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Abstract: The agri-food sector is one of the major contributors of Greenhouse Gas (GHG) emissions 

responsible for global climate change. The suitability of world areas for viticulture is evolving due 

to climate change, with new challenges linked to the sustainability of production. Viticulture and 

the wine sector in general are, at the same time, impactful sectors associated with negative 

environmental externalities. The VIVA certification program is focused on the sustainability 

performance of the vine–wine supply chain in Italy. It comprehends four scientific indicators, called 

“Air”, “Water”, “Vineyard”, and “Territory”. The Air indicator expresses the impact that the 

production of a specific wine and / or the company activities have on climate change. This paper 

analyzes and compares GHG emissions of 45 wines certified VIVA 2.0 (or the subsequent 2.1 

update). Results showed that the most impactful phase is the bottling phase (average values of 0.58 

kg CO2-eq/bottle), which accounts for 41.1% of total emissions, followed by the industrial phase 

(about 19.9%). The total values of GHG emissions for each wine profile ranged between 0.81 and 

2.52 kg CO2-eq/bottle. A coefficient of performances of GHG emissions was calculated to show the 

weak phase for each wine, a useful tool with a view to continuous improvement. 
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1. Introduction 

Sustainable agricultural and food processing are considered effective strategies to 

adapt the food system to climate change and mitigate its effects [1]. Agriculture, Forestry 

and Other Land Use (AFOLU) sectors are prominent contributors of GHG emissions that 

cause global climate change, accounting for around a quarter of global emissions [2]. At 

the same time, climate change is directly affecting the agricultural sector, and viticulture 

production is one of the most challenged, due to the need to combine grape quality and 

grapevine cultivar adaptation [3].  

Viticulture is a relevant agricultural activity that covers about 7,3 million of hectares 

worldwide; vineyard cultivation has gradually gone beyond the traditional producing 

areas and concerns a wide range of Northern and Southern hemisphere countries 

(including China, India, and Brazil) [4]. Suitability for viticulture is changing due to 

climate change, and potential new areas (i.e., Northern Europe countries) are becoming 

appropriate for viticulture [1], while traditional producing areas—such as the 

Mediterranean areas—are threatened by global warming because of reduced rainfall, 

intensification of extreme weather phenomena, rise in temperatures, and heat shocks 

[3,5,6]. 

Although so dependent on the quality of the environment, viticulture and, in general, 

the wine sector is, at the same time, an impactful sector, associated with many 
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environmental issues [7] which provoke negative externalities to the environment [8], for 

example, through the intensive use of pesticide and other chemicals [9].  

The awareness of the environmental impact of viticulture and wine production has 

increased over the last years, together with consumers’ consciousness and institutional 

attention. Even though there is not a unique conclusion in the literature about consumer 

propensity to buy sustainable wines, especially when there is a trade-off with organoleptic 

or sensory aspects [8,10,11], it is worth noting that sustainability issues play an important 

role in consumers’ buying choices [12], and a growing demand for products with 

environmental certification in the years ahead can be expected [13,14]. 

An increasing number of producers are oriented towards sustainable viticulture and 

perceive the implementation of sustainability strategies as a competitive advantage [15]. 

The reasons can be different: as a means of market differentiation; to increase the 

management and organizational efficiency [16,17]; for personal environmental 

consciousness and responsibility [18–20]; and to leave the company in better condition for 

future generations [21]. 

The certification of sustainable practices is gaining ever-increasing importance to 

guarantee the environmental and social engagement of wine companies, used as a 

marketing and a communication tool [16,18]. Furthermore, the communication of 

sustainable products through carbon footprint labels is a factor that is positively 

associated with consumers’ willingness to pay [22]. In this wider context, special attention 

should be paid to the environmental aspects of sustainability and to the calculation of 

GHG emissions [23]. 

2. Literature Review 

Numerous programs have been proposed at national or regional level for the 

certification of sustainable practices. They highlight different tools (guidelines, indicators, 

labels, protocols), methodologies (self-assessment, third-party validation, third-party 

certification), boundaries (the product, the company, the whole chain), and different 

aspects of sustainability, such as environmental, social, and economic issues. 

