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Abstract. Sustainable practices have become accepted by a large part of the wine community as a necessary
step to face climate change challenges and natural resources depletion. Also, in recent years, there is
a rising influence of sustainability on consumer’s buying decision. However, buyers fail to distinguish
sustainable attributes from wine that is promoted under different sustainability labels. Moreover, wineries
find it challenging to quantify the improvement of their environmental impact when following a specific
sustainable practice. The objective of this study is to evaluate the methodology for the development of a
Sustainable Wine Scoring System (SWSS). The SWSS aims to be a single numeric index of the sustainable
attribute of a bottle of wine, constituted by multiple normalized indicators. Our initial approach for the
SWSS is to quantify different environmental impact categories following a Life Cycle Assessment (LCA),
to then normalizes and weighs the result regarding a reference region. We used as a case of study “Craft
Wineries” in Indiana in the USA, as a non-traditional winemaking area. The impact assessment was conducted
using SimaPro8.5 in accordance to TRACI2.1 for the USA. As result of our LCA, grape growing is the
process that contributes the most to the ecotoxicity, non-carcinogenic, and eutrophication impact categories,
while transportation stages contribute the most to global warming potential, smog, and ozone depletion. The
calculated SWSS results vary from 279 for the scenario with the highest environmental impact to 350 for the
best performance scenario. The SWSS has the potential to represent sustainable attributes of wine in a more
suitable way than a single isolated indicator such as carbon footprint.

1. Introduction

During the last decades, sustainability has become
a trending topic for government agencies, academics,
companies, and international organizations [1]. The issue
of sustainability raises significant implications for the wine
industry. Sustainable practices have become accepted by a
large part of the wine community as a necessary step to
face climate change challenges [2] and natural resources
depletion. In addition, in recent years, sustainability has
had a growing influence on consumer’s buying decision
[3,4]. The percentage of consumers looking for sustainable
attributes when buying wine has reached 30% of the total
in many wine markets like the USA [5] and Germany [6].
This tendency is expected to increase due to the
changing demographics of wine consumers [7], especially
considering the notorious influence that “Millennials” will
start having on the market during the next decade.

Accordingly, principal wine regions have adopted
voluntary programs that identify and promote best
practices for sustainable grape growing and winemaking.
Most of these programs are voluntary and based on
self-assessment tools. In addition, many programs have
developed certification schemes and awarded sustainable
labeling using third-party evaluations. Nonetheless, when
looking at the sustainable attributes of a bottle of
wine, consumers face numerous obstacles. Despite
consumers’ appreciation for “sustainable viticulture,”
evidence suggests they do not fully understand the

practices a winery must follow to be cataloged as
sustainable. While nine out of ten wine consumers from
California interviewed by Zucca et al. (2009) thought that
sustainable practices are essential for wine production only
one out of ten identified companies that follow sustainable
values [8]. A similar conclusion was reached by Gino et al.
(2014) for French consumers. Even wine connoisseurs
from Burgundy, in France, could not recognize the
different sustainable attributes of wines labeled as organic,
biodynamic, or sustainable [9]. The lack of familiarity
with the different labeling related to sustainability and
the practices they involve hinder the evaluation of the
added value of sustainable attributes to the eyes of wine
consumer and their wiliness to pay for it. In the same way,
many grape growers and winemakers find it challenging to
quantify the improvements in their environmental impact
when following a specific sustainable practice and its
implementation cost.

Most of the sustainability certification schemes in the
wine sector are base on qualitative assessments. Hence
comparisons among programs, sustainable practice, and
attributes are problematic. Migrating from a qualitative
approach to a quantitative one requires a unified procedure
to fairly benchmark products, wineries, and regions. Each
wine region has a unique ecosystem that is reflected in the
identity of their products. If only one parameter became an
extended sustainability indicator for all regions, such as a
carbon footprint [10], trade distortion could be generated.
For instance, wine from California sold in New York may
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be considered less sustainable than a French wine sold
in the same city, regardless of the sustainability efforts
of the wineries producing it, due to the emissions during
transportation [11]. Moreover, greenhouse gases emission
represent only the global impact of operation but not its
regional impact.

