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Abstract

Purpose – There is a limited understanding of effective strategies for tackling food loss and waste (FLW)
following a circular supply chainmanagement approach. The aim of this study is to analyze the role of the FLW
Reporting and Accounting Standard for identifying FLW occurrences throughout the agri-food supply chain
and facilitate their measurement. Our objective is to describe how this FLW is then reused within a circular
economy (CE) perspective, thus enabling companies to implement a circular supply chain approach for
effective decision-making based on the concept of waste hierarchies, the 3R and 4R rules.
Design/methodology/approach – An in-depth analysis of Barilla’s soft bread supply chain is provided in
this study. By gathering both qualitative and quantitative data, this study investigates the implementation of
the FLW standard by (1) identifying the main enablers and obstacles in measuring FLW throughout the entire
production system; (2) providing a useful standardized tool for sustainable FLW measurement, minimization
and reuse in other agricultural supply chains to enable circular economy approaches and (3) developing a
decision-support strategy to use within the company for effective measurement, analysis and reuse according
to a CE perspective.
Findings –The analyses carried out throughout Barilla’s softwheat bread supply chain provide an interesting
example of a circular management system since almost nothing is lost or wasted while the value of resources is
recovered through reuse thanks to a systematic and integrated measurement, representing a basis for
effectively minimizing waste. The importance of developing an interconnected supply chain management
emerged in order to obtain a comprehensive accounting framework for accurately quantifying and reporting
the overall amount of wastage generated in the various phases of food production, paying particular attention
to ex ante prevention initiatives and ex-post assessment actions.
Originality/value – An interdisciplinary approach integrating circular economy and supply chain
management research streams was adopted in order to develop a decision-support tool that also includes
the identification of the main facilitators and obstacles to the implementation of a comprehensive standardized
accounting process that would enable companies to reduce-reuse-recycle losses and waste throughout the
entire production process. Besides the studies available in the literature, the original of this study is that it
focuses on organizational implications related to FLW measurement.
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1. Introduction
Food Loss and Waste (FLW) issue represents one of the most relevant environmental, social
and economic challenges, as recently highlighted by institutions and researchers (FAO, 2013;
Halloran et al., 2014; Grizzetti et al., 2013; Corrado et al., 2019; Principato et al., 2020, 2021;
Vargas-Lopez et al., 2021; AL-Dalaeen et al., 2021) and emphasized within the Sustainable
Development Goals (SDGs) framework promoted by the United Nations (UN) [1]. Currently,
nearly one billion people are heavily affected by hunger or malnutrition and it is intolerable
that over one-third of the world’s food is left on fields or ends up in landfills (Gustavsson et al.,
2011). FLW have a strong impact on the environment, since every food product releases CO2

throughout its lifecycle and also generates a water footprint that profoundly influences
climate change. Besides the ethical and environmental implications, FLW have also reduced
the “value” of food from a social perspective. Following the industrialization of agri-food
processes, food prices have dropped considerably thus offering the false hope that it would be
possible to feed everyone on the planet. Conversely, it has caused people to alter their
perception of the true value of food, which would compromised all of the efforts made at
supply chain level to cultivate, harvest, produce and distribute food.

As a result, recent studies underline that FLWmanagement is an extremely serious issue
for our planet (Murray and Koehring, 2018; Garcia-Garcia et al., 2017; Winkler and
Aschemann, 2017), and according to a study conducted in Europe (Xu et al., 2018) global FLW
are predicted to increase to 126 million tons per year by 2020 unless additional prevention
initiatives and policies are put into force. Unfortunately, this prediction is not in line with the
ambitious goal established by the UN in their SDG n. 12.3 which by 2030 aims to halve global
food waste at retail and consumer levels (per capita) and reduce food losses along production
and supply chains including post-harvest losses (United Nations General Assembly, 2015).

Due to the urgency of the FLW issue, the aim of this study is to understand why FLW
occur and how they are generated throughout the supply chain. In order to achieve these
objectives, a structured approach based on the implementation of the FLW Accounting and
Reporting standard was adopted. The current knowledge on FLWmanagement is expanded
by integrating a supply chain perspective with circular economy concepts which has
previously overlooked in the literature. It is essential to have a good understanding of FLW
management, the concepts of waste hierarchies, the 3R (Bassi and Dias, 2019) and 4R rules
(Barreiro-Gen and Lozano, 2020) wastage on which the framework of the Circular Economy
(CE) paradigm is based (Secondi, 2021), in order to minimize wastage throughout the entire
supply chain.

The importance of the CE approach as enabler to achieve sustainable production and
consumption systems has been underestimated (Kirchherr et al., 2017), until recently when
both researchers and practitioners recognized its great potential (Schulze, 2016; Sehnem et al.,
2019; €Unal et al., 2019; Jaeger and Upadhyay, 2020; Walker et al., 2020; Beckmann et al., 2020)
in the light of our transition towards CE models as established in the 2015 Circular Economy
Action Plan (CEAP) (European Commission, 2015) and in the new CEAP established by the
European Commission (European Commission, 2020). A more effective SDG contribution
(Corrado et al., 2019; Tseng et al., 2020) which is essential for improving FLW management
(Teigiserova et al., 2020; Ciccullo et al., 2021), emerged for those supply chains adopting
collaborative relationships with the aim of supporting circular models (Dora, 2019).