On the one hand, the presence of different criteria can represent a way of adapting to 

the different territorial specificities and emphasizing specific aims. On the other hand, this 

aspect represents a weak point in communication towards stakeholders and in the general 

path of the sector towards sustainability. A unique and comparable approach could 

reduce the information asymmetry and improve the effectiveness of the communication 

[8,18,19,24]. 

Various papers carried out an observation of different methodologies and tried to 

identify common ground able to allow an easier comparison among the companies’ 

results. Flores [16] proposes an analysis of certification schemes in six wine producing 

countries mainly of the new wine world (South Africa, New Zealand, Australia, Chile, 

USA, France), classified on the basis of, among others, the presence of guidelines, 

indicators, or parameters. Merli et al. [8] analyze numerous sustainability programs in the 

new world (USA, New Zealand, South Africa, Chile) and in Europe (France, Germany, 

Austria, Spain). Corbo et al. [18] and Merli et al. [8] compare different programs in the 

Italian wine sector concerning issues on sustainability.  

The International Organisation of Vine and Wine (OIV) produced the “General 

principles of sustainable vitiviniculture-environmental-social-economic and cultural 

aspects” (Resolution OIV-CST 518-2016) [25], in which, in the framework of the broader 

concept of sustainability, environmental aspects, namely, the protection of soils, water, 

air, biodiversity, and landscapes, are considered.  

If the social, economic, and cultural aspects of sustainability are still underconsidered 

[16], there seems to be a wider consensus on the environmental aspects, which are of major 

interest for climate-change mitigation. The calculation of GHG emissions, in this context, 

gains the highest importance. 
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The food system is estimated to be responsible for one-third of total global GHG 

emissions, with three quarters generated at the farm gate or in pre- and post-production 

activities [26]. In the agri-food field, the wine sector is one of the major contributors to 

global greenhouse gas emissions [13,27] and consequently to climate change and global 

warming [28,29]. Therefore, it is very important to study tools that allow quantification of 

climate-altering emissions in viticulture and enology [23,30,31]. 

The International Organization for Standardization (ISO) produced standard 

methodologies for the calculation of GHG emissions based on the Life-Cycle Assessment 

(LCA) approach: ISO 14067:2018 (Greenhouse gases–CF of Products–Requirements and 

guidelines for quantification); ISO 14044:2006 (Environmental management–Life cycle 

assessment–Principles and framework); and ISO 14026:2017 (Environmental Labels and 

declarations–Principles, requirements and guidelines for communication of footprint 

information). 

The “General principles of the OIV greenhouse gas accounting protocol (GHGAP) 

for the vine and wine sector” (Resolution OIV-CST 431-2011) are guidelines based on ISO 

standards and other international protocols, aiming at providing the specifications proper 

to the vine and wine sector [32]. The OIV provides a consistent method for identifying 

areas of emission reductions associated with vine and wine firms’ activities [33]. 

Carbon Footprint (CF) is a generally accepted indicator of GHG emissions for 

measuring the impact of human activities in terms of quantity of greenhouse gases 

produced, expressed as “units of carbon dioxide equivalent (CO2-eq)” [34–36]. In detail, 

this indicator is useful to understand the contribution to the Global Warming Potential 

(GWP), the total amount of CO2 and the other greenhouse gases coming from the 

product’s life cycle. 

Typical inputs that have an impact on GHG emissions coming from wine production 

are: soil preparation, fertilization, application of phytosanitary products, fuel/electricity 

for agricultural activities, harvesting of grapes, and their transportation to the winery; 

electricity required in the wine-making process, storage, and refrigeration; the production 

of glass bottles, bottle closers, and other packaging materials; and the distribution of wines 

in the market [37–41]. 

CF ratings of wine production have only appeared in recent years. Several studies 

have been published [42–46], but the comparison of the results is hindered by the different 

methodological approaches used [23]. 

