (France, Ger-
many, and Italy), biomass is considered the main source of renewable energy, accounting
for nearly 60% [19]. Countries such as The Netherlands, Germany, and Belgium produce
the most energy from agriculture in the European Union. Germany can serve as an example
of the successful use of renewable energy sources since a significant part of agricultural
waste is already used there to produce energy (especially biogas), and, for example, the
gross (theoretical) potential of the biogas industry in Germany is estimated to be 100 billion
kWh of energy by 2030, which will equate to approximately 10% of the energy consumed by
the country [20]. In connection with the annual increase in the consumption of thermal and
electric energy in the agricultural sector and rural areas, it becomes necessary to improve
power supply systems, heat supply, as well as compliance with the rational use of energy
resources and the search for alternative methods and technologies for generating energy
through the use of non-traditional renewable energy sources [21].

As an EU country, Hungary is an export-oriented economy with profitable opportuni-
ties in agriculture. Agricultural residues are rich in resources and are also an important
source of raw materials for the biomass briquette fuel industry in the future. [22] reviewed
the sustainability of the Hungarian agricultural woody biomass pellet fuel market and
summarized the biomass energy industry chain of agricultural and forestry residues.
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A study in Croatia showed that biomass is a great energy source, and its apropos
management practices would create value for energy production [23]. In Croatia, maize
stalks have the highest energy potential for generation, followed by soybean and wheat
straw and the residues of grapevine pruning. Considering the residues of conventional
crops and waste of agro-industrials, the country could provide important quantities of
biomass in agricultural land, which would participate in total energy production, reducing
energy imports, increasing the share of renewable energy, and reducing the environmental
pollution.

Based on India’s current energy structure and development, [24] pointed out that
renewable energy plays a significant role in solving India’s energy poverty and optimizing
the energy structure. The sustainability of India’s energy sector is closely related to the
development and utilization of renewable energy. By selecting the data of 31 OECD
countries and 49 non-OECD countries from 1990 to 2010 to analyze the panel data and
establish the panel vector error correction model, the conclusion is that in developed
countries, economic growth has a one-way causal relationship with renewable energy
consumption. In less developed countries, economic growth and renewable energy have
a two-way causal relationship [25]. To address these challenges, sustainable agriculture
is constantly being enriched. Its leading role is to increase the use of renewable energy
sources as a proven alternative to resource conservation. Integrating renewable energy
into sustainable agriculture and livestock is critical to access modern energy technology
on any farm, regardless of location or power transmission infrastructure. This is a great
opportunity not only to reduce energy and carbon costs but also to improve the standard
of living in rural communities, as well as increase food security.

Replacing fossil fuels with renewables is a serious challenge, as ensuring the most
parsimonious balance between environmental friendliness and energy efficiency in practice
is significantly different from laboratory experiments [26]. Previous mainstream economic
growth models have historically been far too parochial in their view of renewable energy’s
contribution to economic growth [27]. Nowadays, this is no longer the case, but—as Geng
et al. (2016) [28] concluded in an economic analysis of six developed country economies
from 1980-2010—the impact of technological innovations on renewable energy production
is a long-term process.

Regarding the demand for renewable energy, Li et al. (2020) [29] discovered that
eco-innovation, income, and human capital were the main drivers. In addition, Su et al.
(2021) [30] emphasized the role of fiscal decentralization and political risk.

Jietal. (2020) [31] analyzed global supply chains for biomass use and the transfer of
environmental benefits from primary extractors to final consumers; final trade-in biomass
use and imported service products accounted for 49% of final U.S. imports. For Australia,
imports of services and products accounted for 42% of its final imports. Agricultural,
food, manufacturing, and service products accounted for 21%, 38%, 20%, and 20% of their
imports. The share of agriculture, food, and manufacturing in Cyprus, Brazil, and China in
total final exports was 78%, 80%, and 75%, respectively. This partly reflects the region’s
reliance on agriculture and manufacturing. Analyzing the volume of existing research,
the authors found that publications on each of the four main biomass sources (agriculture,
forestry, waste, and others) account for about a quarter of the 4911 extracted bioenergy
records [32]. The most important renewable energy source is biomass, and current global
energy supplies are about 45 + 10 EJ. Energy potential in biomass up to 2050 residues
from agriculture will reach about 15-70 EJ [33], and approximately 40% of this total would
originate from agricultural residues and waste (37-66 EJ]) [33,34]. On average, biomass
accounts for less than 10% of the total energy supply in industrialized countries but as high
as 20-30% in developing countries. In some countries, biomass provides 50-90% of total
energy needs. Ethanol produced from sugar cane and additional from corn and cereals
account for 1.5 EJ of global transportation fuel use. Especially in Europe, Brazil, and Asia
(most notably Japan, China, and India), there is a growing interest in transporting biofuels.
Increased biomass production for biofuel in agriculture could lead to higher land and food
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prices, implying competition with food and feed production. However, biomass potential
depends on yield, product ratios, and total agricultural land area [33].

All the literature mentioned above highlights that renewable energy production is
an important factor worldwide because the energy produced has less impact on global
warming, provides jobs for the local community, and can promote energy self-sufficiency
and local economic development.

1.2. Environmental Considerations

Although on an upward trend, renewable energy production and consumption are still
limited due to technological barriers and relatively high costs in many countries [2]. The
economics of renewable energy devices also depend largely on the current market situation,
supply and demand conditions, potential feedstock supply problems, and the regulatory
environment in a country or region. Examples include different crises, such as the military
conflict in Ukraine in 2022 and the accompanying energy crisis. The supply risks of
fossil fuels have also led to increased competitiveness of renewables. Still, they have also
caused supply problems (e.g., inventory shortages, capacity problems) and other difficulties
(limited flexibility of energy systems and infrastructure) in the renewable sector. Sayed
et al. (2022) [35] highlighted in their research that although renewables have become more
prominent over the last few decades, they can also negatively impact the environment,
which can be considered a disadvantage. Assessing this requires more consideration
and appropriate precautions. Emphasis will be placed on examining the entire life cycle
of renewable energy equipment, from planning and design, through construction and
installation, to end-of-life (recycling or disposal).