Our research is based on an in-depth case study of Barilla’s bread supply chain. Barilla is a
leading company in sustainability (Formentini and Taticchi, 2016) as it adopts a structured
strategy focused on the triple bottom line concept with an extended supply chain perspective.
Some important supply chain sustainability initiatives designed and developed by Barilla are
reported in literature, such as durum wheat supply chain contracts (Formentini et al., 2016;
Tang et al., 2016).
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Using both quantitative and qualitative data collected and provided by Barilla [2], bread
loss, waste and their respective causes were analyzed throughout the entire product lifecycle.
From a quantitative perspective, recording the FLW quantity generated throughout the
entire supply chain and the practical implementation in the company of the 3R rule were
carried out using the FLW Accounting and Reporting Standard, launched internationally in
2013 and provides a credible, practical, transparent and consistent basis for accounting and
reporting on FLW (Hanson et al., 2016). From a qualitative perspective, in-depth interviews
involving Barilla and its partners’ employees enabled us to test, evaluate and determine if and
to what extent the principle underlying the FLW Accounting and Reporting Standard is
shared within the organization with the aim of identifying the related main enablers.

This dual approach to data collection and analysis has enabled us to implement a decision-
support tool combining CE principles with a focused supply chain management strategy
therefore contributing to the new research stream on Circular Supply Chain Management
(Farooque et al., 2019; Lahane et al., 2020).

This paper is structured as follows. Section 2 describes the theoretical framework that
motivated our research, recalling the importance of the FLW issue, its causes throughout the
supply chain and the need to integrate production chain management with the principles of
the circular economy. In Section 3, the research design of this study is presented which
illustrates the FLW Accounting and Reporting Standard which was used to implement the
Barilla bread supply chain case study. Section 3 quantifies the amount of FLW generated at
each stage of the bread supply chain and reveals the main underlying causes and way of
reusing wasted food. The FLW inventory results are discussed in Section 5 by merging
quantitative results with the qualitative findings obtained from in-depth interviews. In the
same section, our proposed joint strategy of analysis is presentedwhich provides suggestions
for future research topics in the field. Some concluding remarks are drawn in Section 6 and the
limitations of our research are presented.

2. Literature review
2.1 Food loss and waste: a significant challenge
In line with the Food and Agriculture Organization (FAO) definition (Gustavsson et al., 2011),
food loss is represented by the losses that occur during the upstream food supply chain stages
(i.e., from cultivation up to industrial processes for transformation) while food waste is
represented by the food wasted downstream at the retail and consumption stages. Food
losses occurring at the initial supply chain stages are generally managed by agri-food
companies and farmers. For this reason, their involvement in identifying, evaluating and
reducing food loss is essential for achieving the SDG n. 12.3. However, there is a strong need
of coordination among the various actors of the food supply chain aswell as appropriate tools
for supporting decision-making and implementing strategies that embrace a supply chain
perspective integrated with CE pillars.

The progress report published by Champions 12.3 (2018) underlines that even if over 25%
of the world’s 50 largest food companies started measuring the FLW generated during their
production processes in 2017, only 20% of these firms actually developed and implemented
FLW reduction programs (Principato et al., 2019). In this perspective, the CE can enable food
companies as well as the stakeholders, to achieve other SDGs, in addition to n.12.3, for
instance those concerning climate action or life on land. The European Commission
highlighted the importance of FLW prevention by including it as a key component of the CE
package (European Commission, 2015) and confirming the importance of food waste
reduction in the recent edition of CEAP (European Commission, 2020).

These strategies offer new opportunities for research aimed at identifying and
understanding food losses in the upstream food supply chain tiers.
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2.2 Causes of FLW along the supply chain
The available scientific literature confirms that food is wasted throughout the entire food
supply chain, from upstream agricultural production processes to the final household
consumption phase. In low-income countries, food is generally lost during the production-to-
processing stages of the food supply chain (Gustavsson et al., 2011). Food loss occurring at
harvesting phase are primarily caused by climatic and environmental factors (Parfitt et al.,
2010). Moreover, in emerging and some developed countries, the urgent need for food or
income may result in premature harvesting during which food can be lost (Gustavsson et al.,
2011). Post-harvest losses are attributable to the available technology in a country, poor
storage facilities, lack of the necessary infrastructures (Rolle, 2006; Stuart, 2009) and
compliance with standards and regulations (Parfitt et al., 2010).

Food is also lost during processing due to spoilage along the production line, technical
limits and lack of processing facilities, above all in developing countries. Furthermore, food
loss is also caused by re-trimming carried out during the processing phase to ensure that the
final product is of the right shape and size. (Stuart, 2009; SEPA, 2008).

