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The Austrian certification instrument "Nachhaltig Austria" ("Sustainable Austria") evaluates all activities in the vi-
neyard and cellar. The aim of this work was to determine whether the activities evaluated were in proper relation 
to each other. The effects on climate change, based on greenhouse gas emissions (GHG), energy use and material 
input were investigated using the model GEMIS (Global Emissions Model of Integrated Systems). The use of glass 
bottles causes the majority of greenhouse gas emissions (GHG) at 47 % and cumulative energy demand (CED) at 
48 % in the entire wine production chain. Switching to a light glass bottle offers the possibility of saving about 39 % 
of GHG and about 19 % of CED. However, the multiple use of glass bottles has an even more positive energy-saving 
effect. Fertilization accounts for 12 % of GHG emissions in the entire wine production chain, with mineral nitrogen 
accounting for nearly half of these emissions. The switch from fossil fuel to biodiesel has a reduction potential of 43 % 
of GHG. Despite higher plant protection product quantities, organic farming has a GHG potential that is about 30 % 
lower than conventional pesticide control. In winemaking, the conversion to green electricity (according to eco-label 
46) leads to a remarkable 93 % reduction of GHG. The use of natural corks has a positive effect of 52 % of the GHG 
compared to aluminum closures. A significant contribution to climate protection can also be made by the fact that 
enrichment, e. g. with sucrose, can be dispensed with due to a high natural grape ripeness.
Keywords: sustainability, wine, greenhouse gas emissions, cumulative energy demand

Nachhaltige Strategie gegen den Klimawandel auf der Grundlage von Treibhausgasemissionen, Energiever-
brauch und Einsatz von Materialressourcen in der österreichischen Weinproduktion. Das österreichische Zerti-
fizierungsinstrument "Nachhaltig Österreich" bewertet alle Aktivitäten im Weingarten und Keller. Ziel dieser Arbeit 
war zu bestimmen, ob die bewerteten Aktivitäten in richtiger Relation zueinander stehen. Die Auswirkungen auf den 
Klimawandel auf Basis der Treibhausgasemissionen (THG), der Energienutzung und des Materialeinsatzes wurden 
dabei mit dem Modell GEMIS (Global Emissions Model of Integrated Systems) untersucht. Die Glasflaschenver-
wendung verursacht den überwiegenden Anteil THG mit 47 % und des kumulativen Energiebedarfs (KEA) mit 48 
% in der gesamten Weinproduktionskette. Die Umstellung auf eine leichte Glasflasche bietet die Möglichkeit, rund 
39 % der THG und ca. 19 % des KEA davon einzusparen. Die Mehrfachnutzung von Glasflaschen hat jedoch einen 
noch positiveren Energiespareffekt. Die Düngung trägt 12 % zu den THG-Emissionen in der Weinproduktionskette 
bei, wobei der Anteil der mineralischen Stickstoffdüngung beinahe die Hälfte beträgt. Der Umstieg von fossilem 
Treibstoff auf Biodiesel hat ein Reduktionspotential von 43 % der THG-Emissionen. Trotz höherer Aufwandsmenge 
für Pflanzenschutzmaßnahmen hat eine biologische Bewirtschaftung ein um etwa 30 % geringeres THG-Potential 
als die konventionelle Pestizidbekämpfung. Bei der Weinbereitung führt die Umstellung auf Ökostrom (gemäß Um-
weltzeichen 46) zu einer Reduktion von bemerkenswerten 93 % der THG. Die Verwendung von Naturkorken hat 
im Vergleich zu Aluminiumverschlüssen einen positiven Effekt von 52 % der THG. Einen wesentlichen Beitrag zum 
Klimaschutz kann auch die Tatsache leisten, dass durch eine hohe natürliche Traubenreife auf eine Anreicherung, z. 
B. mit Saccharose, verzichtet werden kann.
Schlagwörter: Nachhaltigkeit, Wein, greenhouse gas emissions, cumulative energy demand
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With the 2015 harvest, the Austrian Winegrowers' As-
sociation has provided an online certification tool to 
promote sustainability awareness in the areas of climate 
neutrality, energy use, material use, water use, soil fer-
tility, biodiversity, high quality standards, social aspects 
and economic profitability in Austrian wine production. 
All activities in the vineyard and in the cellar are evalua-
ted, from the new planting of vineyards to grape produc-
tion and wine making, each between +10 and -10. This 
gives each winery the opportunity to learn about sus-
tainable strategies and to obtain the adequate certifica-
tion by implementing numerous sustainability activities 
(Rosner et al., 2015).
For the calculation of environmental impacts, life cyc-
le assessment (LCA) databases are used. They contain 
Life Cycle Inventory (LCI) data or data on individual 
processes, which are analysed within the framework of a 
life cycle assessment. Their primary purpose is to enable 
companies carrying out life cycle assessments to draw 
on these sources. Various initiatives have been taken to 
standardize data collection and coding. One of these ini-
tiatives is supported by the JRC (Joint Research Center) 
of the European Commission and is the "International 
Reference Life Cycle Data System (ILCD)" aiming to 
develop sustainable consumption and production struc-
tures. Priority is given to compliance with ISO 14044 
(ISO, 2006) and a common standard is presented with 
regard to life cycle assessment databases. This standard 
is called ILCD standard. The JRC has also compiled a 
list of software tools and a directory of LCA databases.
On behalf of the Swiss Federal Office for the Environ-
ment, ESU-services GmbH has investigated the "En-
vironmental impacts of private consumption and reduc-
tion potentials" (Jungbluth et al., 2012). The authors 
found that wine consumption is responsible for 2 % of 
the ecological footprint (calculated using the ecological 
scarcity method) and that this is half as high as the share 
of air travel (approx. 4 %) in the ecological footprint of 
Swiss households. However, if instead of the ecological 
footprint only the "climate footprint" is considered, the 
share of wine consumption is about 0.5 % of greenhouse 
gas emissions (Podzorski, 2019). In contrast, air travel 
accounts for over 9 % (Jungbluth, 2019).
The Austrian Greenhouse Gas Inventory (National In-
ventory Report - NIR; Federal Environment Agency 
2019) describes the greenhouse gas emissions (GHG) 
of viticulture in the category land use and land use ch-
ange (LULUCF). For the calculation of the biomass in 
viticulture, Austria-specific data were used for the first 
time in 2018 and an Austrian average annual carbon ac-

