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Abstract
Purpose  The transition to a circular agri-food sector is a necessary condition for the sustainable development of the cur-
rent production and consumption model. The complexity of the agri-food chain requires the introduction of a harmonized 
measurement system so that the circular economy can be applied. This study aims to define a life cycle-based dashboard to 
systematize and test cross-sectional life cycle-based (LCB) indicators to evaluate their applicability.
Methods  The study is based on previous research to systematize cross-sectional LCB indicators, for the circular agri-food 
sector, classified according to the spatial dimensions (macro, meso, micro), areas of sustainability (economic, social, envi-
ronmental), and scope within which the indicators are applied. The indicators were tested through a multiple compared 
analysis at the national and regional level, including a company case study (within the same region). Data were collected 
through two different methodologies based on the spatial dimension analysed. At the macro level, data were collected from 
databases and reports. At the micro level, a semi-structured interview with the owner of the company was conducted. For 
the analyses, data from different years were considered to compare results and to outline micro-trends.
Result and discussion  The work made it possible to outline two types of results. The first derives from the application of 
the indicators to the spatial dimensions; the second expresses the potential application of the LCB-dashboard by the cross-
sectional LCB indicators. The results of the work highlight the ability of cross-sectional indicators to provide a first com-
prehensive overview of the circularity of the agri-food sector concerning each level of observation. The study also allowed 
the applicability of LCB cross-sectional indicators to be tested. This suggests the need to introduce a harmonized detection 
system, between the national and regional accounting systems, obtaining consistent indicators that facilitate the comparison 
of results over time.
Conclusions  The research showed the validity of the use of the cross-sectional LCB indicators, contributing to the discus-
sion on CE indicators in the agri-food sector. The work supports the definition of new cross-sectional indicators and the 
new data collection model. For companies, the results encourage the development of monitoring models based on the LCB-
dashboard. The paper has highlighted the limits and future steps of the measuring indicator system for the circularity of the 
agri-food sector.
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1  Introduction

To make the food supply chain more sustainable, it is nec-
essary to act at a systemic level using tools that can con-
sider the various stages that characterize the complex food 
system (Notarnicola et al. 2012). Tools based on life cycle 
thinking (LCT) methodologies are the baseline for assess-
ing the economic, social, and environmental impacts of 
the sector (De Luca et al. 2015). The main advantages that 
these methodologies can provide for the agri-food sector 
can be summarized in two key aspects. The first concerns 
the ability to represent and assess the complex food supply 
chain in a transparent way (Notarnicola et al. 2017; Sala 
et al. 2017). The second is to consider together the differ-
ent impacts generated at each stage of the whole life cycle 
(Nemecek et al. 2016; Van Der Werf et al. 2014).

The transition to a sustainable and circular model is essen-
tial to reduce the impacts of the sector (Velasco-Muñoz et al. 
2021), where the use of life cycle approaches is the key to a 
successful transition (Stillitano et al. 2021). The circular econ-
omy (CE), through the application of new business and eco-
nomic development models, allows a shift from linear to regen-
erative production logic. However, this approach is not unique 
(Geng et al. 2012; Mathews and Tan 2011; Naustdalslid 2014), 
but is aimed at intervening at all stages of the production cycle 
(Ma et al. 2014; Qiao and Qiao 2013), in an open or closed 
loop approach (BSI 2017), in a multi-stakeholder perspective 
(Poponi et al. 2019).

A systemic, cross-sectorial intervention between pro-
duction sectors is therefore required, with agriculture 
being a key link between the primary sector and industry 
(European Commission 2019, 2015; European Commis-
sion and Directorate-General for Communication 2020). 
In the agri-food sector, these aspects are even more 
emphasized by the need to achieve cultural change, in 
conjunction with the adoption of sustainable technologi-
cal solutions for production processes (Amicarelli et al. 
2021; Ciccullo et al. 2022; Vilariño et al. 2017) and new 
practices for the application of CE principles (Barros et al. 
2021; Ellen Macarthur Foundation 2019, 2020). All this 
requires the introduction of appropriate tools that can 
represent and monitor this path and enable companies to 
achieve their circularity goals.

The circular economy (CE) assessment is carried out 
through many indicators and different methods; one of the 
most used methodologies to assess CE strategies can be 
referred to LCT-related methods (e.g. Corona et al. 2019; 
Moraga et al. 2019; Pauliuk 2018; Sassanelli et al. 2019). 
These methodologies allow having a holistic vision based 
on the entire life cycle, considering all the activities and 
identifying the points on which to act for the implementation 
of CE strategies (Peña et al. 2021). Several authors highlight 

how CE indicators that focus on a single goal or activity do 
not fully express the environmental benefit that these prac-
tices perform (e.g. Haupt and Hellweg 2019; Helander et al. 
2019; Niero and Kalbar 2019; Roos Lindgreen et al. 2021). 
Combining multiple indicators can overcome this limit by 
addressing LCT methodologies as an integral part of the 
assessment (Peña et al. 2021; Rigamonti and Mancini 2021). 
The availability of appropriate and effective measurement 
tools is at the basis of the circular transition (Saidani et al. 
2019) useful to support decision-makers (Cristóbal et al. 
2018; Peña et al. 2021) and identifying weaknesses and 
strengths in different production stages (Di Maio et  al. 
2017; Genovese et al. 2017; Vasa et al. 2018). The need that 
emerged in the scientific literature is to have a harmonized 
system of measurement, integrating a traditional approach 
(e.g. Life Cycle Assessment) with other indicators capable of 
measuring the circularity of a system (Peña et al. 2021). This 
need is relevant in the agri-food sector, a sector where the 
complexity of the value chain requires particularly advanced 
tools to be able to monitor and assess the different aspects 
of circularity and the related environmental impacts. Glob-
ally, the agricultural sector is responsible highest of water 
consumption, with freshwater withdrawal averaging 70% of 
total water withdrawal (FAO 2011a). The use of nutrients, 
pesticides, and other contaminants makes agriculture the 
principal cause of water pollution (FAO 2018; Poore and 
Nemecek 2018). The use of chemicals (pesticides and fer-
tilizers) in agriculture is considered a necessary element to 
increase the amount of production and to meet a demand for 
food that is growing exponentially along with population 
growth (OECD-FAO 2021). The consumption and use of 
fertilizers and pesticides (chemicals) are still high at a global 
level and continue to grow (UNEP 2022). This increase, 
while beneficial for production, also entails environmental 
and health risks. The food system consumes about 30% of 
available energy globally, where most of the resources come 
from fossil sources (FAO 2011b; Flammini et al. 2014). This 
significant dependence of the sector on non-renewable pri-
mary energy sources (e.g. oil, gasoline) generates two chal-
lenges. The first challenge is related to the decrease of these 
sources that creates uncertainty in supply (e.g. price volatil-
ity) and the other one is connected to the high contribution 
that such consumption brings to GHG emissions (Monforti-
Ferrario et al. 2015; OECD 2017). Waste from the agri-food 
sector has an impact on all areas of sustainability: economic, 
social, and environmental (Torres-León et al. 2018). Food 
waste is one of the main impacts of the sector (UNEP 2021), 
where globally the emissions related to the production of 
uneaten food are estimated at 3.3 Gtonnes of CO2 equiva-
lent, the blue water footprint is about 250 km3, and 30% of 
the land available for cultivation occupied (FAO 2013). On 
an economic level, the agri-food sector recorded a global 
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turnover of USD 3.5 trillion in 2018 (FAO 2021a). Being 
able to measure the economic aspects while considering the 
environmental and social aspects will make it possible to 
intervene in the value chain and favour an ecological transi-
tion, capable of making the system inclusive, resilient, and 
sustainable (FAO 2021a). According to the latest data esti-
mated by FAO et al. (2020), the world’s social problems 
related to the food supply are critical and worsening. Of the 
global population, 9.9% (768 million people) are estimated 
to be hungry and 40% of the world’s population (3 billion 
people) cannot afford a healthy diet (FAO et al. 2020). Inclu-
sion, well-being, and access to food are fundamental aspects 
of a socially sustainable food chain.

The agri-food supply chain is a complex system, in which 
the multiple aspects of circularity are interrelated and inter-
acting. Therefore, it is necessary to use measurement tools 
that are adaptable and appropriate to the context to return an 
appropriate measure of circularity. In this regard, in a previ-
ous study, Poponi et al. (2022) define a reference dashboard 
of CE indicators in the agri-food sector to combine the spa-
tial dimensions (SD) (macro, micro, meso) and the areas of 
sustainability (AS) (economic, social, and environmental) 
with the scopes within which the indicator is applied (air; 
water; soil; energy; waste; cost-value-productivity; equality; 
knowledge; and innovation), following the definition of CE 
provided by Kirchherr et al. (2017).

The dashboard creates a reference tool and a clear frame-
work for supporting decision-making processes and strate-
gies through the targeted use of indicators and highlights 
the gap in the literature (the lack of indicators for areas) 
concerning the different contexts in which the CE is applied, 
highlighting the presence of cross-sectional indicators (indi-
cator applicable to all SD). The dashboard is the first impor-
tant tool to systematize these indicators, but it is necessary 
to extend its potential application considering the context to 
which it is applied and the specific objective of the analyses.

Starting from this previous research, the present study has 
two purposes, the definition of a life cycle-based dashboard 
and a test for its applicability within the SD. The new dash-
board systematizes cross-sectional life cycle-based (LCB) 
indicators and carries out initial tests on their applicability 
using multiple comparative analyses between the different 
spatial dimensions and areas of sustainability. The context 
taken as a reference for the analysis is Italian territory. It is 
characterized by the centrality of the agri-food sector in the 
national economy, and where the contribution of this sec-
tor to the turnover is about 17% in 2020 (CREA 2021a). A 
top-down approach was used for the analysis, which allowed 
the indicators to be tested at national and regional, includ-
ing a farm case study (within the same identified region). 
The study aims to contribute to the advancement of scien-
tific knowledge on the measurement of the CE in the agri-
food sector. The novel approach allows us to highlight the 

potential of the application of the LCB-dashboard, testing 
its practical applicability in a cross-sectional logic between 
the spatial dimensions and bringing out implications and 
limitations related to its use.

The paper is organized as follows: Sect. 2 explains the 
materials and methods used for the analysis; Sect. 3 pre-
sents the results; in the final sections, data and results are 
discussed. The final remarks conclude the paper.

2 � Materials and methods

The study is based on previous research that systematized 
in a dashboard the circular indicators for the agri-food sec-
tor (Poponi et al. 2022). Starting from this, a new LCB-
dashboard was created (Table 1) to extract and systematize 
the LCB indicators that have cross-sectional applicability for 
SD, obtaining 15 indicators. The cross-sectional indicators 
can be applied indiscriminately within the dashboard in the 
three spatial dimensions (SD), for each area of sustainability 
(AS) (Poponi et al. 2022). These were coded and classified 
according to the AS and the new scope, as shown in Table 1, 
and identifying the formula for each indicator in Table 5 (in 
the Appendix).