At retail level, inadequate market systems in developing countries (Kader, 2004), high
“external quality standards” for fresh produce required by supermarkets (Stuart, 2009;
Cicatiello et al., 2019; Secondi et al., 2019b) and the number of products that remain unsold
because they reach their “sell-by” date before being sold (SEPA, 2008) generate a large
amount of food waste.

At consumer level, the over purchases of food, consumers’ bad habits and behavior lead to
high levels of foodwaste in industrialized countries (Stuart, 2009; Quested et al., 2013; Secondi
et al., 2015; Principato, 2018; Secondi, 2019; Principato et al., 2020, 2021).

Despite acknowledging the importance of following a supply chain perspective to
investigate food loss and waste, literature fails to provide us with a comprehensive
understanding of broader supply chain initiatives aimed at reducing and reusing FLW. In
fact, De Laurentiis et al. (2020) highlight that food waste prevention strategies are still in an
early stage of development and to date there are no appropriate methods for assessing their
effectiveness.

Most studies focus exclusively on investigating the causes of the food waste (G€obel et al.,
2015) and the related challenges (Gokarn and Kuthambalayan, 2017) and often offer generic
solutions that still require validation. These solutions should be based on sharing
responsibilities and improving coordination throughout the supply chain through
collaborative approaches (G€obel et al., 2015).

To date the main focus has been at consumer level, however more extensive analysis
concerning the upstream tiers of the agri-food supply chain are required. In a recent literature
review, Goossens et al. (2019) revealed that relatively few studies reported on the amount of
food waste prevented by an intervention while environmental, economic, and social impacts
of food waste prevention interventions are seldom evaluated and their efficiency rarely
assessed, thus limiting the scope for comparing interventions, identifying trade-offs and
prioritizing actions that have proven successful.

Therefore, it is necessary to gain a thorough understanding of the entire food supply chain
and its impact on FLW, to set appropriate sustainability strategies and goals in each stage of
the chain, as highlighted by Le�on-Bravo et al. (2019). In line with Alamar et al. (2018), it is
expected that an interdisciplinary approach involving supply chain management would be
beneficial for tackling the issue of FLW.

Bearing in mind the research limitations found in literature, our first Research Question
(RQ1) is:

RQ1. How are FLW generated and what are the underlying causes along the food
supply chain?
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2.3 Circular economy and supply chain management perspectives: the need of an integrated
and joint strategy
Supply chain management research is still in its early stages as regards how to advance
supply chain theories and practices by taking full advantage of the CE potential (Farooque
et al., 2019). The recent introduction of the CEmodel – promoted at both European and global
levels – is based on an alternative cyclical flow model which does not affect or destabilize the
sustainable development of our planet (European Commission, 2015, 2020; Schulze, 2016;
Ruggieri et al., 2016). As highlighted by Korhonen et al. (2018, p. 37), the CE approach
“emphasizes product, component andmaterial reuse, remanufacturing, refurbishment, repair,
cascading and upgrading as well as solar, wind, biomass and waste-derived energy utilization
throughout the product value chain and cradle-to-cradle life cycle”. In short, CE includes all the
activities aimed at reducing, reusing and recycling materials along the food supply chain
(Murray et al., 2017). Therefore, minimizing waste (including FLW) by transforming it into a
new resource that can be used as a new manufacturing input and/or as a raw material for
other purposes, such as animal feed (Schulze, 2016; Topi and Bilinska, 2017) is one of themost
important CE objectives From this perspective, CE provides various opportunities for
recycling resources and waste within closed-loop systems (Mohan et al., 2016; Romero-
Hern�andez andRomero, 2018). As regards the CE framework, it is important to note that FLW
management should follow a “waste management hierarchy” (Garcia-Garcia et al., 2017;
Ingrao et al., 2018) by firstly preventing FLW generation and secondly, it by re-using
inevitable FLW for human consumption or for to animal feed. FLW can also be recycled for
industrial use, anaerobic digestion, composting and combustion for energy recovery and
what remains can be landfilled. Consequently, following the CE pillars, waste management
should not focus exclusively onwaste prevention: since many types of FLW are unavoidable,
FLW should be re-used and/or recycled to generate renewable energy and other materials
(Jimenez-Rivero and Garc�ıa-Navarro, 2017; Valenti et al., 2017a, b).

An increasing number of studies have recently focused on the effects of CE and supply
chain perspectives on FLW. For instance, the Th€unen Institute has actively investigated
FLW quantification throughout the entire value chain in the context of the REFOWAS
project [3]. Some studies have focused on food waste recovery and its transformation into
energy (Ingrao et al., 2018), while others have investigated the implementation of food
sharing models aimed at food waste reduction without explicitly adopting a CE framework
(Sarti et al., 2017; Michelini et al., 2018). Moreover, all of these studies only focused on food
waste at retail and consumer levels and did not consider food losses. Contrastingly,
Principato et al. (2019) and Secondi et al. (2019a) have recently initiated this research stream
by analyzing specific supply chains (i.e., pasta and tomato sauce, respectively) and focusing
mainly on the circular flow process of the intermediate and final outputs. A similar
approach was used for investigating and mapping the tomato supply chain (Anastasiadis
et al., 2020).Therefore, the main studies available in the literature seem to focus more on
FLW measurement while a more detailed understanding of organizational implications is
still required.