cumulation rate in total biomass of 0.096 t carbon (C) 
per ha was determined and a carbon stock in biomass 
of 3.37 t C per ha at the end of the rotation period of 35 
years was calculated on average (Umweltbundesamt, 
2019a). The calculation of soil carbon takes into account 
that vineyard soils with green cover (erosion control) 
have a higher annual carbon storage than soils without 
greening measures.
The Austrian wine industry shows a very high level of 
environmental awareness by international compari-
son. With 6,567 ha or 15.5 % of organic cultivation area 
(Öwm, 2020), Austria is among the world's leaders. 
While organic farming influences the field of biodiver-
sity mainly in terms of plant protection and fertilization, 
the "organic regulation" currently hardly mentions any 
influences on climate change explicitly. This seems all 
the more important as the degree of mechanization in 
the vineyard, but also in the cellar, has increased strongly 
in the last decades. Measures such as soil cultivation, 
weed control, plant protection, fertilization, canopy 
management, use of grape harvesting machines, grape 
processing, fermentation control, winemaking, packa-
ging and bottling have a significant impact on climate 
change. (Rosner, unpublished) LCA studies show that 
glass production is the main driver to the environmental 
impact of the entire wine production process, and that 
pesticide application, tillage and fertilization also play a 
significant role in the vineyard (Meneses et al., 2016). 
This is also confirmed by calculations of the carbon foot-
print of grape production in the vineyard, which showed 
that diesel consumption, followed by mineral fertilizers 
and pesticides, are the biggest polluters. In wine produc-
tion, the main source of emissions is packaging in the 
form of the traditional glass bottle (Soja et al., 2010). 
The life cycle assessments determined for glass bottles, 
whether refillable or non-refillable, clearly show that 
the refillable glass bottle pollutes the environment less 
than the production-intensive non-refillable bottle. The 
weight of the glass bottle is the main factor determining 
the environmental impact (Dinkel and Kägi, 2014).
In this work, the activities in the vineyard and cellar re-
garding climate change in the certification tool “Nach-
haltig Austria“ (approx. 2,200) were reviewed and the 
main drivers identified. The aim was to show the effects 
of targeted measures (changes in management or in 
the use of inputs) on the greenhouse gas balance and 
to identify the most effective levers for improving the 
climate balance in viticulture and wine production. The 
knowledge gained in the sustainability areas of climate 
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neutrality, energy and resource use serves as an evalua-
tion basis for the online tool "Nachhaltig Austria". With 
these new findings, wine production is to be sensitized 
to critically question practices with regard to environ-
mental impacts. The results of this study should be of 
interest to a wide range of experts, such as decision ma-
kers in the wine industry, members and stakeholders 
of the grape and wine industry (local and global) who 
want to improve the ecological profile of wine, as well as 
researchers in the field of agriculture and sustainability. 
The results will also provide wine consumers with more 
informed insights into the environmental impact of their 
purchasing decisions.
The article is structured as follows: An average Austrian 
winery is compared to a winery with changed input and 
management parameters (e. g. conventional vs. organic 
production, standard glass bottles vs. light glass bottles, 
etc.) and the effects on the carbon footprint and ener-
gy balance are determined according to the "Global 
Emissions Model of Integrated Systems" (GEMIS). The 
comparison of important activities in the vineyard and 
the cellar should make recommendations derivable and 
should be incorporated into the certification tool "Nach-
haltig Austria" in order to improve the climate balance in 
Austrian viticulture.