The objective of this study is to evaluate the
methodology for the development of a Sustainable Wine
Scoring System (SWSS). The SWSS aims to be a single
numeric index of the sustainability attributes of a bottle
of wine, and is based on multiple normalized indicators.
Our initial approach for the SWSS is to quantify different
environmental impact categories following a Life Cycle
Assessment (LCA) methodology. Life Cycle Assessment
(LCA) is a methodology that can support decision-making
regarding sustainability in the industry while facilitating
communication. Previous LCA studies have evaluated
the environmental performance of different stages of
wine production. When comparing grape growing under
different viticulture techniques in regions of Spain [12],
Italy [13], and the USA [14], it can be noticed that even
practices considered to be environmentally friendly such
as organic farming, may not always be the best choice
when considered in the context of the whole life cycle.
Regarding the winemaking process, wine type (White and
Red) and style of production influence the result of the
different impact categories [15,16]. When evaluating the
distribution of wine in the US, LCA results can guide
the selection of the means of transportation to minimize
greenhouse gases [11,17]. Aside from the study of a
particular section of the wine production process, some
studies evaluate the impact of the whole wine supply
chain for Nova Scotia (Canada) [18] and Portugal [19],
underlying the influence of pesticide use, glass bottle
manufacturing, and transportation on the accumulated
impact [20,21].

In this paper, ten environmental impact categories
were evaluated through an LCA approach for the case of
study of craft wineries in Indiana, USA, as an emerging
and non-traditional winemaking area. “Craft Wineries”
represent a large number of facilities that fall outside
the framework of many regional sustainability programs.
The Indiana Wine Region is suitable for LCA analysis of
Craft Wineries due to its characteristics of emerging wine
region. During the last 30 years, the number of wineries
has grown from 9 wineries to more than 116 producing 9
million of liters of wine a year, contributing roughly $600
million to the state’s economy [22]. The result of the LCA
analysis for five supply chain scenarios were normalized
and aggregated into the SWSS.

2. Methods
Life Cycle Assessment (LCA) is a structured and interna-
tionally recognized standardized method to characterized
potential environmental impact from the life cycle of
a service or product [23]. The ISO 14040/44 families
provide the bases for LCA. The ISO 14040 [24] standard
provides the principles and framework for LCA, displaying
when its application is suitable, and the limitations of
the method. The ISO 14044 [25] standard provides the
requirements and guidelines for preparing, conducting,
reviewing and interpreting an LCA. The standards
recognize that an LCA study should include four phases: a

Figure 1. LCA phases according to ISO 14040 [24].

goal and scope definition, an inventory analysis, an impact
assessment, and an interpretation of the results (Fig. 1).
LCA is recognized as an iterative process; changes in one
of the phases may influence and modify the preceding and
later phases.

The goal of this study was to perform an LCA fol-
lowing ISO 14040/44 guidelines to quantify environmental
impacts as the basis for the definition of an SWSS for
different supply chain scenarios for the life cycle of
“Craft Wine” made and consumed in Indiana, representing
an emerging non-traditional wine region in the United
States. We set the functional unit as a bottle of red wine
(0.75 l) and the system boundaries from grape growing to
distribution to the point of sale (Fig. 2).

The Life Cycle Inventory (LCI) phase consisted of the
systematic data recollection and modeling of the flow of
material, energy, and emissions for each life cycle stage
within the system boundaries defined. Data collection was
performed in two steps. First, information from literature,
observations of local wineries, and interviews with winery
owners were collected to model the supply chain and
processes required for the production of a batch of wine
at a representative winery. The batch was defined after
the usual business and enologist practice, type and size
of equipment, labor required, sourcing of material, energy,
and waste management practices.

Secondly, to define the mass, energy and emission
balance for each unit process, further interviews and
surveys to wine owners were done, and also estimations
based on a literature review of wine LCAs [15,16,18,
19], Winemaking handbook [26–28], technical equipment
sheet, white paper and sectoral business articles. Finally,
background data was complete with Ecoinvent v3,
AGRIBALYSE v1.3, USLCI, and USA-EI 2.2 dataset.

