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Abstract
Purpose For the development of any life cycle assessment study, the practitioner frequently integrates primary data collected 
on-field, with background data taken from various life cycle inventory databases which are part of most commercial LCA 
software packages. However, such data is often not generally applicable to all product systems since, especially concerning 
the agri-food sector, available datasets may not be fully representative of the site specificity of the food product under exami-
nation. In this context, the present work investigates the background, sources and methodological aspects that characterise 
the most known commercial databases containing agri-food data, with a focus on four agri-food supply chains (olive oil, 
wine, wheat products and citrus fruit), which represent an important asset for the Italian food sector.
Methods Specifically, the paper entails a review of currently available LCI databases and their datasets with a twofold 
scope: firstly, to understand how agri-food data is modelled in these databases for a coherent and consistent representation 
of regional scenarios and to verify whether they are also suitable for the Italian context and, secondly, to identify and analyse 
useful and relevant methodological approaches implemented in the existing LCI databases when regional data are modelled.
Results Based on the aforementioned review, it is possible to highlight some problems which may arise when developing 
an LCI pertaining to the four Italian agri-food supply chains, namely:
1. The need for specific inventory datasets to tackle the specificities of agri-food product systems.
2. The lack of datasets, within the existing DBs, related to the Italian context and to the abovementioned supply chains. In 
fact, at present, in the currently available LCI DBs, there are very few (or in some cases none) datasets related to Italian 
wine, olive oil, wheat-based products and citrus fruit. The few available datasets often contain some data related to the Ital-
ian context but also approximate data with that of product systems representing other countries.
Furthermore, the present study allowed to identify and discuss the main aspects to be used as starting elements for modelling 
regional data to be included in a future Italian LCI database of the abovementioned four supply chains.
Conclusions The results of the present study represent a starting point for the collection of data and its organisation, in order 
to develop an Italian LCI agri-food database with datasets which are representative of the regional specificities of four agri-
food supply chains which play an important role in the Italian economy.

Keywords Life cycle assessment (LCA) · LCI data · Pasta · Bread · Olive oil · Wine · Citrus fruit

1 Introduction

One of the fundamental methods connected with the imple-
mentation of the EU Integrated Product Policy (Heijungs 
et al. 2006) is life cycle assessment (LCA) (ISO 2006a, 

2006b) which is used to evaluate the environmental profile 
of product systems, including that of agri-food (Notarnicola 
et al. 2015).

Typically, for the development of any LCA study, the 
practitioner will inevitably face the need to use reliable 
and accurate inventory data that, for the primary object and 
processes under study (the foreground system), will be col-
lected on-field. Such data will be integrated with that of the 
upstream and downstream life cycle phases (the background 
system), which are often taken from databases (DBs), in 
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which data quality plays a fundamental role and affects the 
overall results of the study (Guinée et al. 2002).

Thus, in order to meet the necessity for life cycle inven-
tory (LCI) background data, various DBs have been devel-
oped and are part of most commercial LCA software 
packages. These DBs, in the past, have mainly referred to 
industrial processes with little focus on agricultural pro-
cesses (Notarnicola et al. 2012). More recently, due to the 
growing application of LCA to agri-food systems, various 
initiatives have been developed to provide more LCAs of the 
agri-food process to LCA practitioners. The need for agri-
food DBs has also grown due to the widespread use of Envi-
ronmental Product Declarations (EPDs) (ISO 2006c) and 
the more recent Product Environmental Footprint (PEFs) 
(EU 2013), developed to encourage further use of product 
environmental schemes in industry. In fact, these schemes 
often require specific inventory data or “selected generic” 
data which should be associated with no less than 90% of the 
overall environmental impact (EPD 2019). Data from DBs 
is considered a source of “selected generic” data and is thus 
useful for the development of a declaration.

LCA is standardised according to the ISO 14040/14044 
(2006a, b) and by being “primarily a steady state tool”; it 
does not consider site- and time-specific aspects (Udo de 
Haes 2006). However, the importance of considering spe-
cific inventory data, from a particular region or area, has 
often been stated in literature especially for the agricultural 
life cycle phase (Yi et al. 2007; Yang et al. 2018). This LCI 
specificity, in terms of inputs or emissions, may be due to:

• Geographical/spatial aspects (Dresen and Jandewerth 
2012; Pfister and Baumann 2012; Salmon-Monviola 
et al. 2012; Nitschelm et al. 2016; Maier et al. 2017; Xu 
and Lan 2017; Hong et al. 2019). Often, datasets found in 
DBs are insufficient to describe the spatial heterogeneity 
of a specific product system and it is therefore difficult to 
account for differences in crop yields of different areas 
(for example, due to soil type, crop type or geomorpho-
logical aspects) or for the differences in characteristics 
of the emission receiving environment.

• Temporal aspects (Elin Röös et al. 2010; Pfister and Bau-
mann 2012; Pinsonnault et al. 2014; Pfister and Bayern 
2014; Maier et al. 2017). The inclusion of such aspects in 
a dataset can, for example, account for the variability of 
the agricultural productivity due to seasonal aspects (e.g. 
different regions, when referring to a particular crop/plant, 
can have a different number of harvests per year, or a dif-
fering lifetime).

• Technological aspects (Balafoutis et al. 2017; Fritter 
et al. 2020). Non-specific datasets found in DBs may not 
account for the use of different irrigation systems and soil 
management practices of a particular context (for exam-
ple, in terms of machinery use or of different fertiliser 

or pesticide application approaches) or even of differ-
ent energy sources used in the agricultural or industrial 
phases in various regions/nations.

The need for regionalised specific inventory data may 
depend on certain LCA methodological choices (, Notarnicola 
et al. 2017; Sala et al. 2017; Gheewala et al. 2020) such as:

• The choice functional unit (FU); for example, choos-
ing an FU based on the protein content of an agri-food 
product will imply the need for specific LCI information 
concerning the protein content of the product being ana-
lysed. For example, durum wheat from different parts of 
the world can have different protein contents (Del Nobile 
et al. 2005).

• The definition of the system boundary and how to deal 
with allocation will obviously define what data is needed 
to represent all the life cycle stages included in an LCA 
study. For example, the inclusion of the use phase of 
an agri-food product implies the need for specific data 
on consumer transport, cooking and waste management 
which may well be different for different geographical 
regions.

