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Abstract: In the agri-food sector, the Life Cycle Assessment method (LCA) is used to evaluate the
environmental impact of a product. Within agri-food products, wine is among the most analysed
products, not only for its economic importance but also for the environmental impact of its activity.
The paper aims to identify the main trends in the wine sector revolving around environmental
evaluation using the LCA method in the academic literature. The aim is to investigate the literature
on life cycle assessment analysis of grape and wine production through the systematic grouping
of papers into clusters of research. So, the purpose is to discuss the gaps and insights identified
by the study in order to aid in the development of a comprehensive state of the art on the topic.
Scopus and Web of Science were used to search all articles following a clear and replicable protocol.
The results (keywords) were subjected to co-occurrence analysis using VOSviewer, after which the
articles were further analysed. Through a bibliographic coupling analysis, the research results were
grouped through a network analysis that allowed identifying the research trends on the topic. Three
clusters were identified containing the main lines of research on the subject. The results show that
nowadays the literature is focusing on concerns related to climate change and consumer awareness
on sustainability issues and certifications as well as environmental impacts generated mainly in the
production phase in the vineyard. The research results are of interest for future research on LCA
analysis in the wine sector in order to contribute to the discussion on the current model in the global
wine sector.

Keywords: wine sector; sustainability; environmental impact; LCA; network analysis; review

1. Introduction

Environmental sustainability in agricultural production is one of the main and debated
areas of discussion in the academic literature [1,2]. Among agri-food products, wine is
among the most analysed products, not only for its economic importance [3] but also
for the environmental impact of its activity. The wine supply chain can be described
through different phases, from the cultivation of the vine and grape production, to the
transformation of the product during winemaking, transport and distribution, up to the
production of by-products and waste, relevant in a circular economy perspective [4].

Given the importance of viticulture in the characterization of the territory in which
it is practiced, the question is of great importance and needs further investigation. From
the point of view of the multifunctionality of agriculture, it is necessary to evaluate the
ecosystem function of the vineyard and not only the merely productive and therefore
economic function. In this context, an economic assessment cannot be distinguished from
an environmental sustainability assessment [1,2]. The main gaps in the research on wine
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industries relate to the environmental problems of wineries that are still unexplored and
little debated in the literature [5].

Consumers are showing increasing interest in environmental sustainability issues,
which plays an important role in the choices of agri-food products [6-8]. To respond to
the increased attention to the increase in greenhouse gases and issues related to climate
change, producers have undertaken new business choices oriented towards sustainable
practices both in the cultivation of vines and in the production of wine [9]. At the same
time, actions aimed at the correct management of production inputs are growing in the
scientific literature [10,11], which increasingly uses environmental assessment through
environmental assessment methods, such as Life Cycle Assessment (LCA) [12-14].

The scientific literature on the adoption of LCA in the agri-food sector has shown
an unequivocal environmental hotspot in the agricultural phase [2]. The agricultural
phase involves the adoption of different agronomic techniques, such as soil management,
fertilization, weeding, irrigation, pruning and harvesting [15-20], which require a wide
use of inputs such as fuel, fertilization, pesticides and water irrigation [21]. However, the
transformation phase of wine production also generates environmental impact due to the
packaging materials used [22].

Given the importance of the wine sector, it is important to evaluate the sustainability
of this sector and the environmental impacts it generates to ensure that the wine industry
is sustainable from an economic but also from an environmental dimension [5,23].

Tools such as the LCA methodology are becoming increasingly important to be able
to carry out an environmental assessment of a product or process [1,24-26], considering
either the entire life cycle (from cradle to grave) or only some parts of the cycle [27,28]. This
tool is increasingly used by the agri-food industry to respond to the demands of consumers
who are increasingly sensitive to issues related to sustainability [29]. The LCA is a tool that
allows you to analyse and discuss sustainability issues through a conceptual model, based
on the deepening of all the impacts that a product or service generates during its entire life
cycle, relating to all the components of sustainability, from the design to the disposal of the
product used [30-32]. The LCA methodology is widely used to evaluate environmental
criticalities and quantify energy and environmental loads and potential impacts, obtaining
useful information to express judgments of convenience on all the phases that make up a
process understood as correlated and dependent on each other [21]. In the agri-food sector,
this method is increasingly used in academic literature, as shown by the increasing amount
of information databases to help with its application [33]. In recent years, the use of LCA is
also spreading in the wine industry, and several studies have been carried out on this topic.
However, its application in the wine sector is still under development [34,35].

The review of the scientific literature was conducted through a bibliometric network
analysis, which combines bibliometric and social network analysis [36,37]. The integration
of social network analysis and bibliometric science proves to be a useful approach capable
of grasping the multidimensional nature of measuring environmental impacts in the wine
sector through the analysis of a large amount of literature data [38]. The use of bibliometric
network analysis has been shown to be a useful tool for quantitatively assessing trends
and patterns in the scientific literature [38]. Recent literature has used bibliometric network
analysis to explore studies on environmental problems, life cycle assessment, ecosystem
services and circular economy [39-42]. However, to the best of our knowledge, no studies
have yet explored the global scientific literature on environmental assessment in the wine
supply chain and the relationships between the different research areas that are important
in addressing the problem by adopting an interdisciplinary perspective.

This study aims to explore the global scientific literature on the environmental assess-
ment of the wine supply chain by tracing its evolution and trends by applying network
analysis to bibliometric science. The purpose of the study is to provide state-of-the-art
research on the subject and to deepen the role of the LCA methodology in the environ-
mental analysis of the wine chain. The article offers a bibliometric network analysis of the
literature, with the aim of contributing to a better understanding of the literature on the
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analysis of the environmental impacts of grapes and wine production. We performed a
bibliographic correspondence analysis by identifying three groups of search lines. Then, we
analysed each research cluster and opportunities for new emerging research trends still un-
der development. Our research question focuses on the contents of the scientific literature,
with the aim of investigating emerging issues in the field of environmental analysis in the
wine sector. The overall goal is to provide evidence-based insights for researchers, policy
makers and stakeholders in the wine supply chain interested in the topic of environmental
assessment in the context of wine.

The article is organized as follows: The first section deals with the introduction,
Section 2 describes the method; Section 3 discusses the findings of the literature review; the
discussion of the results is described in Section 4; finally, the concluding observations and
limitations of this study are presented in Section 5.

2. Method
2.1. Literature Searching Procedure

The review was conducted to analyse academic literature from scientific databases and
to summarize the main trends of environmental assessment in the wine and grape sector.
A systematic literature review was carried out based on strict keyword search criteria. The
research was carried out in October 2021.

The review was carried out following the Preferred Reporting Items for Systematic
Review and meta-Analysis (PRISMA) protocol [2,43,44]. The PRISMA procedure provides
a detailed, replicable, scientific and transparent protocol [45]. The research was conducted
through the online core collection of Elsevier Scopus and Web of Science databases, which
are the main online scientific research databases widely recognized by the scientific com-
munity for the collection of reliable and multidisciplinary research. In Figure 1, a flowchart
with the selection procedure and exclusion criteria [2,44,46,47] is presented. The thematic
research area was identified in the LCA analysis in the wine sector with reference to both
the agricultural phase of cultivation of the raw material (grape) and the vinification and
transformation process of grapes (wine) (Identification phase). The literature searching
procedure was conducted by a combination of keywords in the databases. The keywords
“wine” OR “grape” AND “lca” OR “life cycle assessment” OR “life-cycle-assessment” were
used. The same search query was used on both databases, and the same criteria to ensure
the completeness of the data were chosen. The following string was used: (“wine” OR
“grape”) AND (“lca” OR “life cycle assessment” OR “life-cycle assessment”).

In the first phase of Identification (Figure 1), the search for keywords initially produced
a total result of 397 records, of which 181 were identified through Scopus and 216 through
the Web of Science database. The next phase for the selection of the relevant literature took
place through the Screening and Eligibility [2,44,46,47]. In the Screening phase, applying
the primary exclusion criteria—in this bibliographic search phase, only academic articles
published in indexed journals were included—the selected articles identified by Web of
Science and Scopus were reduced from 397 to 359 records. Only articles and reviews were
considered for research purposes; 38 records were eliminated in this phase, including Books,
Chapters, Proceedings, Editorials and Reports. Subsequently, in the Eligibility phase, the
duplicates of the articles that came from both databases were eliminated, and therefore the
number of articles for this study was reduced from 359 to 230, thus excluding 129 duplicate
records. In order to consider the literature as highly visible within the scientific community,
4 non-English articles were excluded during the subsequent Eligibility phase [2,4,44]. In
the last phase of the Included stage, a sample of 226 documents was selected to answer our
research question.
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Figure 1. Flowchart diagram in which the selection procedure and exclusion criteria have been
identified (PRISMA).

2.2. Bibliographic Analysis of Co-Occurrence Keywords

The results obtained from both scientific research databases were analysed through a
co-occurrence analysis method using the VOSviewer software. This JAVA-based software
was established in 2010 by Van Eck and Waltman in the Centre for Science and Technology
Studies (CSTS) of the University of Leiden as an aid in designing maps created on network
data [48]. This tool develops network analyses by elaborating bibliometric maps [49]
through a quantitative method, which combines several factors, provide the visual graphical
visualization of various forms of data network of scientific publications.

In this phase, keywords, article titles and abstracts (TITLE_ABS_KEY) of the articles
previously collected within the scientific databases, and then selected through the PRISMA
protocol, were initially loaded into the VOSviewer software. Using the VOSviewer software,
maps of the co-occurrence network of the keywords of all the articles selected from the
databases under examination were drawn up in the research period available on the
databases (1996-2021). VOSviewer is software used to identify and explore bibliometric
maps and matches of co-citations and co-occurrence keywords [50,51] and to create distance
maps indicating the strength of the relationships between the elements [52]. The software
uses two standard weights, such as the number and total strength of the links, to graphically
visualize the nodal network [53].

The statistical analysis of keywords using the VOSviewer tool allows to identify the
most used and recurring terms in the academic literature and their relationships, from which
it is then possible to derive the main research topics relating to the field analysed but also
the research topics that are more recent and still under explored, thus allowing assessments
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to be made not only of current research but also possible predictions on the themes of
possible future trends [54]. The file containing the information of the articles selected for
the study was imported into VOSviewer to develop a single network analysis of the three
research data above (TITLE_ABS_KEY), based on their relevance and co-occurrence [55].
The “map based on bibliographic data” option was preferred; “co-occurrence” was chosen
as the type of analysis; the unit of analysis identified was that of the “keywords”; the
counting method preferred was the “full count”; the minimum number of occurrences of a
term was 4; and the Number of terms designated was the total number of items, in line
with other authors [55,56]. This selection was selected to guarantee higher accuracy in the
examination of the results. Several units of analysis can be used in this type of analysis,
including journals, publications and authors [48]. The present paper used “publication” as
a unit of analysis [57].

3. Results
3.1. Overview of Selected Papers

Information regarding the title, author(s) and year of publication of the selected papers
are summarized in Appendix A (Table Al).

The Figure 2 shows the development of academic literature in the period 1996-2021,
taking into consideration the number of articles per year. Generally, before 2011, there were
fewer than five papers per year. Since 2012, the trend has always been constantly growing.

1996 1999 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Years

Figure 2. Number of papers per year. (Source: our elaboration).

During the first years, from 1996 to 2009, there was a low interest in these issues, with
an average of one publication per year. Despite a general upward trend in the number
of publications, there was a decline in the number from 19 to 16 in 2017. The peak has
been reached in recent years, especially in 2020, with 38 published papers. This shows that
interest in this research has increased.

In Figure 3, journals containing at least two papers are represented. Most of the
papers are published in the Journal of Cleaner Production with 64 total articles, followed
by the International Journal of Life Cycle Assessment with 23 articles and Science of the Total
Environment with 19 articles, Sustainability with 15 papers, the Journal of Environmental
Management (7) and the Journal of Industrial Ecology (4). All other journals achieved lower
values, as mentioned in Figure 3.

