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Key Takeaways

0 1 Standardized regional data collection approaches are needed:
Improving regional data collection and management for environmental footprinting helps

businesses and governments make informed decisions for local food system developments.

o ! Businesses need to be able to understand environmental assessments:

Enhanced knowledge of Life Cycle Analysis (LCA) helps agri-food businesses evaluate prac-
tices, reduce environmental impacts, and meet legal requirements.

Existing Data Networks should be used:

Expanding the Farm Accountancy Data Network (FADN) to include environmental data sup-
ports Europe-wide use of agricultural data for informed decision-making by businesses and
policymakers.

4 Regional approaches to transregional systems have its limitations:
Further research is needed to determine how detailed regional agricultural data should be

to effectively apply LCA tools, given the interconnected nature of European food systems.
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Fig. 1: Overview of agri-food data for environmental footprinting in the Alpine Region: Agriculture.



On a global scale, one-third of food goes to
waste (World Resources Institute, 2020).Food
waste remains a critical issue in Europe, with
staggering amounts of edible food being dis-
carded at various stages of the supply chain
(European Commission, 2019), agriculture be-
ing one of these stages. To foster the shift to-
wards a Circular Economy in the agri-food sec-
tor, it is not only necessary to show food waste
conversion pathways and related trade-offs
and opportunities (Santagata et al., 2021) but
also to measure the environmental burdens of
food loss and waste (Gava et al., 2019). Only
then relevant stakeholders are able to strate-
gically tackle existing challenges, draft effec-
tive policy, and measure progress (Ibid.).
Therefore, the efforts to express food waste
and food system emissions in CO,-emission
equivalents and other factors through Life Cy-
cle Analysis (LCA) methods have increased in
the last decade (Voglhuber-Slavinsky et al.,
2022; Kaltenbrunner et al., 2024). Recent EU
policies such as the Corporate Sustainability
Reporting Directive (CSRD) and the EU-
Taxonomy have evoked strong interest in busi-
nesses to measure and monitor their environ-
mental burdens (Sala et al., 2021).

This report is written as part of the project
CEFoodCycle (2024a) and therefore focuses
especially on the Alpine regions in Austria,
France, Germany, Italy, and Slovenia. The Al-
pine Space region is a complex economic ar-
ea with agroecosystems providing a large
amount of ecosystem services (Faccioni et al.,
2019). The preservation of provisioning ser-
vices for resources such as food or water as
one of them is highly dependent on the envi-
ronmental burdens of our farming practices.
To assess the different practices and contexts
within agricultural systems, relevant for envi-
ronmental footprinting, a comparison of na-
tional and regional data was conducted as
part of the project CEFoodCycle (2024a). Fur-
ther data as regards the value chain structure
in the five Alpine Space regions and food initi-
atives / regulations can be found in our report
‘Blueprint for an emerging sustainable circular

future in the food sector

2024b).

(CEFoodCycle,

Significant regional differences in environmen-
tal impact can be observed, both on national
as well as on subnational (Wilting et al., 2021)
levels. These regional differences depend on
manifold factors such as production practices,
local climate, cultural factors or available in-
frastructure. An exemplary study (Theurl,
Haberl et al., 2014) shows that regional pro-
duction is not always ‘better’ regarding the
emitted greenhouse gases of a product, with
tomatoes grown in Austrian heated green-
houses resulting in a higher environmental
footprint than imported tomatoes grown in
Italy or Spain. At the same time, if organic
farming practices were applied, the tables
turned in favor of the Austrian tomatoes.

While previous studies have highlighted the
global significance of food waste (e.g. United
Nations Environment Programme, 2021) and
the multiple benefits of transitioning to a Cir-
cular Economy (e.g. Ellen MacArthur Founda-
tion, 2024a), there is a lack of detailed analysis
focusing on how regional variations in the
food value chain impact LCA metrics within
the Alpine region. Therefore, we conducted a
targeted, mixed-methods investigation with
the aim to uncover national differences of key
factors responsible for variations in environ-
mental impacts within the agri-food sector in
Austria, Germany, lItaly, France and Slovenia
applicable for LCA assessments. The key find-
ings are made available in this report to sup-
port decision makers in the food sector (e.g.
managers, policymakers, research institu-
tions).

Furthermore, the findings of this study are
used in order to tailor regional differences in
the Al LCA-tool that is developed within the
project (CEFoodCycle, 2024a). The tool is de-
signed to connect companies to find solutions
for their surplus food and food waste and
compare them based on LCA metrics.