• The choice of pesticide and fertilisation dispersion model 
(for example, the model of de Beaufort-Langeveld et al. 
(2003) as opposed to that of Birkved and Hauschild 
(2006) as far pesticides are concerned) determines what 
specific emission data will be included in the inventory 
of an LCA study.

All this considered, it is obvious that inventory data con-
cerning, for example, French or Swiss agri-food systems 
commonly found in existing DBs (e.g. Agribalyse 2017; 
Ecoinvent 2021) may be only partially applicable to an Ital-
ian context and hence to LCAs of Italian agri-food prod-
ucts. Thus, a national LCI database of agri-food products is 
needed to account for the specificity (Ruviaro et al. 2012) 
of Italian food products. Furthermore, considering the rel-
evance of the LCA methodology to the evaluation of circular 
production models, the creation of a regionalised and site-
specific inventory for Italian agro-food production, which 
considers all the life cycle phases of the main national sup-
ply chains (including waste, by-product and end-of-life man-
agement), becomes a fundamental step to support the transi-
tion to development models based on the circular economy.

In this context, the goal of this paper is twofold: firstly, 
understand how agri-food data is modelled in LCI DBs for a 
coherent and consistent representation of regional scenarios 
and verify if they are also suitable for the Italian context 
and, secondly, to identify and analyse useful and relevant 
methodological approaches implemented in the existing LCI 
databases. Following this review, with a specific focus only 
on those elements that can influence the regionalisation of 
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data, useful and relevant methodological approaches of the 
existing LCI DBs are identified in order to use them as build-
ing blocks for the future creation of an open-source Italian 
LCI database (Italian LCI Database of Agri-Food Products 
[ILCIDAF] project)1 of four supply chains (i.e. olive oil, 
wine, wheat products [pasta and bread] and citrus fruit), 
which represent an important asset for the Italian agricul-
tural economy (Italy is among the world top producers of 
pasta, wine and olive oil) (Marras et al. 2020).

This paper is structured as follows. Section 2 explains the 
research method. Section 3 contains the results of a review 
and analysis of selected LCI DBs (that deal with the food 
sector) and of the Italian datasets they contain, pertaining to 
the abovementioned supply chains. Section 4 illustrates the 
most useful and relevant methodological approach result-
ing from the review that will be applied as main pillars of 
the future ILCIDAF database. Finally, Sect. 5 draws some 
conclusions.

2  Research method

Following the twofold goal of this paper, the adopted 
research method has been structured in four main steps, as 
summarised in Fig. 1:

1. Selection of LCI DBs that deal with the food sector 
according to criteria coherent with the goal of this study.

2. Analysis of the main methodological aspects of the 
selected agri-food DBs that may influence the region-
alisation of data.

3. Analysis of the available Italian datasets for the investi-
gated supply chains.

4. Identification of the most useful and relevant methodo-
logical approaches, with a specific focus only on those 
elements that can influence the regionalisation of data, 
to be used as main pillars of the future ILCIDAF.

2.1  Step 1: Selection of LCI DBs that deal 
with the food sector

During the last decades, LCA studies on agri-food chains 
have increased considerably and, consequently, several 
LCI DBs have also been developed to support researchers 
and practitioners in their analysis, but most of these DBs 
are characterised by a lack of regionalisation (Notarnicola 
et al. 2015, 2017). This means that, among the various 
available DBs, a selection of LCI agri-food DBs contain-
ing relevant information for the goal of the present study 
was necessary. The inclusion criteria used for the selection 
are listed in Table 1 and have been used to identify the 
most known DBs including agri-food and containing well-
documented methodological information datasets (using 
user documentation available online and grey-literature 
technical reports) in order to understand how regional 
inventory data were modelled. In particular, the main 

Fig. 1  Summary of the research method: steps and related research questions

1 The open-source Italian LCI database, with the focus on abovemen-
tioned agri-food product systems, will be the final deliverable of the 
ILCIDAF project “Promoting Agri-Food Sustainability: Develop-
ment of an Italian LCI Database of Agri-Food Products (ILCIDAF)”, 
funded by the Italian the Ministry of University and Research.
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characteristics of the selected DBs (such as first release, 
available versions, process modelling choices, type of 
agri-food datasets included, extent of regionalisation) were 
analysed to identify the relevant background inputs that 
will constitute modelling of general characteristics of the 
future ILCIDAF datasets.

It should be highlighted that other relevant characteristics 
of LCI, such as nomenclature and format — e.g. ILCD (EC 
2010) or EcoSpold2 (Meinshausen et al. 2016) — that have 
been already investigated in previous reviews (e.g. Fritter et al. 
2020), are out of the scope of the present study because not 
relevant for the understanding of the modelling of regional 
inventory data in LCI DBs.

2.2  Step 2: Analysis of the main methodological 
aspects of the selected agri‑food databases

The selected DBs are then analysed in order to extrapo-
late relevant information about how they manage the main 
methodological issues connected to the agri-food sector; 
both production and consumption aspects have been con-
sidered because they are potentially affected by regional 
specificities. In particular, information concerning the 
following aspects, illustrated in Sect. 1 of this paper, is 
searched for:

– The variability of the agricultural production due to the 
geographic, temporal and technological specificities, 
which inevitably affect the environmental profile of such 
production.

– The functional unit (FU) — e.g. which physical quantity 
to link it to (mass, volume of product, protein or carbo-
hydrate content of a portion of a product); such choice 
determines -which specific LCI data is needed.

– Issues concerning allocation and the multi-functionality 
of food products — typically food production cycles 
entail the production of by-products and very little waste; 
allocation issues need to be addressed in such circum-
stances regarding co-productions with different added 
values.

– Pesticide and fertiliser dispersion models: these are 
numerous and need to be carefully chosen (the effects 
depend on the site-specific variables such as the amount 
of rainfall and depth of the groundwater level).

– Product consumption — consumer behaviour (which is 
dependent on specific cultural and social aspects) can 
determine different LCI data for different regions.