Amponsah et al. (2014) [36] reviewed and synthesized the knowledge and estimates
of lifecycle greenhouse gas emissions from renewable electricity and heat technologies. A
total of 79 studies reviewed covered life cycle assessment (LCA) of renewable electricity
and heat generation based on wind, hydropower, marine technologies (wave and tidal),
geothermal, solar, biomass, waste, and heat pumps. Based on the study, GHG emissions
are higher for conventional (fossil) sources (pprox.. 500-1100 gCO,eq/kWh, from natural
gas to lignite) than for renewable sources. Although the most commonly used technologies
of nuclear-based electricity generation have relatively low emissions, the disposal of ra-
dioactive materials causes a higher environmental burden on the environment [37]. Among
renewables, waste treatment and biomass technologies are notable for their potentially high
GHG emissions, primarily due to the feedstock and inputs required for their production.
For example, the estimated carbon dioxide emissions of electricity generated from the
combustion of chips from short rotation coppice energy plantations are between 60 and
270 gCOeq/kWh, while for straw, the range is between 200 and 550 gCOeq/kWh [38].
In terms of environmental factors and emission characteristics, it is necessary to point out
that, in addition to CO;, several other pollutants can be mentioned (e.g., NHs, NOy, and
50O,, which contribute to acidification and eutrophication) [39].

Moreover, renewable technologies, particularly biomass production and solar energy,
have a significant land demand when the whole supply chain is considered [40]. The
available literature suggests that the land use of energy industry chains for fossil energy
sources during their life cycle may be similar to or higher than the land use of renewable
energy sources [41,42]. There are also (site-specific) impacts on ecosystems and biodiversity
that are closely linked to land use. Sathaye et al. (2011) [40] implied that biodiversity impact
assessment is not currently classified as part of LCA methodologies, and although efforts
are being made to identify and integrate appropriate indicators [43], there is currently no
comprehensive methodology available for this purpose. Campos-Guzman et al. (2019) [44]
also emphasize that LCA alone does not lead to a comprehensive sustainability assessment
and suggest combining it with other methodologies as a sufficiently sound framework for
assessing energy systems.

The energy crisis and the increase in fossil fuel prices have hit energy consumers
worldwide. This current situation significantly impacts the socio-economic dimensions
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as energy is essential for all sectors. The study of Chomaé-Pierzecka et al. [45] elaborates
on the role of hydropower in energy security and its importance in the future of energy
transition. As nearly 71% of the globe’s surface is covered by water, it represents great
potential in energy production. It is considered to be a great source of energy generation.
Renewable energy sources can help to improve the environment by reducing exposure
to indoor pollutants, less GHG emissions, less agricultural waste, and fewer energy costs.

1.3. Importance of RES in Agriculture

While agriculture has significant potential and untapped opportunities to contribute
to Sustainable Development Goals, there are also some environmental risks and negative
trends. In order to mitigate and avoid adverse environmental impacts, a sustainable pro-
duction, consumption, and distribution chain need to be established to increase agricultural
productivity, ensure food security and provide better nutrition [46], in line with the goals set
in the areas of energy production and use and climate protection. Achieving the 2030 goals
will require a global transformation of the food and agriculture system that considers
climate change [47].

Agriculture is an essential sector due to its many economic, social, and environmental
functions, particularly its role as a producer of raw materials, energy, food, and jobs [48].
However, in most cases, agriculture leads to an increase in water, land, and carbon foot-
prints. Agriculture accounts for 70% of global water withdrawal, e.g., livestock and crop
irrigation [49]. In addition, greenhouse gas emissions and carbon footprint increase during
the primary production phase, when livestock are being bred, the soil is being cultivated,
and agricultural inputs are being used. The land footprint of food production also in-
creases over time [50]. Farms using old technologies and fossil fuel-based inputs can cause
environmental damage and hinder the achievement of Sustainable Development Goals
(SDGs). Agricultural production is responsible for about 20% of global CO, emissions [51]
and as this negative trend exacerbates global environmental problems, reducing agricul-
tural emissions is a critical issue for sustainable development [52,53]. According to the
OECD/FAO (2022) [54], agriculture is one of the three largest contributing sectors to climate
change: with a share of about one-third of the energy sector, it has approximately the same
contribution to anthropogenic GHG emissions as an industry, with a share of 22%. As
fossil fuels increase pollution and damage agricultural soils, renewable energy sources
benefit farmers as they compensate for economic and environmental losses [55]. Renewable
energy sources can be used for various purposes to support agricultural activities, such as
irrigation, heating, cooling, product drying, and soil improvement [56]. In addition, green
investments can also be made in agriculture to mitigate environmental problems. More
investments are needed in the agricultural sector to address groundwater pollution, forest
degradation, and resource depletion [57].

The partial or complete substitution of the fossil energy demand of different farms
and agricultural enterprises and the positive environmental impacts that can be achieved
depends largely on the type of renewable energy source or combination of renewable
energy sources.

According to the UN (2021) [58], the agri-food sector uses large amounts of energy. In
2019, the sector was responsible for 16.5 billion tons of GHG emissions, from which farm
gate contributed 7.2 billion tons, land use change with 3.5 billion tons, whereas 5.8 billion
tons from supply-chain processes. An Indian case study researched using biomass residues
for electricity production and the role that this source can play in creating self-sufficiency
in terms of electricity production in rural areas. According to WBA (2021) [12], it is known
that biomass is a great source of energy production, and its share in the primary energy
supply on the world scale is 11.8% (55.6 EJ), considered to be the largest source of renewable
energy worldwide. Whereas for India, this source of energy is highly available due to the
agricultural sector, which has a 17% share of GDP. Researchers studied the estimation of the
potential of crop biomass of the whole country, which is concluded to be around 450-686
million tons, whereas the annual surplus of biomass is 150-213 million tons which can be
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used as a huge generator in terms of energy self-sufficiency [59]. The study of the Bhawan
Bahadur Nagar block showed that the potential from surplus biomass per-capita electricity
was 655.1 kWh/ capita, which was considered to be higher than the current consumption
per capita (350 kWh/capita) and indicates that the block can achieve energy self-sufficiency
in terms of electricity from this surplus of biomass. Moreover, the energy GHG emissions
could be lower than coal energy production, from 51,956.4 t CO,eq. to 16,761.6 t CO5eq.
It should be taken into consideration that there also exist barriers to developing biomass
energy production technology.

The use of renewable energy sources is driven by increasing energy demand and
self-sufficiency [60], and the agricultural sector is particularly important in this aspect [61].
Currently, forest biomass accounts for the largest share of biomass used for energy pur-
poses [12] which can be considered an opportunity for future energy production. However,
the spread of agricultural innovations and increasing crop yields could significantly reduce
the trade-off between food and energy production [62]. Ref. [12] estimated that with the
right agricultural policies, around 240 million ha of arable land (5% of the current arable
land) could be saved for energy crops by 2035.