During the Life Cycle Assessment (LCIA) phase the
impact due to the natural resources extracted and the
substance emitted to nature are estimated. The results
from the LCI were input into SimaPro 8.5 [29] following
the TRACI 2.1 /USA 2008 methodology [30]. The
ten mid-point impact categories evaluated were “Ozone
Depletion,” “Global Warming,” “Smog,” “Acidification,”
“Eutrophication,” “Carcinogenic,” “Non-Carcinogenic,”
“Respiratory Effects,” “Ecotoxicity,” and “Fossil Fuel
Depletion.”
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Figure 2. System boundary for supply chain.

Table 1. Scenario description.

Scenario Wine Grape Glass Bottle Energy Grid Final Product
Description Production Origin Manufacturing Origin Type Distribution
IW1 Indiana California USA Indiana Indiana
IW2 Indiana California CHINA Indiana Indiana
IW3 Indiana California USA Indiana Indiana
IW4 Indiana Midwest USA Cleaner Grid Indiana
IW5 Indiana Midwest USA Indiana Indiana

These categories describe the potential damage to human
health, ecosystem services, and natural resource depletion.
We modeled five different scenarios of supply chains that
represent different practices for the wine sector in Indiana
considering the grape and bottle supplies and the energy
grid (Table 1).

Before merging the result from LCIA for each scenario
into a single multivariable indicator, it is necessary
to normalize the results. The normalization step was
performed by transforming the value from each impact
into a dimensionless unit by multiplying the result for
each effect by a representative factor. For the USA, the
normalization factors are defined in TRACI 2.1. and
represent the total of emission per capita for each mid-
point impact [30].

We constructed the Sustainable Wine Scoring System
(SWSS) indicator using Eq. (1). This relationship
provides a single value that represents the environmental
performance of wine production.

SW SSs =
1

∑1
z N Sz, Ws

(1)

The first version of SWSS is obtained dividing one by
the summation of the normalized value of each impact
category obtained for the FU, multiply by a weight factor.
The suffix “s” indicates the name of the scenario under
study. Nsz is the normalized value obtained for each impact
category (z), and Wz represents a weighting factor for each
impact category. For this first approach, we considered the
weighting factor equal to 1 to allow the index to reflect the
contribution of each impact to the overall environmental

profile of the USA. The weighting factor can be used to
reflect some local environmental concern. The higher the
value obtained on the SWSS, the lower the environmental
impact will be, and the better sustainability performance
will be achieved.

Moreover, the alternative version of the SWSS’ can
be calculated following Eq. (2). The result obtained from
this equation represents the average number of bottles
produced under each defined scenario that are equivalent
to the per capita environmental impact in the USA.

SW SS′
s =

1

Z

1∑

z

1

N Sz
, Wz (2)

SWSS’ is obtained by summating the inverse of the
normalized values of each impact category divided by the
number of impact categories considered (z). The result
obtained represent a weighted average of the number of
FU (bottle of wine) equivalent to the annual environmental
impact per capita in the USA.

3. Result and discussion
The result of the impact assessment for the different
supply chain scenarios can be found in Table 2. The
supply chain model with the higher impact in all the
midpoint categories is IW2, in which glass bottles are
manufactured in China. Impact due to Ozone depletion is
more than four times higher for the supply chain scenarios
where grape or must needed refrigerate transportation
(scenario IW1, IW2, and IW4). In the same manner, these
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Table 2. Impact categories values for each scenario to produce an FU (0.75l bottles of wine).