MATERIALS AND METHODS

For the preparation of life cycle assessments, the GE-
MIS model (Global Emissions Model of Integrated Sys-
tems; appears in the JRC list as a recognized database) 
was used in the project, which is maintained for Austria 
by the Federal Environment Agency (Umweltbundes-
amt, 2019b). GEMIS is a computer-based instrument 
with which the environmental impacts of different sys-
tems and processes can be calculated and compared 
in a simple, precise and above all comprehensive way. 
GEMIS takes into account all essential processes, star-
ting with primary energy and raw material extraction, 
through useful energy and material supply, e. g. also 
auxiliary energy and material input for the production of 
energy plants and transport systems, and thus offers the 
possibility of considering not only direct emissions but 
also upstream process emissions.
As another reliable generic database, the ecoinvent da-
tabase (appears in the JRC list as a recognized database 
(Ökobilanzdatenbank, 2020)) was also accessed to 
verify the data from GEMIS.

SYSTEM LIMIT

The planting, cultivation, harvesting and bottling of one 
hectare of wine was studied on the basis of two different 
management systems, which include the following data:
As a basis, a climate balance for an average Austrian wi-
nery ("Winery 1") was estimated by means of GEMIS 
in order to map the greenhouse gas (GHG emissions)
of each criterion and to show which measures have the 
strongest impact on GHG emissions. The parameters 
serve to classify the bandwidth of the results. In additi-
on, a comparative climate balance was estimated for a 
winery ("Winery 2") with changed input and manage-
ment parameters. The two different management sys-
tems were called "Winery 1" and "Winery 2" (Tables 
1 and 2). What both have in common is that the infra-
structure (cellar buildings, residential buildings, machi-
nes) and the distribution logistics lie outside the system 
boundaries.