Due to different calculation procedures and diversity in the results, efforts have been 

made to increase the consistency of the methodologies, and the LCA approach has become 

the most complete and used approach [7,8]. 

LCA has proved to be a suitable method to analyze the environmental impacts of the 

different life-cycle stages of wine [8,47], because of its holism and comprehensiveness. 

Although CF represents a partial aspect of the more complex and comprehensive LCA 

approach, it has been accepted as a valid indicator for communicating the LCA 

environmental results because of its focus on causes of global warming and its capacity to 

be representative of wider environmental impacts [13]. CF is thus assumed as a basic 

element in the LCA methodology for the calculation of GHG emissions. 

However, some elements remain under discussion, such as the system boundaries of 

the LCA methodology to be applied in the analysis (from “cradle to gate” to a “cradle to 

grave” approach) [13], the use of generic information versus the use of site-specific 

information [48], as well as the aspect of the high variation in the CF results, even under 

the same methodological assumptions [49]. 

The four major steps usually identified in wine production for the CF calculation are 

viticulture, wine making, distribution, and bottle disposal [50].  

Ponstein et al. [51], in a study conducted in Germany, found that 19% of emissions 

related to wine production came from grape production, while 81% related to wine-

making (industrial phase), were mainly related to packaging materials (57%). Litskas et 

al. [52], in a French study of 38 wine-producing companies in Bordeaux, show higher 
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impacts (more than double) related to the use of fuel comparing with the management of 

pesticides and fertilizers. Soil fertilization practices provide for the administration of 

nitrogen, phosphorus, potassium, and other microelements (Mg, Fe, Bo, Zn, Cu), in order 

to guarantee production levels adequate to the needs of the winery based on the charac-

teristics of the soil; fertilization represents a very important phase in terms of GHG emis-

sions [53]. 

Ferrara and De Feo [54], in their literature review on the applications of LCA in the 

wine sector, showed that the CF values of red and white wine are very similar. 

Italy plays an important role concerning sustainable viticulture. In 2014, the Wine 

Sustainability Forum was launched and 15 major projects for sustainability were identi-

fied and analyzed [55], emphasizing environmental sustainability indicators, emissions of 

greenhouse gases, and the use of LCA [8]. However, a database regarding inventory data 

in the wine sector is missing or limited to the Italian context [56]. 

Nowadays, two standards seem to attract higher attention at national level, namely, 

the Equalitas standard for environmental, economic, and social certification of the wine 

chain, promoted by Federdoc (the National Federation of the Consortia for the protection 

of designation of origin in the wine sector) in 2015, and the VIVA standard “Sustainability 

in viticulture in Italy”, launched by the Italian Ministry of the Environment for measuring 

the sustainability performance of the vine–wine chain in 2011. 

Both programs are based, for the environmental aspects of sustainability, on the LCA 

methodologies defined by international standards. The Equalitas calculation of the CF of 

a product (CFP) is based on the principles and requirements of UNI EN ISO 14064-1:2019 

(Greenhouse gases-Part 1: Specification with guidance at the organization level for quan-

tification and reporting of greenhouse gas emissions and removals) and UNI EN ISO 

14067:2018 [57]. 

The VIVA program aims to assess sustainability in its three dimensions, environmen-

tal, economic, and social [18]. It applies to the vine–wine supply chain a series of indicators 

based on international standards and guidelines [23,58]. The certification is based on four 

indicators: Air (climate footprint), Water (water footprint), Vineyard (impact of agro-

nomic management practices), and Territory (socio–economic–cultural impact). The Air 

indicator, based on the disciplinary VIVA, follows the line of ISO 14067:2018 and ISO 

14044:2006 [59]. 

D’Ammaro et al. [23], in a recent study, analyzed the main factors that contribute to 

the CFP of 33 Italian wines certified by VIVA and compared and evaluated the results 

obtained. The CFP indicator is used for the quantification of GHG emissions and removals 

using the LCA approach.  