However, when adopting a supply chain approach, it is essential to identify effective tools
for measuring and analyzing FLW for determining its causes and proposing solutions for
tackling food waste. Parfitt et al. (2010) highlighted the importance of gaining a better
understanding of foodwaste at supply chain level and called formore accurate quantification
and improved resource efficiency. Currently, supply chain management literature focused on
food waste is still fragmented (Despoudi et al., 2018) therefore an integrated approach for
analyzing FLW throughout the entire supply chain is paramount.

In this perspective, Life-Cycle Analysis (LCA) (Roy et al., 2009) considers the impact of
waste throughout the entire life cycle of a product and the different stages of the supply chain.
However, it is still not clear how to effectively implement LCA tools along the supply chain for
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FLW analysis and reduction. Since 2013, the FLW protocol has been available and
successfully used for the analysis of different case studies, as it provides a credible, practical,
transparent, and internationally consistent basis for entities to account for and report on
FLW. However, there are few examples of its application in academic literature (Principato
et al., 2019) which are mainly focused on quantitative measurement and a better
understanding of the factors underlying its successful implementation is required.

Therefore, our second Research Question (RQ2):

RQ2. How can FLW identified at the supply chain level be effectively re-used according
to a CE perspective?

3. Research design
3.1 Company selection and profile
With the aim of responding to our RQs, Barilla was selected as an exemplar case paying
particular attention to its key supply chains. Barilla is widely recognized as one of Italy’s
leading food groups which has launched innovative supply chain management initiatives
such as just-in-time distribution and continuous replenishment programs (Hammond,
1994). Barilla has focused on developing effective sustainability strategies through
carefully planned implementation in line with the definition of “sustainability leader”
provided by Formentini and Taticchi (2016), i.e. by adopting a structured sustainability
strategy which focuses on the triple bottom line with an extended supply chain perspective.
Some of Barilla’s strategic supply chain sustainability initiatives have been reported in
the literature, such as durum wheat supply chain contracts (Formentini et al., 2016;
Tang et al., 2016).

Therefore, in this study a quantitative and qualitative FLW analysis was carried out
on Barilla’s soft wheat supply chain, thanks to the pioneering role played by Barilla
in adopting novel approaches such as the FLW Accounting and Reporting Standard
investigated in this study. Barilla’s collaboration enabled us to investigate the
implementation process in depth by granting us access to company reports,
documentation as well as direct interaction with company representatives to improve
transparency and the reliability of information.

Founded in 1877 in Parma, Barilla started its activity with a small bread and pasta store
and today has become an iconic brand of the Italian food sector. Barilla is the leader in the
pasta market in Italy andworldwide and controls the segment of ready sauces and offers also
bakery products, that can be consumed for breakfast and snacks. The Group has become a
leader due to the volume of its numerous types of products such as bakery products in Italy,
soft bread in France and crisp bread in Scandinavian and Central-European countries. The
Group operates in over 100 countries worldwide and has 30 production sites, 15 in Italy and
15 abroad, which in total produce over 2,099,000 tons of food products per year. In accordance
with the results obtained from the Barilla Food and Nutrition Center (BFCN) Foundation
studies and in line with its mission “Good for You, Good for the Planet” [4], Barilla has
analyzed three of its supply chains (i.e., pasta, tomato sauce and soft wheat bread) in
partnership with Last Minute Market (LMM), an accredited University of Bologna spin-off.
Their objective was to evaluate the FLW along these supply chains and to determine their
causes and potential FLW reduction activities.

Our analysis was structured in two different phases. Firstly, the generation of FLW was
measured throughout the various phases of the supply chain by referring to the FLW
Accounting and Reporting Standard and then by carrying out in-depth interviews with the
aim of reviewing the implementation process, gaining valuable insights into FLW
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quantification as well as identifying the factors enabling organizational effectiveness and the
key outcomes both at operational and strategic level.

3.2 The FLW Accounting and Reporting Standard
With the aim of defining and quantifying FLW throughout the softwheat bread supply chain,
we referred to the global FLW Accounting and Reporting Standard (hereinafter FLW
standard) which was launched in 2013 (Hanson et al., 2016). Indeed, the FLW standard “is a
global standard that provides requirements and guidance for quantifying and reporting on the
weight of food and/or associated inedible parts removed from the food supply chain” (Hanson
et al., 2016, p. 11) which was developed to support various actors (which include
intergovernmental agencies, governments, industrial associations, companies and farmers)
to prepare inventories in which a transparent and detailed FLW measurement is reported.

Five steps are required for implementing a FLW inventory following the guidelines
recommended by the FLW standard:

(1) “Goal definition”: the supply chain actor who is planning an inventory should explain
why it is measuring FLW which may concern food security, economic results,
environmental or social impacts or a mix of these goals.