The result of this step is the identification of the main 
methodological inputs to be used for modelling ILCIDAF 
datasets. Ta
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2.3  Step 3: Analysis of the available Italian datasets 
for the investigated supply chains

In this subsequent step, Italian datasets related to the inves-
tigated supply chains (olive oil, wine, wheat products and 
citrus fruit) are specifically searched for within the selected 
agri-food DBs. If such datasets are found, a detailed analysis 
about how the data has been modelled is carried out. The 
result of this step is the identification of the main data source 
inputs which will be used for modelling ILCIDAF datasets.

2.4  Step 4: Definition of the methodological 
approach to be used for the future ILCIDAF

Finally, as represented in Fig. 1, the useful and relevant 
inputs collected in the previous three review steps (back-
ground, methodological and data source information) are 
used as inputs for defining a methodological approach for 
regional inventory data to be implemented in a future open-
source Italian LCI database of the four analysed supply 
chains. This methodological approach is therefore presented 
by comparing it to the main methodological issues of the 
selected DBs previously analysed.

3  A review of how agri‑food data are 
modelled in current LCI DBs

The analysis of existing DBs revealed that the development 
of LCA inventories concerning agri-food systems has fol-
lowed two main streams: (i) the first entails the development 
of specific “food-based” DBs; (ii) the second concerns the 
addition of data concerning agri-food products to existing 
generic DBs. The first type includes, for example, the Dan-
ish “Food LCA DK” DB (Nielsen et al. 2003), the French 
“Agribalyse” (2017) DB and the Dutch DB called “Agri-
footprint” (Blonk 2014). Another initiative in the develop-
ment of a food-based DB is the Swiss project “World Food 
Database” (Nemecek 2019; Quantis 2020) regarding the 
food-related process from northern Europe and the USA. 
The second aforementioned path of LCI development has 
given birth to the implementation of a series of food-related 
datasets in the Swiss “Ecoinvent” DB (Wernet et al. 2016; 
Ecoinvent 2021) and in that of the “Gabi” software (Kupfer 
et al. 2020). The development of these DBs has taken place 
mainly to represent the characterisation needs of a specific 
territory, at times via the subsidisation from several national 
ministries, and at present has not brought about an Italian 
agri-food inventory DB.

Starting from an update of the list of LCI DBs for the 
agri-food sector published in Notarnicola et al. (2015), 
and after having applied the selection criteria described in 

Table 1, five DBs were identified for the inclusion in the 
research presented here, namely:

– Agribalyse

∘ French LCI database for agricultural products 
established in 2010 following the “Grenelle de 
l’Environnement” event (organised by the French 
Ministry of the Environment). The latest version 
of Agribalyse, 3.0, built on the previous versions, 
was published in 2020 (Koch and Salou 2020); it 
presently comprises LCIs for 2500 agricultural and 
food products that are produced and/or consumed in 
France and combines a production-based approach 
with a consumption-based approach.

– Agri-footprint (AFP)

∘  Developed by Blonk Consultants, AFP was 
released in 2014, and today it is updated to its 
5th version. The DB is based on an attributional 
approach, aimed to support micro-level decision 
support and accounting applications (A and C) 
according to the classification proposed by the 
ILCD guidelines (JRC 2010). The Agri-footprint DB 
includes inventory data on agricultural and livestock 
products, agri-foodstuffs, animal feed and interme-
diate products.

– Ecoinvent

∘ The Swiss Centre for Life Cycle Inventories 
launched the project Ecoinvent in 2000 with the goal 
to generate a set of generic, consistent, transparent 
and high-quality LCI data, valid for Swiss and other 
European countries (Frischknecht et al. 2005). The 
first version of the Ecoinvent datasets (Ecoinvent 
Data v1.01) was released in 2003; today it is updated 
to version 3.7.1 released in December 2020 (Ecoin-
vent 2021).

– LCA Food DK

∘ The “LCA Food database”, also known as “LCA 
Food DK”, was released in 2006 as a result of the 
Danish project “Life Cycle Assessment of Basic 
Food”. This DB, to be used for the quantification the 
environmental impacts of basic food products pro-
duced and consumed in Denmark, covers all steps 
from agriculture and fishery through industrial food 
processing to retail and cooking. The DB is based 
entirely on consequential modelling according to 
the ISO 14040 series (ISO 14040 2006a), includ-
ing those processes that are influenced by a marginal 
change in demand, and uses system expansion to 
model the emissions related to co-products.
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– World Food LCA Database (WFLDB)

∘ Developed through the collaboration of Quantis and 
Agroscope since 2012, the WFLDB was released in 
2013 and updated in 2019 with version 3.5. This DB 
is centred on an attributional approach, being based 
on average and generic data aimed to represent current 
technologies, in accordance with ILCD goal situation 
C1 (JRC 2010).

Detailed information regarding the analysis of methodo-
logical aspects of the DBs is reported in the Supplementary 
Material (Appendixes A–E).

3.1  Analysis of the available Italian datasets

By analysing the currently available LCI datasets (532 in 
total), contained in the abovementioned selected DBs and 
which are related to the supply chains that are object of the 
present work, it emerges that there are only 12 datasets spe-
cifically related to Italian product systems. Table 2 sum-
marises the results of the analysis (the 12 datasets related to 
Italian product systems are italicised).

The 12 abovementioned datasets regard 9 wheat-based 
product systems, 2 olive oil product systems and 1 wine 
product system. No datasets concerning Italian citrus prod-
uct systems were identified within the DBs.

Of the datasets concerning wheat-based product systems, 
six are from the Agri-footprint DB and regard the production 
of wheat flour (as well as wheat bran, wheat middlings and 
feed and wheat germ), the production of wheat starch (as 
well as bran, wheat gluten, wheat gluten flour), the cultiva-
tion of wheat grain, the drying of wheat grain and activ-
ity data on the market mix (origin and transport) of raw 

materials used for processing wheat grain in Italy. Three 
other datasets regarding Italian wheat-based product systems 
can be found in the WFLDB. These regard the cultivation of 
the wheat grain, the production of dried pasta from durum 
wheat and the milling of durum wheat. These nine datasets 
pertaining to the wheat-based product systems often are par-
tially based on data (in terms of flow of matter and energy) 
from other European countries or on generalised models 
which generate global non-specific data.