3. Materials and Methods  

The sample is represented by 45 VIVA 2.0/2.1-certified Italian wines produced by a 

winery on the date 23 February 2022 (the full list of the products is detailed in Appendix 

A, Table A1). The VIVA methodology framework for the Air indicator was reported by 

D’Ammaro et al. [23]. 

In this study, GHG emissions are referred to as the results of the Air indicator of 

VIVA-certified companies. For each wine that obtained the VIVA certification, the reports 

relating to the Air indicator were downloaded and the values related to GHG emissions 

were analyzed. The reports are publicly available on the official VIVA website (https://vit-

icolturasostenibile.org/, accessed on 23 February 2022) and contain information such as 

wine typology (sparkling, red, white), wine category (the designation of origin, if present), 

company name, region of production, the amount of CO2 equivalent emissions per bottle 

for each phase (agricultural, industrial, bottling, distribution, and disposal), and the name 

of the organization which approved the certification after the audit. 

The calculation of GHG emissions for the Air indicator takes into account various 

inputs, such as: consumptions of pesticides, herbicides, organic, and synthetic fertilizers 
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in vineyards; combustion of fossil fuels; electricity consumption; farming practices; con-

sumption of materials in the industrial phase (e.g., enzymes and other auxiliary materi-

als); packaging; and waste transport and treatment (for a more detailed description, see: 

Merli et al.; D’Ammaro et al.) [8,23]. 

All the following phases in the VIVA framework have been considered:  

 Agricultural phase, concerning all the work conducted in the field including pruning, 

harvesting, treatments, irrigation, and fertilization. 

 Industrial phase, which includes all operations in industrial phases. 

 Bottling phase, which deals with bottling, labeling, corks, pallets, and more (packag-

ing). 

 Distribution phase of the products, which includes transport. 

 Disposal phase, where the greenhouse gases emitted after consumption were evalu-

ated. 

Given the fact that all the wines are certified under the VIVA framework, we can 

assume that all the parameters that have been analyzed are fully comparable among the 

different products. The functional unit refers to a 0.75 L bottle of wine. 

Figure 1 represents the geographic location of the sample; most of the wines are lo-

cated in Tuscany (13) and in Emilia-Romagna (9) regions. 

 

Figure 1. Geographic location of the wines sample (Italian regions). 

A general explorative analysis of all certified VIVA wines (e.g., mean, standard devi-

ation, variance) was performed. 

Nearest Neighbor Analysis [60] was applied to the GHG emission values in the pro-

duction phases (all phases excluding distribution and disposal) of VIVA-certified wines 

with the aim of understanding if the spatial distribution of wines grouped for typology 

(red, white, sparkling) reveals differences. 

Then, data dispersion was calculated through the coefficient of variation (CV) [61]. 

CV was performed for GHG emissions considering the values of all phases of all wines. It 

was calculated as the ratio of the standard deviation to the mean. The aim was to under-

stand the data variability for each wine profile. 

Finally, a performance coefficient (PC) was calculated for each phase considering the 

GHG emissions of each wine profile, as follows:  

PC = GHG emission values of winen in phasea /  

average value of GHG emissions of all wines in phasea 
(1) 
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Here, winen indicates each wine profile, and phasea indicates the phase evaluated 

(e.g., vineyard industry, packaging, distribution, disposal). PC was also rendered as a heat 

map, useful for understanding whether, for each wine profile, the performance was bet-

ter/worse than the mean values of all the certified wines. 

4. Results and Discussion 

Table 1 shows the analysis of the data of GHG emissions at different stages of pro-

duction. With regard to the vineyard phase, the average value of GHG emissions is 0.25 

kg CO2-eq/bottle; this phase is characterized by a high range of values (0.05–0.80 kg CO2-

eq/bottle). In this stage, various inputs contribute to GHG emissions, such as the fossil fuel 

consumption of machinery in field operations [39,45], as well as the use of fertilizers and 

pesticides [40,62,63]. Ferrara and De Feo [54] showed that these factors contribute to var-

ious degrees depending on the studies considered and the type of input. In viticultural 

activities, they report that the use of fertilizers gives a contribution ranging from 30 to 85% 

in terms of CF and fuel consumption from 20 to 40%. Furthermore, environmental impacts 

are largely influenced by the geographical location of production [64,65], especially in the 

vine-growing sector, which is a field strongly correlated with pedo-climatic conditions 

that also have an influence on the use of fertilizers and pesticides, both inputs affecting 

the CF [30,41]. 