The previous studies prove that there is significant potential for agricultural involve-
ment in producing and consuming renewable energy that helps them save money, tackle
climate change, increase local development, farm self-sufficiency, and decrease energy
costs.

1.4. Significance and Possibilities of Energy Self-Sufficiency in Farms

Solar energy has many applications and is one of the least developed renewable
technologies being applied to agricultural use [63,64]. According to Pascaris et al. [64],
solar energy can be an integrated part of the agriculture sector through agrivoltaic projects
that are considered an innovative opportunity to maintain the agricultural function of
land while increasing solar generating capacity. Furthermore, the study of Elahi et al. [63]
analyzed the attitude of farmers in terms of green energy. According to their results,
there is a negative relationship between the costs of green energy technology and their
willingness to install a PV water pump and pay extra for energy generated from green
sources. Concretely, educated young farmers that are wealthier in financial aspect were
expected to pay more for green electricity. Solar technology helps to develop economic
activity and increase the productivity of agriculture, but also to improve the quality of life
of the rural population [65-68]. The role of the farmers, access to land, and education in
the generations of renewable energy from farms have an impact on energy sustainability.
According to Kovach et al. (2022), the pursuit of innovative and sustainable precision
farming does not depend on farmers’ age. It is widely believed that the successful practice
of sustainable precision and organic farming requires more experience and a wide network
of contacts [69].

Biofuel utilization, primarily livestock effluent and municipal solid waste, have great
potential. Combining waste management and alternative energy in one direction seems
logical for agriculture since the intensive development of animal husbandry and poultry
farming prescribes the development of environmental waste disposal methods [15,70]. RES
are successfully used in animal husbandry, fodder production, peasant (farm) households,
and the rural residential sector. They are used for drying agricultural products, heating
livestock buildings and heating process water, autonomous power supply to farms, and
water lifting. The energy obtained from RES can be used for various purposes [71]. For
example, with the help of electricity from a wind power plant (WPP), it is possible to ensure
the operation of a pumping station that supplies water for irrigating land, water supplying
settlements, and watering livestock. In addition to wind turbines, electricity can be obtained
from photovoltaics by converting solar energy (thermodynamic method) or using biogas to
operate gas-generating stations. Producing energy from biogas using agricultural waste will
contribute to managing waste from livestock and poultry farming, helping farmers reduce
the needed area for storage of wastes and maintaining environmental safety, reducing GHG
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emissions charges for farmers, and stimulating the development of local economies [72]. In
European Union, there is strong support for energy generation from biogas. Germany has
the highest energy production from biogas, followed by Italy and Austria. This information
creates opportunities for the future development of other countries in this regard.

Other great sources of renewable energy are agrivoltaics (APV) and solar panels for
agriculture, including growing various crops under ground-based photovoltaic panels.
Although this concept has been proposed for a long time, little attention has been paid to
APV until recently. Today, many scientists have confirmed the benefits of implementing
it, such as generating more electricity, achieving higher yields, and using less water [73].
In order to prevent the construction of solar systems from reducing agricultural land and
damaging the ecosystem, there are some requirements. For example, ground-mounted
photovoltaic systems may only be installed in so-called “disadvantaged areas.” These
include areas in which the abandonment of land management threatens due to unfavorable
location or production conditions [65]. One way to combine the expansion of renewable
energies with nature and species conservation is the agri-photovoltaic system. This process
is intended to enable the production of feed and food as well as the production of electricity
in the same place. For this purpose, solar systems are built over agricultural land [74].
Solar energy is an important source in European Union and has grown very strong in
the last years, especially photovoltaics, which is considered an important factor of green
energy in the EU market, led by Germany with a 50 GW total capacity [75]. Moreover,
the photovoltaic market is developing rapidly in Poland and the Baltic States. Regarding
agriculture, solar energy can dry hay, heat water, and create more efficient greenhouses
to provide energy for buildings and equipment remote from power lines of residential
buildings, etc. Due to the mandatory use of energy supply measures in all areas, the role of
RES will increase.

Based on the degrowth theory, the current principle is not how to meet the present
demands of energy with new technologies but how to achieve an energy demand that
could be provided by using renewable energy [76]. Moreover, according to Sertolli et al.
(2022) [77], the importance of renewable energy is connected to the increasing energy
demand and today’s need for self-sufficiency.

The main challenges of the local agricultural energy systems might be the following:

(a) Agricultural by-products have low economic value but great quantity. These factors
made the marketization problematic (transportation costs may exceed the real value).
Therefore, their local utilization is reasonable, and energy methods have high added
(or substitutional) value.

(b) Photovoltaic panels become increasingly important on farms, typically on rooftops
and occasionally on the ground. These types of equipment might occupy land (a
possible solution may be agrophotovoltaic systems), and fluctuations in electricity
production and consumption can cause storage problems, not only in farms but also
in national electric networks.

(¢) Local renewable energy production could work much more efficiently in complex
systems, where sub-systems can use each other’s by-products and produce only mar-
ketable outputs. The production of specialized energy crops could also be considered
in these systems, which are more expensive than by-products but can produce more
energy from a smaller area.

It can be stated that on-farm energy production has great potential for farms” profit
capacity and reducing the GHG emission of agriculture.

Case Studies in Self-Sufficiency

A study in Latin America shows the importance of energy self-sufficiency and the
reduction of GHG emissions in dairy farms where cows” manure would be used as a source
of biogas production, which indeed has an impact. According to Villarroel-Schneider et al.
(2022) [78], the potential of Latin American dairy farms’ biogas production is sufficient to
meet their own energy demands (50% of the energy service demand would be covered by
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the capacity of 81 TWh/year biogas production). Dairy farms are of great importance in
Latin countries, especially in Brazil, Colombia, Mexico, and Argentina. Regarding milk
production, Brazil is the top producer of milk, with 45% annually, while 85% of the milk
supply production is reached together with Argentina, Colombia, and Mexico. Based
on the [78] study, it was found that biogas and electricity production in terms of techno-
economic evaluation is feasible in all types of dairy farms, which allows the self-sufficiency
of energy based on organic waste. Even that is considered not so attractive for farms under
15 cows because biogas can only be used for cooking and heating the water. Conversely,
this technology is a solution for reducing the emissions of CH4 and N, O from the manure
of dairy farms. It was concluded that 19.6 Mton/year is the reduction of CO; eq., for
all of Latin America. In terms of implementing the solution of biogas for dairy waste
management, this would enable a 60% reduction of GHG emissions currently generated by
manure management, energy, and soil application (fertilizers) in the countries mentioned
above. Overall, the promoted solutions seem attractive for Latin America to achieve energy
self-sufficiency in agriculture, giving an advantage for the farm level.