In reference to the nationality of the authors of the studies, most of these are located in
Europe, in particular in Italy and Spain, but widespread are authors from North and South
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America, Asia, South Africa and Australia. Specifically, Europe is the most productive
continent. The country with the largest number of papers is Italy (68), followed by Spain
(55), France (24), the United Kingdom (20), the Netherlands (13), Portugal (10), Germany
(9), Sweden (8), Peru (8), Greece (6) and Luxembourg (6). These countries compete with
Brazil (12), the USA (10), Canada (10), Australia (8) and China (7). The other countries

achieved a record of less than five papers (Figure 4).
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Figure 3. Number of papers per journal. (Source: our elaboration).
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3.2. Bibliometric Analysis of the Themes

After the selected papers have been collected, VOSviewer software has been adopted
to visualize the networks among the data by creating graphical bibliometric maps [58].

The VOSviewer tool provides the essential functionalities to visualize bibliometric net-
works and co-occurrence links between keywords [50]. VOSviewer is a computer program
developed to generate and investigate bibliometric maps [50]. Keywords contained in the
article titles and abstracts are explored based on their occurrence to create a map of the
occurrences of all terms used in the 226 selected papers. We built a map of the most frequent
keywords. We have selected “co-occurrence” as the analysis type, “all keywords” as the
unit of analysis, and “four shared keywords” as the minimum level. Then, VOSviewer con-
verted data into a graphic form and categorized frequent keywords into three main clusters
in the network view visualization [59]. Larger circles and map labels explain greater impor-
tance and meaning. Similarly, colour keywords belong to the same cluster [50] (Figure 5).
In the graphic maps, larger circles imply higher relevance for a theme [50]. In Figure 5, red,
blue and green colours differentiate the clusters. All three clusters corroborate the research
flows obtained from the bibliographic coupling. Nodal outputs based on bibliometric
analysis aid to understand the proximity and relevance of keywords and discover possible
gaps and insights. The size of the circles represents how often keywords are displayed. The
distance between the two circles indicates their correlation.

indigator

management

redii§ine
viticgiirure industry
emiggions
footpeint.
languse
water f@otprint
consigption
sustaigability
environm@gtal impact Cimatgghange
im@et 2
fife cyclaanalysis
greenhousdfs emissions ., carbonifgotprint
Iife-cycl*ssment gabe
sys@ms vinggard
i e
packbging agridgiture
fold
profiuct
engey P

wine idustry

assesstent lca

$b vosviewer

Figure 5. Keyword co-occurrences map. (Source: our elaboration).

In this study, the keywords in the title and abstract of selected papers were included
in the final analysis. Three main clusters have been created, which means groups of themes.
The first cluster was designated by the red colour and covered 13 elements. The second
cluster was expressed by the green colour and involved 11 elements. The third cluster
includes 8 elements in blue, as shown in Figure 5.

A keyword cloud was also created to show the frequency and interconnections of
keywords that occurred more than four times in the papers selected for this research. “Life
cycle assessment”, “environmental impact”, “wine”, “carbon footprint”, “sustainability” and
“consumption” and “greenhouse gas emission” seem to be much-studied topics. The strengths

of low keywords indicate that more research is needed, as this is still an emerging stage.
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It has been indicated that “life-cycle assessment” is also the most frequent keyword
(with 190 occurrences), followed by “wine” (with 88 occurrences) and “environmental
impact” (with 66 occurrences) and “carbon footprint” (with 51 occurrences). All other
keywords scored lower.

The keywords that have appeared the most and with stronger interconnected links
are “life-cycle assessment” (total connection strength 633), “environmental impact” (total
connection strength 302) and “vineyard” (total connection strength 302), which had a strong
link with “carbon footprint” and “wine”.

The literature published on the measurement of the environmental impacts of the
wine production chain using LCA methodologies includes the following three aspects:
wine industry (red), agricultural phase (blue) and winemaking phase (green). Through the
analysis of keywords and the analysis of their recurrence, it was possible to identify three
clusters of main research topics (Figure 5).

The (1) first cluster, in red colour, involved documents that study the environmental
impacts in the wine industry, referring to sustainability indicators in the sustainable man-
agement of the wine industry, as well as the measurement of impacts along the industry
and consumer demand for sustainability certifications.

The (2) second cluster, in blue colour, contains articles that investigate the environmen-
tal impacts in the agricultural phase, with a particular focus on the vineyard management
and, therefore, the analysis of the life cycle delimited to the agricultural phase for the
grape production.

The (3) third cluster, in green colour, concerned environmental assessment documents
concerning the life cycle analysis in the vinification phase for the wine production, with
particular attention to the materials used for packaging but also to the generation of
products and waste.

In Figure 6, the temporal evolution over the years of the topics investigated in the
literature and the keywords used are reported. The most used keywords starting from
the first half of 2016 were “assessment Ica”, “life cycle analysis”, “food”, “wine industry”
and “emission”. These words indicate that the lines of research in 2016 were mainly dedi-
cated to the literature on the LCA methodology in the wine industry and the consequent
measurement of the impacts of this with particular interest in the emissions generated.

management
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Figure 6. Keyword co-occurrences map per year. (Source: our elaboration).
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Trends have changed since 2017, and the most frequent keywords in the literature have

Va7 a7 aw

been “life-cycle assessment”, “wine”, “vineyard”, “climate change”, “carbon footprint”, “envi-
ronmental impact”, “energy”, “packaging” and “product”. This indicates that literature trends
have shown greater attention to issues relating to climate change and environmental impacts
mainly linked to the agricultural phase of production and product sustainability certifications.
Finally, the most recent keywords in the literature starting from 2018 concerned “sustainability”,
“industry”, “management”, “water footprint”, “consumption” and “footprint”. This indicates
that the issues starting from 2018 were mainly addressed to the sustainable management of the
wine industry and consumer awareness towards sustainability issues.

The colours suggest the density of the terms, varying from green (lowest density) to
yellow (highest density). As can be perceived in Figure 7, prominent search terms include

V/A7E

“life-cycle assessment”, “wine” and “environmental impact”. Among the slightly less

prominent terms, we also observe various terms such as “carbon footprint”, “impact”,
“consumption” and “sustainability”.

Figure 7. Density map keyword co-occurrences. (Source: our elaboration).

The main cluster (marked in red) has 13 recurring keywords, as shown in Figure 8. The
second cluster (green) has 11 recurring keywords. The third cluster (blue) includes 8 recurring
keywords. We also found that the first cluster is the largest in terms of the number of items it
contains and the most recent in terms of the topics it contains. The second cluster is relatively
small, and the most prevalent and most frequent keywords are placed in this cluster. The
third cluster was found to be smaller than the others, as it is probably in the incubation phase,
but it has its important influence on sustainable grape and wine production.

As for the occurrences of keywords per cluster, the highest occurrences are placed in
the second cluster. The keyword with the highest value of 190 is “life-cycle assessment”,
followed by “wine” with a value of 88. Both keywords are placed within the second cluster
(green). Other significant keywords are placed in the first cluster: “environmental impact”
with 66 values, “carbon footprint” with 51 values, “consumption” with 36 values and
“sustainability” with 35 values. In the second cluster, the keywords “impact” with 36 values
and “greenhouse gas emission” with 33 values also stand out. Lower values were obtained
for all other keywords (Figure 9).
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Clusters Items No.
Cluster 1 13
Cluster 2 11
Cluster 3 8

Figure 8. Number of Item (keyword) per Cluster. (Source: our elaboration).
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Table 1 summarizes the 3 most relevant keywords in this study. The keyword “Life-
cycle assessment” is confirmed as the most important word. This belongs to the second
cluster (green), with 31 links, 633 total link strength and 190 occurrences. The second most
important keyword is “environmental impact” belonging to the first cluster (red), with 31
links, 302 total link strength and 66 occurrences. Finally, the third most important word is
“vineyard” belonging to the third cluster (blue) with 28 links, 122 total link strength and
23 occurrences.

Table 1. Representative keywords via network visualization of VOSviewer.

Keywords Cluster Colour Links  Total Link Strength Occurrences
Environmental impact 1 31 302 66
Life-Cycle Assessment 2 31 633 190

Vineyard 3 28 122 23

4. Discussion
4.1. Overall Comment

Interest in the issues of environmental sustainability is increasingly widespread in
the agri-food sector and in particular in the wine sector. In this study, through an analysis
of the literature and a bibliometric analysis of the themes, their interconnections and
new research topics, it has been possible to deepen the main problems studied and those
recently emerging in the academic literature on the theme of the sustainable management
of production in viticulture. Among the agri-food products, the wine industry arises as one
of the main sectors in which environmental assessment is most used, given its importance
from an economic point of view but also for its generation of outputs such as emissions,
by-products and waste. The analysis of the bibliometric network provides an overview of
the main aspects that characterise the problem of environmental assessment in the wine
sector, allowing the investigation of the relationships between keywords. The integration of
the analysis of social networks and bibliometric science has led to a useful approach capable
of capturing the multidimensional nature of environmental assessment by analysing a large
amount of literature data. The maps of the network show that environmental assessment is
a complex issue that affects multiple research fields. The keyword map of the co-occurrence
network has shown that the main focus of research in recent years has shifted towards
greater attention to issues related to climate change and consumer awareness on the
issues of sustainability, certifications and related environmental impacts to the agricultural
production phase. Through the analysis of the keywords and the analysis of their co-
occurrence, it was possible to identify three main clusters of research topics: environmental
impacts in the wine industry, the agricultural phase and the winemaking phase.

4.2. Environmental Impact in the Wine Industry

Viticulture, distribution and packaging of wine are the main environmental impacts of
the wine industry [60].

The interest of producers is increasingly aimed at reducing the environmental impact of
their production through environmental strategies, for example, through ecolabeling [61,62]
or eco-design for the supply of novel environmentally friendly products [63].

Today, in the wine sector, the LCA tool is of great interest to producers as it is used
for the assessment of environmental loads along all wine production processes, to consent
the identification and reduction of hotspots in the life cycle of the wine production and to
transmit this information for communication purposes to the consumer [64,65].

The use of an environmental assessment of emissions is indirectly able to favour a
more equitable and transparent distribution of the responsibilities of the environmental
loads produced in a process amongst the various stakeholders in the wine chain [66,67].
Most of the studies in the literature aim to identify the critical points of the wine life cycle;
some authors calculate an extensive detailed choice of LCA impact categories, others are
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oriented towards the design of new indicators for the wine sector [68] and others turn to
specific single indicators as in the case of CF assessment [65,69].

In the literature, there are numerous studies that use the LCA methodology, which,
thanks to the specific and detailed impact categories, are able to evaluate the environmental
loads linked with different phases of the wine life cycle [63,65]. However, in order to make
the results of LCA studies available to supply chain stakeholders and policy makers [70],
the need to develop specific indicators, such as carbon footprint (CF) and water footprint
(WEF), has emerged in life cycle studies [71,72].

Indicators such as the CF and WF are increasingly widespread, which aim to assess
the environmental impact related to the production and consumption of agri-food prod-
ucts [73,74]. The CF and WF analyses of the products are developed with an LCA analysis,
which permits the assessment of the impacts “from the cradle to the grave”, according to
the requirements of the respective international reference standards [12,13]. However, the
function of a single indicator method, as in the case of the WF or the CF, in the dissemination
of results has limits and risks associated with the representation of a single environmental
impact [75,76]. This limit is much debated in the literature, which has overcome it as a
single indicator, such as the CF, can still represent other underlying environmental impacts
as it is strongly linked to the use of energy [76]. In the wine sector, the CF indicator is
closely related to several environmental concerns and management processes [77].

Numerous articles are available in the literature that focus on conceptual and method-
ological aspects [78] or that use these indicators specifically in the wine sector [79,80]. As
regards the WF, several case studies exist in the literature with a focus on both grape-wine
production [81] and on the bottle of wine [82].

In the literature, the analysis of the CF is acquiring a role of great interest in the issues
of sustainability in the wine sector [77]. This indicator offers both producers and consumers
the opportunity to reduce uncertainties and information asymmetries within an increasingly
globalized wine market [77]. The CF indicator, in fact, quantifies the greenhouse gas
emissions that are the basis of the wine life cycle, taking into consideration all the phases
of the product, from the agricultural phase of viticulture, to the transformation during
winemaking, to the bottling, distribution and production of waste and by-products [77].