(2) “Accounting and reporting principles review”: as established by the FLWstandard, the
main principles for accounting and reporting (in terms of transparency, completeness,
relevance, accuracy and consistency) must be followed for the effective
implementation of the protocol.

(3) “Scope definition”: as explained in depth in Table 1, it is necessary to clearly define the
timeframe, the type(s) of material, destination(s) and the boundaries related to the
FLW inventory.

1. Timeframe The time period for which the inventory results are reported. It includes start and end
dates

2. Material
type(s)

This requires the clear distinction of material types removed from the process by
differentiating into “food” and “inedible parts”. “Food” refers to any substance (whether
processed, semi-processed or raw) intended for human consumption. “Inedible parts”
represent the components associated with food that are not intended for human
consumption

3. Destination(s) This refers to where the material removed from the food supply chain is redirected.
The possible destination must be selected among 10 potential destinations: animal feed;
biochemical processing/bio-based materials; anaerobic digestion/co-digestion; aerobic
processes/composting; controlled combustion; land application; landfill; not harvested/
plowed-in; refuse/discards/litter; biochemical processing wastewater/sewer treatment

4. Boundaries (1) Food category: this defines the specific type of food included in the reported FLW by
using the categories in the Codex General Standard for Food Additives (GSFA) system or
the UN Centrale Production Classification (CPC). In addition, Global Product Category
(GPC) and United Nations Standard Products and Service Code (UNSPSC) codes can be
used
(2) Lifecycle stage: this is related to the studied food chain stage(s) and for which inventory
findings are described. The UN International Standard Classification of All Economic
Activities (ISIC) codes are generally used
(3) Geography: this is related to the geographical borders within which the reported FLW
are generated. One or more UN regions or country codes can be adopted to identify specific
countries or regions
(4) Organizational unit: it demands to identify what specific organizational units (e.g. all
sectors, entire firm, only selected business units) are responsible in the described FLW

Table 1.
FLW standard criteria
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(4) “FLW quantification method”: the method used for calculating the amount of FLW
must be clearly defined irrespective of whether existing data are used or a new
calculation is required. .

(5) “Inventory results calculation”: after data collection and analysis, inventory results can
be processed with the support provided by the FLW protocol.

In addition to these steps, the FLW standard requires three further procedures regarding the
data collection process and performance review, for instance by carrying out an internal or
external assurance process in order to ensure the accuracy and reliability of the FLW
inventory (Hanson et al., 2016).

The inventory implemented in accordance with the FLW protocol enables an actor to
select which combination of material types and destinations can be considered “food loss and
waste” according to the actor’s declared aims. Consequently, the inventory presents and
highlights the findings as a “standard credible, practical, transparent, and internationally
consistent basis for entities to account for and report on FLW” (Hanson et al., 2016, p. 5).

In order to apply the FLW standard successfully, the research team followed the
structured action plan represented in Figure 1. The first step was to define the key actors to
involve in the FLW study. Although this step may seem easy, a detailed knowledge and
awareness of the internal and external roles is required in order to optimize the data collection
process. As previously occurred for pasta and tomato supply chains, data collection was
centrally managed by the head of Barilla’s Health, Safety and Environment and Energy
(HSEE) department who contacted the key respondents and supervised data aggregation.
Subsequently the aggregated data were transferred to LMM so that the analysis and the
implementation of the FLW standard could be carried out. The final step of the research
process was to hold qualitative interviews in order to review and discuss the findings that
emerged from the analysis.

As shown in Figure 1, quantitative data were mainly collected by Barilla G.&R. Fratelli
S.p.A., which provided data and information related to steps of cultivation, milling, bread
production, logistics/transportation while LMM provided data on retail distribution and
consumption.

The following data related to the various stages of the “Pan Bauletto” soft wheat bread
supply chain were collected in order to gain a detailed and comprehensive understanding of:

(1) Cultivation stage: research conducted by HORTA [5] was analyzed in order to obtain
a summary of field loss, particularly during the harvesting stage. Average field loss

Figure 1.
Research process and
key actors involved
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was estimated by comparing various studies. In particular, we referred to 2011 FAO
report on “Global Food Losses and Food Waste” (Gustavsson et al., 2011) and to an
internal study on loss in primary production by Barilla.

(2) Processing stage (milling and bread production): we referred to data provided by
Barilla and by the Italian primary and secondary processing plants that were
considered in our study. The primary processing data were collected from one mill
while the secondary processing data were collected from two production plants. The
data included information on internal inventories, logistics and transportation.

(3) Distribution: we referred to data provided by Italian retail establishments. The data
were gathered by Last Minute Market by conducting a survey on 5 Italian large-scale
retail and distribution brands involving 1,700 sales outlets located on Italian territory
and ranging from small supermarkets to larger hypermarkets.