IW1 IW2 IW3 IW4 IW5
Impact category Unit Total Total Total Total Total
Ozone depletion kg CFC-11 eq 1.30E-06 1.30E-06 2.37E-07 1.29E-06 1.30E-07
Global warming kg CO2 eq 2.97E+00 3.15E+00 1.88E+00 2.68E+00 1.56E+00
Smog kg O3 eq 2.95E-01 4.10E-01 1.82E-01 2.76E-01 1.38E-01
Acidification kg SO2 eq 1.66E-02 1.99E-02 1.22E-02 1.40E-02 1.06E-02
Eutrophication kg N eq 4.68E-03 4.90E-03 4.14E-03 4.45E-03 3.92E-03
Carcinogenic CTUh 1.35E-08 1.59E-08 1.29E-08 1.22E-08 1.34E-08
Non carcinogenic CTUh 1.18E-06 1.21E-06 1.13E-06 1.17E-06 1.08E-06
Respiratory effects kg PM2.5 eq 1.44E-03 1.50E-03 1.12E-03 1.30E-03 8.52E-04
Ecotoxicity CTUe 1.26E+01 1.31E+01 1.17E+01 1.26E+01 1.07E+01
Fossil fuel depletion MJ surplus 4.87E+00 5.21E+00 2.79E+00 5.11E+00 2.00E+00
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Figure 3. Relative impact contribution of each productive stage for a FU for IW1.

three scenarios almost double IW3 and IW5 regarding
Global Warming Potential. The differences among the
lower impact scenario and the higher impact scenario
for both smog and fossil fuel depletion category reach
60%. Ecotoxicity and Non-Carcinogenic are the midpoint
categories that showed less dispersion on the values among
the different scenarios. The best performance for all the
categories except Carcinogenic is from IW5, the supply
chain in which grapes were procured from areas in the
Midwest.

Figure 3 presents the relative impact contribution of
each productive stage for the reference scenario IW1.
On the one hand, grape growing is the major contributor
to Non Carcinogenic, Ecotoxicity, Eutrophication and
Carcinogenic due to the emission related to fertilizer, pesti-
cide, and herbicide usage. On the other hand, grape trans-
portation is the primary contributor to Ozone Depletion,
Global Warming, Smog, Acidification, Respiratory effect,

and Fossil fuel depletion. The manufacturing of the glass
bottle is the second or third contributor to all the impact
with a higher contribution to Carcinogenic, Acidification,
Global Warming, and Respiratory effect. For IW1 the
contribution in Global Warming potential, Acidification,
Carcinogenic and Respiratory effects surpass 10%.

When normalizing the result for each impact category
for each scenario (Fig. 4), Non Carcinogenic and
Ecotoxicity arise as the midpoint with the highest fraction
of emission for a bottle of red wine with a relative value
above 0.1% of the per capita emission in the USA. For
Non Carcinogenic, (in reference to IW1), the substance
mostly contributing to the impact is Zinc emitted to
the soil, follow by Zinc emitted to water and air. For
Ecotoxicity, the principal contributor is Cooper to water
and soil, and Zinc to water. A substantial portion of this
Zinc and Cooper are related to fertilizer and agrochemical
usage during the agricultural phase. Strategies involving
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Figure 4. Normalized impact fraction of emission per capita
USA.

Table 3. SWSS for Scenario.

Scenario SWSS
IW1 279
IW2 259
IW3 322
IW4 287
IW5 351

Table 4. SWSS for Scenario.

Scenario SWSS’
IW1 17387
IW2 16921
IW3 74836
IW4 17906
IW5 132463

the reduction of this substance will have a higher impact
on the normalized environmental profile. The rest of the
categories relative impact range between 0.01% and 0.03%
expect the Respiratory effects and Ozone Depletion which
account for less than 0.005% of emission per capita.

SWSS resulted in the scenarios can be seen in Table 3.
For the five scenarios, the calculated SWSS shows that the
scenario IW5 represents the best performance while the
scenario IW2 represents the worst performance scenario.

The calculated SWSS’ results vary from 16921 bottles
equivalent impact for IW2, the scenario with the highest
environmental impact, to 132463 bottles equivalent for
IW5 the best performance scenario (Table 4). This result
can be referenced to the annual USA wine production that
is estimated at 3 billion bottles.

Both the SWSS and SWSS’ provide with a single
indicator of a comprehensive environmental profile of
the production of the Functional Unit within the System
Boundary proposed. For both versions of the scoring
system, the best and worst scenario of supply chain
remains the same. For the SWSS’ the value obtained have
a physical meaning “number of bottles that will produce

equivalent environmental impact to the per capita impact
in the USA,” which is not the case for SWSS.