Regarding the 2 datasets related to the olive oil prod-
uct systems, 1 has been identified in Ecoinvent and 1 in 
WFLDB. Both refer to “olive production at farm” and are 
substantially the same dataset. Indeed, agricultural data in 
Ecoinvent v3 partly correspond to the WFLDB (Ecoinvent 
2021). The dataset contains data representative of olive 
production in Italy (Puglia or Sicily) aimed at representing 
olives produced for the export market. The data refers to 
an average situation, characterised by 4.3 t/ha yield for the 
reference period from 2001 to 2008, in irrigated conditions. 
The functional unit and system boundaries respectively 
refer to “1 kg of olive” and to a cradle-to-grave approach 
considering a lifetime of 40 years (250 trees/ha planted). 
No cut-off has been specified in both the analysed datasets, 
but, in general, the WFLDB highlights that in crop produc-
tion systems, processes that can reasonably be assumed to 
contribute to less than 1% of the environmental impact are 
excluded and cut-off criteria are applied only when no data is 
available. Despite the fact that both olive oil product systems 
are representative of Italy, the analysis allows defining that, 
among the input processes and the outputs (considering both 
emissions and waste) observed in Ecoinvent and WFLDB, 
only four of them are related to the Italian context ((i) land 
use change, (ii) irrigation, (iii) waste wood, (iv) water emis-
sion). In addition, although four inputs in terms of fertilisers 

Table 2  Italian datasets (related to product systems concerning wine, olive oil, wheat bread and pasta products and citrus fruit) that are present 
in currently available LCA DBs

No. of datasets for each supply chain Database

Agri 
-footprint 
v4.0

LCA 
FOOD 
DK

Ecoinvent 
v3.0

Agribalyse 
v3.0

WFLDB 
v3.5.1

Total

Wheat-based products (no. of total datasets) 236 48 23 50 64 421
Wheat-based products (no. of datasets related to Italian product sys-

tems)
6 0 0 0 3 9

Olive oil (no. of total datasets) 0 0 4 1 5 10
Olive oil (no. of datasets related to Italian product systems) 0 0 1 0 1 2
Wine (no. of total datasets) 0 0 2 12 15 29
Wine (no. of datasets related to Italian product systems) 0 0 0 0 1 1
Citrus fruit (no. of total datasets) 0 0 18 21 33 72
Citrus fruit (no. of datasets related to Italian product systems) 0 0 0 0 0 0
Total datasets per database 236 48 47 84 117 532
Total Italian datasets per database 6 0 1 0 5 12
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are modelled through Pergola et al. (2013), who collected 
data for an Italian olive orchard management system, they 
are related to the global geography (GLO).

The only dataset related to Italian wine-based product sys-
tems is included in the WFLDB. The dataset refers to the con-
ventional production of “Grape, wine grape, at farm”, and it is 
generated with an average of on-field Italian data from data-
sets concerning various heterogeneous types of wine grape.

4  Discussion

The results of the present study allow to further stress that 
the future ILCIDAF DB needs to be structured in a manner 
that will overcome the problem of the non-representativeness 
(highlighted by the dataset analysis described in the previ-
ous section) of other LCA DBs of the specificities of Italian 
food product systems regarding the wine, olive oil, wheat 
product (pasta and bread) and citrus fruit supply chains. The 
following paragraphs critically discuss the results in order 
to analyse some of the methodological approaches and the 
data sources that should be considered in the development 
of this future DB by, whenever appropriate, comparing these 
to the existing DBs.

4.1  General principles concerning the data sources 
and their representativeness

4.1.1  Main international databases

When considering the geographical and technological repre-
sentativeness of national datasets, in particular those regard-
ing crop production, existing DBs, in general, generate data 
according to a hierarchical model in order to provide for 
each input the highest possible quality data level available.

Specifically, the WFLDB rates the data on five levels 
of detail where the highest quality is that of originating 
from literature or expert data with a high level of detail. 
This is followed by data from literature or expert data with 
a medium level of detail. These are followed by two levels 
of data originating from statistical sources and finally proxy 
data. Typically, national/regional datasets are obtained from 
statistical data.

The Agribalyse DB generates its national datasets by 
using directly statistical data, or that originating from expert 
opinion or literature or by averaging several individual 
datasets of different geographical area (i.e. different French 
regions).

The Agri-footprint DB documentation indicates that 
data is derived from documented expert data or from 
statistics and data gaps are filled with best available data 

(proxy data), but no specific indication is given on how 
national or regional datasets are obtained.

In the LCA Food DK DB, data on processes in the food 
sector are collected from different statistical sources and 
on-field. Some processes are determined by a “top-down” 
approach by “dissecting” national statistical data to rep-
resent specific processes. Other process data have been 
determined by a “bottom-up” approach, through which 
data from a limited number of sources have been used to 
represent the national level.

The Ecoinvent DB uses data from official statistics, 
expert data, literature and estimates when no other source 
of information is available. There is no indication on a 
hierarchical model used for data representativeness selec-
tion, and no specific indication is given on how national 
or regional datasets are obtained.

4.1.2  ILCIDAF DB

In terms of representativeness (i.e. Italian context) of the 
data, comprising the datasets developed for the future 
ILCIDAF DB, four levels of representativity are defined, 
namely:

– National average, based on on-field data

This data is on-field/literature data from one or more 
sources (e.g. consortiums) which represent at least 
50% of the overall Italian production occurring in the 
process described in a dataset.
This type of approach for the generation of LCI data 
(whenever available) is that which is used for the 
Agribalyse DB, which aims to provide datasets for agri-
cultural products representative of the French market.

– National average, based on statistical data

This data is that arising from Italian statistical sources. 
Such data is representative of at least 80% of the 
national production of raw materials and finished prod-
ucts. In this case, the starting point for the generation 
of datasets is a national statistical study to identify the 
main production regions of each type of product (olive 
oil, wine, wheat-based products and citrus fruit).
For products such as pasta, which also involve agricul-
tural products originating from abroad, statistical data is 
also used (whenever possible) for the quantification of 
yields, fertiliser and pesticide use such as that found in the 
EC feed DB (FEFAC 2015), FAO (2015) and IFA (2020).
This statistical approach for the generation of LCI data 
is also implemented, as an alternative to specific on-
site data collection, in all other existing DB.
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– National, based on on-field data

This data is on-field/literature data from one or more 
sources which represent a small share (less than 10%, 
e.g. a local/regional product system) of the overall Ital-
ian production occurring in a process described in the 
dataset.
The use of national on-field data is also implemented 
in the Agribalyse DB for generating LCI datasets for 
the same product, for different farming practices or 
regions.