The literature analysing the CF is quite large and diverse [79,80,83], including both
studies that perform a complete LCA analysis of a bottle of wine [74] and studies that
instead focus on single stages of the production process [64,65,69,84-88], as well as others
studying supply chain analysis [60,89] and others who instead carry out comparative
analyses between the management of conventional and unconventional viticulture [90].
Furthermore, single problem approaches are commonly used in the literature, but a more
comprehensive analysis should be employed instead, as a single indicator does not ade-
quately track the pressure on the environment [74].

4.3. Environmental Impacts in the Agricultural Phase

The literature highlights the need for particular attention to vineyard management
and therefore to the analysis of the life cycle delimited to the agricultural phase for grape
production [15-20]. The research on the adoption of LCA in the wine sector has shown an
unequivocal environmental hotspot in the agricultural phase [2] due to the wide use of
different agronomic techniques [15-20], which require an extensive use of inputs [21].

The viticulture phase presents the widest range of variation in results among the
impact categories considered. However, four categories of environmental impact are
considered in all LCA studies in the wine sector: Carbon Footprint (CF), Abiotic Depletion
(AD), Acidification Potential (AP) and Eutrophication Potential (EP). EP is the only impact
category for which viticulture is the most impacting phase from an environmental point
of view [22]. According to the literature on the analysis of the life cycle assessment in the
wine sector, the planting phase of the vineyard is the one that represents the greatest impact
on the CF of the wine and, on the contrary, the pre-production phase does not generate a
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significant impact in this sense [73]. The use of nitrogen fertilizers and N, O emissions are
the factors that most determine the carbon footprint in the agricultural phase [73].

The review of the studies in the literature indicates the main wine hotspots in the
agricultural phase of the vineyard due to the high inputs used in the vineyard (fuel,
fertilizers and pesticides) [77]. Some authors have compared the management of wine
production by comparing organic and conventional treatment [64,65,91-95], finding that
the CF indicator value for organic wine “from the cradle to the door” is about 25% lower
than for conventional wine [77].

Organic or biodynamic cultivation systems can significantly decrease the environ-
mental impacts of viticulture [90] because they avoid the use of synthetic fertilizers and
pesticides; moreover, the application of organic fertilizers improves the soil structure and
closes the cycle of biological matter [91]. However, the results in the literature are not
unanimous, both because viticulture is the phase with the widest variability of results and
because the results are influenced by the definition of the functional unit. For example,
the study carried out by Falcone et al. [92] shows that the combination of conventional
practices with the espalier training system allows the best environmental performance
thanks to the higher yield per hectare.

4.4. Environmental Impacts in the Vinification Phase

The environmental assessment in the vinification phase takes into consideration all the
steps necessary for the wine production: transport of the grapes to the cellar; destemming
and crushing; fermentation and filtration. Although the major environmental hotspot is in
the agricultural phase, however, the transformation phase of wine production also generates
considerable environmental impact, mainly due to the packaging materials used but also
to the generation of products and waste [22]. Packaging production is the most impactful
phase of the wine life cycle. The studies examined specified that the highest impact value
(for all impact categories considered) was due in particular to the production of primary
packaging production of glass bottles. Furthermore, the differences in the winemaking
processes of the different types of wine in the studies examined do not determine high
variations in environmental impacts to compete with the impacts produced by the other
phases [22].

As regards the environmental performance of the types of white and red wine in terms
of their carbon footprint (CF), the results of the studies are affected by a wide variability,
and therefore it is difficult to define which type of wine is more sustainable from an
environmental point of view. The results of the literature in this sense are not unanimous.
On the one hand, some authors found that white wines perform slightly better in terms of
CF than red wines thanks to the use of wooden barrels for aging during the storage period
in the vinification phase [91]. The white winemaking phase, on the other hand, usually
requires a process at a lower temperature, and this involves greater energy consumption.
In light of this, this aspect requires further scientific investigation.

Logistics is also energy-intensive in the wine industry [89]. As noted in the literature,
the emissions related to the delivery of wine are a significant part, but only a part of the total
carbon emissions produced by a company [89]. With the growing attention on reducing
greenhouse gas emissions, wineries are facing increasing pressure to demonstrate their
commitment to minimizing their CF, also encouraging consumers to consider their own
contributions [89]. Concerning the economic implications of introducing a CF label, it is
necessary to consider the consumer’s awareness of this information and his purchasing
behaviour for products that present such an indication of sustainability, which can lead
to a change in the perceived qualitative characteristics of the product. On the one hand,
the presence of these environmental indicators constitutes an element of differentiation
that can lead the consumer to gain more awareness towards this quality attributes [96]. In
this context, future studies should assess whether there exists a premium price for wines
with a sustainable label. One of the conditions for eco-labels to be effective in the market
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is that consumers are willing to pay a premium price to support the higher costs of more
sustainable management those producers are called to sustain [97].

5. Conclusions

Environmental assessment in the wine sector offers benefits to both producers and
consumers in an increasing globalization of the market. Specific indicators, such as the
quantification of greenhouse gas emissions generated throughout the life cycle of wine,
are increasingly required by the industry, which must respond to new and increasingly
specific needs of consumers, who are increasingly attentive to sustainability issues in their
decisions of purchases.

The present study offers a critical analysis of the literature on the use of the LCA
method to evaluate the sustainability of the wine sector in order to highlight the main
research areas, the trends of recent years and the new research trajectories on the subject.

The results of this study show that today the focus of the literature is on issues related
to climate change and consumer awareness on sustainability issues and certifications, as
well as environmental impacts generated mainly in the phase of agricultural production.

This bibliometric analysis provides key information for further developments in
academic literature in the LCA topic in the wine supply chain. Furthermore, it has been
found that this field is still underdeveloped, and scarce research has been conducted yet, so
the topic needs further research. Moreover, another avenue for the academic world could
be to compare LCA in viticulture and wine management with other marketing hypotheses,
such as consumer involvement in LCA issues and the impacts generated in the wine supply
chain. These concepts have been well considered in marketing [98,99], but research on this
topic is still scarce.

The main limitation in this paper is due to the mapping citations and analysing clusters
technique because one of the criteria was to include in the analysis only documents with at
least four citations; therefore, current studies could be included in this research, regardless
of their relative importance. For this reason, we suggest repeating the bibliometric analysis
in the future to include also recent research to contribute to the discussion on the topic.
Bibliometric analysis also has the limit of being too sensitive to the construction of the
search query and to the selection of the data source, which limits it to a use mainly of an
exploratory nature. Furthermore, the literature searching criteria, applied in the PRISMA
procedure has inevitably excluded some papers on this topic.

Among the limitations of the study, it is important to highlight that the selected
documents show a widespread variability in the definition of the system boundaries, and a
lack of accessibility of original and site-specific inventory data in the LCA methodology.
Furthermore, environmental impact values in the vineyard stage present a high variability,
mainly due to the different types of production methods. The results could be influenced by
other technical factors such as the grape variety, the pedoclimatic conditions, the chemical-
physical characteristics of the soil and the climate. These variables can have a great influence
on the results and may constitute a limitation of the present study and require further
scientific input through future studies.

Future studies could investigate the environmental assessment linked to an intensifica-
tion in the recycling rate of glass used for bottling but also the development of innovations
such as lighter glass bottles or even the replacement of glass with different packaging mate-
rials that are at the same time suitable for preserving the quality of the wine. Ultimately,
the attention to the sustainability of the wine sector for environmental assessment could
therefore shift to the packaging phase that needs further investigation in the future. These
indications suggest that future studies on the subject are needed.
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Appendix A

Table A1l. Overview of selected papers.

Authors Title Journal Year
Analysis of opportunities for greenhouse emission reduction in
Agyemang et al. the global supply chains of cashew industry in West Africa J. Clean Prod. 2016
Ahmad et al. Integrated b1.orefmery approach to valorize winery waste: A Sci. Total Environ. 2020
review from waste to energy perspectives
Aivazidou and Tsolakis A Water Footprint Rev1ew of Ita‘han Wine: Drlver.s, Barriers, and Water 2020
Practices for Sustainable Stewardship
Aivazidou and Tsolakis Investigating dynamic interconnections between organic farming J. Environ. Manag, 2021

adoption and freshwater sustainability

Aivazidou et al.

The emerging role of water footprint in supply chain
management: A critical literature synthesis and a hierarchical J. Clean Prod. 2016
decision-making framework

Comparative life cycle energy and greenhouse gas footprints of

Akbari etal dry and wet torrefaction processes of various biomass feedstocks J. Environ. Chem. Eng. 2021
Aleixandre-Tudo et al. Trends in funding resear.ch .and mte.rne.ltlonal.collaboratlon on Environ. Sci. Pollut. 2021
greenhouse gas emissions: a bibliometric approach Res.
Almeida et al. Packaging enVl'ronmen‘tal impact on seafood supply chains: A J. Ind. Ecol. 2021
review of life cycle assessment studies
Amienyo et al. Environmental impacts of consumption of Australian red wine in J. Clean Prod. 2014
the UK
Production, Consumption, and Potential Public Health Impact of .
Anderson et al. Low- and No-Alcohol Products: Results of a Scoping Review Nutrients 2021
Aranda et al. Economlc‘ anq envg‘onmental analy51s of the wine bottle Int. J. Agric. Resour. 2005
production in Spain by means of life cycle assessment Gov. Ecol.
Arcese et al. Modeling Social Life Cycle Assessment framework for the Italian J. Clean Prod. 2017
wine sector
Ardente et al. POEMS: A case study of an Italian wine-producing firm Environ. Manag,. 2006
Arvanitovannis et al Life Cycle Assessment (ISO 14040) Implementation in Foods of Crit. Rev. Food Sci. 2014
y ' Animal and Plant Origin: Review Nutr.
Arzoumanidis et al. Considerations When Applyu}g Simplified LCA Approaches in Sustainability 2014
the Wine Sector
S - - - ”
Arzoumanidis et al. Is there a simplified LCA tool suitable for the agri-food industry? J. Clean Prod. 2017