In industrial production, the values are slightly higher than in the agricultural phase 

(0.28 kg CO2-eq/bottle) and the standard deviation is the highest (0.20).  

The bottling phase is the most impactful, with average values around 0.58 kg CO2-

eq/bottle; furthermore, the standard deviation has lower values than the vineyard and 

industrial phases, which means a lower variability in the data. The distribution and dis-

posal phase have mean values of 0.26 kg CO2-eq/bottle and 0.04 kg CO2-eq/bottle.  

The average value for the entire vine–wine life cycle (sum of GHG emissions of all 

phases) is 1.41 kg CO2-eq/bottle; this result aligns with the main international studies. Tsa-

lidis et al. [66] analyzed CF of red and white wine production located in South European 

countries; the results showed that the CF ranged between 1.02 and 1.62 CO2-eq for a bottle 

of wine.  

Scrucca et al. [67] reported the results related to typical Italian wineries and show a 

CF between 0.9 and 2.0 kg CO2-eq/bottle. Litskas et al. [52], in 20 vineyards in Cyprus, 

found an average CF of 1.31 kg CO2-eq/bottle, while Benedetto [39] reported a value of CF 

of 1.64 kg CO2-eq/bottle for a typical Sardinian white wine in her study. 

Table 1. GHG emissions of VIVA 2.0/2.1-certified wines in different stages of production (kg CO2-

eq/bottle). 

Phases Range Minimum Maximum Mean 
Std.  

Deviation 
Variance 

Agricultural 0.75 0.05 0.80 0.25 0.18 0.03 

Industrial 1.00 0.03 1.03 0.28 0.20 0.04 

Bottling 0.64 0.30 0.94 0.58 0.12 0.02 

Distribution 0.51 0.01 0.52 0.26 0.14 0.02 

Disposal 0.10 0.00 0.10 0.04 0.03 0.00 

All phases 1.71 0.81 2.52 1.41 0.33 0.11 

The average impact of each phase on the total in terms of GHGs is reported in Figure 

2. The disposal phase is the least impactful phase (2.6%), while the most impactful is rep-

resented by the bottling phase (41.1%). 

These results align with previous studies in which packaging was found to be very 

impactful in the wine chain [41,42,49,51,68]. Amienyo et al. [27] highlighted the im-

portance of recycled glass content in bottles as a strategy to reduce GWP. 
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Figure 2. Average impact of each phase on total in terms of GHGs. 

In Figure 3, the distributions of GHG emission values in the different phases are re-

ported. The frequency distributions of values highlight the variability of GHG emissions 

in each phase. The variability of the profiles in the whole process seems to be normally 

distributed (see Figure 3, letter F), contrary to the frequency distributions in some different 

production stages. In the agricultural phase, values equal to or greater than 0.6 kg CO2-

eq/bottle are infrequent (6.7%). In this phase, the values ranged around 0.10–0.21 kg CO2-

eq/bottle in 40% of cases. The lower average impact of the agricultural phase is the result 

of the presence of a high number of very-low-impact wineries. In this phase, pesticide, 

fertilizers, and fossil fuels are the important contributors to carbon emissions [30,47,54]. 

On the contrary, in the bottling phase, most companies are distributed around the 

average. However, even in the bottling stage there are cases of more virtuous companies, 

given that the lowest value is less than one-third compared to the highest value (values 

between 0.30 and 0.94 kg CO2-eq/bottle). The glass bottle weight gives an important con-

tribution to GHG emissions and represents a critical factor for intervention [41,69,70]. For 

example, the use of 32% lighter bottles can reduce GHG emissions per bottle of wine by 

14% [23]. 