The new scopes summarize the function of the applica-
tion of each indicator, as follows. For each indicator, the 
literature reference in which it is used to assess CE in the 
agri-food sector is shared.

“LCB emission” allows us to quantify the impacts on air 
quality and air pollution due to primary food production. 
The agriculture total emission indicator (a) was used by 
Vasa et al. (2018) to compare the circularity of the agri-
food sector of some Eastern European nations. This indicator 
measures GHG emissions from the agricultural sector.

“LCB water” enables the identification of the water foot-
print of the entire food production and its load on resource 
availability. The water use indicator (b) was used by Pagotto 
and Halog (2016) to assess the circularity of Australia’s agri-
food system. This indicator measures the amount of water 
used as an input for agri-food sector activities. The water 
scarcity index (WSI) (c) was used by Del Borghi et al. (2018) 
to evaluate a better option for the life cycle of vegetable 
products according to eco-design principles. This indicator 
measures the fraction between consumed (blue water foot-
print) and available water.

“LCB chemicals use” makes it possible to quantify the 
consumption of chemicals in the agricultural phase, allowing 
an overview of the efficiency of such use.

Fertilizer consumption (d) was used by Vasa et al. (2018) 
to evaluate the circular potential of agriculture in Western 
Balkan countries. This indicator measures the number of 
fertilizers (nitrogen, potash, phosphate) used for arable land.
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Use of pesticide (e) was used by Vasa et al. (2018) to eval-
uate the circular potential of agriculture in Western Balkan 
countries. This indicator measures the number of pesticides 
used for arable land.

“LCB energy input” provides an outline of energy per-
formance in the agri-food sector, quantifying the inputs and 
describing the supply source. The cumulative energy demand 
(CED) indicator (f) was used by Ghisellini et al. (2016) to 
compare different countries around the world on the energy 
supply of the agri-food sector and assess its impacts. The 
CED allows for the evaluation of the total amount of energy 
needed to produce a product or an entire production chain in 
the different stages of the life cycle. It considers the amount 
of direct energy (conventional fuels) and indirect energy 
(fertilizers, pesticides, machinery) required for agri-food 
production. The use of primary energy (PE) indicator (g) 
was used by several authors in the literature (Abejón et al. 
2020; Ioannidou et al. 2020; Pagotto and Halog 2016) to 
quantify the primary energy required for the production of 
an agri-food product or the entire supply chain. The indica-
tor refers to the amount of all energy required to produce a 
commodity. The use of primary renewable energy (PER) 
indicator (h) was used by several authors in the literature 
(Abejón et al. 2020; Ioannidou et al. 2020) to quantify the 
amount of renewable energy required for the production of 
an agri-food product. The indicator refers to the amount of 
renewable energy required to produce a commodity. The 
use of primary non-renewable energy (PENR) indicator (i) 
was used by several authors in the literature (Abejón et al. 
2020; Ioannidou et al. 2020) to quantify the amount of non-
renewable energy required for the production of an agri-food 
product. The indicator refers to the amount of non-renewable 
energy required to produce a commodity.

“LCB waste management” allows the measurement of 
waste streams in the agri-food sector and highlights how 
they are managed. The waste sent to landfill indicator (l) was 
used by Pagotto and Halog (2016) to assess the circularity 
of Australia’s agri-food system. This indicator measures the 
amount of waste from the agri-food sector that is disposed 
of in landfills. The indicator is expressed by the ratio of kilo-
grams of products that are disposed of in landfills to the total 
tonnes of finished products made by the agri-food industry. 
The recycling rates indicator (m) was used by Pagotto and 
Halog (2016) to assess the circularity of Australia’s agri-
food system. This indicator measures the amount of agri-
food waste that is recycled and recovered. The indicator is 
represented by the ratio of the amount of waste recycled to 
the total waste generated expressed as a percentage.

“LCB impact” enables us to quantify the economic 
impacts on the agri-food sector. Production costs (n) were 
used by Pagotto and Halog (2016) to assess the circular-
ity of Australia’s agri-food system. The indicator measures 
the production costs incurred for the agri-food sector. Total 

revenue (o) was used by Pagotto and Halog (2016) to assess 
the circularity of Australia’s agri-food system. This indicator 
measures total income from agri-food production.

“LCB human rights” allows us to consider fundamen-
tal social aspects related to agri-food production. Child 
labour (p) was used by Benoît Norris et al. (2020) and 
Dammert et al. (2018) to assess circular benefits concern-
ing the social aspects of agri-food production. Forced or 
compulsory labour (q) was used by Benoît Norris et al. 
(2020) and Simas et al. (2014) to assess circular benefits 
concerning the social aspects of agri-food production.

2.1 � Methodology

In the second phase of the work, the indicators were tested to 
evaluate their applicability through a multiple comparative 
analysis between the different spatial dimensions and areas 
of sustainability. In particular, the study tested indicators 
at the national level and the regional level and included a 
company case study (within the same identified region).

As mentioned above, the country taken as a reference is 
Italy, which is characterized by a strong agri-food sector 
that has a relevant impact on the Italian economy, with 
a contribution to the turnover of the national economy 
estimated at 17% in 2020 (CREA 2021a). The Italian agri-
food sector is highly competitive and plays a central role in 
the European context (FoodDrinkEurope 2021). Charac-
terized by typical products and highly successful Made in 
Italy brands abroad, the sector is at the core of the national 
research and innovation strategies for smart specialization 
(RIS3) (Ministero dello Sviluppo Economico 2016).

To ensure consistency and comparability of the analysis, 
an Italian region was selected, that is the Lazio region. In 
this territory, agri-food is a highly developed sector, char-
acterized by the production of quality, a strong link with the 
territory, a high propensity for innovation, and compliance 
with safety standards. Agri-food is also an area of intelligent 
specialization in the region (Regione Lazio 2016).

The farm analysed in the Lazio region has a micro-dimension 
and has an exclusive specialization in wheat production. These 
characteristics allow us to more easily isolate the required data 
for the application of the indicators. This avoids contamination 
of the data by additional variables that would require an alloca-
tion of values. Furthermore, the type of crop (wheat) is strategic 
for the region and Italy as a raw material for transformation pro-
cesses (such as pasta and bread) (CREA 2021b).

2.2 � Data sources

Data were collected through two different methodologies 
based on the SD analysed. For the national or regional level, 
secondary data were extracted from reports and databases and 
collected through documentary analysis (Fitzgerald 2012). 
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For the analyses, data from different years were considered 
to compare results and to outline micro-trends, that is, 2015, 
2017, 2018, and 2019. The year 2019 is the most updated data 
for many of the indicators examined, while 2015 is taken as a 
reference as we want to analyse the production context after 
the adoption of the first Circular Economy Action Plan by 
the European Commission (European Commission 2015) and 
observe the impact that these policies have introduced at the 
national and regional level. In Italy, the promotion of the CE 
was driven by the actions of the Ministry of the Environment, 
which implemented the directives of the European Commis-
sion through various initiatives aimed at promoting the devel-
opment of circular models (e.g. Law 221 of 28 December 
2015 on Environmental provisions to promote green economy 
measures and to limit the excessive use of natural resources; 
Official Gazette of the Italian Republic n. 13, 2016).

At the micro level, a semi-structured interview with the 
owner of the farmer was conducted (Corbetta 1999; Eisenhardt 
and Graebner 2007) to extract the primary data in the same 
period considered at macro level (2015, 2017, 2018, 2019). 
The semi-structured interview was conducted in November 
2021 and lasted 2 h. The interview was conducted by one of 
the authors and the data collected were processed iteratively 
by the authors (Neuendorf 2016). The issues discussed in the 
questions were chosen and shared by the authors. The questions 
focused on each activity carried out (production process) and on 
the characteristics of the farm (extension land, input and output 
of the process, waste, costs, revenues, and workers employed).

The collected data were then processed and elaborated to 
calculate the indicators (formulas and unit conversions). For 
each indicator, data sources are described and reorganized 
for the scope, as follows.

2.2.1 � LCB emission

For the national level, the data for emissions have been 
taken from the ISPRA Report, “National Inventory Report 
2021—Italian Greenhouse Gas Inventory 1990–2019” 
(ISPRA 2020a).

To calculate the agriculture total emission indicator, the 
data relative to GHG emissions expressed in the CO2 equiva-
lent of the agriculture macro area was included in the report.

For the regional level, data for emissions were taken from 
the regional emission inventory of ARPA Lazio (ARPA 
Lazio 2020a, b). The agriculture total emission indicator 
represents the GHG emissions expressed in CO2 equivalent 
of macro sector 10—agriculture.

For the company, the activities carried out were consid-
ered following the list of activities present in the indicator 
(ISPRA 2020a). The calculation, in this case, is carried out 
on the only activity present in the company, the consumption 
of fertilizers. This data is expressed in CO2 equivalent by 
calculating the IPCC 2013 GWP 100 a for the total amount 

of fertilizers used. The result is derived from the use of 
SimaPro software version 9.1.1.

2.2.2 � LCB water

Data for water in Italy are derived from water use assess-
ments by the European Environment Agency (EEA) 
(European Environment Agency (EEA)  2021) and the 
AQUASTAT database (FAO 2021b).

For the region, such data are not available; the most recent 
data is from the 2010 Census on Agriculture (ISTAT 2014).

To calculate the water use indicator, data on water 
extraction by the agriculture, forestry, and fishing sector 
were considered. Data expressed in cubic metres have been 
converted into gigalitres. Water use by the food industry 
is not considered as the data cannot be calculated. For the 
region, the indicator is calculated using the figure for water 
consumption in agriculture (irrigation) converted from cubic 
metres to gigalitres. Considering the company, the water 
use indicator has been calculated including the only quan-
tity of water used in the production process. This quantity 
refers to the amount of water needed to dilute and distribute 
the number of pesticides for total production. This data was 
provided directly by the manager and verified through the 
product instructions (pesticide label).

For the water scarcity index (WSI) indicator, the ratio 
between water extraction by the agriculture, forestry, and 
fishing sector and the availability of internal renewable 
water resources (IRWR) were calculated. This indicator 
cannot be calculated due to the absence of data on the avail-
ability of water resources in the region. For the company, 
the indicator was calculated by SimaPro software version 
9.1.1, using the water scarcity index as the life cycle impact 
assessment method (Pfister et al. 2009).

2.2.3 � LCB chemicals use

Data on the consumption of fertilizers and pesticides have 
been collected from the ISTAT survey on the distribution 
of fertilizers and pesticides in Italy and the Italian regions 
(ISTAT 2021a, b).

For the fertilizer consumption indicator, consumption of 
fertilizers (simple minerals, composite minerals, meso- and 
micro-elements, organic, horticultural-mineral), soil condi-
tioners, and correctives were considered. Data expressed in 
quintals and tonnes were converted to kilograms and the 
ratio between fertilizers consumed and hectares dedicated 
to cultivation was calculated.