An assessment of selected tools
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Arzoumanidis et al. Unresolved issues in thg account'mg of biogenic carbon exchanges J. Clean Prod. 2014
in the wine sector
Aversa et al Design, manufacturing and preliminary assessment of the Polvm. Test 2021
' suitability of bioplastic bottles for wine packaging ym
Corotating twin-screw extrusion of poly(lactic acid)
PLA /poly(butylene succinate) PBS/ micro-lamellar talc blends .
Aversa etal. for extrusion blow molding of biobased bottles for alcoholic J. Appl- Polym. Sci. 2021
beverages
Injection-stretch blow molding of poly (lactic acid)/polybutylene .
Aversa etal. succinate blends for the manufacturing of bottles J. Appl- Polym. Sci. 2021
Bacenetti Heat and Fold produ.Chon for w1.nemak1ng using pruning Appl. Energy 2019
residues: Environmental impact assessment
. Life Cycle Assessment of Two Vineyards after the Application of R
Balafoutis et al. Precision Viticulture Techniques: A Case Study Sustainability 2017
Bartocci et al. Envllror.unental 1Tnpact of Sagrant1no and. Grgchetto grapes J. Clean Prod. 2017
cultivation for wine and vinegar production in central Italy
Inter-annual variability in the environmental performance of .
. . . Int. J. Life Cycle
Beauchet et al. viticulture technical management routesa case study in the Assess 2019
Middle Loire Valley (France) '
Becker et al. The carbon neutrality principle: A case study in the French spirits J. Clean Prod. 2020
sector
Streamlining life cycle inventory data generation in agriculture
Bellon-Maurel et al. using traceability data and information and communication J. Clean Prod. 2015
technologies—part II: application to viticulture
Benedetto The environmental impact of a Sardinian wine by partial Life Wine Econ. Policy 2013
Cycle Assessment
Benedetto et al. Rebound effects. due to economic ch().lges whep assessing the Food Policy 2014
environmental sustainability of wine
Benetto et al. Life cycle assessment of heat production from grape marc pellets J. Clean Prod. 2015
Bessou et al. LCA applied to perennial cropping systems: a review focused on Int. J. Life Cycle 2013
the farm stage Assess.
Bonamente et al. Environmental impact of an I.tahan wine bottle: Carbon and Sei. Total Environ. 2016
water footprint assessment
The Water Footprint of the Wine Industry: Implementation of an R
Bonamente et al. Assessment Methodology and Application to a Case Study Sustainability 2015
Environmental impact assessment of agro-services symbiosis in
Bonilla-Gamez et al. semiarid urban frontier territories. Case study of Mendoza Sci. Total Environ. 2021
(Argentina)
Borsato et al. Comparison c?f Water-focused life Cycle Assessment z%nd Water Sci. Total Environ. 2019
Footprint Assessment: The case of an Italian wine
Borsato et al. Sustainable patte?ns of main ag.ncultural products combining J. Clean Prod. 2018
different footprint parameters
Bosco et al. Soil organic matter accounting in the c.arbon footprint analysis of Int. J. Life Cycle 2013
the wine chain Assess.
Greenhouse gas emissions in the agricultural phase of wine
Bosco etal. production in the Maremma rural district in Tuscany, Italy ftal. J. Agron. 2011
Burja and Burja Decisions In Sustainable Viticulture Using Life Cycle Assessment  ]. Environ. Prot. Ecol. 2012
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Bustamante et al. Recycling of anaerobic dlgestates by composting: effect of the J. Clean Prod. 2013
bulking agent used
The economics of fruit and vegetable production irrigated with
Canaj et al. reclaimed water incorporating the hidden costs of life cycle Resources 2021
environmental impacts
Greening Wine Exports? Changes in the Carbon Footprint of Int. J. Environ. Res.
Carrasco et al. Spanish Wine Exports Public Health 2021
Chemat et al. Green extraction of natural products. Origins, current status, and TrAC, Trends Anal. 2019
future challenges Chem.
The potential carbon neutrality of sustainable viticulture showed
Chiriaco et al. through a comprehensive assessment of the greenhouse gas J. Clean Prod. 2019
(GHG) budget of wine production
Chiusano et al. An Industrial Ecology approach to SOIV? wine surpluses problem: J. Clean Prod. 2015
the case study of an Italian winery
Impact of Spray-Drying on Biological Properties of Chitosan
Choque et al. Matrices Supplemented with Antioxidant Fungal Extracts for Curr. Microbiol. 2020
Wine Applications
Cleary A life cycle assessment of remder}tlal waste management and Int. J. Life Cycle 2014
prevention Assess.
Life cycle assessments of wine and spirit packaging at the
Cleary product and the municipal scale: a Toronto, Canada case study J. Clean Prod. 2013
Cobut et al. Reducing the enV{ronrrl.ental .fos)tprlnt of interior Wood doors in J. Clean Prod. 2015
non-residential buildings part-2: ecodesign
Comandaru et al. Life Cycle Assessment Of Wine: Focus On Water Use Impact Environ. Eng. Manag. 2012
Assessment J.
Cortes et al. Unraveling the env1r9nmental impacts of bioactive compounds J. Environ. Manag, 2020
and organic amendment from grape marc
Environmental assessment of viticulture waste valorisation
Cortes et al. through composting as a biofertilisation strategy for cereal and Environ. Pollut. 2020
fruit crops
Cortes et al. Integrated evaluation of wine lees valorization to produce Waste Manag. 2019
value-added products
Assessing macro-element content in vine leaves and grape berries .
2 . . Int. J. Environ. Anal.
Cugq et al. of vitis vinifera by using near-infrared spectroscopy and Chem 2020
chemometrics )
Assessing macro- (P, K, Ca, Mg) and micronutrient (Mn, Fe, Cu,
o - - Comput. Electron.
Cuq et al. Zn, B) concentration in vine leaves and grape berries of vitis Acric 2020
vinifera by using near-infrared spectroscopy and chemometrics gHic.
D’ Ammaro et al. Benchmarking of carbon foo.tprmt data from the Itah.an wine Sci. Total Environ. 2021
sector: A comprehensive and extended analysis
Social Organizational Life Cycle Assessment: an approach for Int. J. Life Cycle
D’Eusanio et al. identification of relevant subcategories for wine production in : Assess Yy 2020
Italy ’
de Almeida et al. Ochratoxin A in Brazilian instant coffee Braz. J. Microbiol. 2007
A Statistical Framework for Assessing Environmental s
Dede et al. Performance of Quality Wine Production Sustainability 2020
Demertzi et al. Cork stoppers supply chain: potential scenarios for J. Clean Prod. 2016

environmental impact reduction
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Comparative analysis on environmental and economic
Deng et al. performance of agricultural cooperatives and smallholder PLoS One 2021
farmers: The case of grape production in Hebei, China
Donia et al. A methodologlcal approach for assessing businness investments Land Use Pol. 2018
in renewable resources from a circular economy perspective
Energy and environmental indices through life cycle assessment
Elhami et al. of raisin production: A case study (Kohgiluyeh and Renew. Energy 2019
Boyer-Ahmad Province, Iran)
Eren et al Determination Of Greenhouse Gas Emissions (Ghg) In The Fresenius Environ. 2019
' Production Of Different Fruits In Turkey Bull.
Esposito et al. Exploring Corporate Social Respons1b11.1ty in the Italian wine TQMJ. 2021
sector through websites
Assessment of Environmental and Economic Impacts of

Falcone et al. Vine-Growing Combining Life Cycle Assessment, Life Cycle Sustainability 2016

Costing and Multicriterial Analysis

Integrated sustainability appraisal of wine-growing management
Falcone et al. systems through LCA and LCC Methodologies Chem. Eng. Trans. 2015
Ferrara and De Feo Life Cycle Assessment Apphcatlgn to the Wine Sector: A Critical Sustainability 2018
Review
Ferrara and De Feo Comparative life cycle assessment Qf alternative systems for wine J. Clean Prod. 2020
packaging in Italy
Ferrara et al. Attitudes of a samPle of consumers towa‘rds more sustainable J. Clean Prod. 2020
wine packaging alternatives
Ferrari et al. Effects of grape quality on the env1ronm§ntal profﬂg of an Italian J. Clean Prod. 2018
vineyard for Lambrusco red wine production
Energy and resource efficiency of electroporation-assisted

Ferreira et al. extraction as an emerging technology towards a sustainable J. Clean Prod. 2019

bio-economy in the agri-food sector

. Environmental advantages through producing energy from grape . .
Ferreira et al. stalk pellets instead of wood pellets and other sources Int. J. Environ. Sci. 2018
Flor et al. Environmental impact of oak barr'el‘s prOd}l(fthﬂ in Qualified J. Clean Prod. 2017
Designation of Origin of Rioja
Flor et al. Environmental Impfact Qf Wine Ag.m'g Procgss in Oak Barrels in Am. . Enol. Vitic. 2018
Wineries of La Rioja (Spain)
2-Piece Cork Stoppers as Alternative for Valorization of Thin
Flor-Montalvo et al. Cork Planks: Analysis by LCA Methodology Foods 2021
. ST . 5 )
Flores What is sustalpablhty in the wine .World. A cross-country J. Clean Prod. 2018
analysis of wine sustainability frameworks
Flores et al. Carbon footprint of constructed wetlands for winery wastewater Ecol. Eng. 2020
treatment

Flores et al. Constructed wetland§ for winery wastewater treatment: A Sci. Total Environ. 2019

comparative Life Cycle Assessment
Fusi et al. Delving into the env1r9nmental aspect of a Sardinian white wine: Sci. Total Environ. 2014

From partial to total life cycle assessment

Gallucci et al. Environmental performance scenarios in the production of Int. J. Life Cycle 2021

hollow glass containers for food packaging: an LCA approach

Assess.
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Garcia-Alcaraz et al. Comparative env1r0nmental 1mpa§t analysis of techniques for Innov. Food Sci. 2020
cleaning wood wine barrels Emerg. Technol.
Garcia-Alcaraz ot al. Econom1c-env1ronmenltal 1mpact .:analy51s of alternative systems J. Clean Prod. 2020
for red wine ageing in re-used barrels
Gazulla et al. Taking a life cycle look at crianza wine production in Spain: Int. J. Life Cycle 2010
where are the bottlenecks? Assess.
Gierling and Blanke Carbon reduction strategles for regionally produced and J. Environ. Manag. 2021
consumed wine: From farm to fork
Applicability of the European Environmental Footprint (EF)
Golsteijn and Vieira methodology in Southern M?dlterranean ciountrlesilea'rnlngs‘ and Int. J. Life Cycle 2020
recommendations for enabling EF-compliant studies in regions Assess.
outside of Europe
Gonzalez-Garcia et al. Combined appl'lcatlon of LCA and eco—c'ie51gn for the sustainable Int. J. Life Cycle 2011
production of wood boxes for wine bottles storage Assess.
Gonzalez-Garcia ot al. Assessing the glo‘?al warming pF)tentlal of wpoden pl'.oducts from Sci. Total Environ. 2011
the furniture sector to improve their ecodesign
Gonzélez-Garcia et al. Compa.ratlve env1ronme.ntal an<.:1 energy profiles of potential J. Clean Prod. 2014
bioenergy production chains in Southern Europe
Grassauer et al. Eco—gfﬁaency of farms considering multiple fgnctlons of J. Clean Prod. 2021
agriculture: Concept and results from Austrian farms
Gullon et al. Compargtlvg env1ro.nmental Life Cycle.Ass<.essment of 1nte.gral Sci. Total Environ. 2018
revalorization of vine shoots from a biorefinery perspective
Hallstrom et al. Climate impact of alcohol consumption in Sweden J. Clean Prod. 2018
Hamedani et al. Comparative energy and environmental analysm of agro-pellet Biomass Bioenerg, 2019
production from orchard woody biomass
Harb et al. Improving environmental performance in wine prgductlon by life Int. J. Life Cycle 2021
cycle assessment: case of Lebanese wine Assess.
Harris et al The impact of alternative routeing and packaging scenarios on Transport. Res. Part 2018
' carbon and sulphate emissions in international wine distribution =~ D-Transport. Environ.
Heller et al. Mapping th.e Influence of Food Waste in Food Packaging J. Ind. Ecol. 2019
Environmental Performance Assessments
Water footprinting of agricultural products: evaluation of
Herath etal. different protocols using a case study of New Zealand wine J. Clean Prod. 2013
Water footprinting of agricultural products: a hydrological
Herath etal. assessment for the water footprint of New Zealand’s wines J. Clean Prod. 2013
Hristov and Kuhar Subjective knowledge as a (':letermma.nt of young adult Br. Food J. 2015
consumers wine behaviour
Huang et al. Production of Milk Phospholipid-Enriched Dairy Ingredients Foods 2020
lannone et al. Improving env1ror}mental performances in wine production by a J. Clean Prod. 2016
life cycle assessment analysis
lannone et al. Life cycle assessment of red and white wines production in Chem. Eng. Trans. 2014
southern Italy
Methodological approach towards sustainability by integration of .
. . . . . . Simul.-Trans. Soc.
Jimenez et al. environmental impact in production system models through life 2014