– Generic, based on data not originating from Italy

This data is any kind of data which does not refer to 
an Italian product system which is used as a proxy 
when no other data is available. Specifically, in case 
of unavailable primary data or scientific literature data, 
the ILCIDAF data is constructed by basing it on the 
analogies with similar products, for example, those 
which share analogous cultivation or extraction pro-
cesses. Such approach for the construction of DBs is 
recommended in the ISO 14044 standard.

As with all commercially available DBs, for the genera-
tion of the LCI data, a reference period of several years will 
be used to account for the temporal variability. In particular, 
in the ILCIDAF DB, to account for the temporal variability 
concerning certain data sources, such as the national elec-
tricity mix, crop yields, fertiliser and pesticide use, whenever 
possible, inventory data from the period 2016–2020 will be 
used. Exceptions will be documented in the dataset docu-
mentation, and their quality will be evaluated (see Sect. 4.5).

4.2  Functional unit and system boundary

The functional unit (FU) to which the datasets refer to, in the 
ILCIDAF DB, will be as follows:

– For all agricultural datasets (i.e. crop products), the 
FU will be based on a mass reference of one kilogram 
(1 kg) of output fresh product (e.g. 1 kg of wheat, grapes, 
oranges.). Whenever possible, the ILCIDAF datasets will 
provide information on the energy, protein and antioxi-
dant agent content (e.g. olive oil) to allow the LCA prac-
titioner to define other FUs.

– For transformed food items such as wheat flour and bread, 
the FU will refer to a unit of product (e.g. 1 kg), unpack-
aged, at the plant exit gate. In the case of wine, olive oil 
and pasta, the FU will refer to a unit of packaged product, 
at the plant exit gate (e.g. one 0.75-L bottle of wine).

– For datasets concerning food transformation activities 
(e.g. packaging or cooking) and transport. the FU can be 

an amount of (in terms of mass e.g. 1 kg) of input/trans-
ported product, a time reference (10-min cooking time) 
or a unitary reference (e.g. one glass bottle of 0.75 L).

All energy sub-datasets contained in the primary data-
sets concerning energy inputs and outputs will refer to 
an FU of 1 kWh for electrical energy and 1 MJ of heat 
energy. All other sub-datasets will refer to mass-based 
functional units (or volume if appropriate, e.g. 1  m3 of 
irrigating water).

Concerning the system boundary, some of the existing 
DBs set it from cradle to gate (Agri-footprint, Agribalyse 
and Ecoinvent), whilst WFLDB and Food LCA DK also 
include the use phase (food conservation and preparation). 
The proposed future ILCIDAF DB intends to also consider 
the distribution and use phase (whenever appropriate) for 
the LCI DB development. This entails the development of 
a model for the distribution of the product to the consumer, 
the domestic conservation of the food and its cooking pro-
cedures (see Sect. 4.4.4). Thus, the DB processes will be 
modular and the LCA practitioner will be able to choose 
up to which stage of the life cycle to set up his study and 
hence use the specific inventory data.

4.3  Allocation

The WFLDB, Agribalyse and Agri-footprint DBs imple-
ment attributional modelling, with allocation used to deal 
with multi-functionality whenever system expansion or 
process subdivision is not implementable. The Food 
LCA DK DB is based entirely on consequential model-
ling whilst Ecoinvent allows the user to choose between 
three different system models: the “allocation, cut-off 
by classification” using a cut-off approach, the “alloca-
tion at the point of substitution” (APOS) using an attri-
butional approach and the “Substitution, consequential, 
long-term” using a consequential approach (Wernet et al. 
2016; Ecoinvent 2021).

The future ILCIDAF DB should be based on attributional 
modelling and uses, when necessary, mass-based allocation. 
In cases in which the primary production might bring about 
the generation of co-products/by-products, for which there 
may be several potential uses, in accordance to ISO 14044 
(2006b), the ILCIDAF DB implements economic allocation 
criteria. The prices for the allocation calculations will be 
determined (whenever possible) as average Italian values of 
the 2016–2020 period.

4.4  Methodological aspects of each life cycle stage

As mentioned in Sect. 4.2, the development of the ILCIDAF 
DB entails a system boundary from cradle to fork (including 
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the use phase). The next paragraphs illustrate the principal 
data sources and methodological aspects of each life cycle 
stage.

4.4.1  Agricultural phase

As regards the agricultural phase, whenever on-field data 
(see Section 4.1.2) is not available, it is proposed to combine 
the statistical data (e.g. yields, areas; see next sections) with 
those described in the regional agricultural specifications 
(and other regional documents) relating to the quantification 
of diesel and lubricating oil consumption and to the use of 
pesticides and fertilisers at the regional level (with a pos-
sible calculation of the nitrogen balance for the correction 
of anomalous data).

The statistical analysis will be conducted, whenever 
possible, on a 5-year basis (2016–2020) to determine aver-
age values that take into account the fluctuation of various 
factors that may have positively or negatively affected the 
specific crop production. Such statistical approaches will 
be applied to all crops related to the productive sectors con-
sidered in the project.

4.4.1.1 Crop yield Statistical data on crop yield can be 
obtained by accessing the Italian statistical database ISTAT 
(2021). In particular, it is possible to query data concerning 
a desired crop. For example, for the bread and pasta sup-
ply chain, it is possible to extract information on production 
and durum and soft wheat with specific details on the total 
cultivated area and harvested production per region. In this 
way, the regions cumulatively responsible for 80% of the 
national production of raw materials and finished products 
can be identified and a specific inventory (dataset) can be 
constructed. Furthermore, from these inventories, an aver-
age single inventory can be generated which summarises the 
whole Italian production of a specific product (this might 
interest the practitioner who needs an average national 
value).

4.4.1.2 Fertiliser use and related emission calculation With 
reference to the fertilisers used for each crop, the quantity 
(in terms of N nitrogen,  P2O5 phosphoric anhydride and 
 K2O potassium oxide) taken into consideration will be those 
indicated in the integrated production regulations of each 
Italian region. These provide farm fertilisation plans and 
information on the maximum quantities of macro-nutrients 
that can be distributed annually for each crop or crop cycle 
which farmers must comply with.