For the use of pesticides indicator, consumption of her-
bicides, fungicides, and insecticides was considered. Data 
expressed in kilograms were compared to the hectares dedi-
cated to cultivation.
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For the company for the two indicators, the data is pro-
vided directly by the manager. The fertilizer consump-
tion indicator includes the use of two types of fertilizer, 
ammonium nitrate and diammonium nitrate. The value is 
expressed as a ratio of kilogram per hectare. The indicator 
use of pesticides includes the use of two types of pesticide, 
herbicide (mesosulfuron-methyl and iodosulfuron-methyl-
sodium) and fungicide (bixafen and prothioconazole). The 
value is expressed as a ratio of kilogram to hectares.

2.2.4 � LCB energy input

Data for energy at the national level were taken from the 
National Energy Balance (BEN) prepared using the Eurostat 
methodology (Ministero della Transizione Ecologica 2018). 
Data is aggregated and converted concerning the units of 
measure and type of data needed for analysis purposes. The 
following areas were considered “agriculture and forestry” 
and “food, beverages, and tobacco”. Data were converted 
from ktoe to MJ by multiplying the results by the conversion 
factor as reported ENEA source (ENEA 2021a). Data for 
energy at the regional level are derived from the Regional 
Energy Balance (BER) prepared by ENEA and reported 
within the Energy Efficiency Reports (ENEA 2018, 2020, 
2021b). Data are aggregated and converted concerning the 
units of measure and type of data needed for analysis pur-
poses. Data, in this case, refers only to the agriculture sector. 
Data on food industries are not available. Data have been 
converted from ktoe to MJ by multiplying the results by the 
conversion factor as per the ENEA source (ENEA 2021a).

For the energy cumulative demand indicator, data from 
the literature (Biondi et al. 1989; Jarach 1985; Zucaro 2011) 
were used for energy conversions, and data from BEN and 
ISTAT (for Italy) and BER and ISTAT (for the Region) 
as inputs. Using the CED formula, direct (fossil fuels and 
electricity) and indirect (fertilizers and pesticides) energy 
inputs were included and multiplied by the energy coef-
ficient identified in the literature. The calculations do not 
consider machinery because the available data is too old 
(last available data 2002 FAOSTAT, World Bank). For the 
company, the indicator is calculated through the SimaPro 
software version 9.1.1 including in the inventory pesticides, 
fertilizers, and energy use.

The primary energy use indicator includes the aggrega-
tion of primary energy consumption from renewable sources 
and energy from non-renewable sources. For Italy, data relat-
ing to final energy consumption from primary sources in 
the agriculture and forestry sector and the food, beverages, 
and tobacco sector were used. For the region, data relating 
to final energy consumption from primary sources in the 
agriculture sector have been used. For the company, it is 
calculated considering the primary energy sources used. The 

data includes only non-renewable energy sources from agri-
cultural diesel consumption. This data is provided directly 
by the manager and is expressed in MJ.

The indicator use of primary renewable energy (PER) 
reports the data in renewable sources expressed in MJ. For 
Italy, the corresponding data is reported on the BEN, while 
for the region, the corresponding data is reported on the 
BER. Considering the company, the data is equal to zero as 
no renewable sources are adopted in the company.

The indicator use of primary non-renewable energy 
(PENR) includes the aggregation of several data, in par-
ticular, the consumption of oil and petroleum products and 
natural gas, expressed in MJ, from BEN for Italy and BER 
for the region. For the company, the data considers primary 
energy deriving from non-renewable sources expressed in 
MJ and is represented by diesel consumption.

2.2.5 � LCB waste management

Data for waste in Italy and the region are collected from 
the ISPRA Reports on Special Waste Production and Man-
agement (ISPRA 2017, 2019, 2020b, 2021). Only for the 
region, further data have been included in the regional 
waste plan of the Lazio region (Regione Lazio 2020a, b). 
Special non-hazardous waste produced by companies in the 
agri-food supply chain was considered, taking the code of 
the European waste list EWC 02 as a reference. Inside are 
all the wastes that can be traced back to food production, 
from agricultural residues to waste resulting from process-
ing (European Commission 2018). To calculate an indica-
tor (waste sent to landfill), the quantity of non-hazardous 
special waste relating to EWC 02 was weighted with agri-
food production for the national level, while only agricul-
tural production was considered for the regional level. The 
data on agri-food production is an aggregate of agricul-
tural production, data derived from the ISMEA database 
(ISMEA 2021), and the production of food industries, data 
derived from the ISTAT database (ISTAT 2021c).

The waste sent to landfill indicator is the ratio between 
the special non-hazardous waste relating to the EWC 02 
code expressed in kilogram and the agri-food production, 
given by the aggregation of agricultural production and that 
of the food industries, expressed in tonnes. For the company, 
the waste sent to landfill indicator is calculated considering 
the company’s only waste, pesticide canisters. This hazard-
ous waste is sent to a landfill through an authorized trans-
porter. It is expressed in the number of cylinders.

For the recycling rates indicator, the ratio of non-hazardous 
EWC 02 special waste recovered (sent for material recovery) 
to the production of non-hazardous EWC 02 special waste was 
calculated, both expressed in tonnes. For the company, the 
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recycling rate indicator is not defined as there is no recycling 
phase in the production process considered.

2.2.6 � LCB impact

Data on the economic performance of the sector at the 
national and regional levels were collected from ISTAT 
analyses of production sectors and agricultural companies 
and CREA analyses (CREA 2021c; ISTAT 2021d).

Two calculation methods were used for the production 
cost indicator. For agricultural companies, intermediate 
consumption was included, defined as the number of inputs 
required for the production process (among these are seeds 
and seedlings, feed and various expenses for livestock, fer-
tilizers, plant protection, motor energy, reuse, estimates 
of irrigation water, company transport, and insurance) 
(ISTAT 2021e). For food industries, the cost was calculated 
where possible (years 2017–2018 in Italy and 2015–2017 for 
the Lazio region) by subtracting between value-added and 
total revenue from production. The data reported, therefore, 
represent intermediate consumption for agricultural enter-
prises except for the years 2017 and 2018 when this data is 
added to the cost estimate for food industries. The data are 
reported in thousands of euros.

For the total revenue indicator, the total revenues of the 
agri-food sector were calculated by aggregating the value of 
production of the agricultural sector (CREA data) and that 
of the food industries (ISTAT data) for the available years. 
Only for 2017 and 2018, there is the aggregate data of the 
agricultural sector and food industries; the others return the 
total revenues of the agricultural sector. The data is reported 
in thousands of euros.

For the company, the production cost indicator has been 
calculated considering all direct and indirect costs for the 
realization of the product. These costs include fixed costs, 
such as threshing and transportation of the product and 
seeds, and variable costs such as diesel, fertilizers, and 
pesticides. The data is provided directly by the manager. 
The value expresses the total production costs for the entire 
quantity produced. The total revenue indicator is calculated 
through the information provided by the manager concern-
ing the quantity produced (production yield) and the price 
per quintal of the finished product.

2.2.7 � LCB human rights

The social indicators child labour and forced or compulsory 
labour are not available for Italy and the region during the 
reference period.

For the companies, these indicators consider the use of 
child labour. In the case study analysed, these data are not 
present.

3 � Results and discussions

This section presents and discusses the results obtained from 
the application of cross-sectional indicators concerning the 
three levels: Italy and the Lazio region for the SD macro, 
and a case study for SD micro. The analysis from the appli-
cation of cross-sectional indicators, with an LCB approach, 
highlights two types of results: the first contribution to the 
circularity of the agri-food sector, to each level of observa-
tion; the second on the applicability of these indicators for 
the different levels of observation.

The results of the work highlight the ability of cross-
sectional indicators to provide a first comprehensive over-
view of the circularity of the agri-food sector at each level 
of observation.

At the national level, the data of the indicator “agriculture 
total emission”, overall, remain constant within the period 
considered. There is a peak in 2017 and 2018 and then a fall 
back to 2015 levels. These issues are linked to an economic 
increase in activities, both in terms of costs and revenues. 
The first data attributable only to the agricultural sector 
show an improvement for the first two periods, while the 
“water scarcity index” appears to be inconsistent.

The use of fertilizers and pesticides decreases, peaking 
in 2017 and 2018.

Since 2015, the use of primary energy shows a gradual 
increase until the year 2018, significantly decreasing the fol-
lowing year, even falling below the 2015 level. This is partly 
explained by an increase in the use of renewable energies 
and a significant reduction in non-renewables.

The “waste sent to landfill” is also progressively reduced, 
with the recycling rate of the entire agri-food sector stand-
ing at 41.5%.

The child labour indicators and the forced or compul-
sory labour indicators are not detectable, as defined by the 
cross-sectional indicator. This phenomenon represents a 
complex and multidimensional global issue. The absence 
of timely statistical surveys makes measurement difficult for 
the various economic sectors. The EUROSTAT data show 
that in Italy in 2020, one in four minors was at risk of pov-
erty and social exclusion. The report of the Authority for 
Childhood and Adolescence highlights a correlation between 
school dropout and child labour, among students between 
14 and 15 years (Eurostat 2020). At the national level in 
2020, early school leaving reached 13.3%, compared to the 
European average of 9.9% (Autorità Garante per l’infanzia 
e l’adoloscenza 2022).

At the regional level, data acquisition is more complex. The 
definition of indicators is derived from international literature 
that is often not reflected in national or regional accounting 
systems. Therefore, it is not yet possible to obtain a precise 
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mapping per individual indicator on the LCB-dashboard, 
except through subsequent data processing.

The waste products of the agricultural production system 
refer to the European Waste Catalogue (EWC) (code n. 02—
Wastes from agriculture, horticulture, aquaculture, forestry, 
hunting and fishing, food preparation, and processing). The 
data show a relative reduction from a situation with special 
and non-hazardous waste production of 132,879 tonnes in 
2015 to 141,860 tonnes in 2019. Going into detail about the 
waste disposed of in landfills in the Lazio region (divided 
into inert, hazardous, and non-hazardous) in the period 2018 
and 2019, there is an increase of 56%. This was due to the 
fire destruction of a Mechanical Biological Treatment plant 
that put the entire regional waste management system in 
crisis, causing the indicated rise.

The data on fertilizers and pesticides show a decreas-
ing trend, accompanied by an increase in total revenue and 
costs. This situation, apparently incompatible, is due to the 
conversion of many farms to organic production, favouring 
the establishment of bio-districts throughout the country and 
in particular in the Lazio region (Poponi et al. 2021, 2020).

The use of renewable energy is substantially stable, while 
the use of non-renewables is decreasing. This data refers 
only to the agricultural sector, as the entire supply chain 
cannot be measured.

Also at the regional level, as reported above, the scope 
equality indicators are not detectable. In this case, early 
school leaving, equal to 11.9%, is lower than the national 
data and in a good position if compared with the level for the 
regions of Southern Italy and in particular with the region of 
Sicily which reaches 19.4%, but is still above the European 
average figure of 9.9% (Autorità Garante per l’infanzia e 
l’adoloscenza 2022).

At the micro level, it was possible to analyse each indi-
cator in-depth, thanks to the interview conducted with the 
company owner. This made it possible to extract the required 
input data and understand the production dynamics concern-
ing the analysed period (Table 4).

Total emissions from agriculture decreased compared to 
2015 and have remained stable over the past 2 years. This 
reduction is mainly due to a lower use of available fuel for 
cultivation.