cycle analysis: Application to the Rioja wine sector

Model. Simul. Int.
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Jourdaine et al. A detailed qu'antltatl've comparison of the hi?e cycle assessment of J. Clean Prod. 2020
bottled wines using an original harmonization procedure
Jradi et al. Tracking carbon footprint in French vineyards: A DEA J. Clean Prod. 2018
performance assessment
. The Importance of Considering Product Loss Rates in Life Cycle S
Kounina et al. Assessment: The Example of Closure Systems for Bottled Wine Sustainability 2012
Treatment of Effluents Issued from Agro-Food Industries by
Labbaci et al. Liquid-Liquid Extraction of Malic and Lactic Acids Using Ind. Eng. Chem. Res. 2012
Tri-n-octylamine and Tri-n-butyl Phosphate
Assessment of the environmental impacts associated with Environ. Sci. Pollut.
Laca et al. . . . . . 2021
vineyards and winemaking. A case study in mountain areas Res.
Lamastra et al. A novel fuzzy ejx.pert system to assess the sustainability of the Sci. Total Environ. 2016
viticulture at the wine-estate scale
Landi et al. Life Cycle Assessment of an IpnoYatlve Technology against Late Sustainability 2021
Frosts in Vineyard
On the conceptual modeling, economic analysis and life cycle
Laoretani et al. assessment of partial dealcoholization alternatives of bitter Sep. Purif. Technol. 2020
extracts
Applying the Technology Choice Model in Consequential Life
Larrea-Gallegos et al. Cycle Assessment: A Case Study in the Peruvian Agricultural J. Ind. Ecol. 2019
Sector
Laureti and Benedetti Exploring pro—e'neronment:?\l food purchasmg behaviour: An J. Clean Prod. 2018
empirical analysis of Italian consumers
. Environmental assessment of food and beverage under a NEXUS . .
Leivas et al. Water-Energy-Climate approach: Application to the spirit drinks Sci. Total Environ. 2020
.. Packaging, blessing in disguise. Review on its diverse Trends Food Sci.
Licciardello contribution to food sustainability Technol. 2017
Lin et al. Torrefaction of fruit pee‘l waste to produce environmentally J. Clean Prod. 2021
friendly biofuel
Determining the carbon footprint of indigenous and introduced
Litskas et al. grape varieties through Life Cycle Assessment using the island of J. Clean Prod. 2017
Cyprus as a case study
Litskas et al. Sustainable Viticulture: First I?etermmahon of the Environmental Sustainability 2020
Footprint of Grapes
Litskas et al. Determining the Carbpn Footprint a.nd Emission Hotspots for the Atmosphere 2020
Wine Produced in Cyprus
Liu et al. Industrial metabolism ‘analy51s of a'Chmese wine industry chain J. Ind. Ecol. 2021
based on material flow and input-output analyses
Longbottom and Petrie Role of vineyard practices in gene?at.mg and mitigating Aust. ]. Grape Wine 2015
greenhouse gas emissions Res.
Combination of product environmental footprint method and
Manzardo et al. eco-design process according to ISO 14006: The case of an Italian Sci. Total Environ. 2021
vinery
Marchal et al. Purification ar.ld partlal b1ochem1ca1 characterlzat.lon of J. Agric. Food Chem. 1996
glycoproteins in a champenois Chardonnay wine
Margallo et al. Life cycle assessment of technolqgles for partial dealcoholisation Sustain. Prod. 2015
of wines Consump.
Marras et al. Carbon footprint assessment on a mature vineyard Agric. For. Meteorol. 2015
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Delving into sensible measures to enhance the environmental
. performance of biohydrogen: A quantitative approach based on .
Martin-Gamboa et al. . . . Bioresour. Technol. 2016
process simulation, life cycle assessment and data envelopment
analysis
Martins et al. Towards sustainable wine: Comparison of two Portuguese wines J. Clean Prod. 2018
Social Aspects in the Wine Sector: Comparison between Social
Martucci et al. Life Cycle Assessment and VIVA Sustainable Wine Project Resources 2019
Indicators
Marvuglia et al. SCALE: Software for CALculatlng Emergy based on life cycle Ecol. Model. 2013
inventories
Mattila et al. Uncertainty in environmentally conscious decision making: beer Int. J. Life Cycle 2012
or wine? Assess.
Mattila et al. Land use indicators in life cycle assgssment A case study on beer Int. J. Life Cycle 2012
production Assess.
Waste of fresh fruit and vegetables at retailers in Resour. Consery
Mattsson et al. Sweden-Measuring and calculation of mass, economic cost and Re'c a ' 2018
climate impact yek
Catalytic Biorefining of Ethanol from Wine Waste to Butanol and ACS Sustain. Chem
Mazzoni et al. Higher Alcohols: Modeling the Life Cycle Assessment and En ' ' 2019
Process Design &
Meneses ot al. Sensitivity analysis in a.hfe cycle assessrr}ent of an aged red wine Sci. Total Environ. 2016
production from Catalonia, Spain
Merli et al. Sustainability experiences in t}.le wine sector: toward the J. Clean Prod. 2018
development of an international indicators system
Moccia Operational Research in the Wine Supply Chain Infor 2013
Coupled life cycle assessment and data envelopment analysis for
Mohseni et al. mitigation of environmental impacts and enhancement of energy J. Clean Prod. 2018
efficiency in grape production
Molina-Besch Prioritization guidelines for green food packaging development Br. Food J. 2016
. The environmental impact of packaging in food supply Int. J. Life Cycle
Molina-Besch et al. chainsdoes life cycle assessment of food provide the full picture? Assess. 2019
Monari et al. Cascade strategies for the fu.ll valorisation of Qarganega wh1-te PLoS ONE 2020
grape pomace towards bioactive extracts and bio-based materials
Montalvo et al. Environmental impact of wine fermentation in steel and concrete J. Clean Prod. 2021
tanks
. Regionalization of agri-food life cycle assessment: a review of Int. J. Life Cycle
Morais et al. studies in Portugal and recommendations for the future Assess. 2016
Life cycle assessment of hydrogen production from biomass
Moreno and Dufour gasification. Evaluation of different Spanish feedstocks Int. J. Hydrog. Energy 2013
Moreno-Garcia et al. Environmental st'Astama'blhty a'ss‘essment of rice management J. Clean Prod. 2021
practices using decision support tools
. Energy optimization and greenhouse gas emissions mitigation for
Mostashari-Rad et al. agricultural and horticultural systems in Northern Iran Energy 2019
Nasser et al. Phytochemical Profile, Antioxidant anf:l Antitumor Activities of Processes 2020
Green Grape Juice
Tackling the Relevance of Packaging in Life Cycle Assessment of
Navarro et al. Virgin Olive Oil and the Environmental Consequences of Environ. Manag. 2018
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Authors Title Journal Year
Navarro et al. Prodgct vs corporate carbon footPrlnt: Some methodologlcal Sci. Total Environ. 2017
issues. A case study and review on the wine sector
Necube et al. Upgrading wineries to bloreflnerlgs within a Circular Economy Sci. Total Environ. 2021
perspective: An Italian case study
Neto et al. Life cycle assessment of .the supply C.hal}’l of a Portuguese wine: Int. J. Life Cycle 2013
from viticulture to distribution Assess.
Notarnicola et al. Environmental ar'ld technical 1mpr9vement of a grape must J. Clean Prod. 2015
concentration system via a life cycle approach
Otto et al. Food packaging and susta.mal.n.hty—Consum.er perception vs. J. Clean Prod. 2021
correlated scientific facts: A review
Pachén et al. Conversion of vine shoots into bloe.thanol and chemicals: Bioresour. Technol. 2020
Prospective LCA of biorefinery concept
Screening of membrane technologies in concentration of bitter
Paredes et al. extracts with simultaneous alcohol recovery: An approach Sep. Purif. Technol. 2020
including both economic and environmental issues
Fractionation and characterization of polyphenolic compounds
Pascotto et al. and macromolecules in red wine by asymmetrical flow field-flow J. Chromatogr. A 2020
fractionation
Pattara et al. Life Cycle Assessment and Carbop Footprint in the Wine Environ. Manag, 2012
Supply-Chain
Pattara et al. Carbon footPrmt as an 1r'15trun}ent f.or enhancing food quality: J. Sci. Food Agric. 2017
overview of the wine, olive oil and cereals sectors
Pedretti et al. Sustainability of grape-ethanol energy chain J. Agric. Eng. 2014
Pellegrini et al. Application of v.vater footprmt to 011V.e growing systems in the J. Clean Prod. 2016
Apulia region: a comparative assessment
Pena et al. Modehpg ecotoxicity impacts in vineyard produc.tl.on: Sci. Total Environ. 2018
Addressing spatial differentiation for copper fungicides
Peth ot al. Quantity- and Quaht.y—Based Farm ‘Wa‘ter Productivity in Wine Water 2017
Production: Case Studies in Germany
Pizzigallo et al. The joint use of LCA and emergy .evaluatlon for the analysis of J. Environ. Manag. 2008
two Italian wine farms
Point et al. Life cycle env1ronm§nta.l impacts of wine production and J. Clean Prod. 2012
consumption in Nova Scotia, Canada
How to increase sustainability in the Finnish wine supply chain?
Ponstein et al. Insights from a country of origin based greenhouse gas emissions J. Clean Prod. 2019
analysis
Ponstein et al. Greenhouse gas emissions and mitigation options for German J. Clean Prod. 2019
wine production
Postacchini et al. Reuse of honey jars for health%er bees: Developing a sustainable J. Clean Prod. 2018
honey jars supply chain through the use of LCA
L Addressing the freshwater use of a Portuguese wine (‘vinho
Quinteiro et al. verde’) using different LCA methods J. Clean Prod. 2014
Ramos et al. Environmental and socio-economic assessment of cork waste J. Clean Prod. 2020
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Recchia et al. Towards the enVlronmenta}l .sustamablhty assessment for the J. Agric. Eng. 2018
viticulture
Choosing the most representative technical management routes
Renaud-Gentie et al. within diverse management practices: Application to vineyards Eur. J. Agron. 2014
in the Loire Valley for environmental and quality assessment
Renaud-Gentie et al. Addressing organic v.1t1c1.11ture env1rgnmental b1.1rc.1ens by better Int. J. Life Cycle 2020
understanding interannual impact variations Assess.
Pesticide emission modelling and freshwater ecotoxicity Int. J. Life Cycle
Renaud-Gentié et al. assessment for Grapevine LCA: adaptation of PestLCI 2.0 to ' Assess y 2015
viticulture '
. Climate Change Adaptation Strategy in the Food .
Ridoutt et al. IndustryInsights from Product Carbon and Water Footprints Climate 2016
Rinaldi et al. Water and Carbon Foot‘prlr}t of Wine: Methodology Review and Sustainability 2016
Application to a Case Study
. Modelling of the anaerobic semi-continuous co-digestion of Environ. Sci.-Wat. Res.
Ripoll et al. . L 2020
sewage sludge and wine distillery wastewater Technol.
Riva et al. Sustainability of grape-ethanol energy chain J. Agric. Eng. 2013
Rives et al. Env1ronmenta! analysis of the production Qf natu.ral cork J. Clean Prod. 2011
stoppers in southern Europe (Catalonia-Spain)
Rives et al. Integrated environmental analysis of thg main .COI'k products in J. Clean Prod. 2013
southern Europe (Catalonia-Spain)
. Elemental analysis for categorization of wines and authentication
Rodrigues et al. of their certified brand of origin J. Food Compos. Anal. 2011
Determination of the carbon footprint of all Galician production
Roibas et al. and consumption activities: Lessons learnt and guidelines for J. Environ. Manag. 2017
policymakers
Roselli et al. Environmental and Econom%c Sgstalnab111ty of Table Grape Sustainability 2020
Production in Italy
Rosi et al Adherence to the mediterranean diet and environmental impact Int. J. Environ. Res. 2020
' of the diet on primary school children living in Parma (Italy) Public Health
Life Cycle Assessment Of Viticultural Technical Management
Rouault et al. Routes (Tmrs): Comparison Between An Organic And An J. Int. Sci. Vigne Vin. 2016
Integrated Management Route
Rouault et al. Using LCA in a participatory f'zco—de51gn approach in agriculture: Int. J. Life Cycle 2020
the example of vineyard management Assess.
Rugani et al. A comprehensw(.e review of Fark.)on fogtprmt apalys1s as an J. Clean Prod. 2013
extended environmental indicator in the wine sector
Recovery of organic wastes in the Spanish wine industry.
Ruggieri et al. Technical, economic and environmental analyses of the J. Clean Prod. 2009
composting process
Exploring sustainability potentials in vineyards through LCA? Int. J. Life Cycle
Russo et al. . . L . 2021
Evidence from farming practices in South Africa Assess.
Sabino et al. In vitro and in vivo toxicological stl%dy of the Pterodon Toxicol. Lett. 1999
pubescens seed oil
Sanchez et al. Bioethanol Production from Cachaza as Hydrogen Feedstock: Energies 2017