In the industrial phase, 35.5% of the sample ranged between 0.20 and 0.29 kg CO2-

eq/bottle, while 33.3% of values in the bottling phase cover the interval 0.51–0.61 kg CO2-

eq/bottle. The results in this phase are influenced by wine typology and the specific pro-

duction cycle [43,44,51]. 

Finally, 62% of the values in the distribution phase ranged between 0.27 and 0.40 kg 

CO2-eq/bottle and 51.1% cover the interval 0.02–0.04 kg CO2-eq/bottle in the disposal 

phase. 



Sustainability 2023, 15, 2349 8 of 16 
 

 

Figure 3. Distribution of wine profiles per GHG emissions values (kg CO2-eq/bottle) in different 

stages of production (A) = agricultural phase; (B) = industrial phase; (C) = bottling phase; (D) = 

distribution phase; (E) = disposal phase; (F) = total. 

Nearest Neighbor Analysis (Table 2) was applied to the production phases (vineyard, 

industry, bottling phases). The results (presented in Figure 4) show that the distribution 

of GHG emission values over the three dimensions cannot be classified according to the 

type of wine (red, white, sparkling) and, consequently, they do not represent a functional 

criterion of distinction among groups. 

Table 2. Case-Processing Summary of Nearest Neighbor Analysis. 

  N° Percent 

Sample Training 36 80% 

 Holdout 9 20% 

Valid  45 100% 

Excluded  8  

Total  53  
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Figure 4. Nearest Neighbor Analysis of GHG emissions (kg CO2-eq/bottle) considering production 

phases (vineyard, industry, bottling phases) for red, white, and sparkling wine. 

In Figure 5, the CV and the total GHG emissions of all the different wine profiles are 

reported, while a heat map (Table 3) shows the PC in the different phases for each profile. 

The total values of GHG emissions for each wine profile ranged between 0.81 and 

2.52 kg CO2-eq/bottle, while the CV ranged in the interval 0.49–1.79. This expresses the 

data variability for each wine profile, revealing those with higher levels (e.g., N° 2, 44, 45).  

The heat map shows that some wine profiles (i.e., profiles N° 28, 29, 30, 31, 32 in Table 

3) present values that are higher than average (equal to 1) for some phases (vineyard, 

industry, distribution phases) but not for others (bottling and disposal phases). Only wine 

profile N° 23 presents values less than 1 for all the phases, which means under the mean 

value, while only the wine profile N° 4 has values more than 1 for all the phases. The other 

wine profiles present values of GHG emissions higher than the average for some phases, 

while lower for others.  

 

Figure 5. CV and total GHG emissions for each wine profile. 
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Table 3. Heat map on PC of GHG emissions for each wine profile in each phase. 