Water use remains essentially constant, as does the WSI. 
The water considered here is that needed for sowing and 
fertilizing. Rainwater, on the other hand, is not quantifiable 
but plays a decisive role in production yield. The fertilizer 
level remains essentially unchanged. In this case, a propor-
tion (fertilizer/hectares) that remains constant over time is 
followed. Therefore, in this case, the variation in quantity 
is driven by economic savings and not by a reduction in 
environmental impact. The use of pesticides also remains 
constant, following a predefined quantity.

Compared to the energy scope, the company only relies 
on non-renewable energy, using only diesel as an energy 
source.

Scope waste is related to the disposal of special waste 
used for fertilizers or pesticides. The company has a high 
internal recycling rate, for capital goods needed to carry out 
activities, although it is not possible to link these stages to 
the recycling rates indicator.

The cost, value, and productivity scope is the one that 
drives corporate sustainability, and which affects, as we have 
seen, the quantities of fertilizers or the use of (non-renewable) 
energy resources. Revenue margins are substantially variable 
and linked to weather conditions which, in this type of organi-
zation, significantly influence the productivity and therefore 
the profitability of the company.

The scope equality indicators are not applicable, as there 
are no employees.

Overall, the results of the indicators describe an improve-
ment in performance over the period considered, from 2015 
to 2019. This context was certainly favoured by the transpo-
sition of European directives aimed at increasing the sustain-
ability and circularity of production processes to pursue the 
ecological transition process (European Commission 2017; 
European Parliament and Council 2018; European Parlia-
ment and European Council 2018). There are also fluctuat-
ing data for several indicators at macro level, such as the 
LCB emission and LCB energy. At micro level, there are 
not entirely significant variations in most indicators, with 
the only exception of the economic ones. These are affected 
by variations in productivity (influenced by weather condi-
tions), fluctuations in raw material prices (fertilizers, fuel), 
and the price of grain. Therefore, LCB impact indicators 
become a central tool to monitor the overall sustainability of 
the company (economic and environmental) and a key point 
on which to direct future development strategies.

The test of the LCB-dashboard has also allowed high-
lighting the strengths and criticalities deriving from the 
effective applicability of the indicators.

At the macro level (Italy and the Lazio region), important 
differences can be seen in the collection methods of national 
and regional accounting systems. The research showed that 
for each indicator or input data, there are differences in data 
collection methodologies that do not remain constant over 
time, even over a short time horizon such as the one taken as 
a reference. These differences are accentuated when compar-
ing the indicators at the national and regional levels. This 
is the case for the LCB scope impact, regarding the “pro-
duction costs” or “total revenue” indicators (Tables 2 and 
3). This made it necessary to intervene on indicators with 
additional information. In the worst cases, where the indi-
cators were not comparable, they have been excluded. This 
suggests the need to introduce a harmonized system between 
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the national and regional levels on the survey methodologies 
to be used, making measurement harmonized and facilitating 
the comparison of results.

The analysis highlights the need to make the LCB-dashboard 
adaptable to the application context. Indicators related to the 
LCB human rights scope do not find application within the 
analysed context. It is necessary to define specific indicators 
that are able to associate the data on early school leaving with 
employment in the agri-food sector. This implies the devel-
opment and use of specific cross-sectional indicators, which 
can monitor the LCB human rights scope in the SD and AS to 
depict the framework of CE in the agri-food sector.

The mapping of natural resources shared between several 
regions reveals a difficulty in imputation/attribution due to 
the indivisibility of the resources. In the LCB water scope, 
an allocation of the regional share of the water resource is 
required, which clashes with the distribution over several 

territories (for example, a river crossing several regions or a 
lake on a regional border). In this case, also, the monitoring 
system should be linked to a regional survey system based 
on zonal consumption. By disaggregating the data at the 
municipal level, this criticality could be overcome. At the 
level of national accounts, again for scope water, there is 
no continuous monitoring, but the available data goes back 
to the national censuses; the last one carried out in 2010 
(ISTAT 2014). Moreover, the national data does not con-
sider the entire agri-food chain, but only the agricultural 
one, making it complex to consider supply chains rather than 
sectors. At the micro level, the data can be easily quantified 
through the extraction of primary data tapping into the pub-
lic water network. Here too, however, actual water consump-
tion clashes with the absence of monitoring tools for draw-
ing water from private wells or reservoirs for irrigation or 
livestock farming. Low margins and weather conditions, as 

Table 2   Italy performance in agri-food circular indicator

*Not considered food industry

Scope: LCB-
dashboard

Code Indicator Unit of measure 2015 2017 2018 2019

LCB emission a Agriculture total 
emission

Gg CO2eq 29,563.00 30,109.00 29,686.00 29,517.00

LCB water b Water use Gigalitres 14,958.53* 14,367.18* n.a n.a
c Water scarcity 

index (WSI)
m3 0.008 0.008 n.a n.a

LCB chemicals 
use

d Fertilizer  
consumption

kg per hectares 300.47 342.99 334.54 324.09

e Use of pesticides kg/ha 10.58 7.71 7.42 7.12
LCB energy input f Cumulative 

energy demand 
indicator (CED)

J/year 1.96E + 11 1.95E + 11 2.01E + 11 1.89E + 11

g Use of primary 
energy (PE)

MJ 1.48E + 11 1.49E + 11 1.53E + 11 1.46E + 11

h Use of primary 
renewable 
energy (PER)

MJ 4.14E + 09 4.00E + 09 4.11E + 09 4.15E + 09

i Use of primary 
non-renewable 
energy (PENR)

MJ 1.43E + 11 1.47E + 11 1.49E + 11 1.41E + 11

LCB waste  
management

l Waste sent to 
landfill

Kg per tonne of 
finished product

0.10 0.12 0.07 0.04

m Recycling rates % n.a n.a n.a 41.5%
LCB impact n Production costs 

agri-food
€mila (000) n.d € 120,320,494.00 € 122,314,190.00 n.d

Production costs 
(not off industry)

€ 24,086,386.00* n.d n.d € 25,727,055.00*

o Total revenue €mila (000) € 173,874,785.00 € 177,023,068.00
Total revenue € 55,436,252.00* € 57,315,826.00*

LCB human rights p Child labour Qualitative  
indicator

n.a n.a n.a n.a

q Forced or  
compulsory 
labour

Qualitative  
indicator

n.a n.a n.a n.a
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well as international price fluctuations of raw materials and 
finished products, can influence the data on circular indica-
tors that have an LCB approach. Related to these aspects is 
the difficulty of tracing input data due to the small size or 
simplified accounting systems that make it complex to trace 
back historical data beyond 5 years.

The main implication at the research level is related to the 
need to develop new indicators that can contribute to filling the 
gaps in the dashboard, especially the economic and social areas, 
which are the least investigated in the literature. Many authors 
(see, e.g. Corona et al. 2019; Moraga et al. 2019; Pauliuk 2018) 
emphasize the centrality of indicators with a life cycle approach 
as a benchmark for evaluating circular practices. Indeed, the 
complexity of the value chain requires advanced analysis tools, 
including a life cycle approach to assessing impacts within the 
three areas of sustainability (De Luca et al. 2015). The com-
bination of several indicators, following LCT methodologies 
(Stillitano et al. 2021), can represent the key aspect of the CE 
and integrate its evaluation (Peña et al. 2021; Rigamonti and 
Mancini 2021). Therefore, the development of new indica-
tors within the scope of LCB-dashboard, for the SD, should 

consider the cross-sectional characteristic and the ability to be 
used following a life cycle approach (Peña et al. 2021).

At the managerial level, the use of indicators is the stimu-
lus to adopt new circular business models and where tools 
and indicators play a central role in facilitating the manage-
ment of materials and energy, inside or outside organiza-
tions (Barros et al. 2020). Therefore, in line with the rec-
ommendation of the EU Commission, in the First Action 
Plan of CE, the indicators should have the character of 
simplicity and applicability for the business system (Poponi 
et al. 2022). The difficulty experienced by companies in the 
agri-food sector in the application of the CE is emphasized 
by Dagevos and de Lauwere (2021). The dashboard allows 
the use of a harmonized measurement system, integrating a 
traditional approach (e.g. life cycle assessment) with other 
indicators that can measure the circularity of a system (Peña 
et al. 2021). In a continuous monitoring approach, it is pos-
sible to intervene at critical points and increase company 
performance. 

At the policy level, the LCB-dashboard indicators can 
guide CE strategies in the agri-food sector through the 

Table 3   Lazio region performance in agri-food circular indicator

Source: author’s elaboration
*Not considered food industry

Scope: LCB-
dashboard

Code Indicator Unit of measure 2015 2017 2018 2019

LCB emission a Agriculture total 
emission

t CO2eq 21,422.81 n.a n.a n.a

LCB water b Water use Gigalitres n.a n.a n.a n.a
c Water scarcity index 

(WSI)
m3 n.a n.a n.a n.a

LCB chemicals use d Fertilizer  
consumption

kg per hectares 261.43 264.70 235.24 228.73

e Use of pesticides kg/ha 9.09 7.17 6.86 6.79
LCB energy input f Cumulative energy 

demand indicator 
(CED)

J/year 1.07E + 10* n.a 1.37E + 10* 1.16E + 10*

g Use of primary 
energy (PE)

MJ 6.57E + 09* n.a 1.01E + 10* 8.16E + 09*

h Use of primary 
renewable energy 
(PER)

MJ 4.19E + 07* n.a 0 4.19E + 07*

i Use of primary non-
renewable energy 
(PENR)

MJ 6.53E + 09* n.a 1.01E + 10* 8.12E + 09*

LCB waste 
management

l Waste sent to landfill kg/tonne of finished 
product

0.03 0 0 0

m Recycling rates % n.a 56% n.a n.a
LCB impact n Production costs €mila (000) € 3,863,102.00 € 4,069,421.00 € 1,258,873.00* € 1,280,348.00*

o Total revenue €m (000) € 6,432,653.00 € 6,526,043.00 € 2,928,355.00* € 2,959,297.00*
LCB human rights p Child labour Qualitative indicator n.a n.a n.a n.a

q Forced or 
compulsory labour

Qualitative indicator n.a n.a n.a n.a
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coordinated use of several indicators, belonging to the dif-
ferent scopes, for the redefinition of a more sustainable sup-
ply chain model (Lahane et al. 2020). As highlighted by 
Arbolino et al. (2018), indicators are determinants for envi-
ronmental diffusion policy. The authors recognize the role 
of indicators to enhance circularity and sustainability strat-
egies and to support decision-making processes on all lev-
els. Therefore, our results confirm the theoretical approach 
of De Pascale et al. (2021), where efforts in the definition 
of indicators “are often inhibited by data differences, gaps, 
contrasts and by several metrics used to analyse circularity”. 
Policies should therefore be aimed at encouraging the defini-
tion and use of a shared framework of indicators, to be able 
to steer policies and measure their results within the SD.

4 � Conclusions

To reduce the high impacts and shift of the agri-food produc-
tion model towards the CE, a new approach is needed. This 
requires a monitoring system to measure progress through 
the application of the CE principles, consistent with different 
application contexts.