Effect of Ammonium Sulfate during Fermentation
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Regionalized Terrestrial Ecotoxicity Assessment of Copper-Based A
Santos et al. Fungicides Applied in Viticulture Sustainability 2018
Water Footprint Sustainability as a Tool to Address Climate
Saraiva et al. Change in the Wine Sector: A Methodological Approach Applied Atmosphere 2020
to a Portuguese Case Study
Latent relationships between environmental impacts of
Sardaro et al. cultivation practices and land market: Evidences from a spatial J. Clean Prod. 2021
quantile regression analysis in Italy
Schlich and Fleissner The ecology of scale: Asse.ssment. of regional energy turnover and Int. J. Life Cycle 2005
comparison with global food Assess.
Scrucca et al. Uncertainty in LCA: An estimation of practitioner-related effects J. Clean Prod. 2020
Shimako et al. Operational integration of time dependent toxicity impact Sci. Total Environ. 2017
category in dynamic LCA
Shundo et al. Ochratoxin A in wines and grape juices cqmmeraahzed in the Braz. |. Microbiol. 2006
city of Sao Paulo, Brazil
Sierra-Perez Production and trade analysis in the Iberian cork sector: Resour. Conserv. 2015
et al.Gabarrell, X Economic characterization of a forest industry Recycl.
Simon et al. Life cycle impact assessm(.ent of beverage packaging systems: J. Clean Prod. 2016
focus on the collection of post-consumer bottles
Assessing the environmental impact of Spanish vineyards in
Sinisterra-Solis et al. Utiel-Requena PDO: The influence of farm management and J. Environ. Manag. 2020
on-field emission modelling
Smedman et al. Nutrient density of beverages in relation to climate impact Food Nutr. Res. 2010
Soosay et al. Sustainable value chain analy51.s—a case study of Oxford Landing Supply Chain Manag. 2012
from vine to dine
Steenwerth et al. Life cycle greenhouse gas, energy, aTnd water assessment of wine Int. J. Life Cycle 2015
grape production in California Assess.
Sun and Drakeman Measuring the carbon footprlrsl;ce)i wine tourism and cellar door J. Clean Prod. 2020
Testa et al. Giant reed as energy crop flo%‘ Southern Italy: An economic Renew. Sust. Energ. 2016
feasibility study Rev.
Thompson-Witrick et al. The Impact Packaging Type Has on the Flavor of Wine Beverages 2021
Timpanaro et al. Sustainability as a business strategy in sicilian viniculture Quahstzfl;?:scsess to 2016
Tobiszewski and Direct chromatographic methods in the context of green TrAC, Trends Anal.
o : . 2012
Namie$nik analytical chemistry Chem.
Torres et al. Greenhouse gas calculator at farm level addressed to the growers Int. {&];slizscyde 2017
Trombly and Fortier Carbon Footprint of Wines from the Finger Lakes Region in New Sustainability 2019
York State
Life Cycle Analysis in the Framework of Agricultural Strategic S
Tsangas et al. Development Planning in the Balkan Region Sustainability 2020
Joint life cycle assessment and data envelopment analysis of
Vazquez-Rowe et al. grape production for vinification in the Rias Baixas appellation J. Clean Prod. 2012
(NW Spain)
Vazquez-Rowe et al. Life Cycle Assessment of the production of pisco in Peru J. Clean Prod. 2017
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Authors Title Journal Year
Environmental analysis of Ribeiro wine from a timeline
Vazquez-Rowe et al. perspective: Harvest year matters when reporting environmental J. Environ. Manag. 2012
impacts
Assessing the magnitude of potential environmental impacts
Vazquez-Rowe et al. related to water and toxicity in the Peruvian hyper-arid coast: A Sci. Total Environ. 2017
case study for the cultivation of grapes for pisco production
Vazquez-Rowe et al. Environmental proflle' of green asparagus production in a J. Clean Prod. 2016
hyper-arid zone in coastal Peru
Vazquez-Rowe et al. Tapping carbon footprint variations in the European wine sector J. Clean Prod. 2013
Joint life cycle assessment and data envelopment analysis of
Véazquez-Rowe et al. grape production for vinification in the Rias Baixas appellation J. Clean Prod. 2012
(NW Spain)
Insights from combining techno-economic and life cycle
. . Resour. Conserv.
Vega et al. assessment—a case study of polyphenol extraction from red wine Recvl 2021
pomace ye
Maximizing Environmental Impact Savings Potential through
Vega et al. Innovative Biorefinery Alternatives: An Application of the Sustainability 2019
TM-LCA Framework for Regional Scale Impact Assessment
Study of the Carbon Budget of a Temperate-Climate Vineyard: ”,
Vendrame et al. Inter-Annual Variability of CO2 Flux Am. J. Enol. Vitic. 2019
Villanueva-Rey et al. Comparative life cycle ass.e§sment in t}}e wine sector: blqdynamlc J. Clean Prod. 2014
vs. conventional viticulture activities in NW Spain
Regionalizing eco-toxicity characterization factors for copper soil
Villanueva-Rey et al. emissions considering edaphic information for Northern Spain Sci. Total Environ. 2019
and Portuguese vineyards
Accounting for time-dependent changes in GHG emissions in the
Villanueva-Rey et al. Ribeiro appellation (NW Spain): Are land use changes an Environ. Sci. Policy 2015
important driver?
Villanueva-Rey et al. Assessing water footp.rm.t ina wine .appellzfmon: A case study for J. Clean Prod. 2018
Ribeiro in Galicia, Spain
Sustainable consumption and production: Modelling product .
. . . . Corp. Soc. Responsib.
Wong et al. carbon footprint of beverage merchandise using a supply chain Environ. Mana 2021
input-process-output approach ’ &
Zhang and Rosentrater Estimating Economic and Environmental Impacts of Fermentation 2019

References

1.

Di Vita, G,; Stillitano, T.; Falcone, G.; De Luca, A.I; D’Amico, M.; Strano, A.; Gulisano, G. Can sustainability match quality citrus
fruit growing production? An energy and economic balance of agricultural management models for ‘PGI Clementine of Calabria’.
Agron. Res. 2018, 16, 1986-2004.

Maesano, G.; Chinnici, G.; Falcone, G.; Bellia, C.; Raimondo, M.; D’Amico, M. Economic and Environmental Sustainability of
Olive Production: A Case Study. Agronomy 2021, 11, 1753. [CrossRef]

Devesa-Rey, R.; Vecino, X.; Varela-Alende, J.L.; Barral, M.T.; Cruz, ].M.; Moldes, A.B. Valorization of winery waste vs. the costs of
not recycling. Waste Manag. 2011, 31, 2327-2335. [CrossRef]

Hamam, M.; Chinnici, G.; Di Vita, G.; Pappalardo, G.; Pecorino, B.; Maesano, G.; D’Amico, M. Circular economy models in
agro-food systems: A review. Sustainability 2021, 13, 3453. [CrossRef]

Christ, K.L.; Buritt, R.L. Critical environmental concerns in wine production: An integrative review. J. Clean. Prod. 2013, 53,
232-242. [CrossRef]

Grunert, K.G. Sustainability in the food sector: A consumer behaviour perspective. Int. J. Food Syst. Dyn. 2011, 2, 207-218.
Cecchini, L.; Torquati, B.; Chiorri, M. Sustainable agri-food products: A review of consumer preference studies through
experimental economics. Agric. Econ. 2018, 64, 554-565. [CrossRef]


http://doi.org/10.3390/agronomy11091753
http://doi.org/10.1016/j.wasman.2011.06.001
http://doi.org/10.3390/su13063453
http://doi.org/10.1016/j.jclepro.2013.04.007
http://doi.org/10.17221/272/2017-AGRICECON

Agronomy 2022, 12,211 26 of 29

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

Notarnicola, B.; Sala, S.; Anton, A.; McLaren, S.J.; Saouter, E.; Sonesson, U. The role of life cycle assessment in supporting
sustainable agri-food systems: A review of the challenges. J. Clean. Prod. 2017, 140, 399-409. [CrossRef]

Soosay, C.; Fearne, A.; Dent, B. Sustainable value chain analysis—A case study of Oxford Landing from “vine to dine”. Supply
Chain Manag. 2012, 17, 68-77. [CrossRef]

Viloria, A.; Vasquez, C.; Nunez, M.; Nuez, M. Use of the data envolvent analysis to determine the correct management of the
economic resources of a country. In Proceedings of the 2nd International Conference on Adaptive Science & Technology (ICAST),
Accra, Ghana, 14-16 December 2009; pp. 422—425.

Richardson, E.V. Water Use Management in Development. In Issues in Third World Development; Nobe, K.C., Sampath, R.K., Eds.;
Taylor & Francis Ltd.: London, UK, 2019; pp. 313-321.

ISO 14040:2006. Environmental Management—Life Cycle Assessment—Principles and Framework; International Organization for
Standardization ISO: Geneva, Switzerland, 2006.

ISO 14044:2006. Environmental Management—Life Cycle Assessment—Requirements and Guidelines; International Organization for
Standardization ISO: Geneva, Switzerland, 2006.

Product Catergory Rules (PCR). Product Category Classification: Un CPC 24211 and 24212. PCR 2020:06 VERSION 1.0. Date
2020-11-10. The International EPD System. Available online: https:/ /portal.environdec.com/api/api/v1/EPDLibrary/Files/73
50£832-5a85-4b38-a0e3-039ae5b79bed /Data (accessed on 10 January 2022).

Ferlito, F.; Nicolosi, E.; Gentile, A.; Lo Piero, A.R.; Squadrito, M.; Continella, A. Response of four grapevines to water stress and
canopy management in an arid environment. Vitis 2014, 53, 73-80.

Lo Cicero, L.; Puglisi, I.; Nicolosi, E.; Gentile, A.; Ferlito, F.; Continella, A.; Lo Piero, A.R. Anthocyanin levels and expression
analysis of biosynthesis-related genes during ripening of Sicilian and international grape berries subjected to leaf removal and
water deficit. J. Agric. Sci. Technol. 2016, 18, 1333-1344.

Nicolosi, E.; Ferlito, F.; Allegra, M.; Cicala, A.; Trovato, F,; La Malfa, S. Influences of aspect and tillage on two winegrape cultivars
on Mount Etna. N. Z. J. Crop. Hortic. Sci. 2016, 44, 83-102. [CrossRef]

Ferlito, F.; Allegra, M.; Torrisi, B.; Pappalardo, H.; Gentile, A.; La Malfa, S.; Continella, A.; Stagno, E; Nicolosi, E. Early defoliation
effect on water status, fruit yield and must quality of ‘Nerello mascalese’ grapes. Sci. Agric. 2020, 77, 1-10. [CrossRef]

Nicolosi, E.; Iovino, V.; Distefano, G.; Di Guardo, M.; La Malfa, S.; Gentile, A.; Palliotti, A.; Las Casas, G.; Ferlito, F. Mid-Term
Effects of Conservative Soil Management and Fruit-Zone Early Leaf Removal Treatments on the Performance of Nerello Mascalese
(Vitis vinifera L.) Grapes on Mount Etna (Southern Italy). Agronomy 2021, 11, 1070. [CrossRef]

Ferlito, F; Distefano, G.; Gentile, A.; Allegra, M.; Lakso, A.N.; Nicolosi, E. Scion—rootstock interactions influence the growth and
behaviour of the grapevine root system in a heavy clay soil. Aust. J. Grape Wine Res. 2020, 26, 68-78. [CrossRef]
Espadas-Aldana, G.; Vialle, C.; Belaud, ].P.; Vaca-Garcia, C.; Sablayrolles, C. Analysis and trends for Life Cycle Assessment of
olive oil production. Sustain. Prod. Consum. 2019, 19, 216-230. [CrossRef]

Ferrara, C.; De Feo, G. Life Cycle Assessment Application to the Wine Sector: A Critical Review. Sustainability 2018, 10, 395.
[CrossRef]

Ene, S.A.; Teodosiu, C.; Robu, B.; Volf, I. Water footprint assessment in the winemaking industry: A case study for a Romanian
medium size production plant. J. Clean. Prod. 2013, 43, 122-135. [CrossRef]

De Luca, A.L; Molari, G.; Seddaiu, G.; Toscano, A.; Bombino, G.; Ledda, L.; Milani, M.; Vittuari, M. Multidisciplinary and
innovative methodologies for sustainable management in agricultural systems. Environ. Eng. Manag. J. 2015, 14, 1571-1581.
[CrossRef]

De Luca, A.L; Iofrida, N.; Falcone, G.; Stillitano, T.; Gulisano, G. Olive growing scenarios of soil management: Integrating
environmental, economic and social indicators from a life-cycle perspective. In Proceedings of the VIII International Olive
Symposium 1199, Split, Croatia, 10-14 October 2016; ISHS: Leuven, Belgium, 2016; pp. 209-214.