2. Methodology

The work described here encompasses the
explorative research for national and regional
differences in agri-food systems and the de-
duction and attempted quantification of pos-
sible impact factors, which could be in-
tegrated into LCA market data for the respecti-
ve Alpine countries. The validation of the sug-

gested factors and the integration into an LCA-
tool might reveal more information about the
applicability of the selected impact factors.
However, this is out of scope for this study
within the necessary process for the final in-
tegration into LCA-tools (see fig. 2).

scope of this study

deduction of
possible
impact factors

comparison

of countries

Fig. 2: Scope of this study.

Qualitative Approach

The majority of current LCA studies on agri-
food products and processes rely on emission
calculations derived from the extensive Agri-
balyse database, which is based on French
market data and accessible free of charge. The
international scientific community and
governmental agencies are working to adapt
the available data from Agribalyse to the
context of other countries and regions.

Based on extensive research on national food
industry data in the five countries and related
food waste (CEFoodCycle, 2024b) as well as on
LCA  calculations in  food  streams
(Kaltenbrunner et al. 2024), two exploratory
interview guidelines were developed: One gui-
deline focused on agricultural challenges and
practices, addressing experts within the field
of agriculture. The second guideline was es-
tablished with the intent to gain knowledge on
processing and retail, and thereby covering

validation of
factors for

integration

LCA-tool into LCA-tool

application

central steps in the food value chain. Specifi-
cally, the questions evolved around current
practices in and use of key agricultural re-
sources, the commonness of frontrunner me-
thods, regional efficiency, and the existence
and implementation of resource-relevant stra-
tegies in the food sector.

Feedback on the interview guidelines was coll-
ected from the transregional project consorti-
um to make sure it was applicable for the
different contexts. Regional agriculture ex-
perts, in total 5 experts (3 male, 2 female) from
universities, ministries and interest groups in
Italy and Slovenia were selected based on
their extensive knowledge and experience in
the local agricultural sector. The interviews
were conducted online between March and
May 2024. They were recorded and transcribed
in national language and then translated to
English to facilitate the following systematic
interview analysis.


https://agribalyse.ademe.fr/app/aliments/17130
https://agribalyse.ademe.fr/app/aliments/17130

Based on the information given by expert in-
terviews, desk research was conducted to find
available national data that is relevant for LCA
-factors and could be implemented into the
structure of existing LCA-tools.

Based on information derived from internatio-
nal comparative studies (e.g. Crippa et al.
2021; Finnegan et al. 2018; Lam et al. 2018), an
extensive list of 30 impact categories for both
agricultural and processing to retail value-
chains was compiled. This catalogue was re-
duced to a list of 9 factors with the highest en-
vironmental relevance (considered aspects:
environmental burdens, anticipated national
differences, impact on CO,-emissions, water
use, land use) and promising comparability
(considered aspects: measurability, availabili-
ty). In order to be applicable for the impact
factor catalogue, the existing data had to fulfill
the following prerequisites:

e availability for at least 4 out of the 5 selec-
ted countries

e suitability with the structure of existing
LCA databases (e.g. Agribalyse)

e comparability of used methodology in
compiling country data

This resulted in four final impact categories:
fertilizer usage, tillage practices, irrigation
practices and land productivity.

Limitations in terms of data availability, diffe-
rences in sectoral delimitation and additional
uncertainty due to extrapolations have to be
taken into account. The chosen system
boundaries were the nationally procured food
for consumption / intermediary products whe-
re possible, or the nationally produced food
where total consumption data was not
available. The factors evaluated were chosen
along the food value chain from primary pro-
duction to the point of sale.

Factors focusing on consumption and private
preparation emissions (e.g. gas stove for coo-
king) were not taken into consideration. The
circumstances explaining the observed natio-
nal differences are out of scope of this study
and are not discussed in detail. The authors
distance themselves from giving general
reasonings for these complex issues.

The work described here encompasses the
explorative research for national and regional
differences in agri-food systems and the de-
duction and attempted quantification of pos-
sible impact factors, which could be in-
tegrated into LCA market data for the respecti-
ve Alpine countries. The validation of the sug-
gested factors and the integration into an LCA-
tool might reveal more information about the
applicability of the selected impact factors.
However, this is out of scope for this study
within the necessary process for the final in-
tegration into LCA-tools (see fig. 2).



The five selected countries cover a wide range
of food production goods from basic staple
foods, over fruits and vegetables, sea and
freshwater fish and meat and dairy products
to highly processed foods (Eurostat, 2024). The
heterogeneity of the selected countries provi-
ded a good basis for building a methodology
for comparison and a blueprint for eventually
extending the scope to other European count-
ries.