Wine  

Profile N° 

Agricultural 

Phase 

Industrial 

Phase 

Bottling  

Phase 

Distribution  

Phase 

Disposal  

Phase 

1 0.85 0.97 1.16 1.07 2.46 

2 0.45 1.63 3.62 1.30 2.74 

3 1.01 1.11 1.02 1.22 0.55 

4 1.17 1.13 1.02 1.22 1.92 

5 1.05 1.11 1.02 1.07 0.55 

6 0.69 0.78 0.74 1.03 0.55 

7 0.32 1.11 0.42 1.19 0.82 

8 0.32 1.11 0.42 1.15 0.82 

9 0.36 1.11 0.42 1.19 0.82 

10 0.81 1.06 0.21 1.22 0.82 

11 1.66 0.78 1.44 1.42 0.27 

12 1.29 1.02 1.44 1.49 0.27 

13 1.46 0.78 1.44 1.53 0.27 

14 1.46 1.02 1.44 1.88 0.27 

15 1.58 1.14 1.44 1.49 0.27 

16 1.50 1.42 0.32 1.38 0.55 

17 0.45 0.88 0.95 1.30 0.55 

18 1.62 1.21 0.70 0.27 0.00 

19 0.49 0.81 0.81 1.11 0.55 

20 0.65 0.81 0.81 1.11 0.55 

21 0.61 0.81 0.81 1.11 0.55 

22 1.13 1.00 1.48 0.04 0.55 

23 0.69 0.95 0.84 0.04 0.55 

24 0.20 1.18 0.11 0.08 0.82 

25 0.40 1.25 0.91 1.38 0.55 

26 0.40 1.18 0.91 1.22 0.55 

27 0.40 0.97 0.39 1.11 0.55 

28 0.57 0.92 1.72 0.11 1.37 

29 0.45 0.88 2.67 0.54 2.46 

30 0.49 0.88 2.18 0.69 2.46 

31 0.57 0.88 2.18 0.50 2.46 

32 0.49 0.88 2.04 0.54 2.46 

33 1.74 0.99 1.16 0.42 0.05 

34 1.74 0.90 0.74 0.42 0.05 
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35 3.24 1.07 0.10 1.07 2.19 

36 1.01 1.07 0.09 1.07 2.19 

37 0.36 1.37 0.35 1.49 0.55 

38 0.24 1.37 0.60 1.45 0.55 

39 1.62 0.71 1.20 0.11 1.09 

40 0.97 0.52 0.95 1.26 1.09 

41 1.05 0.69 0.25 0.15 1.37 

42 1.05 0.69 0.25 0.15 1.37 

43 0.65 1.19 0.39 1.91 2.74 

44 3.24 0.83 0.91 1.49 0.27 

45 2.51 0.83 0.91 1.99 0.55 

In this context, performances are evaluated by comparing the results among wine 

profiles. Each wine profile is associated with a type of wine produced by a winery in a 

particular geographical context. Strategies of GHG emissions reduction need to consider 

these specificities in line with the principle of continuous improvement of the environ-

mental management standards [71]. 

While the presented tools constitute a first explorative analysis, further internal anal-

ysis by each firm is needed to understand the best strategies for carbon emission reduction 

and to establish the margins of intervention on the various stages of production, consid-

ering the specific structure/assets of the company. Strategies aiming at reducing carbon 

emissions comprehend lowering inputs in vineyard management and optimizing the 

wine-making and transportation processes. Fertilization, application of phytosanitary 

products, fuel/electricity for agricultural machinery, and harvesting of grapes and their 

transportation represent inputs that should be take into account for GHG emission reduc-

tion in the viticulture phase. Electricity required for wine production, storage and refrig-

eration, yeasts and enzymes, wine additives and oenological products, and waste man-

agement and sanitation products are the inputs that impact on carbon emissions in the 

industrial phase, as well glass wine bottles, closures, packaging, and storing materials [37–

41,47]. 

These environmental management strategies should be considered in strict balance 

with economic issues [72]. Rugani et al. [13] estimate a worldwide impact of the wine 

sector on CF of 0.3% of human activities. Consequently, strategies for reducing compa-

nies’ carbon emissions seem to play an important role in agri-food system sustainability. 

5. Conclusions 

The wine sector is characterized by a variety of approaches aimed at improving sus-

tainability. VIVA is the Italian sustainability program that has been analyzed in this study 

referring to GHG emission reduction, described by the Air indicator. VIVA certification 

represents, at the same time, both a tool for determining environmental performance and 

a marketing tool, performing the important function of communicating the companies’ 

environmental and socio–economic achievements to consumers. In this view, the contin-

uous reduction in gas emissions constitutes a real marketing advantage for the companies 

that improve their performance. 

In this study, the variability in GHG emissions of different wines was analyzed for 

each wine profile that adheres to VIVA certification, and statistical tools for monitoring 

performances were applied. If the results presented by the scientific literature show rele-

vant discrepancies due to the different methodologies adopted, the results of this study 

are fully comparable because the products belong to the same certification scheme. The 
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comparison, both at phase and at company levels, allows identification of the most im-

pactful phases and the relative position of each company in the whole producing process 

and in each specific phase. 

The methodological framework of this study constitutes a starting point for a bench-

marking strategy of wine companies aimed at evaluating and reducing their carbon emis-

sions. Within the perspective of strategic business management, wine firms can acquire a 

competitive advantage towards competitors by reducing carbon emissions in the critical 

phases. 