Moreover, another study is conducted on biogas production from dairy manure in
Canarian Archipelago. The total manure production in these islands is 495,622 t annually,
mostly from Gran Canaria and Tenerife, with the contribution from goats, cows, poultry,
and swine [79]. The potential of biogas from manure on a dairy farm basis counted
44.7 Mm?3 year~!, respectively 27.1 Mm?® year ! after considering the limitations (manure
availability and farm size) with 6.8 Mwe equivalent installed power capacity. This is
considered to be 0.22% equivalent in terms of electricity share. Furthermore, this idea
of biogas production is widely spread in seven islands with around 546 farms with the
potential to install their own biogas plant for electricity production or heat production
with electrical power capacity ranging from 3 to 185 kWe. Furthermore, the study predicts
a reduction in GHG emissions because biogas stands better in this regard than other
renewable sources, and it is favorable and advantageous against climate change.

Studies [78,79] show the possible ways to farm self-sufficiency and its importance at
the farm level. Agriculture has opportunities in the generation of energy from the farm
since, in the power plant, the biomass generated by the farm is used as efficient fuel for
energy production, which is fed into the regional power supply system.

In this context, it can also be stated that for evaluating and planning agricultural or
even farm-level energy production and self-supply, the choice of the optimal method or
tool or their combination depends on several factors.

The specific objective of this study is to present the trend line analysis as a bibliometric
review in the field of renewable energy with a special use in agriculture based on the most
appropriate literature data sources, such as the Scopus database, through bibliometric anal-
ysis and visualization. This study makes a relevant contribution to the existing literature
and serves as a brief guide of trend publications in this specific field from 1988 to 2022.

This article brings new insights regarding renewable energy applications in agriculture,
emphasizes the importance attached tp this field from scholars and their publications for
years, and evaluates the most used keywords through the years. Moreover, it is probably
the first article about the trend of research made both in the short term and in the long term
considering the three areas mentioned above (agriculture, energy, and environment).

2. Materials and Methods
2.1. Data Collection and Management

Our ambition for writing this paper was to find out the systematic aspect of the publi-
cations in the meeting point of renewable energy, farm, and environment at a global level.
For this reason, we used three keywords, “renewable energy,” “farm,” and “environment,”
in order to execute further analysis, whereas search fields included title, keywords, and
abstract. Even though many articles have expressed the importance of renewable energy
usage in agriculture worldwide, this article aims to give information about the publication
of articles globally in this field. On the other side, tables and figures categorizing different
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periods give added value to the article and the field in order to see the trends of publications
and the importance attached to this sector throughout the decades. Moreover, statistical
data, citations, keywords, and collaborative work between countries enrich the outcome of
this article. The main objective is to find out the productiveness of scholars in the number
of publications in the field of energy generation from agricultural sources and the usage
of renewable energy from farmers. Another objective is to understand the impact of the
financial crisis on the generation of energy and the readiness to produce energy from
alternative sources, especially the engagement of agricultural sources in this regard.

Therefore, the Scopus database was used to query the metadata of documents related
to the topic. Through Scopus, it was possible to obtain a sufficient number of articles to
gain interpretations and conclusions from the analysis.

Bibliometric analysis is a popular and rigorous method for exploring and analyzing
large volumes of scientific data. It enables us to unpack the evolutionary nuances of a
specific field while shedding light on the emerging areas in that field [80]. The main reason
for the use of bibliometric analysis is to uncover emerging trends in article and journal per-
formance, collaboration patterns, and research constituents and to explore the intellectual
structure of a specific domain in the extant literature [81]. The bibliometric methodology
encapsulates the application of quantitative techniques on bibliometric data [82]. The
advent of scholarly databases such as Scopus has made it relatively easy to obtain large
quantities of bibliometric data, and bibliometric software such as Bibliometrix enables the
analysis of such data. The Scopus database contains the most influential academic journals
and can provide the most crucial insights into energy, agricultural and environmental
science. Indeed, the bibliometric methodology has been applied in a variety of fields of
scientific research [83-85], wherein the application of bibliometrics ranges from studying
publications to collaboration patterns and exploring the intellectual structure of the research
field.

In our paper, the primary query string was as follows: TITLE-ABS-KEY (“renewable
energy” AND “farm” AND “environment”) to locate papers published from 1988 to 2022
(see Appendix A). The reason for starting searching in 1988 is that the first published paper
including these three keywords turned out to be this year. This query returned 925 results.
After we excluded the conference review, notes, editorial, and letters, it turned out to
be 894 articles to be reviewed. After categorizing it into the categories, the number of
articles with applications in agriculture is something above 200 (excluding wind energy
with applications in other fields) (Table 1).

Table 1. Main information regarding the collection.

Description Results
Period 1988-2022
Documents 200
References 8982
Author’s Keywords 715
Authors 788
Document Types
article 142
book 1
book chapter 7
conference paper 33
review 17

Source: created by the authors.
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2.2. Data Analysis

Bibliometrix is a unique tool developed in the statistical computing and graphic R
language, according to a logical bibliometric workflow. Bibliometrics is a popular tool
that helps to identify key research trends being utilized through different calculations
(number of keywords, citations, authors, countries, affiliations, etc.) [86]. Moreover, this
tool includes the collection of metadata from scientific literature, descriptive analysis, and
network analysis, with the main help of measuring the productivity of authors in a scientific
way, the citation analysis, the rate of publications annually, and other information [87].
In this review, the bibliometric analysis has been performed using the Bibliometrix—R
package tool, designed and developed by [88]. Furthermore, R is highly extensible because
it is an object-oriented and functional programming language, and therefore is pretty
easy to automate analyses and create new functions. As it has an open-software nature,
it is also easy to get help from the users’” community, mainly composed of prominent
statisticians [88].

According to Bibliometrix (2022) [89], it is a widely used tool in more than 80 coun-
tries, with over 1000 publications that use Bibliometrix with the main aim of fostering
international collaboration. In 2021 alone, nearly 500 articles cited Bibliometrix as a proven
academic tool. Bibliometric quantitative research has become an important tool for different
research areas.