CARBON FOOTPRINT - DIRECT AND  
UPSTREAM GREENHOUSE GAS (GHG
 EMISSIONS)

The calculation of the carbon footprint considers di-
rect and upstream emissions, which were calculated by 
multiplying the input data with emission factors. Direct 
emissions are those that arise directly from combustion 
processes, while (temporally) upstream emissions in-
clude all emissions from combustion processes in the 
upstream chain (e. g. raw material/energy source ext-
raction, intermediate processing, transport, etc.). For 
the Austrian specific data, the emission factors of direct 
greenhouse gas emissions are compared with the current 
Austrian greenhouse gas inventory (Umweltbundes-
amt, 2019a). For indirect greenhouse gas emissions, the 
upstream emissions are compared with emission factors 
from the GEMIS Austria database.

ENERGY BALANCE INCLUDING THE USE OF 
OPERATING RESOURCES

For the calculation of CO2 emissions, all relevant energy 
and material inputs are defined and considered. There is 
therefore a direct link between the energy balance and 
the climate balance. The system boundaries are identical 
as described in the section GHG emissions.
The cumulative energy demand (CED) considers the 
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Table 1: Input data "Winery 1" 

Vineyard infrastructure 43491 kg of steel (poles, stakes and wire) 

Planting 35702 vines 

Tractor energy consumption 13753 kWh diesel (around 135 litres) 

Plant protection 10,54 kg plant protection products (conventional) 

Fertilization 1555 kg mineral fertilizer (40 kg N, 70 potassium, 20 kg phosphorus, 
25 kg magnesium) 

Enrichment 1756 kg sucrose 

Treatment agent 137 kg (must and wine treatment agent) 

Wine storage - energy 16008 kWh conventional electricity 

Bottle filling - energy 6009 kWh conventional electricity 

Wine cellar - energy 20010 kWh conventional electricity 

Bottle 900011 pieces Bordeaux 375 g 

Closures 912 kg aluminium capsules 

Labels 213 kg paper 

Packaging 23614 kg boxes 

1 The calculation includes 3,570 training stakes of 0.2 kg each, 715 vine poles of 5 kg each and 6,000 meters of wire 
with 0.01 kg/rm (FUHRMANN, 2020). 
2 The funding guidelines for the "Restructuring and conversion of vineyards" permit a maximum of 2.8 m² of standing 
space per vine (row width × vine spacing in the row), which was used as the basis for calculation (AMA, 2020). 
3 Use of average net expenditure according to data „Nachhaltig Austria“ 
4 7 applications, each application 1.5 kg of plant protection products (REBSCHUTZDIENST, 2020a) 
5 fertilizer applications per hectare of vineyard area using mineral fertilizer; 40 kg pure nitrogen, 70 kg potassium, 20 
kg phosphorus, 25 kg magnesium (fertilizer guidelines of good agricultural practice; BMLRT, 2020a) 
6 For the enrichment of 6,750 liters of must, 175 kg were accepted in wine-growing zone B. 
7 Must and wine treatment agents of 6,750 liters from harvest to bottling: 1 kg PVPP (polyvinylpolypyrrolidone), 2 kg 
diatomaceous earth, 3 kg pure yeast, 6 kg liquid gelatine, 0.5 kg activated carbon, 0.5 kg enzymes 
8 Assumption: electricity input of 800 kWh for cooling 9,000 bottles 
9 Assumption: 600 kWh electricity for 9,000 bottles (300 kWh for pumps, filter system and presses, 300 kWh 
electricity for washing bottles) 
10 Assumption: 200 kWh electricity for filling 9,000 bottles 
11 Quantity with acceptance of a maximum yield per hectare of 6,750 liters 
12 For 9,000 BVS ("Bague Vin Suisse") capsules, a secondary aluminum content of 40 % is assumed, which means 9.4 
kg aluminum (rounded 9 kg) 
13 The paper insert for 9,000 labels is estimated at 2 kg. 
14 Cardboard box with 6 bottles estimated with 157 g per box; for 9,000 bottles resulting in 235 kg 
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Table 2: Input data "Winery 2" 

Vineyard infrastructure 4349 kg of steel (poles, stakes and wire) 

Planting 3570 vines 

Tractor energy consumption 13751 kWh diesel (around 135 litres) 

Plant protection 302 kg plant protection products (organic) 