The regulatory environment is a major factor
influencing food waste management and food
waste initiatives and practices (see also
CEFoodCycle, 2024b). In Italy, regulations are
seen as essential for setting standards but can
also be restrictive, limiting the flexibility nee-
ded for innovative solutions. Experts call for
more adaptive regulatory frameworks that can
evolve with emerging technologies and prac-
tices. Slovenian experts argue for stronger na-
tional legislation that aligns with sustainability
goals, suggesting that significant progress can
only be made through comprehensive gover-
nance.

The chosen quantifiable and LCA-applicable
factors for the comparison of the agricultural
intensity and different practices between the
countries were fertilizer usage, tillage prac-

tices, irrigation practices, and land produc-
tivity (see table 1).

Factors for
Comparison

Fertilizer usage

Tillage practices (Eurostat, 2016a)

Irrigation practices

Land productivity

Table 1: Quantification factors for national differences.

Quantification Method

The fertilizer usage per hectare differs widely
between the observed countries. while Slove-
nia has the highest usage of 219.8 kg/ha uti-
lised agricultural area, Austria only uses on
average only 129.3 kg/ha (including nitrogen
(N), phosphate (P,0s ), and potash (K,0) fertili-
zers) (Ludemann et al., 2022). Factors explai-
ning the national differences in chemical fer-
tilizer use include the availability of N in manu-
re, crop uptake, N released by crop residues,
and soil and plant characteristics (Jiao et al,,
2012; Jordan-Meille et al., 2023).

Experts from the selected regions provided
key insights into the common practices, moti-
vations and circumstantial factors for obser-
ved differences. For the reduction of fertilizer
usage the high purchase price was mentioned
as an already limiting factor. In all EU count-
ries the registration of fertilizer usage is man-
datory, set into law as put forward in the EU
Common Agricultural Policy (CAP) and the Nit-
rate Directive (Council directive 1991/676/
EEC), giving a good quantitative basis to work
on plans to implement good practices in the
employment of fertilizer. According to experts
from Slovenia, national fertilizing practices
rely mostly on organic fertilizers. Crop rotation
is part of the common agricultural practice
according to interviews conducted with ex-
perts from Italy and Slovenia. In Italy, the use
of species such as alfalfa or clover as cover

mean application rate of nitrogen+P,0s+K,0 across total crop area
— Mean factor of all given crops (Ludemann et al., 2022)

share of zero or conservational tillage practices of total tillable area

percentage of utilized agricultural area that is irrigated (Eurostat, 2016b)

harvested production per ha for the area under cultivation; product spe-



crops on fields where potatoes or cereals are
cultivated is prevalent.

Most of the selected countries already employ
reduced tillage practices (mechanical mani-
pulation of the soil) with reduced tillage or
zero tillage practices being employed on
45.96 % to 51.99 % of the total tillable area.
ractices of reduced or zero tillage practices are
widespread in Austria, Germany, and France
(Eurostat, 2016a). Italy uses a reduced tillage
approach on 4.85 % of its total tillable area. In
Italy and Slovenia, the practice is not as popu-
lar (Ibid.). For Slovenia no data was available.
(Eurostat, 2016a). However, an interviewed
Slovenian expert stated that a cost effective
approach is used, since tillage requires tractor
fuel, which leads to high costs for augmented
tillage practices. Multiple experts mentioned
the existing tradeoffs between tillage practices
and pesticide use. An expert from Italy puts it
this way: “[...] the rule is: the less you need to
spray, the more mechanical work is requi-
red.” The main reasons to employ reduced til-
lage practices are economic, such as higher
fuel prices, but also the sizes of farms can play
a role (Putte et al, 2010; Townsend, Ramsden
& Wilson, 2015). Increasing uptake might re-
quire policy intervention (Townsend, Ramsden
& Wilson, 2016).

Irrigation practices are very dependent on
the climatic circumstances and the types of
crops being cultivated. Both Italian and Slove-
nian experts report a recent increase in irriga-
tion. An expert from Slovenia links this directly
to climate change: “Due to [the] recent change
of climate the need for irrigation is becoming
evident also in Alpine valleys.” The country spe-
cific data on irrigation practices shows that
Slovenia has the lowest percentage of irriga-
ted agricultural area per utilized agricultural
area with 0.7 %, Austria (1.4 %), Germany
(2.7%) and France (4.9 %) in the mid-range
and Italy with the most widespread applicati-
on of irrigation practices with 20.2%
(Eurostat, 2016b). Differences in irrigation

practices are connected to shortages in water
supplies, increasing drought frequency, and
uncertainties associated with climate change
(Monaghan et al. 2013). But also the spatial
distribution of irrigated areas and types of
crops used play a role (Wriedt et al. 2009).