The analysis was performed by conducting the three main stages, as shown in Figure 1.
The first stage contains Data Collection, a general search of the articles based on the selected
keywords. In this stage, 894 articles were obtained after excluding the conference review,
notes, editorials, and letters. Since the articles were categorized into different fields of use, the
894 articles were analyzed in an MS Office file by abstracts, keywords, and titles, evaluating
the relationship with the scope of this review. Two hundred articles were selected related
to the applications of renewable energy in farms and environmental aspects in order to
narrow down the field of farm and renewable energy, excluding the non-relevant shots,
e.g., “wind farm” (operated out of farms). The second stage contains data analysis through
descriptive bibliometric analysis to have a clear idea about the papers, authors, years, coun-
tries, keywords, and so on; creation of the network for bibliographic coupling, collaboration,
co-citation, and co-occurrence analyses and normalization. The third stage involves Data
Visualization through the performance of descriptive analysis using Bibliometrix Science
Mapping and R Studio for Conceptual structure and network mapping to analyze the
collaborations between countries in terms of publication documents and co-occurrences of
keywords, analyzed through different clusters.

Data Collection

Data Analysis Data Visualization

*  MAIN QUERY
(TITLE-ABS-KEY
({Renewable energy
AND Farm AND
Environment})

Data Loading &
Categorization

* Bibliometrix
Descriptive Data Science
Bibliometric Analysis Visualization Mapping
Collaboration network * Rbbudio

Keyword co-occurrence
Thematic map

Annual scientific
production

Figure 1. Workflow of the methodology process. Source: Authors’ construction.
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2.3. Interpretation

We performed a comprehensive search of journal articles to cover the entire research
domain of renewable energy applications in agricultural farms, pursuing the following
four steps:

1. Global data collection through Scopus is one of the most trustworthy databases.

2. Analyzation of title, abstract, literature review, and keywords of articles. Each search

result was downloaded in a.csv file containing the following Citation information:

Authors, Author IDs, Title, Year, Source title, Volume, Issue, Art. No, Pages, Citation

count, DOJ, Link, Abstract, Author Keywords, Document type, Open access, and EID.

Each above-mentioned aspect of the data was analyzed and studied.

4. Finally, the connections between countries, authors, annual scientific production,
journals, and collaboration networks were analyzed and presented through data
visualization.

w

The clustering analysis method is used to process data into groups and categories, such
as grouping keywords into different categories. The keyword analysis aims to highlight
the direction and key trends of the research topic. In a keyword co-occurrence network,
each keyword is represented as a node, and each co-occurrence of a pair of words is
represented as a link. The number of times a pair of words co-occurs in multiple articles
constitutes the weight of the link connecting the pair. The network constructed in this way
represents the accumulated knowledge of an area. It helps to reveal significant knowledge
components and insights based on the patterns and strengths of relationships between
keywords appearing in the literature [90]. Moreover, the keywords that authors select
for the article are of a crucial impact on how the paper is represented, distributed, and
communicated within the scientific communities.

Additionally, the conceptual structure of publications related to renewable energy is
provided and helps to understand the topics and define the most important and recent
ones. Identifying the conceptual structure could also be helpful in studying the research
topic’s evolution over time [91]. The basic idea is that terms (keywords, terms extracted
from titles or abstracts) that appear together in a document can be represented as a term
co-occurrence network. This analysis allows finding subgroups of strongly linked terms,
where each subgroup corresponds to a center of interest or a given research topic of the
analyzed collection. Once the analysis is conducted, it is possible to plot the results in a
so-called strategic or thematic diagram [92]. The graphical representation allows defining
of four typologies of themes [93], depending on the quadrant in which they are plotted.
Motor themes: in the upper-right quadrant are characterized by high centrality and high
density, meaning they are developed and essential for the research field. Basic Themes in
the lower-right quadrant are characterized by high centrality and low density, meaning
that these themes are important for a domain and concern general topics transversal to
the different research areas of the field. Emerging themes in the lower-left quadrant are
characterized by low centrality and low density, which are weakly developed and marginal.
Niche themes in the upper-left quadrant are well-developed internal links (high density)
but unimportant external links (low centrality), meaning they are of little importance to the
field. Specific details of the focus areas are shown in Figure 6.

3. Results and Discussion

A helpful indicator in bibliometrics is the total number of publications produced by
a country within a period of time. In this section, we perform a bibliometric analysis to
explore the trends of publications regarding renewable energy applications in agriculture
and their impact on the environment, including annual scientific production, most pro-
ductive countries, most cited articles, collaboration network, and keyword co-occurrence
network. Furthermore, it is interesting and important to elucidate a path that delineates the
scientific progress of specific topics that have changed over the years based on the trends
and identify the benefits and significance that are expected to occur in the future.
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3.1. Trend of Publications

We analyzed the developments in publication output in the current literature on
renewable energy use in farms. The annual scientific production of scholarly research is
shown in Figure 2, where we enumerate the number of publications in the 34 most recent
years of research in this field. Only a few documents on the above-mentioned topic were
written each year from 1988 to 2008; even though the trend was improving and increasing
from 2008, total publications never exceeded 22 publications per year, and there were
fluctuations during the last years. It is observed that the number of publications started to
increase significantly from the year 2009 (with 11 publications) as a result of the financial
crisis in 2008 and the significant impact on the crude oil market. Whereas, due to the
COVID-19 pandemic, the number of publications has fallen due to significantly reduced
renewable energy production globally. A tendency to increase the publications in this field
has to do with the importance of renewable energy in agriculture, cheaper technologies as
a result of economies of scale, and supply chains operation in competitive aspects. Extreme
situations (COVID-19, Russian-Ukrainian war) have resulted in high instability in energy
supply and volatile prices on the European and World markets, which has meant extra
demand for renewable energy sources as a potential for energy generation. In spite of the
fact that the upward tendency changed into a fluctuation in the last three years due to
daily financial problems for farmers, our opinion is that energy self-sufficiency will gain
increasing importance in the long term in farm management.
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Figure 2. Annual scientific production. Source: created by the authors.