Fertilization 1153 nitrogen addition by green manure, rest by mineral fertilizer 
(70 kg potassium, 20 kg phosphorus, 25 kg magnesium) 

Enrichment 04 kg sucrose 

Treatment agent 05 kg (must and wine treatment agent) 

Wine storage - energy 16006 kWh conventional electricity 

Bottle filling - energy 6006 kWh conventional electricity 

Wine cellar - energy 2006 kWh conventional electricity 

Bottle 90007 pieces Bordeaux 375 g 

Closures 138 kg natural cork 

Labels 2 kg paper 

Packaging 236 kg boxes 
 

1 In contrast to "Winery 1" not diesel but biodiesel was calculated. 
2 10 applications, per application 3 kg plant protection products are assumed (elementary spray agents such as 
sulphur and copper) - (REBSCHUTZDIENST, 2020b) 
3 fertilizers per hectare vineyard using mineral fertilizer: 70 kg potassium, 20 kg phosphorus, 25 kg magnesium; 
nitrogen is provided by green manure (BMLRT, 2020a) 
4 Musts are not enriched due to the high natural grape ripeness. 
5 Must and wine are not subjected to wine treatment. 
6 The electricity used in the cellar (processing and pumps) for storage and bottling is provided by green electricity 
certified with the 46 eco-label. 
7 Lightweight glass is used for bottling, which, at 230 g, requires 39 % less material per bottle than an average 
traditional wine bottle. 
8 "Winery 2" uses natural corks, which means a material input of 13 kg for 9,000 bottles. 
In addition to the data, a survey of a professional bottle cleaning company will be carried out to determine the 
effects of bottle cleaning and thus the use of recyclable bottles as an alternative to "light glass" and "normal glass". 
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sum of all primary energy inputs over the entire life cy-
cle in the vineyard and cellar. The energy input for the 
production of goods is one of the essential factors for the 
sustainable design of products and services.
As with the carbon footprint (CFP), the purpose of cal-
culating the CED is not so much to obtain a single figure 
as to compare the individual contributions over the en-
tire life cycle of the product. Thus, as in the calculation 
of the carbon footprint, in the following two wineries 
("Winery 1" and "Winery 2") with different energy and 
material inputs are compared under the aspect of cumu-
lative energy consumption.

Greenhouse gas emissions in "Winery 111 for 1 hectare vineyard in% 
Wine cellar - energy 

1% 
Plant protection 

2% 
Bottle filling - energy 

3% 

Vineyard infrastructure
l 6% 

Wine storage - energy 
8% 

Tractor energy consumption 
9% 

Packaging 
6%, 

Fertilization ___  
12% 

Closures 
1% Treatment agent 

0% 

Bottle 
47% 

RESULTS AND DISCUSSION

CARBON FOOTPRINT - DIRECT AND 
UPSTREAM GHG EMISSIONS

The calculation results show the effects of energy and 
material use on greenhouse gas emissions.
As shown in Figure 1, the bottle causes the highest GHG 
emissions (47 %) in "Winery 1 followed by fertilization 
(12 %).The use of nitrogen by mineral fertilizers leads 
to two greenhouse gas effects. On the one hand, the Ha-
ber-Bosch process enables the synthetic production of 
nitrogen fertilizer. However, this requires a high ener-
gy input, which leads to corresponding greenhouse gas 
emissions. On the other hand, nitrous oxide emissions 
are released during the application of nitrogen, which 
have an extremely higher greenhouse gas potential than 
CO2 (approx. 300 times higher).