To adopt the usage of the SWSS as a regional index
of sustainability first is necessary to define the product
category rule to unify the methodology followed during
the LCA of the bottle of wine. Second, a baseline for
the SWSS can be calculated through the values obtained
from the LCA of a bottle of wine produced on a virtual
representative winery designed according to average sizes
and technology of the wineries on the region.

Further studies should focus on the validation and
robustness of the SWSS. It is necessary to explore
uncertainties and sensibility due to the aggregation of
the impact categories. Also, is necessary to explore
different weigh criteria, in particular, considering the usage
of the regional carrying capacity. Moreover, an analysis of
the social LCA methodologies will be a review to define
the proper aggregation of social indicators into the SWSS.
In relation to consumer awareness and the integration of
SWSS on the label, a controlled experiment will be useful
to understand the comprehension of a numeric scoring
system as a representation of sustainability attribute in a
bottle of wine. Then a buying behavior analysis will be
completed to define the optimum location of the SWSS on
the wine packaging to increase the perceived value of the
final product.

4. Conclusion

In the road of building a single indicator that genuinely
represents the environmental performance of wine
production, LCA and its midpoint categories allow the
understanding of the environmental profile considering
the whole life cycle environmental profile of the wine.
LCA impact categories can be normalized by the local
characteristic of a region to define which impact is the one
that the wine industry is a higher contributor. A weighting
factor can multiply each normalized impact to obtain a
Sustainable Wine Scoring System (SWSS). The SWSS has
the potential to represent sustainable attributes of wine in a
more suitable way than a single isolated indicator such as
carbon footprint.

Even when this initial version has limitations, it
emerges as a promising methodology, as it can integrate
social and economic metrics to support decision-making
while facilitating communication with consumers and
stakeholders. Quantifying environmental impact enables
to set targets and evaluate the cost of improvement under
different propose solutions. Evaluating different scenarios
with a complimentary cost analysis allow deciding on the
economically sound solution for reducing environmental
impact. Thereby, identifying the which are the most
suitable practice to follow according to its own sustainable
strategy. Finally, if successfully integrate into the label,
it will allow the consumer to easily identified sustainable
attribute to make an informed decision. Thus, facilitating
the evaluation of the value-add by sustainable attribute for
the wine industry.

This study is being developed thanks to funding from the OIV
research Grant 2017/2018.

5



BIO Web of Conferences 12, 03016 (2019) https://doi.org/10.1051/bioconf/20191203016
41st World Congress of Vine and Wine

References

[1] T.O. Olawumi, D.W.M. Chan, J. Clean. Prod. 183,
231 (2018)

[2] M.R. Mozell, L. Thach, Wine Econ. Policy 3, 81
(2014)

[3] P. Mora, Wine Positioning (Cham: Springer Interna-
tional Publishing, 2016)

[4] K. Loveless, S. Mueller, L. Lockshin, A. Corsi, “The
relative importance of sustainability, quality control
standards and traceability for wine consumers: a
cross-national segmentation,” p. 1 (2010)

[5] Wine Institute, Natural Marketing Institute, and PE
International, “Wine Trade and Consumer Survey on
Sustainable Winegrowing,” (2013)

[6] B. Klohr, R. Fleuchaus, L. Theuvsen, Proc. 8th Int.
Conf. Acad. Wine Bus. Res., 28 (2014)

[7] R. McMillan and Silicon Valley Bank, “State of the
Wine Industry 2017” (2017)

[8] G. Zucca, D.E. Smith, D.J. Mitry, Int. J. Wine Res. 1,
189 (2009)

[9] E. Ginon, G. Ares, L.H.E. dos S. Laboissière,
J. Brouard, S. Issanchou, R. Deliza, Food Res. Int.
62, 837 (2014)

[10] B. Rugani, I. Vázquez-Rowe, G. Benedetto,
E. Benetto, J. Clean. Prod. 54, 61 (2013)
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