The ten main journals connected to the search field performed with the Scopus
database are shown in Table 2. All journals belong to the “Renewable Energy, Sustainability
and the Environment” subject area. Most articles can be found in Q1 and Q2 categories in
Elsevier and MDPI journals. These two publishers attach importance to renewable energy
with its application to agricultural farms. Despite smaller SJR and H-index, Energies and
Sustainability can be regarded as attractive target journals in this special field.
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Table 2. List of the most relevant journals.
Journal Publisher Country H Index SJR TP
Journal of Cleaner Production Elsevier United Kingdom 232 1.92 (Q1) 8
Sustainability MDPI Switzerland 109 0.66 (Q2) 8
Renewable and Sustainable Energy Reviews Elsevier United Kingdom 337 3.68 (Q1) 7
Energies MDPI Switzerland 111 0.65 (Q1) 5
Science of the Total Environment Elsevier The Netherlands 275 1.81 (Q1) 5
Renewable Energy Elsevier United Kingdom 210 1.88 (Q1) 4
Atmosphere MDPI Switzerland 46 0.69 (Q2) 3
Biomass and Bioenergy Elsevier United Kingdom 189 1.01 (Q2) 3
Fourrages AFPF France 13 0.14 (Q4) 3
Environmental Science and Pollution Research Spinger Germany 132 0.83 (Q2) 3

Legend: TP—the number of total publications; AFPF—Association Francaise pour la Production Fourragere;
MDPI—Multidisciplinary Digital Publishing Institute. Source: Created by the Authors.

3.2. Worldwide Distribution of Publications

Table 3 presents the most productive countries or territories as an investigation of the
number of documents published from the countries worldwide. This type of analysis is a
great help to better understand the geographic distribution of scholars who contribute to the
applications of renewable energy and environmental aspects in agriculture. Considering
the results in Table 3, most of the countries that publish articles in this area are those that
attach huge importance to the development of renewable on-farm energy production. The
two dominant countries at the top of Table 3, China and USA, have installed high capacities
in the generation of energy and electricity from renewables. They were the most productive
countries in RES, in the article of [94].

Table 3. Top 20—Most productive countries in the research area (1988-2022).

Country No. of Documents Country No. of Documents
China 49 Turkey 13
USA 49 Germany 12
Italy 32 Romania 11
France 29 South Korea 11
India 29 Japan 9
UK 28 Spain 9
Poland 19 Thailand 9
Iran 17 Algeria 8
Brazil 15 Malaysia 8
Canada 14 Netherlands 8

Source: Created by the Authors.

According to Yang et al. (2016) [95], China was a leader that installed more renewable
energy capacity than all Europe countries and the rest of the Asia Pacific region in 2013.
Moreover, many countries have set impressive goals for the development to increase the
share of renewable energy in global energy generation. In this regard, China aims to
generate 86% of its electricity and 62% of its energy from renewables by 2050, whereas the
USA and Germany aim to achieve an 80% renewable energy share. As a result of global
warming, China is following targets to reach peak carbon by 2030 and consequently achieve
carbon neutrality by 2060 [96]. In 2018, the World's final energy consumption was reported
to be 9938 Mtoe, led by oil consumption of 4051 Mtoe (40.8%) [97]. In 2020, the share
of renewable energy in gross final energy consumption among the European Countries
was the highest in Iceland at 83.7%, followed by Norway (77.3%) and Sweden (60.1%),
respectively [98]. The share of renewable sources in gross final energy consumption in the
European Union (EU) reached from 8.5% in 2004 to 18.0% in 2018, with targets to raise
this share to 32% by 2030 [99]. In this regard, the objective of France ranked in the fourth
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position in Table 3, is to attain a 32% share of renewable energy by 2030, while 30% by
Italy [100,101].

Considering the last three years, the research centers have undergone major changes
(Table 4). China maintained its dominance, but the importance of the USA fell sharply,
and new centers (India, Poland) appeared, where the share of small-size farms is decisive
in agriculture. They have better opportunities in local by-product utilization, from plant
production, animal husbandry, and energy production. According to the general rule,
by-product utilization is given priority under extreme economic conditions, and these three
years have been like that.

Table 4. Top 20—Most productive countries in the research area (2020-2022).

Country No. of Doc. Country No. of Doc.

China 20 USA 6
India 20 Spain 5
Poland 16 Canada 4
South Korea 10 Pakistan 4
Iran 9 Romania 4
Brazil 8 Ecuador 3
France 7 Japan 3
Italy 7 Uzbekistan 3
UK 7 Hungary 2

Ireland 6 Cyprus 2

Source: Created by the Authors.

Figure 3 shows a visual cluster of cooperation between countries, in which the size
and color of nodes represent the number of publications in each country separately.
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Figure 3. Collaboration network (1988-2022). Source: created by the authors.

Israel

The 31 items are countries that publish articles in the analyzed area, categorized within
five clusters, in a relationship with each other. The width of the connection indicates the
degree of cooperation between countries (the higher the degree of cooperation, the thicker
the connection). Nodes with the same color have stronger cooperation than nodes with
differing colors. With the depletion of conventional energy sources, renewable energy
has gained the attention of countries worldwide and its collaboration network. The USA,



Energies 2023, 16, 862

15 of 25

which has the highest publication number, has a strong collaboration with China. Another
bibliometric study regarding renewable energy from the ocean has the same strong collabo-
ration between China and USA [94]. This can happen due to the future power of these two
countries regarding renewable energy as the two largest markets worldwide. On the other
hand, Italy, the United Kingdom, and Spain are sub-centers of international collaborations,
especially with European ones, while India cooperates mainly with overseas countries.

3.3. Most Globally Cited Documents

Citations reflect the importance of the papers’ contributions to the literature on a
specific topic and field. Additionally, the impact of an article can be observed from the
citations it obtains, and the research community recognizes that a highly cited work is
important. We conducted a citation analysis to determine the most cited and influential
studies on renewable energy applications in agricultural farms.

Table 5 represents the list of ten top-cited articles from 1988 to 2022 in terms of the
total number of citations (TC) or the total number of citations per year. The power of total
citations determines the ranking of scientific journals based on their impact factor. The
most cited publications, as shown in Table 5, include publications dealing with each energy
production option, economic and environmental characteristics, and studies that examine
several alternative sources simultaneously. Based on Table 1. The number of authors of the
papers in this review is 788 for 200 articles, understanding that the collaboration is high
between the authors. Interestingly, the journals of the most cited articles were published
outside the lists of the most relevant journals detailed in Figure 1, highlighting the research
area’s specialty. The publication from [102] leads the list and describes the importance
and potential contribution of on-farm biogas production in order to reduce greenhouse
gas (GHG) emissions and other environmental impacts related to livestock operations,
including the interest in technologies that minimize environmental impacts. It also presents
the results of studies evaluating the environmental, social, and agricultural benefits of
AD technologies. As per the study of Choudhary et al. (1996) [103], the usage of AD has
more benefits for the soil in comparison to the usage of mineral fertilizers, riches the soil
with more organic matter, and enhances the structure and its capacity for water holding.
According to Singh et al. (2022) [104], AD is a great technique for managing biodegradable
waste, converting them into energy and nutrients. This is an eco-friendly method for
the management of food waste that contains organic matter generated from households,
harvest, vegetable and fruit markets, food processors, malls, restaurants, or in general, from
the food supply chain. Furthermore, based on the study of Miihl and Oliveira (2022) [101],
the interest in AD is increasing in Brazil, with an exponential trend from 2003 to 2020, while
most AD plants focus on livestock and agriculture.