Fig. 1: Greenhouse gas emissions in "Winery 1" for 1 hectare of vineyard area in %

sischneider
Durchstreichen



---   239   ---

MITTEILUNGEN KLOSTERNEUBURG 70 (2020): 233-246 PÖLZ und ROSNER

electricity used in "Winery 1" represents about 12 % of 
the total GHG emissions. The use of steel poles, stackes 
and wires with a life cycle of 30 years represents about 6 
% of the total GHG emissions. The production of card-
board boxes (6 bottles/box) to sell 9,000 bottles in stan-
dard units is responsible for about 6 % of the total GHG 
emissions. The enrichment of 6,750 liters by 2 °KMW 
requires 175 kg of sugar, which accounts for about 5 % of 
the total GHG emissions. The shares of plant protection 
(about 2 %), bottle closures (BVS capsules, about 1 %), 
labels and wine treatment agents in the total emissions 
are comparatively very small.
The energy and material input of “Winery 2” differs from 
that of “Winery 1” in a number of key areas, as Figure 3 
clearly shows.

GHG emissions from mineral fertiliser 
applications in "Winery 1" in % 

3% 

■ nitrous oxide emissions

■ nitrogen product ion

■ potassium

■ phosphorus

■ magnesium

Figure 2 shows the sectors from which GHG emissions 
from mineral fertilizer applications originate. About 47 
% of the GHG emissions from mineral fertilizer appli-
cations come from nitrogen production. About one 
third of the emissions are caused by nitrogen oxide in 
the vineyard. Potassium, phosphorus and magnesium 
production are responsible for about 21 % of the total 
GHG emissions in this sector.
Another major emitter of GHG (about 9 %) is the 
combustion of fossil diesel in tractors used for work in 
the vineyard (until harvest). The energy used to con-
trol the temperature of the wine warehouse accounts 
for about 8 % of total GHG emissions. The electrici-
ty consumed in the wine cellar represents about 3 %, 
while bottling accounts for about 1 %. Thus, the total 

Fig. 2: Greenhouse gas emissions from the application of mineral fertilizers in "Winery 1" in %
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Fig. 3: Savings potential of greenhouse gas emissions of "Winery 1" compared to "Winery 2" for 1 ha of vineyard area 
(in kg) in descending order of importance

Fig. 4: Reduction of GHG emissions of selected areas with the fixation of Winery 1 at 100 % each compared to 
“Winery 2”
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As illustrated in Figure 4 the greenhouse gas emissions 
of "Winery 2" with respect to the bottle are reduced 
by about 39 %. Due to the green manure of "Winery 
2" it is assumed that no nitrogen is applied with mi-
neral fertilizer. Thus, 47 % emissions can be saved by 
this measure. The use of biodiesel results in about 43 
% less GHG emissions. The use of green electricity in 
accordance with eco-label 46 reduces CO2 emissions 
by about 93 % for the same energy input. The electri-
city mix of green electricity is 100 % renewable com-
pared to conventional Austrian electricity, which exp-
lains the GHG reduction potential. Plant protection in 
conventional production ("Winery 1") leads to higher 

CED in "Winery 1" in % 

Plant protection 
4% 

Closures 
. . 4% Bottle f1llmg - energy

\ 4% 

Vineyard infrastructure 
5% 

Fertilization ____ ,
6% 

Tractor energy consumption_--.. 
7% 

Wine cellar - energy 
1% 

Packaging

\3% 

Wine storage - energy __
11% 

Treatment agent 
0% 

c...-Bottle 
48% 

Fig. 5: Cumulative energy requirement (CED) in kWh for "Winery 1" shown for 1-ha vineyard

GHG emissions during production compared to plant 
protection products for organic farming ("Winery 2"). 
For this reason, the emissions in "Winery 2" are reduced 
by about 30 % compared to "Winery 1", although hig-
her application rates and times are necessary in organic 
production. Compared to aluminium closures, natural 
cork causes significantly lower GHG emissions and ac-
cordingly leads to an emission reduction of about 52 % 
in "Winery 2".
In summary, under the assumptions made, a reduction 
of the total GHG emissions of "Winery 2" compared to 
"Winery 1" of about 45 % can be determined.