De Feo, G.; Ferrara, C. Investigation of the environmental impacts of municipal wastewater treatment plants through a Life Cycle
Assessment software tool. Environ. Technol. 2017, 38, 1943-1948. [CrossRef]

Curran, M.A. Life cycle assessment. Encycl. Ecol. 2008, 3, 2168-2174.

Buccino, C.; Ferrara, C.; Malvano, C.; De Feo, G. LCA of an ice cream cup of Polyethylene Coated Paper: How does the choice of
the end-of-life affect the results? Environ. Technol. 2017, 40, 584-593. [CrossRef] [PubMed]

Maesano, G.; Di Vita, G.; Chinnici, G.; Pappalardo, G.; D’Amico, M. The role of credence attributes in consumer choices of
sustainable fish products: A review. Sustainability 2020, 12, 10008. [CrossRef]

Rebitzer, G.; Ekvall, T.; Frischknecht, R.; Hunkeler, D.; Norris, G.; Rydberg, T.; Schmidt, W.-P,; Suh, S.; Weidema, B.P.; Pennington,
D.W. Life cycle assessment: Part 1: Framework, goal and scope definition, inventory analysis, and applications. Environ. Int. 2004,
30, 701-720. [CrossRef] [PubMed]

Guinée, ].B.; Cucurachi, S.; Henriksson, PJ.; Heijungs, R. Digesting the alphabet soup of LCA. Int. ]. Life Cycle Assess. 2018, 23,
1507-1511. [CrossRef]

Falcone, G.; Stillitano, T.; Montemurro, E; De Luca, A.I; Gulisano, G.; Strano, A. Environmental and economic assessment of
sustainability in Mediterranean wheat production. Agron. Res. 2019, 17, 60-76.

Corominas, L.; Foley, J.; Guest, ].S.; Hospido, A.; Larsen, H.E,; Morera, S.; Shaw, A. Life cycle assessment applied to wastewater
treatment: State of the art. Water Res. 2013, 47, 5480-5492. [CrossRef]


http://doi.org/10.1016/j.jclepro.2016.06.071
http://doi.org/10.1108/13598541211212212
https://portal.environdec.com/api/api/v1/EPDLibrary/Files/7350f832-5a85-4b38-a0e3-039ae5b79bed/Data
https://portal.environdec.com/api/api/v1/EPDLibrary/Files/7350f832-5a85-4b38-a0e3-039ae5b79bed/Data
http://doi.org/10.1080/01140671.2016.1147472
http://doi.org/10.1590/1678-992x-2019-0025
http://doi.org/10.3390/agronomy11061070
http://doi.org/10.1111/ajgw.12415
http://doi.org/10.1016/j.spc.2019.04.003
http://doi.org/10.3390/su10020395
http://doi.org/10.1016/j.jclepro.2012.11.051
http://doi.org/10.30638/eemj.2015.169
http://doi.org/10.1080/09593330.2016.1241306
http://doi.org/10.1080/09593330.2017.1397771
http://www.ncbi.nlm.nih.gov/pubmed/29072120
http://doi.org/10.3390/su122310008
http://doi.org/10.1016/j.envint.2003.11.005
http://www.ncbi.nlm.nih.gov/pubmed/15051246
http://doi.org/10.1007/s11367-018-1478-0
http://doi.org/10.1016/j.watres.2013.06.049

Agronomy 2022, 12,211 27 of 29

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Falcone, G.; De Luca, A.L; Stillitano, T.; Strano, A.; Romeo, G.; Gulisano, G. Assessment of Environmental and Economic Impacts
of Vine-Growing Combining Life Cycle Assessment, Life Cycle Costing and Multicriterial Analysis. Sustainability 2016, 8, 793.
[CrossRef]

Falcone, G.; Strano, A ; Stillitano, T.; De Luca, A.IL; Iofrida, N.; Gulisano, G. Integrated sustainability appraisal of wine-growing
management systems through LCA and LCC Methodologies. Chem. Eng. Trans. 2015, 44, 223-228.

Zhou, H.; Tan, W,; Qiu, Z.; Song, Y.; Gao, S. A bibliometric analysis in gene research of myocardial infarction from 2001 to 2015.
Peer] 2018, 6, e4354. [CrossRef]

Skaf, L.; Buonocore, E.; Dumontet, S.; Capone, R.; Franzese, P.P. Applying network analysis to explore the global scientific
literature on food security. Ecol. Inform. 2020, 56, 101062. [CrossRef]

Otte, E.; Rousseau, R. Social network analysis: A powerful strategy, also for the information sciences. J. Inf. Sci. 2002, 28, 441-453.
[CrossRef]

Hou, Q.; Mao, G.; Zhao, L.; Du, H.; Zuo, ]. Mapping the scientific research on life cycle assessment: A bibliometric analysis. Int. ].
Life Cycle Assess. 2015, 20, 541-555. [CrossRef]

Pauna, V.H.; Picone, F; Le Guyader, G.; Buonocore, E.; Franzese, P.P. The scientific research on ecosystem services: A bibliometric
analysis. Ecol. Quest. 2018, 29, 53-62.

Li, J.; Wang, Y.; Yan, B. The hotspots of life cycle assessment for bioenergy: A review by social network analysis. Sci. Total Environ.
2018, 625, 1301-1308. [CrossRef]

Tirkeli, S.; Kemp, R.; Huang, B.; Bleischwitz, R.; McDowall, W. Circular economy scientific knowledge in the European Union
and China: A bibliometric, network and survey analysis (2006-2016). J. Clean. Prod. 2018, 197, 1244-1261. [CrossRef]
Gonzalez-Rubio, J.; Navarro-Lopez, C.; Lopez-Najera, E.; Lopez-Ndjera, A.; Jiménez-Diaz, L.; Navarro-Lopez, ].D.; Najera, A. A
systematic review and meta-analysis of hospitalised current smokers and COVID-19. Int. ]. Environ. Res. Public Health 2020, 17,
7394. [CrossRef]

Maesano, G.; Di Vita, G.; Chinnici, G.; Gioacchino, P; D’Amico, M. What's in organic wine consumer mind? A review on
purchasing drivers of organic wines. Wine Econ. Policy 2021, 10, 3-21. [CrossRef]

Dardonville, M.; Bockstaller, C.; Therond, O. Review of quantitative evaluations of the resilience, vulnerability, robustness and
adaptive capacity of temperate agricultural systems. J. Clean. Prod. 2021, 286, 125456. [CrossRef]

Leonidou, L.C.; Katsikeas, C.S.; Samiee, S.; Aykol, B. International Marketing Research: A State-of-the-Art Review and the Way
Forward. Adv. Glob. Mark. 2018, 3-33. [CrossRef]

Golbabaei, F; Yigitcanlar, T.; Paz, A.; Bunker, J. Individual predictors of autonomous vehicle public acceptance and intention to
use: A systematic review of the literature. J. Open Innov. Technol. Mark. Complex. 2020, 6, 106. [CrossRef]

Van Eck, N.J.; Waltman, L. Manual for VOSviewer version 1.6.8. In CWTS Meaningful Metrics; Universiteit Leiden: Leiden,
The Netherlands, 2018.

Damar, H.T; Bilik, O.; Ozdagoglu, G.; Ozdagoglu, A.; Damar, M. Scientometric overview of nursing research on pain management.
Rev. Lat. Am. Enferm. 2018, 26, e3051. [CrossRef] [PubMed]

Waltman, L.; Boyack, K.W.; Colavizza, G.; van Eck, N.J. A principled methodology for comparing relatedness measures for
clustering publications. Quant. Sci. Stud. 2020, 1, 691-713. [CrossRef]

Violino, S.; Antonucci, E; Pallottino, F.; Cecchini, C.; Figorilli, S.; Costa, C. Food traceability: A term map analysis basic review.
Eur. Food Res. Technol. 2019, 245, 2089-2099. [CrossRef]

Cassago, A.L.L.; Arténcio, M.M.; Giraldi, ].D.M.E.; Da Costa, F.B. Metabolomics as a marketing tool for geographical indication
products: A literature review. Eur. Food Res. Technol. 2021, 247, 2143-2159. [CrossRef]

Donthu, N.; Kumar, S.; Pandey, N.; Soni, G. A retrospective overview of Asia Pacific Journal of Marketing and Logistics using a
bibliometric analysis. Asia Pac. ]. Mark. Logist. 2020, 33, 783-806. [CrossRef]

Caparros-Martinez, J.L.; Milan-Garcia, J.; Martinez-Vazquez, R.M.; de Pablo Valenciano, J. Green Infrastructures and Grand
Environmental Challenges: A Review of Research Trends by Keyword. Agronomy 2021, 11, 782. [CrossRef]

Arias, A.; Gonzalez-Rodriguez, S.; Barros, M.V.; Salvador, R.; de Francisco, A.C.; Piekarski, C.M.; Moreira, M. T. Recent develop-
ments in bio-based adhesives from renewable natural resources. J. Clean. Prod. 2021, 314, 127892. [CrossRef]

Raboaca, M.S.; Bizon, N.; Grosu, O.V. Optimal energy management strategies for the electric vehicles compiling bibliometric
maps. Int. J. Energy Res. 2021, 45, 10129-10172. [CrossRef]

Zhao, D.; Strotmann, A. Deep and narrow impact: Introducing location filtered citation counting. Scientometrics 2020, 122, 503-517.
[CrossRef]

Laengle, S.; Modak, N.M.; Merigo, ].M.; De La Sotta, C. Thirty years of the International Journal of Computer Integrated
Manufacturing: A bibliometric analysis. Int. . Comput. Integr. Manuf. 2018, 31, 1247-1268. [CrossRef]

Bornmann, L.; Haunschild, R.; Hug, S.E. Visualizing the context of citations referencing papers published by Eugene Garfield: A
new type of keyword co-occurrence analysis. Scientometrics 2018, 114, 427-437. [CrossRef]

Amienyo, D.; Camilleri, C.; Azapagic, A. Environmental impacts of consumption of Australian red wine in the UK. J. Clean. Prod.
2014, 72, 110-119. [CrossRef]

Marrucci, L.; Daddi, T.; Iraldo, F. The integration of circular economy with sustainable consumption and production tools:
Systematic review and future research agenda. . Clean. Prod. 2019, 240, 118268. [CrossRef]


http://doi.org/10.3390/su8080793
http://doi.org/10.7717/peerj.4354
http://doi.org/10.1016/j.ecoinf.2020.101062
http://doi.org/10.1177/016555150202800601
http://doi.org/10.1007/s11367-015-0846-2
http://doi.org/10.1016/j.scitotenv.2018.01.030
http://doi.org/10.1016/j.jclepro.2018.06.118
http://doi.org/10.3390/ijerph17207394
http://doi.org/10.36253/wep-9101
http://doi.org/10.1016/j.jclepro.2020.125456
http://doi.org/10.1007/978-3-319-61385-7_1
http://doi.org/10.3390/joitmc6040106
http://doi.org/10.1590/1518-8345.2581.3051
http://www.ncbi.nlm.nih.gov/pubmed/30183876
http://doi.org/10.1162/qss_a_00035
http://doi.org/10.1007/s00217-019-03321-0
http://doi.org/10.1007/s00217-021-03782-2
http://doi.org/10.1108/APJML-04-2020-0216
http://doi.org/10.3390/agronomy11040782
http://doi.org/10.1016/j.jclepro.2021.127892
http://doi.org/10.1002/er.6503
http://doi.org/10.1007/s11192-019-03280-z
http://doi.org/10.1080/0951192X.2018.1529434
http://doi.org/10.1007/s11192-017-2591-8
http://doi.org/10.1016/j.jclepro.2014.02.044
http://doi.org/10.1016/j.jclepro.2019.118268

Agronomy 2022, 12,211 28 of 29

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.
83.