(4) Consumption: the data were obtained from an estimate carried out by Last Minute
Market. The percentage was computed as the ratio between two data sources:
domestic bread waste per capita provided by the Department of Agri-Food Sciences
and Technologies of Bologna University (unpublished data) and the average bread
consumption per capita in Italy provided by the National Coldiretti [6] confederation.

At the end of the research process, the research team interviewed the various actors involved
in the process in-depth, i.e. Barilla’s HSE&E (Health-Safety-Environment and Energy)
department, HORTA and LMM in order to gain a detailed understanding of the activities and
outcomes of this process. The interviews were conducted according to a semi-structured
protocol in order to cover themain aspects of the FLWstandard implementation process. The
key elements of this protocol (available as additional material) are represented by:

(1) the detailed description of the FLW standard implementation process within the
company in order to identify the main actors involved and their responsibilities; the
principle activities performed during the implementation process and their duration;
the key resources deployed in the implementation;

(2) the identification of the enabling factors and how they have facilitated the
implementation process;

(3) the main barriers to the implementation process;

(4) the main results obtained thanks to the implementation of the FLW standard at
different levels (strategic, operational)

(5) comparative performance evaluation of previous Barilla FLW implementations
(e.g. improvements, unexpected results, etc.).

4. Results – FLW standard implementation
4.1 Definition of the scope
The scope of this FLW inventory is to measure the FLW generated in bread production by
analyzing the life cycle of 1 Kg of soft wheat “Pan Bauletto” bread (Mulino Bianco – Barilla)
produced in Italy. As highlighted in Figure 2, the total FLW generated by the production
process amounts to 1,711 grams per 1,000 grams of soft wheat bread. Bearing in mind the
distinction between food loss and food waste, it was observed that approximately 95%
(corresponding to 1,626 grams) of the total FLW are lost during the cultivation, milling and
bread production phases while, only 5% of the total FLW are generated in the distribution
and consumption phases.
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Moreover, when the total amount of FLW was divided into edible and inedible parts it was
observed that approximately 91% of the total FLW was composed of inedible straw and
milling co-products andwaste. The remaining edible parts are represented by field loss, bread
scraps unsold retail products and waste generated by final consumers, which account for
approximately 9% of the total FLW (Figure 3a).

It is important to note that approximately 97.8% of the total FLW is valorized by other
sectorswhile only around 2.2% is destined to landfill. Therefore, on comparing FLW in absolute
terms by distinguishing between edible versus inedible, and valorized versus not valorized
(Figure 3b), most of the overall edible parts are recovered and re-used in alternative sectors.

4.1.1 Timeframe.The study began in January 2019 andwas completed in September 2019.
4.1.2Material type.The total weight of the FLWwas equal to 1,711 grams for 1,000 grams

of bread produced. The total amount of FLW is obtained by adding 159 grams of foodstuff
intended for human consumption – irrespectively of whether it is processed, semi-processed,
or raw-to 1,552 grams of inedible parts referring to those components not intended to be for
human consumption.

4.2 Destination of FLW
4.2.1 Destination. For “destinations” we intend where materials are directed when removed
from the food supply chain, the details of which are shown in Table 2. Animal feed and energy
recovery are the most frequent destinations.

Product analysed:Pan Bauletto (Mulino Bianco – 

Barilla) produced in Italy. 

Lifecycle stage(s): Entire food supply chain. 

Total FLW: 1.71 Kg di FLW for 1kg of bread produced, 

of which: 

● 95% (1,626 g) in cultivation, milling and bread 

production; 

● 5% (85 g) in the distribution and consumption 

phase;

Figure 2.
Overall data
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4.2.2 Boundary. The boundaries of the FLW inventory were reported according to food
category, lifecycle stage, geography and organization (see Table 3).

It is important to note that packaging and other non-FLW materials were excluded from
the inventory results, which reflect the conditions under which the FLW was generated (i.e.,
before water is added or before intrinsic water weight of FLW is removed). Moreover, pre-
harvest losses were also excluded from the inventory results as they were irrelevant for the
purpose of this study.

A comprehensive overview of the FLW analysis is provided in Figure 4, in which
destinations for each phase within the supply chain are highlighted by indicating the flows of
primary raw and secondary (by-product) materials. The flow of primary rawmaterials starts
with grain, followed by milling and then flour to bread production which is delivered to the
distribution and consumption phases.

Contrastingly, the flow of secondary rawmaterials in each step of the supply chain is quite
complicated and highlights the need for a circular supply chain approach. This is the case of
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Edible VS inedible FLW

Destination Weight of FLW (grams) %

Human consumption 7.0 g 0.4%
Animal feed 593.2 g 34.7%
Composting/aerobic processes 36.0 g 2.1%
Landfill 37.3 g 2.2%
Not harvested/plowed-in 472.7 g 27.6%
Energy Recovery 565.2 g 33.0%
Total FLW 1,711.4 g 100%

Figure 3.
(a) Edible and Inedible
FLW; (b) valorized and

not valorized FLW
(amount of FLW

in grams)

Table 2.
Destinations of waste
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straw and its co-products during the cultivation andmilling phases which are used for energy
recovery and animal feed, as well as bread scrap that are recovered for food banks and for
producing animal feed. Indeed, food banks redistribute surplus food which are perfectly
edible products that are then donated to charitable associations and to individuals and
families in need. Ultimately, households are responsible for large amounts of FLW generated
during the consumption phase.