Land productivity, closely related to the effi-
ciency of the land used and therefore the im-
pact on the land use factor in environmental
footprinting, differs widely over countries and
crops. For the measurement of land producti-
vity the physical outputs of agriculture divided
by the agricultural area used for the specific
crop were drawn on. Looking at the produc-
tion of wheat in 2022, Germany gets the most
out of its utilized agricultural area with 7.58 t/
ha, followed by France (7 t/ha), Austria (5.8 t/
ha) and Slovenia (5.47 t/ha). Italy has the lo-
west productivity with 3.72 t/ha. (FAO, 2023)
For an estimation of national differences in
land productivity, a mean value over a time-
span of multiple years would have to be de-
ducted for each crop to account for climatic
differences between years. The comparison
between irrigated and rain-fed agricultural
areas also has to be considered to implement
it into LCA-footprinting tools.

The efficiency of land use for agriculture
appears to be differing to a high degree in Ita-
ly. Multiple current challenges are described.
While the land used for agriculture seems to
be decreasing in Italy, the amount of unmana-
ged land is increasing. While the economic effi-
ciency of the land in South Tyrol for instance is
very high, experts are referring to the ecologi-
cal and social efficiency that is hard to quanti-

fy.



This text provides a short overview of the regi-
onal and national differences in environmen-
tal footprints within the agri-food sector
across five European countries: Austria,
France, Germany, Italy and Slovenia. By com-
bining qualitative insights from expert inter-
views with quantitative data, the research
highlights the significance of localized prac-
tices and conditions in determining the en-
vironmental impacts of agricultural activities.

Our findings underscore the necessity for more
robust and consistent national and regional
data collection on agri-food systems. The sig-
nificant variations in agricultural practices and
efficiency, such as fertilizer usage, tillage me-
thods, irrigation and land productivity, point
to the critical need for more and better locali-
zed data and its integration into databases
and tools used for environmental footprinting.
Such detailed and context-specific data are
essential for accurately reflecting the environ-
mental impacts and for formulating targeted
policies and strategies.

The quantification of national differences re-
veals significant disparities in the input-
intensity and productivity of agricultural sys-
tems. These differences have direct implica-
tions for the environmental burdens associa-
ted with agricultural production, emphasizing
the need for tailored approaches to sustainab-
le farming. The presented data not only sheds
light on the national and regional disparities in
factors responsible for varying environmental
impacts within the agri-food sector but also
provides a methodological blueprint for ex-
panding such assessments to other European
countries. By addressing these regional diffe-
rences, policymakers and businesses can de-
velop more effective strategies to reduce the
environmental burdens of agriculture, foster
sustainable practices, and contribute to the
broader goal of sustainable food systems. Fu-
ture research should focus on expanding and
regionalizing existing datasets, refining con-
version factors, and enhancing the applicabili-
ty of LCA tools to support the continuous im-
provement of agri-food systems in diverse ge-
ographical contexts.

The considerations in this study result in the
following recommendations for businesses in
the agri-food sector and policymakers:

This would enable
businesses and regional governments to make
better informed decisions and get a clearer
picture of their local food systems’ environ-
mental burdens.

In-depth knowledge of their me-
chanisms and applications can help busines-
ses to evaluate their practices, adapt them to
alleviate environmental burdens and fulfill
upcoming legal obligations.

This would faci-
litate a Europe-wide use of national and regio-
nal data on agricultural production and give
researchers crucial information to provide
needed insights for businesses and policy-
makers. Building on an already existing and
recognized structure, such as the FADN, can
limit costs and time expenditure for farmers
and national agencies.

Since European food sys-
tems are widely interconnected and only a
minor portion of produced food can really be
seen as “regional”, this begs the question how
detailed data needs to be, in order to be useful
for application in environmental footprinting
studies. Future research should focus on ex-
panding the dataset and refining the conversi-
on factors to enhance the accuracy and appli-
cability of LCA in diverse geographical
contexts.



5. Where to get started for
LCA?

O 0O o od

O

Understand LCA analysis (Kaltenbrunner et al. 2024)
Read ISO guidelines: |SO 14044:2006, |SO 14040:2006

Take educational courses & sign up for (online) seminars

Study case studies, e.g. on the European Platform on LCA (2024), and guidelines, e.g. Life
Cycle Assessment for the circular economy (Ellen MacArthur Foundation, 2024b)

Look through LCA tools, e.g. Agribalyse, a database covering a wide range of data about
food, agriculture and related factors based on products available in French supermarkets.

Cooperate with experts to learn to use LCA software tools (SimaPro, Umberto, Open LCA)

Find partners, e.g. with vcg.ai, which uses a data approach to generate meaningful value
chains and to implement circular business models. It is a tool to identify specific industry
solutions and possible partners.
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