ENERGY BALANCE INCLUDING THE USE OF 
OPERATING RESOURCES
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As illustrated in Figure 5 the glass bottle accounts for 
48 % of the energy input (cumulative energy requi-
rement = CED) in "Winery 1". The storage of wine 
makes up 11 % leading to the second highest energy 
input in "Winery 1". Regardless of its origin, the use 
of electricity leads to high CED values. Subsequently, 
the tractor work to cultivate a 1-hectare vineyard until 
grape harvest requires a diesel input that accounts for 
7 % of the CED. The enrichment on a scale of 2 °KMW 
of 6,750 liters wine (0,75 % wine yield of 9,000 kg gra-
pes) leads to a 7 % increase of the CED of "Winery 1". 
The energy intensive process of nitrogen production 

for the production of mineral fertilizer causes 6 % of the 
CED of "Winery 1". The use of steel for stakes, poles and 
wires, based on a 30-year life period, accounts for 5 % of 
the CED (vineyard infrastructure). The electricity used 
for washing and bottling is assumed to be 600 kWh for 
the "Winery 1" system, which represents about 4 % of 
the CED. The material input of 9 kg aluminium closures 
and 10 kg conventional pesticides is in the same order 
of magnitude. In terms of material input for packaging, 
CED accounts for about 3 % of the total energy input. 
Energy consumption in the cellar, labels and wine tre-
atment accounts for about 1 % of the total CED of "Wi-
nery 1".

Fig. 6: Savings potential of the CED of 1-ha vineyard of "Winery 1" compared to "Winery 2" (in kWh)
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thods leads to higher CED during production compared 
to plant protection products for organic farming. For 
this reason, the CED for "Winery 2" is reduced by about  
72 % as compared to "Winery 1", although higher ap-
plication rates are required. Natural cork causes a lo-
wer CED compared to aluminium closures. Therefore, 
"Winery 2" can expect a reduction of the CED by about  
58 % in the area of "closures" 
For the assumptions above, the total CED of "Winery 2" 
is reduced by about 32 % compared to "Winery 1".
The survey at an exemplary bottle cleaning plant in Lo-
wer Austria suggests that there is an enormous savings 
potential in the multiple use of glass bottles instead of 
using new glass. No calculations were made.

CONCLUSIONS

Glass bottles cause about 47 % of the total GHG emis-
sions in the entire production chain (48 % of the CED). 
The material consumption is substantial, correspon-
dingly high are the emissions from the production of the 

Fig. 7: CED in % of 1-ha vineyard area of "Winery 1" compared to "Winery 2"

As illustrated in Figures 6 and 7 the CED in "Winery 2" 
is reduced by about 39 % due to the use of lightweight 
glass bottles. The electricity mix from green electricity 
(according to eco-label 46) leads to a slight reduction 
of the CED by about 9 % compared to conventional 
Austrian electricity. The leverage effect of renewab-
le energy sources is much lower than for greenhouse 
gas emissions. Renewable energy sources are limited 
in terms of energy conversion (efficiency) and energy 
density compared to fossil fuels. Only hydropower has 
advantages over fossil fuels due to the high proportion 
of electricity generated by the CED. Since the majority 
of the electricity generated in the IP-46 is hydroelec-
tric, there is a slight reduction in CED in "Winery 2" 
compared to conventional electricity in "Winery 1". 
Regarding the energy input of the tractor, the use of 
biodiesel leads to an approx. 38 % higher CED ("Wi-
nery 2") compared to fossil diesel. The cultivation with 
green manure in "Winery 2" means that no nitrogen has 
to be applied with mineral fertilizer. This results in a 
50 % saving. Plant protection with “conventional” me-
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bottles are high (assumption glass bottle Bordeaux 0.75 
l with 375 g weight). However, many high-quality wines 
and sparkling wines are filled in even heavier bottles (e. 
g. Bordeaux Grand Cru 0.75 l with 984 g or "Collio" 0.75 
l with sparkling wine neck with 720 g weight). Fillings in 
smaller glass bottles also have a higher bottle weight in 
relation to the content (e. g. Bordeaux 0.187 l with 165 g 
bottle weight) (Vetropack, 2020).
In contrast, the use of "lightweight glass" leads to lower 
greenhouse gas emissions:
- reduction of total GHG emissions for "Winery 1" by  
  18 % (19 % CED)
- reduction of total GHG emissions for "Winery 2" by  
   25 % (27 % CED).
In addition to the use of lightweight glass, the multiple 
use of glass bottles is a strong greenhouse gas reducing 
alternative. Only 0.3 to 0.5 l water, approx. 1 g detergent 
(caustic soda + surfactants) and 40 W energy (thermal) 
per bottle are required for cleaning and refilling the glass 
bottles. In contrast, a new glass bottle requires a smaller 
amount of water for rinsing before bottling (0.10 to 0.15 
l per bottle), but this results in a considerable blue and 
grey water footprint and energy consumption due to the 
glass production process of the new bottle. The survey of 
the cited bottle-washer also showed that multiple filling 
of disposable glass - with the exception of fogging of the 
glass, which could be eliminated in production - could 
be a potential saving alternative. Also the screw thread 
does not seem to pose a hindrance to multiple filling if 
handled properly if one takes into account the common 
practice with mineral water bottles. However, further 
investigations are necessary for a definitive recommen-
dation. The obligatory changeover to a deposit bottle 
system would lead to massive emission reductions, but 
would also greatly limit the variety of bottle types.
The energy saving by using natural cork instead of alu-
minium capsule closures is relatively high. Also the CED 
for mineral fertilization is much higher than for organic 
fertilization or green manure.
Green manure can make a contribution to minimizing 
the climate impact of fertilization, but only if there is no 
degradation of the nitrogen depot in the soil. In viticul-
ture, cessation of fertilization in the medium term is not 
a strategy. For long-lasting, vital vineyards and the resul-
ting ripe, sound grapes, it is necessary to ensure a good 
supply of nutrients to the soil.
The Fuel Regulation (KVO) 2012 enforces the Direc-