For example, for the determination of the fertilisers used 
in the cultivation of durum wheat, the production specifica-
tions of the main production regions can be used to identify 
the indicated dose. To evaluate the consistency of the data 

obtained with respect to the production yield of each Italian 
region, a nitrogen balance test will be carried out which con-
sists of balancing the nitrogen inputs and removals from the 
wheat crop, following the fertilisation doses, contemplated 
in the regional regulations. Specifically, the calculation of 
the nitrogen balance will be based on the difference between 
the total nitrogen inputs and the total removals that have 
taken place. The nitrogen contributions are those deriving 
from atmospheric precipitation (for example, in the case of 
wheat, a value of 20 kg/ha is be assumed), from the previ-
ous crop (in the case of wheat estimated at 30 kg/ha), and 
from organic fertilisation, all of which are deduced from the 
regional production procedural guidelines, and finally from 
the mineralisation of the organic substance (e.g. assumed 
equal to 0 kg/ha for wheat). The nitrogen removals are those 
due to denitrification (e.g. assumed equal to 5 kg/ha for 
wheat), volatilisation (e.g. estimated at 0 kg/ha for wheat) 
and leaching (e.g. estimated at 30 kg/ha for wheat) and, 
finally, those caused by the emissions of ammonia  (NH3) 
and nitrous oxide  (N2O).

The approach to be used to transform the nutrient supply 
(N,  P2O5) into a type of fertiliser is similar to that adopted in 
the Agri-footprint DB, which uses average IFA (IFA 2020) 
statistical data on regional fertiliser consumption.

The inventory data in the ILCIDAF DB will be derived 
from that present in literature that is based principally on the 
work of Kongshaug (1998) and Davis and Haglund (1999).

The IPCC methodology (IPCC 2019) will be used to 
estimate nitrous oxide  N2O emissions resulting from the 
application of fertilisers and  CO2 emissions related to the 
application of lime and urea.

Calculations for  NH3 and  NO3 emissions are carried out 
following the approach defined by Brentrup et al. (2000). All 
volatilised nitrogen is assumed to convert to ammonia, and 
all escaping nitrogen is assumed to be released as nitrate.

Phosphorus emissions to water will be modelled in the 
same manner as that used in the WFLDB which uses the 
emission models SALCA-P (Prasuhn 2006) developed by 
Agroscope. With such approach, the paths of phosphorus 
emissions are distinguished in those to the ground and to 
surface water.

Heavy metal emissions will be modelled according to the 
SALCA-Heavy metal (Freiermuth 2006) model with data 
from the same sources defined in the WFLDB reference 
documentation.

4.4.1.3 Pesticide use and related emission calculation Pes-
ticide consumption can be quantified either by using the 
specific data reported in regional agricultural sources or 
agricultural handbooks (e.g. Ribaudo 2017). If no informa-
tion is found in these documents, the data will be extracted 
from the European report “The use of plant protection prod-
ucts in the European Union” (EC 2007). This contains data 
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on the consumption of pesticides for different crops in vari-
ous European countries. For the quantitative determination 
of herbicides, fungicides and insecticides, the report data 
will be re-parameterised for the total number of pesticides 
used in Italy for the specific supply chain being studied.

For the estimation of emissions deriving from the appli-
cation of pesticides, it is assumed that the environmental 
destination of the active ingredient of the pesticide used is 
100% to the soil (de Beaufort-Langeveld et al. 2003). This 
assumption is also made for the development of the Agri-
footprint, Agribalyse, WFLDB and Ecoinvent DBs (the Food 
LCA DK DB does not include inventory data on pesticides).

4.4.1.4 On‑field fuel and lubricant use In LCA Food DK, 
data are derived from Western Europe (assuming that Dan-
ish agriculture varies only slightly from farm type to farm 
type and from product to product — less than 5% in the most 
extreme cases) and the traction modelling is based on the 
study by Borken et al. (1999).

In Ecoinvent six classes of agricultural machinery are 
defined based on information from the Swiss Federal Agri-
cultural Research Stations. Data on mean fuel consumption 
per hour are taken from Rinaldi and Stadler (2002) whilst 
the machinery operation time, if not known, is approximated 
with mean values indicated in the reference documentation.

The reference documentation for the WFLDB reports that 
for the estimation of data about the total machinery input per 
hectare for a specific crop and country (but not referring to 
specific field activities), the Ecoinvent process “Agricultural. 
machinery, general (kg)” is used as a background dataset. 
The machinery input is estimated according to the MEX-
ALCA approach (Roches et al. 2010; Nemecek et al. 2012) 
by using the machinery input according to the intensity index 
for machinery use in a given country (based on FAOSTAT 
data). For more specific data on on-field activities, the MEX-
ALCA approach is also applied together with the model by 
Cranfield (Williams et al. 2006) that takes into account the 
soil cultivation with increased portion of clay in the soil.

The Agribalyse DB uses the Ecoinvent class of machines 
to generate machinery datasets. The fuel consumption per 
hectare for numerous field operations is reported in the refer-
ence documentation (no details on the sources of such data 
are given).

All existing DBs give no particular details, in their refer-
ence documentation, on the modelling of lubricating oil use 
for on-field operations.

With reference to the consumption of fuel and lubricating 
oil, inventory for the ILCIDAF data will be sourced from 
literature data, extensively detailed for the crops under study 
in Ribaudo (2017) and from the Life Cycle Inventory data-
sets of agricultural machinery (Tassielli et al. 2019). The 
latter contains data based on the tractors and agricultural 

tools used for specific crops and for each agricultural opera-
tion, diversifying the data by classes of field type. In this 
way, it is possible to account for both the fuel data linked to 
the performance of the single agricultural operation and the 
consumption linked to the number of trips made by farmers 
to return to the field and complete the specific operation. 
A distance from farm to field travelled by the tractor (or 
other agricultural machines) will be assumed to be 2 km 
(this same value is also assumed for the WFLDB).

4.4.1.5 Land use and land occupation Analogously to the 
WFLDB, the ILCIDAF DB will consider land occupation, 
and land use change (LUC) without distinguishing between 
direct and indirect LUC. The methodology applied will be 
that of Ecoinvent 3.0 (Nemecek et al. 2012, 2019), which 
also relies on the approach defined by the IPCC (1997).