Table 5. List of the most cited articles on the topic.

Document DOI TC TC per Year
MASSE DI, 2011, ANIM FEED SCI TECHNOL 10.1016/j.anifeedsci.2011.04.075 122 10.17
CLIFTON-BROWN J, 2017, GCB BIOENERGY 10.1111/gcbb.12357 121 20.17
PANDEY J, 2009, ENVIRON MONIT ASSESS 10.1007 /s10661-007-0139-8 115 8.21
WALMSLEY ]D, 2009, FOR ECOL MANAGE 10.1016/j.foreco.2008.11.015 110 7.86
BENLI H, 2009, ENERGY BUILD 10.1016/j.enbuild.2008.09.004 110 7.86
CHEL A, 2011, AGRON SUSTAINABLE DEV 10.1051/agro /2010029 107 8.92
SONI P, 2013, AGRIC SYST 10.1016/j.agsy.2012.12.006 99 9.90
ADEH EH, 2018, PLOS ONE 10.1371/journal.pone.0203256 85 17.00
BATTINI F, 2014, SCI TOTAL ENVIRON 10.1016/j.scitotenv.2014.02.038 85 9.44
VANOTTI MB, 2009, BIORESOUR TECHNOL 10.1016/j.biortech.2009.02.019 78 5.57

TC: Total Citations. Source: Created by the Authors.

3.4. Keyword Co-Occurrence Network

Figure 4 reveals the most commonly used keywords categorized into four clusters; the
former contains 30 out of 715 keywords, with the main ones such as: “renewable energy,”
“biogas,” “sustainability,” “biomass,” and “environment”, to emphasize the main themes
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with the highest occurrence. The red cluster is the main one which contains more keywords
from the database, with the most important one that is “renewable energy.” Similar to our
results, the keyword “renewable energy” was frequently used in the systematic review
of Ragazou et al. (2022) [105], which elaborates on the welfare of farmers and its links
to energy efficiency and farm sustainability have attracted worldwide scientific interest
in recent decades. Their study, which included a bibliometric analysis, investigated how
Agriculture 5.0 contributes to farmers; well-being in the post-pandemic era and the gradual
transition to an energy-smart economy. According to Rahman et al. (2022) [106], the
highest share of on-farm energy is required for irrigation by groundwater pumping. As
a result, the use of locally available renewable energy sources (solar, wind, biomass, and
geothermal), together with energy-efficient technologies, has become increasingly attractive
in the agricultural field for minimizing the impacts of rising energy costs and contributing
to climate change protection.
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Figure 4. Keyword co-occurrence network (1988-2022). Source: created by the authors.

The blue cluster with the “biogas” keyword is the main one in this category, the
purple cluster with the category of the environment (including manure, energy, climate
change), and the remaining green cluster with just four keywords out of 30 (sustainability,
life cycle assessment, environmental impact, and dairy farm) and overlapping with the
blue cluster, it proves that biogas is that on-farm renewable energy source, which has been
mostly searched among the RES and its environmental effects has been highlighted in the
research. It is referred to as clean or “green” energy, produced from sources that do not
run out or can be replenished, with a special aspect: environmental consciousness and
waste management. It also shows that “anaerobic digestion” is a more frequently used
keyword than “bioenergy.” As per Massé et al. (2011) [102], anaerobic digestion is one of
the most popular processes of organic matter from livestock manure; producing biogas and
bio-manure are very important elements of sustainable farming.

Figure 5 reveals the co-occurrence keyword visualization network, analyzing which
areas have become more significant or have developed the most since 2019. From 20 key-
words, the most used ones are: “renewable energy resources,” “greenhouse gases,” “sus-
tainable development,” “energy efficiency,” and “fertilizers.” These keywords are always
the focus of attention for scholars. Since the energy crises, carbon emissions, energy con-

e
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gas emissions

sumption, and climate change, the attention to renewable energy sources and green energy
has increased. According to Kim and Park. (2023) [107], fossil fuels are being replaced with
renewable energy sources, particularly in countries with high climate risks. Additionally,
since 2000 more than 120 countries have been producing renewable energy, as it has been
considered a crucial tool for climate change mitigation worldwide. As shown in Figure 5,
the red cluster has the majority of the keywords, nearly the same as in Figure 4; the con-
nection between the clusters is increased. The blue cluster has considerably increased in
importance during this last decade as an advancement in the research on keywords for
agricultural renewable energy, such as biomass, biogas, and fertilizers. According to Sertolli
et al. (2022) [77], the biomass potential is huge, with a total of 1260 EJ/year annual primary
biomass production on the surface of the Earth. The significance of biomass energy use
is dominant among renewables, mainly in heat production. The green cluster shows the
co-occurrence of keywords related to the environment and climate change. Several studies
emphasized the importance of bioeconomy, biomass, sustainability development, and en-
ergy utilization. In addition, they highlighted the importance of the circular economy as a
research area due to the number of publications indexed in the most important bibliometric
databases [77,108,109].
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Figure 5. Keyword co-occurrence network (2019-2022). Source: created by the authors.

This section shows the conceptual structure of publications related to renewable en-
ergy. Figure 6 shows four main topics that emerged. According to the strategic diagram
of keyword mapping, there are four related circles such as (i) biogas, (ii) bioenergy, (iii)
environment, (iv) renewable energy. ‘Biogas’ is the motor theme of the topic, whereas
‘renewable energy’ appeared as a general theme and also included the topic’s different
applicative domains. According to Massé et al. (2011) [102], biogas is an outstanding
alternative to fossil fuel energies such as coal, oil, and natural gas for electricity generation
and heating. Biogas from farm production contributes to more sustainable livestock opera-
tions by considerably reducing other environmental impacts related to managing manure.
Furthermore, renewable energy sources, in this case also biogas, are crucial in the transition
to low-carbon economies and environmental sustainability.
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Figure 6. Thematic map (1988-2022). Source: created by the authors.