The study, through the test of cross-sectional indicators, 
extracted from the LCB-dashboard, allows the outlining of 
two types of results. The first is related to the application of 
the indicators in the AS and the SD (macro and micro). The 
second is associated with the capability expressed by the 
cross-sectional LCB indicators.

The research showed the validity of the indicators 
expressing the circularity of the sector. These help to pro-
vide an initial, though not exhaustive overview of the sector, 
outlining its development over a short-term horizon for the 
identified scopes.

The work contributes to the literature on circular indica-
tors applicable in the agri-food sector. It may support the 
definition of new cross-sectional indicators or data collec-
tion (and data acquisition) model on a national or regional 
scale. This also steers public policy and stimulates the tran-
sition to the circular economy. At the level of the business 
organization, the work can encourage the development of 
monitoring models. Furthermore, it proposes new indicators 
to measure the circularity of an organization in a simple, yet 
structured approach.

Regarding the applicability of the indicators, the work has 
highlighted the difficulties of measuring the circularity of a 
complex supply chain, such as agri-food. The access to infor-
mation, the data collection organized by sector, and the lack of 
a defined supply chain are the main criticalities. The method-
ologies used for the extraction of the data are not always con-
stant over time, limiting the comparability within each scope 
and within the macro SD. Overall, the dashboard represents an 
important tool to systematize these indicators, and due to its ver-
satility, it can be applied to further territorial contexts to measure 
the CE in agri-food, following the SD. It is scalable, being able 
to reproduce the operating logic of this tool to further production 
sectors. In the latter case, adaptations might be required for some 
indicators, considering their degree of applicability.

Table 4   Company performance in agri-food circular indicators

Source: author’s elaboration

Scope: LCB-dashboard Code Indicator Unit of measure 2015 2017 2018 2019

LCB emission a Agriculture total emission kg CO2eq 5.59E + 04 5.58E + 04 5.57E + 04 5.57E + 04
LCB water b Water use Gigalitres 3.60E-06 3.60E-06 3.60E-06 3.60E-06

c Water scarcity index (WSI) m3 5.39E + 02 5.38E + 02 5.36E + 02 5.34E + 02
LCB chemicals use d Fertilizer consumption kg/ha 754 753 752 750

e Use of pesticides kg/ha 2.5 2.5 2.5 2.5
LCB energy input f Cumulative energy demand 

indicator
MJ 3.71E + 05 3.70E + 05 3.70E + 05 3.69E + 05

g Use of primary energy MJ 1.61E + 05 1.60E + 05 1.60E + 05 1.59E + 05
h Use of primary renewable energy MJ 0 0 0 0
i Use of primary non-renewable 

energy
MJ 1.61E + 05 1.60E + 05 1.60E + 05 1.59E + 05

LCB waste management l Waste sent to landfill Number of packaging 
for pesticides

12 12 12 12

m Recycling rates % n.d n.d n.d n.d
LCB impact n Production costs € € 11,320.28 € 9,583.86 € 9,423.34 € 11,656.80

o Total revenue € € 13,030.00 € 12,894.00 € 13,970.00 € 19,800.00
LCB human rights p Child labour Qualitative indicator 0 0 0 0

q Forced or compulsory labour Qualitative indicator 0 0 0 0
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The partial limitation of the work is related to the diffi-
culty of comparing the data of a macro level. For the micro 
level, we test the indicators in a case study and the main limit 
derives from the exploratory nature of the approach.

Future steps will be aimed at broader comparisons 
within the same SD or AS, extending the analysis to several 
companies. This allows to test further the potential of the 
dashboard and define the interconnection criteria between 
the indicators to assess the circularity of businesses in the 
agri-food sector. A further research step is to develop new 

indicators reflecting the above-mentioned characteristics, 
i.e. cross-sectional and life cycle. In another step, nations 
and different European regions will be compared through 
a cross analysis to test good circular practices and define 
a new shared model for agri-food. The last aspect of the 
research will be to promote the scalability of the model to 
further economic sectors.

5 � Appendix

Data availability  The datasets generated during and/or analysed dur-
ing the current study are available from the corresponding author on 
reasonable request.

Declarations 

Conflict of interest  The authors declare no competing interests.

References

Abejón R, Bala A, Vázquez-Rowe I, Aldaco R, Fullana-i-Palmer P 
(2020) When plastic packaging should be preferred: life cycle 
analysis of packages for fruit and vegetable distribution in the 
Spanish peninsular market. Resour Conserv Recycl 155:104666. 
https://​doi.​org/​10.​1016/j.​resco​nrec.​2019.​104666

Amicarelli V, Tricase C, Spada A, Bux C (2021) Households’ food 
waste behavior at local scale: a cluster analysis after the covid-19 
lockdown. Sustain 13:1–14. https://​doi.​org/​10.​3390/​su130​63283

Arbolino R, Carlucci F, De Simone L, Ioppolo G, Yigitcanlar T (2018) 
The policy diffusion of environmental performance in the Euro-
pean countries. Ecol Indic 89:130–138. https://​doi.​org/​10.​1016/j.​
ecoli​nd.​2018.​01.​062

ARPA Lazio (2020a) Inventario Regionale delle emissioni in atmosfera 
(Regional inventory of atmospheric emissions) [WWW Docu-
ment]. https://​www.​arpal​azio.​it/​web/​guest/​ambie​nte/​aria/​inven​tario- 
​regio​nale-​delle-​emiss​ioni-​in-​atmos​fera?​inher​itRed​irect=​true. 
Accessed 1 Oct 2020

Autorità Garante per l’infanzia e l’adoloscenza (2022) La dispersione 
scolastica in Italia: un’analisi multifattoriale (Early school leav-
ing in Italy: a multifactorial analysis)

Barros MV, Salvador R, de Francisco AC, Piekarski CM (2020) 
Mapping of research lines on circular economy practices in 
agriculture: from waste to energy. Renew Sustain Energy Rev 
131:109958. https://​doi.​org/​10.​1016/j.​rser.​2020.​109958

Barros MV, Salvador R, do Prado GF, de Francisco AC, Piekarski CM 
(2021) Circular economy as a driver to sustainable businesses. 
Clean Environ Syst 2:100006. https://​doi.​org/​10.​1016/j.​cesys.​
2020.​100006

Table 5   Explanation of the cross-sectional indicators

Source: author’s elaboration

Code Indicator Unit of measure Equation

a Agriculture total emission CO2eq Agriculture total emission = AD × EF  
b Water use Gigalitres Gigaliters of water used  
c Water scarcity index (WSI) m3

WSI =
WFblue

Water available
  

d Fertilizer consumption kg/ha Fertilizer (as Nitrogenous, potash, phosphate)

Arableland
  

e Use of pesticides kg/ha U(c,y) =
PT (c,y)

Area(c,y)

f Cumulative energy demand indicator (CED) J/year CED =
∑

Ei =
∑

fi.ci.i = 1,… , n

g Use of primary energy (PE) MJ MJ of primary energy used  
h Use of primary renewable energy (PER) MJ MJ of primary renewable energy used  
i Use of primary non-renewable energy (PENR) MJ MJ of primary renewable energy used  
l Waste sent to landfill kg/tonne of finished product Discared products

Total finished products
  

m Recycling rates % RR =
Amount of waste recycled

Amount of waste produced
× 100  

n Production costs €m PC = Direct Labor + Direct Material

+Overhead Costs on Manufacturing  
o Total revenue €m TR = P × Q  
p Child labour Qualitative indicator Rate of child labour  
q Forced or compulsory labour Qualitative indicator Rate of forced or compulsary labor condition  

https://doi.org/10.1016/j.resconrec.2019.104666
https://doi.org/10.3390/su13063283
https://doi.org/10.1016/j.ecolind.2018.01.062
https://doi.org/10.1016/j.ecolind.2018.01.062
https://www.arpalazio.it/web/guest/ambiente/aria/inventario-regionale-delle-emissioni-in-atmosfera?inheritRedirect=true
https://www.arpalazio.it/web/guest/ambiente/aria/inventario-regionale-delle-emissioni-in-atmosfera?inheritRedirect=true
https://doi.org/10.1016/j.rser.2020.109958
https://doi.org/10.1016/j.cesys.2020.100006
https://doi.org/10.1016/j.cesys.2020.100006


	 The International Journal of Life Cycle Assessment

1 3

Benoît Norris C, Traverso M, Neugebauer S, Ekener E, Schaubroeck T, 
Russo Garrido S, Berger M, Valdivia S, Lehmann A, Finkbeiner 
M, Arcese G (2020) Guidelines for Social Life Cycle Assessment 
of Products and Organizations 2020, UNEP

Biondi P, Panaro V, Pellizzi G (1989) Le richieste di energia del sis-
tema agricolo italiano. Rome

BSI (2017) BS 8001:2017. Framework for implementing the principles 
of the circular economy in organizations. Londra

Ciccullo F, Fabbri M, Abdelkafi N, Pero M (2022) Exploring the poten-
tial of business models for sustainability and big data for food 
waste reduction. J Clean Prod 340:130673. https://​doi.​org/​10.​
1016/j.​jclep​ro.​2022.​130673

Commission E (2017) Moving towards a Circular Economy with 
EMAS - Best Practices to Implement Circular Economy Strate-
gies (with Case Study Examples). https://​doi.​org/​10.​2779/​463312

Corbetta P (1999) Metodologia e tecniche della ricerca sociale
Corona B, Shen L, Reike D, Rosales Carreón J, Worrell E (2019) 

Towards sustainable development through the circular economy— 
a review and critical assessment on current circularity metrics. 
Resour Conserv Recycl 151:104498. https://​doi.​org/​10.​1016/j.​
resco​nrec.​2019.​104498

CREA (2021a) Annuario dell’agricoltura italiana 2020 (Yearbook of 
Italian Agriculture 2020). Roma

CREA (2021b) L’agricoltura del Lazio 2021 (Lazio’s agriculture in 
figures 2021)

CREA (2021c) Annuario dell’agricoltura italiana: banca dati (Italian agri-
culture yearbook: database) [WWW Document]. http://​annua​rio. 
​crea.​gov.​it/​banca​dati/​a1_4.​php. Accessed 2 Feb 2021

Cristóbal J, Castellani V, Manfredi S, Sala S (2018) Prioritizing and 
optimizing sustainable measures for food waste prevention and 
management. Waste Manag 72:3–16. https://​doi.​org/​10.​1016/j.​
wasman.​2017.​11.​007

Dagevos H, de Lauwere C (2021) Circular business models and circular 
agriculture: perceptions and practices of dutch farmers. Sustain 
13:1–15. https://​doi.​org/​10.​3390/​su130​31282

Dammert AC, de Hoop J, Mvukiyehe E, Rosati FC (2018) Effects of 
public policy on child labor: current knowledge, gaps, and impli-
cations for program design. World Dev 110:104–123. https://​doi.​
org/​10.​1016/j.​world​dev.​2018.​05.​001