4.4.2  Industrial transformation phase

In accordance with the aspects concerning data representa-
tivity (see Sect. 4.1), the ILCIDAF data for the industrial 
transformation phase will be generated either directly via 
the consultation of Italian operators (to account for techno-
logical specificities) or from statistical studies and literature.

4.4.3  Distribution phase of raw materials, intermediate 
products and final products

In the Ecoinvent DB, transports between two process steps 
of a product system are investigated according to the real 
market situation by calculating road transport, freight ship 
and plane travel distances. Since means of transportation and 
transport distances are often hardly known, for all individ-
ual intermediate products, standard distances are applied as 
reported in the reference documentation. The default trans-
port data are based on transport statistics, according to a 
methodology developed by Borken and Weidema (2013). 
The freight transport products describe the transport services 
in tonne-kilometres with average load factors that include 
the average share of empty return trips.

The WFLDB reference documentation on the datasets 
indicates the distances travelled for the distribution phases, 
which are taken from literature. In some cases, default dis-
tances to be used for the formulation of the dataset are indi-
cated. No specific details are given on the actual model used 
for the distribution phase.

The Agri-footprint DB reference documentation reports 
some default transport distances to be used for the for-
mulation of datasets when no specific data is available. 
Furthermore, a generic transport model is reported which 
is based on the Feedprint model (Vellinga et al. 2013). 
Domestic distances are based on transport mix from 
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Eurostat (tkm travelled per mode for domestic transport 
tasks). Distance between EU countries is based on coun-
try midpoint to midpoint, using an international trans-
port mode mix taken from Eurostat. Distances between 
European countries and countries outside Europe based 
on transoceanic freight distances are calculated using a 
specific website. For the USA, the average distance and 
transport mix is based on the GREET model (Elgowainy 
et al. 2013). For countries outside the EU, distances are 
based on literature or expert judgment.

The Agribalyse DB reference documentation reports 
that transport data are based on GESTIM analyses (Gac 
et al. 2010), on the work of Nguyen et al. (2012) and on 
Ecoinvent “v3 market processes”.

In the Food LCA DK DB, all transport is considered 
one-way (or half of a round trip) and all truck weights pro-
vided are full load weights. Data on weights and distances 
are estimated by consulting experts and/or relevant actors 
and/or by literature references (Drivsholm et al. 2002 and 
Frees and Weidema 1998). It is assumed that all transpor-
tation processes are 40% efficient including empty returns.

Whenever specific data is not available, for the quantifi-
cation of the future ILCIDAF data representing the logis-
tics of the products, statistics (Eurostat, Italian national 
statistics and the GREET model) of the sale of the product 
on the international/national market will be used. Both 
national and international distribution will be considered 
for wholesale and retail distribution. In particular, the 
modelling will take into consideration the total sales of 
the finished product with a national destination and the 
total sales of finished products destined to those foreign 
countries which cumulatively represent at least 80% of 
international product sales. It is assumed that transports 
of products destined for the Italian market are made by 
truck, calculating the distance from the gate to the destina-
tion logistics platform(s). For product exports, it will be 
assumed that, for those countries not connected by land 
routes, transport is carried out by truck from the com-
pany’s gate to the nearest port, by sea from the port of 
origin to the port of destination and by land from the port 
to the capital of the importing country.

Also, in the distribution phase, the energy consump-
tion associated with the time during which the product is 
stored in the supermarket will be also taken into account. 
This aspect will be included in the dataset by using the 
approach defined for the Danish LCA Food DB, which 
considers the consumption of electricity associated with 
products sold in various types of supermarkets.

4.4.4  Use phase

The WFLDB covers several cooking modes, commonly 
seen in western countries, by developing specific datasets 

regarding baking, frying, boiling, steaming and microwav-
ing. Different energy sources for stoves are assessed: electric-
ity, natural gas and liquefied petroleum gas (LPG). Datasets 
include parameters in such a way that cooking time, micro-
wave power and volume of boiling water can be customised. 
Data for refrigerated food storage at consumer home is also 
included. Modelling is based on data from Sonesson et al. 
(2003) and Milà i Canals et al. (2008), as well as technical 
data on cooking appliances.

The Food LCA DK DB includes datasets on home food 
preparation and conservation. Data on refrigerators and 
freezers are taken from Danish producers of cooling equip-
ment for private households. The data on cooking appliances 
and recipes from cooking food are taken from electricity 
suppliers and the Danish consumer organisations.

For the use phase of the products related to the sup-
ply chains under consideration in the development of the 
ILCIDAF DB, an approach will be used that includes two 
aspects: transport to the consumer’s home (assuming a trans-
port of 4 km by car dividing the journey by 30 products, 
which are supposed to be purchased on average) and the 
actual domestic use of the product (its consumption).

For example, the use phase for the wheat supply chain, 
in particular for pasta, refers to domestic cooking, whose 
specific inventory data will be collected and differentiated 
according to the technology used for cooking and according 
to the cooking time. Data will be taken from stove producers 
and specific literature from pasta producers.

The consumption of bread, olive oil and citrus fruit con-
sists of absorption in the consumer’s diet, and do not require 
any kind of material and/or energy input. As regards wine, 
refrigeration at home before actual consumption will be 
considered for certain wines (e.g. sparkling and still white 
wines).

4.4.5  Waste and losses along the supply chain

A further aspect considered is that relating to the percent-
age of losses along the life cycle of the product. In this 
regard, the ILCIDAF will consider the model by Gustavs-
son et al. (2013), relating to the methodology of the FAO 
study “Global Food Losses and Food Waste for Europe” 
(FAO 2011), which defines the percentages of loss in the 
various stages of the life cycle. The data refer to groups of 
raw materials and not to individual products. For wheat, 
for example, the cereal category was taken, whose losses 
were quantified as follows:

– Agricultural phase: 2%
– Collection and storage phase: 4%
– Industrial phase and packaging: 0.5–0.10%
– Distribution phase: 2%
– Consumption phase: 25%
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4.4.6  End of life and circular economy strategies

Like most of the existing DBs, for the ILCIDAF, the end-of-
life modelling will be carried out according to statistical data 
pertaining to the scenario being modelled. The end-of-life 
scenario of Italian food waste will be evaluated starting from 
the data on waste disposal in the EU based on the Eurostat 
DB, which contains statistics on “Waste treatment [env_
wastrt]”. Specifically, two categories of waste are included 
in the analysis, namely category W091 “Waste of animal 
and mixed origin” and W092 “Vegetable waste” for Italy.