Whereas, according to the strategic diagram of keywords for the period 2019-2022,
there are four related circles such as (i) renewable energy resources and alternative energy,
(ii) crop production and environmental impact, (iii) greenhouse gas and cultivation, (iv)
renewable energies and fertilizer (Figure 7). Renewable energy is important in agriculture
due to energy access in off-grid locations, alternative profit options for farmers, and no
health costs due to burning less fossil fuel [106]. In developed countries, renewable energy
application in agriculture is well adopted. In contrast, developing countries are still
struggling to apply renewable energy sources in agriculture for challenges such as technical
and economic ones, and RES application in agriculture could be the key to sustainable
agriculture sector development.

crop production H
environmental impact .

renewable energies">

fertilizers
3asic Themes

Relevance degree
(Centrality)

Figure 7. Thematic map (2019-2022). Source: created by the authors.
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4. Conclusions

Globally, the agri-food chain today consumes about one-third of global energy pro-
duction. Agricultural energy resources and their utilization are linked to sustainable
development. Modern agriculture requires much greater energy input than traditional agri-
culture. Additionally, climate change and its impact can be eased by promoting renewable
energy applications in the agricultural sector. In light of sustainable and resilient renewable
energy usage in agriculture, this article highlighted the importance and contribution of
publications over the years.

From the perspective of the variation trend of the number of published papers, the
number of published papers for the relevant literature in the field of renewable energy
with application in agriculture shows a growth trend year by year with the exception of
the years of extreme crisis (COVID-19). Especially since the recession of 2008, there has
been a growth in the number of published papers. Scientific outputs of China and the
USA show a high trend and have the most achievements in this research field, while in
terms of scientific journals, the highest number of publications are available, especially in
Elsevier journals (with more articles published in Q1 and Q2), and the MDPI journals of
Energies and Sustainability have published several articles. However, the top ten highly
cited papers are published by scholars from the United Kingdom, the United States, India,
Turkey, Thailand, Italy, and The Netherlands. It indicated that developed and developing
countries of Europe and Asia had begun the interest in this research field early, whereas
China, as a developed country, indicated it would pay more attention as a result of the goal
of carbon peak and neutrality set by the Chinese government. In addition, an analysis of
the keywords for the period 2019-2022 shows that there is an increase in the importance of
research for the themes such as “renewable energy resources,” “greenhouse gases,” and
“sustainable development.” The extreme crisis (Ukraine War, COVID-19) increased the
concentration of generating green energy from natural sources that can be replenished
and increased the opportunities for new energy policies and climate goals on applying
renewable energy sources instead of fossil fuels.

From the perspective of the co-occurrence of the keywords and cluster mapping, highly
used keywords in the literature are mainly focused on renewable energy, environment,
energy, anaerobic digestion, biogas, sustainability, and biomass; at the medium level. The
focus is attached to the environment and energy sustainability, such as agricultural wastes,
climate changes, livestock, greenhouse gas, environmental impact, and biofuels. It is seen
that the focus on the application of RES in agriculture is increasing day by day.

Regarding future directions, it can be stated that publication and research activity are
dominated by different biogas production and utilization methods in the analyzed time
period. Solar energy probably has great potential in research and farms’ energy production.
Energy communities, including farms located close to each other, exist both in biogas and
bioethanol production, with low importance; however, their spreading could help keep the
added value of energy on farms. Another new area is agro-photovoltaic systems, which
allow the dual use of agricultural land (for energy and food production) at the same time.
Publications are available in a limited number in this area due to many ongoing research
projects without final results.

This study has limitations related to its themes variety. The methodology always
emphasizes the statistically most relevant themes, but we do not represent all the themes
of the research field. We used one database and considered articles, books, book chapters,
reviews, and conference papers. Thus, the results could be a little different with the
inclusion of all documents in the research field. Another limitation is the non-existence
of another article that elaborated on the same keywords in order to make the comparison
between the results.

The results can be helpful for researchers and scholars to understand the upward
trends of the application of renewable energy in agriculture as a result of environmental
sustainability, productivity, and thematic share of relevant publications from countries
during the chosen period, co-occurrence of keywords in this regard.



Energies 2023, 16, 862

20 of 25

Author Contributions: Conceptualization, A.P. and A.B.; methodology, A.P. and P.L; software, A.P.
and PL.; validation, A.P,, PL. and A.B; formal analysis, A.P; investigation, A.P,; resources, A.P.
and A.C.; data curation, A.P,; writing—original draft preparation, A.P., A.B., Z.G., PL. and A.C;
writing—review and editing, A.P.; visualization, A.P. and P.L.; supervision, A.B and Z.G.; project
administration, A.P,, Z.G. and A.B.; funding acquisition, Z.G. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by the National Research, Development, and Innovation Fund
of Hungary, project no. TKP2021-NKTA-32, financed under the TKP2021-NKTA funding scheme,
and by the bilateral scientific collaboration agreement 2019-2.1.13-TET_IN-2020-00061 and by the
ELKH-11016 High Tech Technologies for the Sustainable Management project.

Data Availability Statement: All the data is available within this manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

AD Anaerobic digestion

APV Agrivoltaics

CHy4 Methane

CO, Dioxide carbon

DOI Digital Object Identifier

EJ Exajoule

eq Equivalent

EU European Union

EU3 France, Germany and Italy
GHG emissions ~ Greenhouse gas emissions
ha hectare

KWe Kilowatt-electric

kWh kilowatt-hour

LCA life cycle assessment

Mm?3 Metric cubic meter

Mton metric ton

MWe Megawatt electric

N>,O Nitrous oxide

NHj; Ammonia

NOx Nitrogen oxides

OECD Organization for Economic Co-operation and Development
PJ petajoule

RES Renewable energy sources
SDGs Sustainable Development Goals
SJR Scientific Journal Rankings
SO, Sulfur dioxide

T ton

TC Total citations

TWh terawatt hour

USA United States of America

WPP Wind power plant



Energies 2023, 16, 862 21 of 25

Appendix A
Academic Literature Search

The academic literature review was determined through research in the Scopus
database using the keywords listed in Table A1. The results were generated using categories
of the application of renewable energy in agriculture and environment considerations.

Table A1l. Selection Parameters used for peer-reviewed literature.

Number of Key Words Key Words Selected

((TITLE-ABS-KEY (“renewable energy”) AND TITLE-ABS-KEY
(“farm”) AND TITLE-ABS-KEY (“environment”)) AND (EXCLUDE

Kwi (DOCTYPE, “cr”) OR EXCLUDE (DOCTYPE, “no”) OR EXCLUDE
(DOCTYPE, “ed”) OR EXCLUDE (DOCTYPE, “le”))
Language: English
Filters Sectors: renewable energy, farm, environment, agriculture

Country: All countries in the World
Type: articles, book, book chapter, reviews and conference papers
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