Considering the more general aspects, the analysis highlighted the higher impact of 

some production stages on the whole process, which consequently need priority political 

and institutional interventions. In general, GHG emissions differ considerably according 

to the production phase and the most impactful, on average, is by far the bottling one. 

Consequently, the examination of the mitigation potential of bottle weight reduction, and 

glass bottle reuse or recycling, should deserve special attention from wine producers and 

their collective organizations. 

Agricultural and industrial transformation phases, which have similar impact values 

and similar data variability, comprehend various inputs that are relevant for GHG emis-

sions. In a benchmarking perspective, an analysis of the best management practices could 

be useful for a reduction in carbon emissions, mainly for the profiles with higher impact. 

The strategies for reducing carbon emissions need to be applied “tailor-made”, con-

sidering the company’s structure and the real possibility of improvement, but also taking 

into consideration economic sustainability. 

The analysis of GHG emissions confirms great variability in the results, even within 

the same certification scheme. This element, in turn, calls for a great opportunity of im-

provement in many companies. Furthermore, the company that reduces carbon emissions 

could take advantage by an appropriate communication activity within the certification 

scheme. 

Definitively, these methodological frameworks could stimulate a virtuous competi-

tive environment within companies which adhere to VIVA, adding value to the certifica-

tion scheme, and could be extended to similar networks, creating the conditions for the 

improvement of the sustainability of the whole production system. 
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Appendix A 

Table A1. Profiles of VIVA-certified wines. 

Wine Profile 

N° 
Type of Wine Classification * Region 

1 RED DOCG PIEMONTE 

2 SPARKLING  DOCG PIEMONTE 

3 RED DOCG TOSCANA 

4 RED DOCG TOSCANA 

5 RED DOC TOSCANA 

6 WHITE IGT TOSCANA 
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7 SPARKLING  DOC EMILIA-ROMAGNA 

8 SPARKLING  DOC EMILIA-ROMAGNA 

9 SPARKLING  DOC EMILIA-ROMAGNA 

10 WHITE DOC FRIULI VENEZIA GIULIA 

11 RED IGT TOSCANA 

12 RED DOCG TOSCANA 

13 RED DOCG TOSCANA 

14 RED IGT TOSCANA 

15 WHITE IGT TOSCANA 

16 SPARKLING  - TOSCANA 

17 WHITE DOC VENETO 

18 RED DOCG TOSCANA 

19 SPARKLING DOC EMILIA-ROMAGNA 

20 SPARKLING DOC EMILIA-ROMAGNA 

21 SPARKLING DOC EMILIA-ROMAGNA 

22 RED DOCG VENETO 

23 WHITE DOC VENETO 

24 SPARKLING DOC VENETO 

25 SPARKLING DOC EMILIA-ROMAGNA 

26 SPARKLING DOC EMILIA-ROMAGNA 

27 SPARKLING DOC EMILIA-ROMAGNA 

28 WHITE IGT UMBRIA 

29 RED DOCG PIEMONTE 

30 RED DOCG PIEMONTE 

31 RED DOCG PIEMONTE 

32 RED DOCG PIEMONTE 

33 RED IGT TOSCANA 

34 RED IGT TOSCANA 

35 RED DOC MARCHE 

36 WHITE DOC MARCHE 

37 RED DOC VENETO 

38 RED DOCG VENETO 

39 RED IGT UMBRIA 

40 RED DOC UMBRIA 

41 WHITE DOC FRIULI VENEZIA GIULIA 

42 WHITE DOC FRIULI VENEZIA GIULIA 

43 RED DOC SICILIA 

44 RED DOCG VENETO 

45 RED DOC VENETO 

* DOC and DOCG refer to the Italian classification of PDO wines; IGT refers to PGI wines (Italian 

Law 238/2016). Available online: https://www.politicheagricole.it/flex/cm/pages/ServeB-

LOB.php/L/IT/IDPagina/12012 (accessed on 21 October 2022). 
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