The waste deriving from the supply chains under study 
will be modelled as follows:

– 8% of food waste disposed of in landfills
– 5% to incineration
– 87% to other recovery treatments

Since this recovery treatment is assumed to be composed 
of 80% composting and 20% anaerobic digestion for biogas 
production (Jungbluth et al. 2007), it is estimated that 69.6% 
of the total waste is composted, whilst 17.4% is digested 
anaerobically. The models used for the generation of inven-
tory data of such treatments will be those reported in the 
Ecoinvent v.3 DB.

Regionalising food waste treatment scenarios is also fun-
damental for defining specific circular economy (CE) strat-
egies at the local level. As pointed out by Roos Lindgreen 
et al. (2021), LCA may be considered a suitable method for 
measuring circularity and its related environmental conse-
quences. In this context, a dedicated and specific LCI for 
the end of life is needed in order to support the transition of 
local businesses towards CE.

As pointed out by Notarnicola et al. (2017), LCA can help 
evaluate common CE strategies related to waste management 
activities in the agri-food sector, such as nutrient recovery, 
reuse of treated wastewater or reduction of food losses at 
production, distribution, retail and consumer levels.

Despite this, regardless of the sector of application, some 
methodological issues may occur when the LCA method is 
implemented, in the field of CE, to evaluate closed- or open-
loop strategies for end-of-life activities. Although LCA may 
help to solve the trade-offs among various ways to close (or 
open) the resource loops, the modelling of a dedicated LCI 
for the end-of-life phase does not allow taking into con-
sideration the differences in terms of quality and physical 
properties between primary and secondary products (i.e. 
downgrading) (Roos Lindgreen et al. 2021; Niero and Olsen 
2016). This may lead to partial results that could highlight a 
potential environmental benefit without considering the lost 
quality value of the secondary product. To correctly evaluate 
the end-of-life strategies, by following the CE framework, a 
qualitative analysis focused on both primary and secondary 

materials should be integrated to the LCA method in order to 
develop an appropriated LCI. In this context, the PEF meth-
odology introduced a specific end-of-life formula, including 
the downgrading factor, for calculating differences in terms 
of quality between secondary and primary materials (Niero 
and Olsen 2016; Allacker et al. 2014).

4.5  Data quality

As with all existing DBs (with the exception of the Food 
LCA DK DB, which checks the representativity and the 
quality of the datasets by using a method developed by 
the Danish Research Institute of Food Economics), for the 
ILCIDAF DB, the quality datasets will be evaluated using 
a specific “pedigree matrix” (Weidema and Wesnæs 1996). 
This comprises the definition of the most appropriate quality 
requisites to be used in the matrix, such as geographic, tem-
poral, technological coverage, completeness and coherence 
with the methodology and validity of the assumptions and 
hypotheses of the project. The evaluation of the dataset will 
be obtained by calculating an overall Data Quality Require-
ment (DQR) by applying the criteria (including an evalua-
tion of data precision/uncertainty) described in annex II of 
the Product Environmental Footprint (PEF) guide of the EU 
Commission recommendation (EU 2013).

5  Conclusions

The results of the present study allowed to identify and 
discuss the main aspects to be used as starting elements 
for modelling regional data to be included in the future 
ILCIDAF DB. In particular, the discussion here presented 
addresses the problems which may arise when developing 
an LCI pertaining to four Italian agri-food supply chains 
which are strategic for the Italian economy. Such problems 
relate to:

1. The need for specific inventory datasets to tackle the 
specificities of agri-food product systems.

2. The lack of datasets, within the existing DBs, related 
to the Italian context and to the abovementioned sup-
ply chains. In fact, at present, in the currently available 
LCI DBs, there are very few (or in some cases none) 
datasets related to Italian wine, olive oil, wheat-based 
products and citrus fruit. The few available datasets 
often contain some data related to the Italian context 
but also approximate data with that of product systems 
representing other countries.

To fill this gap, in terms of representative Italian data-
sets, the ILCIDAF DB will use, whenever possible, data 
(on-field and/or statistical data) and methodological 
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approaches (which partially derive from the review of the 
currently available LCI DBs) to represent as fully as pos-
sible the current overall national scenario of the above-
mentioned product systems. Thus, the development of 
this Italian DB is intended to improve the advancement of 
research regarding the environmental analysis of Italian 
agri-food systems allowing LCA analysts and practitioners 
to carry out studies which will lead more easily to realistic 
and representative results.

This, from a technological point of view, together with 
the fact that the ILCIDAF DB will be an open source of 
data, will encourage the development of new Italian LCAs, 
which will in turn increase the number of datasets, thus 
generating a virtuous circle which will help the develop-
ment of LCA and its aims. To comprehend such techno-
logical impact properly, it is necessary to consider the 
French situation: the Grenelle 2 law (concerning national 
commitment to environmental aspects), presented in 2009, 
introduces the compulsory exhibition on a food product 
label of the  CO2 eq. content referred to the whole product 
life cycle (including the effects of packaging). In order 
to allow French companies to adhere to such a law, the 
national Agribalyse DB was created. In Italy, the introduc-
tion of a national food LCA DB is also strongly expected 
to encourage a sustainable development of the Italian 
economy.

From a production point of view (considering the vast 
number of small and medium Italian food enterprises), 
the ILCIDAF DB represents a useful instrument for an 
easier obtainment of an EPD (Italy, in fact, is among the 
countries with the highest number of EPDs) or the more 
recent PEF-certified declarations.

Finally, in order to guarantee the maximum widespread 
availability of the open-source DB, its methodology and 
structure is currently being developed so that it will be 
possible to integrate the final product easily in the most 
commonly used LCA software packages. Furthermore, the 
future integration in the ILCIDAF DB of other agri-food 
product categories on behalf of any research group wish-
ing to expand the datasets will be made possible by this 
approach.
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