De Luca AI, Falcone G, Iofrida N, Stillitano T, Strano A (2015) Life 
cycle methodologies to improve agri-food systems sustainability. 
Riv Di Stud Sulla Sostenibilità 1:135–150. https://​doi.​org/​10.​
3280/​RISS2​015-​001009

De Pascale A, Arbolino R, Szopik-Depczyńska K, Limosani M, Ioppolo 
G (2021) A systematic review for measuring circular economy: 
the 61 indicators. J Clean Prod. https://​doi.​org/​10.​1016/j.​jclep​ro.​
2020.​124942

Del Borghi A, Strazza C, Magrassi F, Taramasso AC, Gallo M (2018) 
Life cycle assessment for eco-design of product–package systems 
in the food industry—the case of legumes. Sustain Prod Consum 
13:24–36. https://​doi.​org/​10.​1016/j.​spc.​2017.​11.​001

Di Maio F, Rem PC, Baldé K, Polder M (2017) Measuring resource 
efficiency and circular economy: a market value approach. 
Resour Conserv Recycl 122:163–171. https://​doi.​org/​10.​1016/j.​
resco​nrec.​2017.​02.​009

Eisenhardt K, Graebner ME (2007) Theory building from cases: oppor-
tunities and challenges. Acad Manag J 50:25–32

Ellen Macarthur Foundation (2019) Cities and circular economy for 
food [WWW Document]. Ellen Macarthur Found. https://​www.​
ellen​macar​thurf​ounda​tion.​org/​assets/​downl​oads/​Cities-​and-​ 
Circu​lar-​Econo​my-​for-​Food-​Appen​dix.​pdf. Accessed 1 Jan 2022

Ellen MacArthur Foundation (2020) The big food redesign: regenerat-
ing nature with the circular economy [WWW Document]. https://​
emf.​third​light.​com/​link/​TheBi​gFood​Redsi​gnRep​ort/@/#​id=3. 
Accessed 12 Apr 2021

ENEA (2021a) Conversion factors [WWW Document]. https://​www.​
enea.​it/​it/​segui​ci/​le-​parole-​delle​nergia/​unita-​di-​misura/​fatto​ri-​di-​
conve​rsione. Accessed 8 Sept 2021

ENEA (2021b) Rapporto Annuale sull’Efficienza Energetica (Annual 
Energy Efficiency Report) [WWW Document]. https://​www.​ 
effic​ienza​energ​etica.​enea.​it/​compo​nent/​jdown​loads/?​task=​downl​oad.​
send&​id=​511&​catid=​40&​Itemid=​101. Accessed 1 Jan 2022

ENEA (2020) Rapporto Annuale sull’Efficienza Enegetica (Annual 
Energy Efficiency Report) [WWW Document]. https://​www.​ 
effic​ienza​energ​etica.​enea.​it/​compo​nent/​jdown​loads/?​task=​downl​oad.​
send&​id=​453&​catid=​40&​Itemid=​101. Accessed 1 Jan 2022

ENEA (2018) Rapporto Annuale sull’Efficienza Energetica (Annual 
Energy Efficiency Report) [WWW Document]. https://​www.​ 
effic​ienza​energ​etica.​enea.​it/​compo​nent/​jdown​loads/?​task=​downl​oad.​
send&​id=​275&​catid=​40&​Itemid=​101. Accessed 1 Jan 2022

European Commission (2019) The European Green Deal COM/2019/640. 
Brussels, 11th December

European Commission (2018) Commission notice on technical guid-
ance on the classification of waste (2018/C 124/01). Official J 
Eur Union

European Commission (2015) An EU action plan for the circular econ-
omy COM/2015/0614 final. Brussels, 2nd of December 2015

European Commission, Directorate-General for Communication 
(2020) Circular economy action plan: for a cleaner and more 
competitive Europe. Publications Office of the European Union

European Environment Agency (EEA) (2021)  Use of freshwater 
resources in Europe [WWW Document].  https://​www.​eea.​
europa.​eu/​data-​and-​maps/​indic​ators/​use-​of-​fresh​water-​resou​
rces-3/​asses​sment-4. Accessed 5 Jan 2021

European Parliament and Council (2018) Directive (EU) 2018/850 of 
the European Parliament and of the Council of 30 May 2018 
amending Directive 1999/31/EC on the landfill of waste. Official 
J Eur Union

European Parliament European Council (2018)  Directive (EU) 
2018/851 of the European Parliament - Waste Framework Direc-
tive 2.0 (WFD 2.0). Official J Eur Union

Eurostat (2020) Persons at risk of poverty or social exclusion by age 
and sex - EU 2020 strategy [WWW Document]. http://​appsso.​
euros​tat.​ec.​europa.​eu/​nui/​show.​do?​lang=​en&​datas​et=​ilc_​
peps01. Accessed 3 March 20 22

FAO (2021a) The State of Food and Agriculture 2021. Making agrifood 
systems more resilient to shocks and stresses, The Eugenics review

FAO (2021b) AQUASTAT [WWW Document]. https://​www.​fao.​org/​
aquas​tat/​stati​stics/​query/​index.​html;​jsess​ionid=​C7D94​FA47F​
E6189​60D86​3A136​9C3C5​08. Accessed 2 Feb 2021

FAO (2018) More people, more food, worse water? - a global review of 
water pollution from agriculture, FAO of the United Nations & IWMI

FAO (2013) Food wastage footprint, Fao
FAO (2011a) The state of the world’s land and water resources: manag-

ing systems at risk
FAO (2011b) Energy-smart food for people and climate. Issue Paper. 

Food Agric. Organ. United Nations 66
FAO, IFAD, UNICEF, WFP, WHO (2020) The State of Food Security 

and Nutrition in the World 2020. Transforming food systems 
for affordable healthy diets. Rome, Italy. https://​doi.​org/​10.​4060/​
ca969​2en

Fitzgerald T (2012) Documents and documentary analysis. Research 
methods in educational leadership and management 3:296–308

Flammini A, Puri M, Pluschke L, Dubois O (2014) Walking the nexus 
talk : assessing the water-energy-food nexus in the context of the 
sustainable energy for all initiative

FoodDrinkEurope (2021) Data & Trends: EU Food and Drink Indus-
try 2021. Belgium, Brussels

Gazzetta Ufficiale della Repubblica Italiana n. 13, 2016. Legge 28 
dicembre 2015, n. 221 su Disposizioni in materia ambientale 

https://doi.org/10.1016/j.jclepro.2022.130673
https://doi.org/10.1016/j.jclepro.2022.130673
https://doi.org/10.2779/463312
https://doi.org/10.1016/j.resconrec.2019.104498
https://doi.org/10.1016/j.resconrec.2019.104498
http://annuario.crea.gov.it/bancadati/a1_4.php
http://annuario.crea.gov.it/bancadati/a1_4.php
https://doi.org/10.1016/j.wasman.2017.11.007
https://doi.org/10.1016/j.wasman.2017.11.007
https://doi.org/10.3390/su13031282
https://doi.org/10.1016/j.worlddev.2018.05.001
https://doi.org/10.1016/j.worlddev.2018.05.001
https://doi.org/10.3280/RISS2015-001009
https://doi.org/10.3280/RISS2015-001009
https://doi.org/10.1016/j.jclepro.2020.124942
https://doi.org/10.1016/j.jclepro.2020.124942
https://doi.org/10.1016/j.spc.2017.11.001
https://doi.org/10.1016/j.resconrec.2017.02.009
https://doi.org/10.1016/j.resconrec.2017.02.009
https://www.ellenmacarthurfoundation.org/assets/downloads/Cities-and-Circular-Economy-for-Food-Appendix.pdf
https://www.ellenmacarthurfoundation.org/assets/downloads/Cities-and-Circular-Economy-for-Food-Appendix.pdf
https://www.ellenmacarthurfoundation.org/assets/downloads/Cities-and-Circular-Economy-for-Food-Appendix.pdf
https://emf.thirdlight.com/link/TheBigFoodRedsignReport/@/#id=3
https://emf.thirdlight.com/link/TheBigFoodRedsignReport/@/#id=3
https://www.enea.it/it/seguici/le-parole-dellenergia/unita-di-misura/fattori-di-conversione
https://www.enea.it/it/seguici/le-parole-dellenergia/unita-di-misura/fattori-di-conversione
https://www.enea.it/it/seguici/le-parole-dellenergia/unita-di-misura/fattori-di-conversione
https://www.efficienzaenergetica.enea.it/component/jdownloads/?task=download.send&id=511&catid=40&Itemid=101
https://www.efficienzaenergetica.enea.it/component/jdownloads/?task=download.send&id=511&catid=40&Itemid=101
https://www.efficienzaenergetica.enea.it/component/jdownloads/?task=download.send&id=511&catid=40&Itemid=101
https://www.efficienzaenergetica.enea.it/component/jdownloads/?task=download.send&id=453&catid=40&Itemid=101
https://www.efficienzaenergetica.enea.it/component/jdownloads/?task=download.send&id=453&catid=40&Itemid=101
https://www.efficienzaenergetica.enea.it/component/jdownloads/?task=download.send&id=453&catid=40&Itemid=101
https://www.efficienzaenergetica.enea.it/component/jdownloads/?task=download.send&id=275&catid=40&Itemid=101
https://www.efficienzaenergetica.enea.it/component/jdownloads/?task=download.send&id=275&catid=40&Itemid=101
https://www.efficienzaenergetica.enea.it/component/jdownloads/?task=download.send&id=275&catid=40&Itemid=101
https://www.eea.europa.eu/data-and-maps/indicators/use-of-freshwater-resources-3/assessment-4
https://www.eea.europa.eu/data-and-maps/indicators/use-of-freshwater-resources-3/assessment-4
https://www.eea.europa.eu/data-and-maps/indicators/use-of-freshwater-resources-3/assessment-4
http://appsso.eurostat.ec.europa.eu/nui/show.do?lang=en&dataset=ilc_peps01
http://appsso.eurostat.ec.europa.eu/nui/show.do?lang=en&dataset=ilc_peps01
http://appsso.eurostat.ec.europa.eu/nui/show.do?lang=en&dataset=ilc_peps01
https://www.fao.org/aquastat/statistics/query/index.html;jsessionid=C7D94FA47FE618960D863A1369C3C508
https://www.fao.org/aquastat/statistics/query/index.html;jsessionid=C7D94FA47FE618960D863A1369C3C508
https://www.fao.org/aquastat/statistics/query/index.html;jsessionid=C7D94FA47FE618960D863A1369C3C508
https://doi.org/10.4060/ca9692en
https://doi.org/10.4060/ca9692en


The International Journal of Life Cycle Assessment	

1 3

per promuovere misure di green economy e per il contenimento 
dell’uso eccessivo di risorse naturali (Law 221 of 28 december 
2015 on Environmental provisions to promote green economy 
meas). Rome, Italy

Geng Y, Fu J, Sarkis J, Xue B (2012) Towards a national circular 
economy indicator system in China: an evaluation and critical 
analysis. J Clean Prod 23:216–224. https://​doi.​org/​10.​1016/j.​
jclep​ro.​2011.​07.​005