84.

85.

86.

87.

88.

89.

90.

Bovea, M.D.; Ibanez-Forés, V,; Juan, P.; Pérez-Belis, V.; Braulio-Gonzalo, M. Variables that affect the environmental performance
of small electrical and electronic equipment. Methodology and case study. J. Clean. Prod. 2018, 203, 1067-1084. [CrossRef]

Petti, L.; Ardente, F; Bosco, S.; De Camillis, C.; Masotti, P; Pattara, C.; Raggi, A.; Tassielli, G. State of the art of Life Cycle
Assessment (LCA) in the Wine Industry. In Proceedings of the International Conference on Life Cycle Assessment in the Agri-food
Sector, Bari, Italy, 22-24 September 2010.

Aranda, A.; Scarpellini, S.; Zabalza, I. Economic and environmental analysis of the wine bottle production in Spain by means of
life cycle assessment. Int. ]. Agric. Res. Gov. Ecol. 2005, 4, 178-191. [CrossRef]

Vazquez-Rowe, L; Villanueva-Rey, P.; Moreira, M.T.; Feijoo, G. Environmental analysis of Ribeiro wine from a timeline perspective:
Harvest year matters when reporting environmental impacts. . Environ. Manag. 2012, 98, 73-83. [CrossRef]

Moggi, S.; Pagani, A.; Pierce, P. The rise of sustainability in Italian wineries: Key dimensions and practices. Impresa Progetto
Electron. . Manag. 2020, 1, 1-20.

Potter, H.K.; R66s, E. Multi-criteria evaluation of plant-based foods—use of environmental footprint and LCA data for consumer
guidance. . Clean. Prod. 2021, 280, 124721. [CrossRef]

Rugani, B.; de Souza, D.M.; Weidema, B.P; Bare, ].; Bakshi, B.; Grann, B.; Johnston, ].M.; Raimundo Pavan, A.L.; Liu, X.; Verones, F.
Towards integrating the ecosystem services cascade framework within the Life Cycle Assessment (LCA) cause-effect methodology.
Sci. Total Environ. 2019, 690, 1284-1298. [CrossRef]

Bosco, S.; Di Bene, C.; Galli, M.; Remorini, D.; Massai, R.; Bonari, E. Greenhouse gas emissions in the agricultural phase of wine
production in the Maremma rural district in Tuscany, Italy. Ital. |. Agron. 2011, 6, 93-100. [CrossRef]

Weidema, B.P,; Pizzol, M.; Schmidt, J.; Thoma, G. Attributional or consequential life cycle assessment: A matter of social
responsibility. J. Clean. Prod. 2018, 174, 305-314. [CrossRef]

Cugek, L.; Klemes, ].J.; Kravanja, Z. A review of footprint analysis tools for monitoring impacts on sustainability. J. Clean. Prod.
2012, 34, 9-20. [CrossRef]

Scipioni, A.; Manzardo, A.; Mazzi, A.; Mastrobuono, M. Monitoring the carbon footprint of products: A methodological proposal.
J. Clean. Prod. 2012, 36, 94-101. [CrossRef]

Rinaldi, S.; Bonamente, E.; Scrucca, F.,; Merico, M.C.; Asdrubali, F; Cotana, F. Water and carbon footprint of wine: Methodology
review and application to a case study. Sustainability 2016, 8, 621. [CrossRef]

Bonamente, E.; Scrucca, F,; Rinaldi, S.; Merico, M.C.; Asdrubali, F.; Lamastra, L. Environmental impact of an Italian wine bottle:
Carbon and water footprint assessment. Sci. Total Environ. 2016, 560, 274-283. [CrossRef]

Udo de Haes, H.A ; Sleeswijk, A.W.; Heijungs, R. Similarities, differences and synergisms between HERA and LCA—An analysis
at three levels. Hum. Ecol. Risk Assess. 2006, 12, 431-449. [CrossRef]

Weidema, B.P.; Thrane, M.; Christensen, P.; Schmidt, J.; Lekke, S. Carbon footprint: A catalyst for life cycle assessment? J. Ind.
Ecol. 2008, 12, 3-6. [CrossRef]

Rugani, B.; Vazquez-Rowe, I.; Benedetto, G.; Benetto, E. A comprehensive review of carbon footprint analysis as an extended
environmental indicator in the wine sector. J. Clean. Prod. 2013, 54, 61-77. [CrossRef]

Lamastra, L.; Suciu, N.A.; Novelli, E.; Trevisan, M. A new approach to assessing the water footprint of wine: An Italian case
study. Sci. Total Environ. 2014, 490, 748-756. [CrossRef]

Bonamente, E.; Cotana, F. Carbon and Energy Footprint of Prefabricated Industrial Buildings: A systematic Life Cycle Assessment
Analysis. Energies 2015, 8, 12685-12701. [CrossRef]

Bonamente, E.; Pelliccia, L.; Merico, M.C.; Rinaldji, S.; Petrozzi, A. The Multifunctional Environmental Energy Tower: Carbon
Footprint and Land Use Analysis of an Integrated Renewable Energy Plant. Sustainability 2015, 7, 13564-13584. [CrossRef]
Schau, E.M.; Fet, A.M. LCA studies of food products as background for environmental product declarations. Int. |. Life Cycle
Assess. 2008, 13, 255-264. [CrossRef]

Schmidt, H.]. Carbon footprinting, labelling and life cycle assessment. Int. J. Life Cycle Assess. 2009, 14, 6-9. [CrossRef]

Rossi, F.; Bonamente, E.; Nicolini, A.; Anderini, E.; Cotana, F. A Carbon Footprint and energy consumption assessment
methodology for UHI-affected lighting systems in built areas. Energy Build. 2016, 114, 96-103. [CrossRef]

Carballo-Penela, A.; Garcia-Negro, M.C.; Doménech-Quesada, J.L. A methodological proposal for corporate carbon footprint and
its application to a wine-producing company in Galicia, Spain. Sustainability 2009, 1, 302-318. [CrossRef]

Gazulla, C.; Raugei, M.; Fullana, P. Taking a life cycle look at crianza wine production in Spain: Where are the bottlenecks? Int. J.
Life Cycle Assess. 2010, 15, 330-337. [CrossRef]

Point, E.; Tyedmers, P.; Naugler, C. Life cycle environmental impacts of wine production and consumption in Nova Scotia,
Canada. J. Clean. Prod. 2012, 27, 11-20. [CrossRef]

Fusi, A.; Guidetti, R.; Benedetto, G. Delving into the environmental aspect of a Sardinian white wine: From partial to total life
cycle assessment. Sci. Total Environ. 2014, 472, 989-1000. [CrossRef] [PubMed]

Iannone, R.; Miranda, S.; Riemma, S.; De Marco, I. Improving environmental performances in wine. In Proceedings of the 7th
International Conference on Life Cycle Assessment in the Agri-Food Sector, Bari, Italy, 22-24 September 2010; pp. 493-498.
Cholette, S.; Kumar, V. The energy and carbon intensity of wine distribution: A study of logistical options for delivering wine to
consumers. J. Clean. Prod. 2009, 17, 1401-1413. [CrossRef]

Villanueva-Rey, P.; Vazquez-Rowe, I.; Moreira, M.T.; Feijoo, G. Comparative life cycle assessment in the wine sector: Biodynamic
vs. conventional viticulture activities in NW Spain. J. Clean. Prod. 2014, 65, 330-341. [CrossRef]


http://doi.org/10.1016/j.jclepro.2018.08.240
http://doi.org/10.1504/IJARGE.2005.007199
http://doi.org/10.1016/j.jenvman.2011.12.009
http://doi.org/10.1016/j.jclepro.2020.124721
http://doi.org/10.1016/j.scitotenv.2019.07.023
http://doi.org/10.4081/ija.2011.e15
http://doi.org/10.1016/j.jclepro.2017.10.340
http://doi.org/10.1016/j.jclepro.2012.02.036
http://doi.org/10.1016/j.jclepro.2012.04.021
http://doi.org/10.3390/su8070621
http://doi.org/10.1016/j.scitotenv.2016.04.026
http://doi.org/10.1080/10807030600561659
http://doi.org/10.1111/j.1530-9290.2008.00005.x
http://doi.org/10.1016/j.jclepro.2013.04.036
http://doi.org/10.1016/j.scitotenv.2014.05.063
http://doi.org/10.3390/en81112333
http://doi.org/10.3390/su71013564
http://doi.org/10.1065/lca2007.12.372
http://doi.org/10.1007/s11367-009-0071-y
http://doi.org/10.1016/j.enbuild.2015.04.054
http://doi.org/10.3390/su1020302
http://doi.org/10.1007/s11367-010-0173-6
http://doi.org/10.1016/j.jclepro.2011.12.035
http://doi.org/10.1016/j.scitotenv.2013.11.148
http://www.ncbi.nlm.nih.gov/pubmed/24355395
http://doi.org/10.1016/j.jclepro.2009.05.011
http://doi.org/10.1016/j.jclepro.2013.08.026

Agronomy 2022, 12,211 29 of 29

91.

92.

93.

94.

95.

96.
97.

98.

99.

Ruggieri, L.; Cadena, E.; Martinez-Blanco, J.; Gasol, C.M.; Rieradevall, ].; Gabarrell, X.; Gea, T.; Sort, X.; Sanchez, A. Recovery of
organic wastes in the Spanish wine industry. Technical, economic and environmental analyses of the composting process. J. Clean.
Prod. 2009, 17, 830-838. [CrossRef]

Strano, A.; De Luca, A.L; Falcone, G.; Iofrida, N.; Stllitano, T.; Gulisano, G. Economic and environmental sustainability assessment
of wine grape production scenarios in Southern Italy. J. Agric. Sci. 2013, 4, 12-20. [CrossRef]

Kavargiris, S.E.; Mamolos, A.P,; Tsatsarelis, C.A.; Nikolaidou, A.E.; Kalburtji, K.L. Energy resources’ utilization in organic and
conventional vineyards: Energy flow, greenhouse gas emissions and biofuel production. Biomass Bioenergy 2009, 33, 1239-1250.
[CrossRef]

Pizzigallo, A.C.I; Granai, C.; Borsa, S. The joint use of LCA and emergy evaluation for the analysis of two Italian wine farms. J.
Environ. Manag. 2008, 86, 396—406. [CrossRef]

Venkat, K. Comparison of twelve organic and conventional farming systems: A life cycle greenhouse gas emissions perspective. J.
Sustain. Agric. 2012, 36, 620-649. [CrossRef]

Grunert, K.G. Current issues in the understanding of consumer food choice. Trends Food Sci. Technol. 2002, 13, 275-285. [CrossRef]
Delmas, M.A.; Grant, L.E. Eco-Labeling Strategies: The Eco-Premium Puzzle in the Wine Industry. Working Papers 37325. Am.
Assoc. Wine Econ. 2008, 13, 1-34.

Mustak, M.; Jaakkola, E.; Halinen, A. Customer participation and value creation: A systematic review and research implications.
Manag. Serv. Qual. 2013, 23, 341-359. [CrossRef]

Dong, B.; Sivakumar, K. Customer participation in services: Domain, scope, and boundaries. J. Acad. Mark. Sci. 2017, 45, 944-965.
[CrossRef]


http://doi.org/10.1016/j.jclepro.2008.12.005
http://doi.org/10.4236/as.2013.45B003
http://doi.org/10.1016/j.biombioe.2009.05.006
http://doi.org/10.1016/j.jenvman.2006.04.020
http://doi.org/10.1080/10440046.2012.672378
http://doi.org/10.1016/S0924-2244(02)00137-1
http://doi.org/10.1108/MSQ-03-2013-0046
http://doi.org/10.1007/s11747-017-0524-y

	Introduction 
	Method 
	Literature Searching Procedure 
	Bibliographic Analysis of Co-Occurrence Keywords 

	Results 
	Overview of Selected Papers 
	Bibliometric Analysis of the Themes 

	Discussion 
	Overall Comment 
	Environmental Impact in the Wine Industry 
	Environmental Impacts in the Agricultural Phase 
	Environmental Impacts in the Vinification Phase 

	Conclusions 
	Appendix A
	References