4.3 Causes of food loss and waste
Table 4 summarizes the causes of FLW generated by bread production, starting from the
cultivation phase up to final consumption. As regards wheat cultivation, straw is inevitably
generated, however it will not be discarded and will be used for manufacturing animal feed
and litter.

FLW type Weight (g) % FLW on the whole FLW causes for bread supply chain

Cultivation-Straw 1260.4 73.6% Physiological
Cultivation-Field losses 52.5 3.1% Combine harvester failure
Milling-Wheat co-products 290.2 17% Wheat pre-cleaning
Milling waste 1.3 Neg. Wheat pre-cleaning
Bread production scraps 21.5 1.3% Equipment cleaning
Bread production scraps 0.5 Neg. Equipment cleaning
Retail unsold 13.00 0.8% Damage
Consumption 72.00 4.2% Expired, purchase higher than necessary
Total 1711.4 100.0%

Boundary

Food category(ies) Cereals Products – Not Ready to Eat (Shelf Stable) (GPC codes: 10000285)
Lifecycle stage(s) Bread and other Bakery Products, except Cookies and Crackers (SIC Code, 2051)
Geography Italy (UN code: 380)
Organization All sectors in company

Figure 4.
Overview of FLW
analysis at the supply
chain level

Table 4.
FLW types and
related causes

Table 3.
Boundary
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4.4 Inventory results
Table 5 shows FLW according to food category and lifecycle stages. As regards the edible
FLW parts which only amount to 9.32% of the total FLW it was observed that FLW are
mainly generated in the consumption stage. In fact, consumption accounts for 4.2% when
total FLW are considered while it accounts approximately 45.1% if only the edible parts are
considered.

During the primary and secondary production stages (i.e., milling and bread production),
FLW only amount to 13.8% of the edible parts. All of the waste generated by the milling
process is considered to be non-edible and the majority is valorized as animal feed. More
importantly, almost all of the edible FLW parts generated during the production stage are re-
used for other purposes, such as animal feed or donating them for human consumption.
However, with the exception of the recycling of surplus household FLW for charitable
purposes, most FLW are generally destined to landfill.

5. Discussion
5.1 The proposed decision-support tool
The entire lifecycle of Barilla’s soft wheat bread supply chain was analyzed from field to table
and it was observed that this value chain is an interesting CE model since almost nothing is
wasted or lost and the value of resources is recovered through reuse and redistribution, as
shown in Figure 4.

Lifecycle stage
Material type removed
from food supply chain

Total all food
categories
(in grams)

% on total
FLW

% on total
edible part

Product (by-
product)

“obtained” at the
end of each

phase

1. Soft wheat
cultivation

Food þ associated
inedible parts

1312.9 76.7% – –

Food only 52.5 – 32.9% Grain
Inedible parts only 1260.4 – – –

2. Milling Food þ associated
inedible parts

291.5 17.0% – –

Food only – – – –
Inedible parts only 291.5 – – –

3. Bread
production

Food þ associated
inedible parts

22.0 1.3% – –

Food only 22.0 – 13.8% Bread
Inedible parts only – – – –

4. Retail and
markets

Food þ associated
inedible parts

13.0 0.8% – –

Food only 13.0 – 8.2% Bread
Inedible parts only – – – –

5. Consumption Food þ associated
inedible parts

72.0 4.2% – –

Food only 72.0 – 45.1% Bread
Inedible parts only – – – –

TOTAL ALL
LIFECYCLE
STAGES

Food þ associated
inedible parts

1711.4 100% 100% –

of which – – –
Food only 159.5 9.32% – –
Inedible parts only 1551.9 90.68% – –

Table 5.
Inventory results

Soft wheat
bread

production



Our study provides valuable insights for advancing the literature on circular supply chain
management, intended as “the integration of circular thinking into the management of the
supply chain and its surrounding industrial and natural ecosystems” (Faaroque et al., 2019,
p. 884). As shown in Figure 3, the main contribution of our study is the detailed analysis of
FLW from a supply chain perspective by using the FLW standard as a means to link a LCA
approach with specific quantitative indicators. This supply chain perspective provides the
basis for adopting CE concepts for the reuse and distribution of FLW.

Although edible parts can be lost at every stage of the bread supply chain, in line with
existing literature (Gustavsson et al., 2011), this study – in response to our RQ1 - confirms that
most waste occurs during the cultivation and consumption stages therefore quantifying
agricultural, agri-industrial waste and food waste which represent biomass streams that can
be used as renewable energy sources may contribute to reducing our current dependence on
fossil fuels (Volpe et al., 2016). The edible parts lost during milling and bread production
amounted to approximately 13.8% on the total edible parts. However, our study has revealed
that the greatest wastage of edible products occurs in the distribution and consumption
phases, which amounted approximately to 53.3% of the total edible parts.