Genovese A, Acquaye AA, Figueroa A, Koh SCL (2017) Sustainable 
supply chain management and the transition towards a circular 
economy: evidence and some applications. Omega (united King-
dom) 66:344–357. https://​doi.​org/​10.​1016/j.​omega.​2015.​05.​015

Ghisellini P, Setti M, Ulgiati S (2016) Energy and land use in world-
wide agriculture: an application of life cycle energy and cluster 
analysis. Environ Dev Sustain 18:799–837. https://​doi.​org/​10.​
1007/​s10668-​015-​9678-2

Haupt M, Hellweg S (2019) Measuring the environmental sustainabil-
ity of a circular economy. Environ Sustain Indic 1–2:100005. 
https://​doi.​org/​10.​1016/j.​indic.​2019.​100005

Helander H, Petit-Boix A, Leipold S, Bringezu S (2019) How to monitor 
environmental pressures of a circular economy: an assessment of 
indicators. J Ind Ecol 23:1278–1291. https://​doi.​org/​10.​1111/​jiec.​
12924

Ioannidou SM, Pateraki C, Ladakis D, Papapostolou H, Tsakona M, 
Vlysidis A, Kookos IK, Koutinas A (2020) Sustainable produc-
tion of bio-based chemicals and polymers via integrated bio-
mass refining and bioprocessing in a circular bioeconomy con-
text. Bioresour Technol 307:123093. https://​doi.​org/​10.​1016/j. 
​biort​ech.​2020.​123093

ISMEA (2021)  Osservatorio RRN-ISMEA (Observatory RRN-
ISMEA) [WWW Document].  https://​www.​ismea​merca​ti.​it/​
osser​vatori-​rrn/​indic​atori-​compe​titiv​ita/​agroa​limen​tare/​super​
fici-​produ​zione. Accessed 1 Sept 2021

ISPRA (2021)  Rapporto Rifiuti Speciali Edizione 2021 (Special 
Wastes Report - Edition 2021) [WWW Document]. https://​www. 
​ispra​mbien​te.​gov.​it/​it/​pubbl​icazi​oni/​rappo​rti/​rappo​rto-​rifiu​ti-​
speci​ali-​edizi​one-​2021. Accessed 8 Sept 2021

ISPRA (2020a) Italian Greenhouse Gas Inventory 1990–2018
ISPRA (2020b) Rapporto Rifiuti Speciali Edizione 2020 (Special 

Wastes Report - Edition 2020) [WWW Document]. https://​www.​
ispra​mbien​te.​gov.​it/​it/​pubbl​icazi​oni/​rappo​rti/​rappo​rto-​rifiu​ti-​
speci​ali-​edizi​one-​2020. Accessed 8 Sept 2021

ISPRA (2019) Rapporto Rifiuti Speciali Edizione 2019 (Special Wastes 
Report - Edition 2019) [WWW Document]. https://​www.​ispra​mbien​te.​ 
gov.​it/​it/​pubbl​icazi​oni/​rappo​rti/​rappo​rto-​rifiu​ti-​speci​ali-​edizi​one-​
2019. Accessed 8 Sept 2021

ISPRA (2017)  Rapporto Rifiuti Speciali Edizione 2017 (Special 
Wastes Report - Edition 2017) [WWW Document]. https://​www.​ 
ispra​mbien​te.​gov.​it/​public_​files/​Rappo​rtoRi​fiuti​Speci​aliEd.​
2017n​264Ve​rsion​eInte​grale2.​pdf. Accessed 8 Sept 2021

ISTAT (2021a) Distribuzione, per uso agricolo, dei prodotti fitosani-
tari in Italia (Distribuction of plant protection in Italy) [WWW 
Document]. https://​www.​istat.​it/​it/​archi​vio/​199721 Accessed 
Mar 4 2021

ISTAT (2021b) Distribuzione, per uso agricolo, dei fertilizzanti in 
Italia (Distribuction of fertilizers in Italy) [WWW Document]. 
https://​www.​istat.​it/​it/​archi​vio/​19971​9#:​~:​text=​Checo​sa%​C3%​
A8,march​ieste​ri%​2C in ciascuna provincia. Accessed 4 Mar 2021

ISTAT (2021c) Produzione industriale in quantità e valore: Prodotti 
alimentari (Industrial production in quantity and value: Food 
products) [WWW Document].  http://​dati.​istat.​it/​Index.​aspx?​
Query​Id=​42875#. Accessed Jan 9 2021

ISTAT (2021d) Rapporto sulla competitività dei settori produttivi - 
Edizione 2021 (Report on the Competitiveness of Manufacturing 
Sectors - Edition 2021) [WWW Document]. https://​www.​istat.​it/​
it/​archi​vio/​255558. Accessed 1 Jan 2022

ISTAT (2021e) Glossario Statistico (Statistical Glossary) [WWW 
Document]. https://​www.​istat.​it/​it/​metodi-​e-​strum​enti/​gloss​ario. 
Accessed 2 Feb 2021

ISTAT (2014) 6° Censimento Generale dell’Agricoltura. Utilizzo della 
risorsa idrica a fini irrigui in agricoltura (6th General Census of 
Agriculture. Use of water resources for irrigation purposes in 
agriculture) [WWW Document].  https://​www.​istat.​it/​it/​archi​vio/​
138962. Accessed 2 Feb 2022

Jarach M (1985) Sui valori di equivalenza per l’analisi e il bilancio 
energetici in agricoltura. Riv Di Ing Agrar 2:102–114

Kirchherr J, Reike D, Hekkert M (2017) Conceptualizing the circular 
economy: an analysis of 114 definitions. Resour Conserv Recycl 
127:221–232. https://​doi.​org/​10.​1016/j.​resco​nrec.​2017.​09.​005

Lahane S, Kant R, Shankar R (2020) Circular supply chain manage-
ment: a state-of-art review and future opportunities. J Clean Prod 
258:120859. https://​doi.​org/​10.​1016/j.​jclep​ro.​2020.​120859

Ma SH, Wen ZG, Chen JN, Wen ZC (2014) Mode of circular economy in 
China’s iron and steel industry: a case study in Wu’an city. J Clean 
Prod 64:505–512. https://​doi.​org/​10.​1016/j.​jclep​ro.​2013.​10.​008

Mathews JA, Tan H (2011) Progress Toward a Circular Economy in 
China. J Ind Ecol 15:435–457. https://​doi.​org/​10.​1111/j.​1530-​
9290.​2011.​00332.x

Ministero della Transizione Ecologica (2018) Bilancio Energetico 
Nazionale - Modello Eurostat (National energy balance - Eurostat 
Model) [WWW Document]. https://​dgsaie.​mise.​gov.​it/​bilan​cio-​
energ​etico-​nazio​nale. Accessed 8 Jan 2021

Ministero dello Sviluppo Economico (2016) RIS3 - Strategia Nazi-
onale di Specializzazione Intelligente (RIS3 - National Smart 
Specialisation Strategy)

Monforti-Ferrario F, Dallemand J-F, Pascua IP, Motola V, Banja M, Scarlat 
N, Medarac H, Castellazzi L, Labanca N, Bertoldi P, Pennington D, 
Goralczyk M, Schau EM, Saouter E, Notarnicola SSB, Tassielli G, 
Renzulli P (2015). Energy Use in the EU Food Sector: State of Play 
and Opportunities for Improvement Energy from Waste in Croatia 
View Project. https://​doi.​org/​10.​2790/​158316

Moraga G, Huysveld S, Mathieux F, Blengini GA, Alaerts L, Van 
Acker K, de Meester S, Dewulf J (2019) Circular economy indi-
cators: what do they measure? Resour Conserv Recycl 146:452–
461. https://​doi.​org/​10.​1016/j.​resco​nrec.​2019.​03.​045

Naustdalslid J (2014) Circular economy in China – the environmental 
dimension of the harmonious society. Int J Sustain Dev World 
Ecol 21:303–313. https://​doi.​org/​10.​1080/​13504​509.​2014.​914599

Nemecek T, Jungbluth N, Schenck R (2016) Environmental impacts 
of food consumption and nutrition: where are we and what is 
next? Int J Life Cycle Assess 21:607–620. https://​doi.​org/​10.​
1007/​s11367-​016-​1071-3

Neuendorf A (2016) The Content Analysis Guidebook, 2nd edn. SAGE 
Publications Inc, Cleveland State University, USA

Niero M, Kalbar PP (2019) Coupling material circularity indicators 
and life cycle based indicators: a proposal to advance the assess-
ment of circular economy strategies at the product level. Resour 
Conserv Recycl 140:305–312. https://​doi.​org/​10.​1016/j.​resco​nrec.​
2018.​10.​002

Notarnicola B, Hayashi K, Curran MA, Huisingh D (2012) Progress in 
working towards a more sustainable agri-food industry. J Clean 
Prod 28:1–8. https://​doi.​org/​10.​1016/j.​jclep​ro.​2012.​02.​007

Notarnicola B, Sala S, Anton A, McLaren SJ, Saouter E, Sonesson U 
(2017) The role of life cycle assessment in supporting sustain-
able agri-food systems: a review of the challenges. J Clean Prod 
140:399–409. https://​doi.​org/​10.​1016/j.​jclep​ro.​2016.​06.​071

OECD-FAO (2021) OECD-FAO Agricultural Outlook 2021–2030, 
OECD-FAO Agricultural Outlook 2021–2030

OECD (2017) Improving energy efficiency in the agro-food chain, 
OECD Green Growth Studies