tive on the Promotion of Renewable Energy Sources 
(28/2009/EG) (Bmlrt, 2020b). The KVO stipulates  
biofuels to be added at a rate of 6.3 % for diesel fuel and 
3.4 % for petrol. Biofuels must lead to a 6 % reduction in 
fuel consumption in Austria along the entire value chain. 
An increase of the admixture could also be discussed as 
an emission reduction.
It also seems interesting that the CED of the diesel use 
(tractor energy consumption) in vineyards causes the 
same amount as the enrichment with sucrose (Fig. 6). 
The natural ripening of the grapes without enrichment 
processes thus also contributes highly to the reduction 
of the CED.
The advantage of renewable energy sources lies in the 
lower CO2 equivalent emissions compared to the use of 
fossil fuels. The supply with renewable energy sources 
(creation of power plants) requires more energy and the 
energy conversion is not as efficient as with fossil energy 
sources. The energy density of fossil energy sources is 
significantly higher than that of renewable energy sour-
ces. The use of renewable energy sources leads to a high 
energy input in the supply, therefore renewable ener-
gy sources have to be valued equally with fossil energy 
sources (Fig. 6 and 7).
The balanced material input for boxes/packaging was 
calculated from recycled material with average emis-
sion factors. About 20 % of the GHG emissions come 
from the purchase of electricity. Accordingly, there is a 
savings potential through the use of renewable energy 
sources, but this is not considered to be very high. Bo-
xes are excluded from the Eco-label Directive (IP-RL) 
for packaging purposes, i. e. there are no boxes for wine 
bottles with the IP. Within the scope of the IP-RL for 
reusable systems, transport units made of cardboard 
or other materials are permitted if they are functional-
ly reusable several times. Labels contribute hardly any 
GHG savings potential.
The location of the vineyard and the selection of suitable 
vine planting material are among the most fundamental 
decisions for a winery. The assessment of the impact of 
the vineyard location and the choice of planting material 
on the CED has shown that this issue has great poten-
tial and should still be subject to scientific evaluation. 
The pesticides, in viticulture mostly fungicides, can be 
reduced by the use of so-called fungus-resistant grape 
varieties. That can lead to potential savings of up to 75 
% of fungicides. Since the lifespan of a vineyard is 30 to 
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