Pagotto M, Halog A (2016) Towards a circular economy in Australian agri-
food industry: an application of input-output oriented approaches for 

https://doi.org/10.1016/j.jclepro.2011.07.005
https://doi.org/10.1016/j.jclepro.2011.07.005
https://doi.org/10.1016/j.omega.2015.05.015
https://doi.org/10.1007/s10668-015-9678-2
https://doi.org/10.1007/s10668-015-9678-2
https://doi.org/10.1016/j.indic.2019.100005
https://doi.org/10.1111/jiec.12924
https://doi.org/10.1111/jiec.12924
https://doi.org/10.1016/j.biortech.2020.123093
https://doi.org/10.1016/j.biortech.2020.123093
https://www.ismeamercati.it/osservatori-rrn/indicatori-competitivita/agroalimentare/superfici-produzione
https://www.ismeamercati.it/osservatori-rrn/indicatori-competitivita/agroalimentare/superfici-produzione
https://www.ismeamercati.it/osservatori-rrn/indicatori-competitivita/agroalimentare/superfici-produzione
https://www.isprambiente.gov.it/it/pubblicazioni/rapporti/rapporto-rifiuti-speciali-edizione-2021
https://www.isprambiente.gov.it/it/pubblicazioni/rapporti/rapporto-rifiuti-speciali-edizione-2021
https://www.isprambiente.gov.it/it/pubblicazioni/rapporti/rapporto-rifiuti-speciali-edizione-2021
https://www.isprambiente.gov.it/it/pubblicazioni/rapporti/rapporto-rifiuti-speciali-edizione-2020
https://www.isprambiente.gov.it/it/pubblicazioni/rapporti/rapporto-rifiuti-speciali-edizione-2020
https://www.isprambiente.gov.it/it/pubblicazioni/rapporti/rapporto-rifiuti-speciali-edizione-2020
https://www.isprambiente.gov.it/it/pubblicazioni/rapporti/rapporto-rifiuti-speciali-edizione-2019
https://www.isprambiente.gov.it/it/pubblicazioni/rapporti/rapporto-rifiuti-speciali-edizione-2019
https://www.isprambiente.gov.it/it/pubblicazioni/rapporti/rapporto-rifiuti-speciali-edizione-2019
https://www.isprambiente.gov.it/public_files/RapportoRifiutiSpecialiEd.2017n264VersioneIntegrale2.pdf
https://www.isprambiente.gov.it/public_files/RapportoRifiutiSpecialiEd.2017n264VersioneIntegrale2.pdf
https://www.isprambiente.gov.it/public_files/RapportoRifiutiSpecialiEd.2017n264VersioneIntegrale2.pdf
https://www.istat.it/it/archivio/199721
https://www.istat.it/it/archivio/199719#:~:text=Checosa%C3%A8,marchiesteri%2C
https://www.istat.it/it/archivio/199719#:~:text=Checosa%C3%A8,marchiesteri%2C
http://dati.istat.it/Index.aspx?QueryId=42875#
http://dati.istat.it/Index.aspx?QueryId=42875#
https://www.istat.it/it/archivio/255558
https://www.istat.it/it/archivio/255558
https://www.istat.it/it/metodi-e-strumenti/glossario
https://www.istat.it/it/archivio/138962
https://www.istat.it/it/archivio/138962
https://doi.org/10.1016/j.resconrec.2017.09.005
https://doi.org/10.1016/j.jclepro.2020.120859
https://doi.org/10.1016/j.jclepro.2013.10.008
https://doi.org/10.1111/j.1530-9290.2011.00332.x
https://doi.org/10.1111/j.1530-9290.2011.00332.x
https://dgsaie.mise.gov.it/bilancio-energetico-nazionale
https://dgsaie.mise.gov.it/bilancio-energetico-nazionale
https://doi.org/10.2790/158316
https://doi.org/10.1016/j.resconrec.2019.03.045
https://doi.org/10.1080/13504509.2014.914599
https://doi.org/10.1007/s11367-016-1071-3
https://doi.org/10.1007/s11367-016-1071-3
https://doi.org/10.1016/j.resconrec.2018.10.002
https://doi.org/10.1016/j.resconrec.2018.10.002
https://doi.org/10.1016/j.jclepro.2012.02.007
https://doi.org/10.1016/j.jclepro.2016.06.071


	 The International Journal of Life Cycle Assessment

1 3

analyzing resource efficiency and competitiveness potential. J Ind 
Ecol 20:1176–1186. https://​doi.​org/​10.​1111/​jiec.​12373

Pauliuk S (2018) Critical appraisal of the circular economy standard 
BS 8001:2017 and a dashboard of quantitative system indicators 
for its implementation in organizations. Resour Conserv Recycl 
129:81–92. https://​doi.​org/​10.​1016/j.​resco​nrec.​2017.​10.​019

Peña C, Civit B, Gallego-Schmid A, Druckman A, Pires AC, Weidema 
B, Mieras E, Wang F, Fava J, Canals LMI, Cordella M, Arbuckle P, 
Valdivia S, Fallaha S, Motta W (2021) Using life cycle assessment 
to achieve a circular economy. Int J Life Cycle Assess 26:215–220. 
https://​doi.​org/​10.​1007/​s11367-​020-​01856-z

Pfister S, Koehler A, Hellweg S (2009) Assessing the environmental 
impacts of freshwater consumption in LCA. Environ Sci Technol 
43:4098–4104. https://​doi.​org/​10.​1021/​es802​423e

Poore J, Nemecek T (2018) Reducing food’s environmental impacts 
through producers and consumers. Science (80-.). 360:987–992. 
https://​doi.​org/​10.​1126/​scien​ce.​aaq02​16

Poponi S, Arcese G, Mosconi EM, Pacchera F, Martucci O, Elmo GC (2021) 
Multi-actor governance for a circular economy in the agri-food sector: 
bio-districts. Sustain. https://​doi.​org/​10.​3390/​su130​94718

Poponi S, Arcese G, Pacchera F, Martucci O (2022) Evaluating the 
transition to the circular economy in the agri-food sector : selec-
tion of indicators. Resour Conserv Recycl 176:105916. https://​
doi.​org/​10.​1016/j.​resco​nrec.​2021.​105916

Poponi S, Colantoni A, Cividino SRS, Mosconi EM (2019) The Stake-
holders’ perspective within the B corp certification for a circular 
approach. Sustain 11:1–15. https://​doi.​org/​10.​3390/​su110​61584

Poponi S, Mosconi EM, Pacchera F (2020) A BIO-DISTRICT for 
circular economy, in: Le Scienze Merceologiche Nell’era 4.0. 
XXIX Congresso Nazionale Di Scienze Merceologiche. Fran-
coAngeli, Milano, Italy, 543–551

Qiao F, Qiao N (2013) Circular economy: an ethical and sustainable 
economic development model. Prakseologia 154:253–272

Regione Lazio (2020b) Piano Regionale di gestione dei rifiuti della 
Regione Lazio (Lazio Regional Waste Management Plan). Delib-
erazione del Consiglio Regionale 5 agosto 2020, n. 4. Published 
in B.U.R.L. n. 116 of 22nd September 2020 - Supplemento n.1

Regione Lazio (2016) Smart Specialisation Strategy (S3)- Lazio Region. 
Published in B.U.R.L. n. 48 of the 16th June 2016 - Supplemento n. 1

Rigamonti L, Mancini E (2021) Life cycle assessment and circular-
ity indicators. Int J Life Cycle Assess. https://​doi.​org/​10.​1007/​
s11367-​021-​01966-2

Roos Lindgreen E, Mondello G, Salomone R, Lanuzza F, Saija G (2021) 
Exploring the effectiveness of grey literature indicators and life 
cycle assessment in assessing circular economy at the micro level: 
a comparative analysis. Int J Life Cycle Assess. https://​doi.​org/​10.​
1007/​s11367-​021-​01972-4

Saidani M, Yannou B, Leroy Y, Cluzel F, Kendall A (2019) A taxon-
omy of circular economy indicators. J Clean Prod 207:542–559. 
https://​doi.​org/​10.​1016/j.​jclep​ro.​2018.​10.​014

Sala S, Anton A, McLaren SJ, Notarnicola B, Saouter E, Sonesson U 
(2017) In quest of reducing the environmental impacts of food 
production and consumption. J Clean Prod 140:387–398. https://​
doi.​org/​10.​1016/j.​jclep​ro.​2016.​09.​054

Sassanelli C, Rosa P, Rocca R, Terzi S (2019) Circular economy perfor-
mance assessment methods: a systematic literature review. J Clean 
Prod 229:440–453. https://​doi.​org/​10.​1016/j.​jclep​ro.​2019.​05.​019

Simas MS, Golsteijn L, Huijbregts MAJ, Wood R, Hertwich EG (2014) 
The “bad labor” footprint: quantifying the social impacts of globali-
zation. Sustain 6:7514–7540. https://​doi.​org/​10.​3390/​su611​7514

Stillitano T, Spada E, Iofrida N, Falcone G, De Luca AI (2021) Sustain-
able agri-food processes and circular economy pathways in a life 
cycle perspective: state of the art of applicative research. Sustain 
13:1–29. https://​doi.​org/​10.​3390/​su130​52472

Torres-León C, Ramírez-Guzman N, Londoño-Hernandez L, Martinez-
Medina GA, Díaz-Herrera R, Navarro-Macias V, Alvarez-Pérez 
OB, Picazo B, Villarreal-Vázquez M, Ascacio-Valdes J, Aguilar 
CN (2018) Food waste and byproducts: an opportunity to mini-
mize malnutrition and hunger in developing countries . Front 
Sustain Food Syst

UNEP (2022) Environmental and health impacts of pesticides and fer-
tilizers and ways of minimizing them

UNEP (2021) Food Waste Index Report 2021. Nairobi
Van Der Werf HMG, Garnett T, Corson MS, Hayashi K, Huisingh 

D, Cederberg C (2014) Towards eco-efficient agriculture and 
food systems: theory, praxis and future challenges. J Clean Prod 
73:1–9. https://​doi.​org/​10.​1016/j.​jclep​ro.​2014.​04.​017

Vasa L, Angeloska A, Trendov N (2018) Comparative analysis of cir-
cular agriculture development in selected Western Balkan coun-
tries based on sustainable performance indicators. Econ Ann 
168:44–47. https://​doi.​org/​10.​21003/​ea.​V168-​09

Velasco-Muñoz JF, Mendoza JMF, Aznar-Sánchez JA, Gallego-Schmid 
A (2021) Circular economy implementation in the agricultural 
sector: definition, strategies and indicators. Resour Conserv 
Recycl. https://​doi.​org/​10.​1016/j.​resco​nrec.​2021.​105618

Vilariño MV, Franco C, Quarrington C (2017) Food loss and waste reduc-
tion as an integral part of a circular economy . Front Environ Sci

Zucaro A (2011) Assessing the performance of agricultural systems 
across time and spatial scales. Parthenope University of Naples 
(Italy), An extended LCA approach

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1111/jiec.12373
https://doi.org/10.1016/j.resconrec.2017.10.019
https://doi.org/10.1007/s11367-020-01856-z
https://doi.org/10.1021/es802423e
https://doi.org/10.1126/science.aaq0216
https://doi.org/10.3390/su13094718
https://doi.org/10.1016/j.resconrec.2021.105916
https://doi.org/10.1016/j.resconrec.2021.105916
https://doi.org/10.3390/su11061584
https://doi.org/10.1007/s11367-021-01966-2
https://doi.org/10.1007/s11367-021-01966-2
https://doi.org/10.1007/s11367-021-01972-4
https://doi.org/10.1007/s11367-021-01972-4
https://doi.org/10.1016/j.jclepro.2018.10.014
https://doi.org/10.1016/j.jclepro.2016.09.054
https://doi.org/10.1016/j.jclepro.2016.09.054
https://doi.org/10.1016/j.jclepro.2019.05.019
https://doi.org/10.3390/su6117514
https://doi.org/10.3390/su13052472
https://doi.org/10.1016/j.jclepro.2014.04.017
https://doi.org/10.21003/ea.V168-09
https://doi.org/10.1016/j.resconrec.2021.105618

	Life cycle-based dashboard for circular agri-food sector
	Abstract
	Purpose 
	Methods 
	Result and discussion 
	Conclusions 

	1 Introduction
	2 Materials and methods
	2.1 Methodology
	2.2 Data sources
	2.2.1 LCB emission
	2.2.2 LCB water
	2.2.3 LCB chemicals use
	2.2.4 LCB energy input
	2.2.5 LCB waste management
	2.2.6 LCB impact
	2.2.7 LCB human rights


	3 Results and discussions
	4 Conclusions
	5 Appendix
	References