These results enabled us to define a decision support tool through which companies can
select appropriate CE practices aimed at reducing, reusing and recycling FLW which would
result in more transparent reporting and disclosure. A further contribution of our study is
represented by the qualitative analysis of the implementation process of the FLW standard
obtained by holding in-depth interviews with Barilla’s HSE&E specialists together with the
HORTA and LMM actors for the specific analysis of field/cultivation, consumption data
collection and processing. To the best of our knowledge, this is one of the first studies to
discuss the organizational factors required to successfully apply the FLW standard and lay
the foundations for obtaining a more detailed understanding of CE implementation from a
supply chain perspective.

Bymerging both qualitative and quantitative information – therefore addressing our RQ2
–we developed the decision support tool described in Figure 5which includes the key aspects
emerging from our findings.

As shown in Figure 5, the main factors that enabled and supported Barilla’s
implementation of the FLW standard are represented by the supply chain manager
competences and the knowledge gained in previous FLW protocol implementation cases
(Principato et al., 2019; Secondi et al., 2019a).

Figure 5.
Decision-support tool
for the analysis of the
FLW standard
implementation
process
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The implementation of FLW protocol “has been facilitated by the identification of the
appropriate respondents to involve in data collection which accelerated the collection process and
guaranteed the reliability of data sources. Moreover, the process has been simplified thanks to
the availability of several information systems available in the company (i.e., production waste,
transportation phase and overall internal data collection system)”.

According to the HSE&E perspective, another key enabling factor is represented by the
participation of “Last Minute Market (LMM) and its continuous support, on the basis of its
experience developed in other studies on FLW along various supply chains. The implementation
of the FLW protocol in the Pan Bauletto supply chain has been optimized and facilitated thanks
to the support and the experience of the LMM in applying the FLW Standard in the pasta and
tomato supply chains”.

Moreover, “the previous applications of the FLW standard by Barilla lead to the optimization
of the implementation process, especially in accelerating data collection. The previously
developed awareness and competences enabled us to rapidly identify themost appropriate actors
to involve and to askmore targeted questions. In general, the entire implementation process was
faster and more reliable” as confirmed by the HSE&E division.

Contrastingly, there were two main obstacles in the implementation process: the
availability of data at various stages of the supply chain stages and the specific
characteristics of the analyzed product (i.e., packed bread).

As regards data collection in the cultivation stage, since soft wheat primary data were not
available, Barilla relied on the link between HORTA and its President and Founder. As the
President of HORTA confirmed in our in-depth interview “it was possible to include data from
previous scientific studies (. . .) thanks to the experience in field analysis acquired by HORTA
and the long-standing collaboration between HORTA and Barilla”. More specifically
“bibliographic information was used for field losses which were HORTA confirmed with
some on-field measurements concerning both durum and soft grain wheat with the aim of
quantifying losses caused by ordinary management and not by extraordinary atmospheric
events”. Although it may seem to be a limitation, the reliability between the bibliographic
(secondary) sources and the HORTA direct (on-field) partial measurements represents
another novelty of the study and an opportunity for future improvements.

In contrast to the pasta and tomato supply chains, as regards the data collection at the
consumption stage, that the interviews suggested that “the quantification of waste in the
consumption stage is more complex, since it is difficult to compare and differentiate the
consumption of fresh bread and packed bread”. The company faced this challenge by adhering
to previous research performed by LMM which successfully estimated the waste percentage at
the consumption stage on the basis of scientific models”.

5.2 Organizational, academic and managerial implications
Our tool for supporting decisions proposed in Figure 5 enabled us to illustrate the outcomes
obtained at various levels.

At organizational level, Barilla highlighted the importance of the results obtained in this
study, especially those concerning the need for a structured approach which is able to
measure and minimize the amount of FLW and determine how it is valorized in line with the
CE pillars. Bearing in mind our RQ2, the proposed FLW standard gives value to the company
thanks to three main properties: (1) measurement of waste; (2) identification of causes (an
opportunity to connect with specific risk identification techniques); (3) finding solutions for
recycling and reuse and discussing the impact for improvement FLW management.

Our findings on bread production lifecycles, showed that the FLW occurring along this
production chain can be effectively reused for other purposes, thus providing us with
valuable operational insights on the application of CE pillars aimed at reducing FLW.

Soft wheat
bread

production



FLW standard outcomes are also important from a strategic perspective. In fact, Barilla
implements specific projects aimed at improving food waste awareness at household level
which is one of the key areas of significant food waste creation, as highlighted in this study.

From an academic point of view, this study also provides a contribution to sustainable
supply chain management literature (Formentini and Taticchi, 2016) as it provides valuable
insights on the role of the supply chain in generating FLW and the implementation of a
specific accounting and reporting method. This aspect represents an important governance
mechanism to translate a sustainability strategy into practice.

Reporting good CE implementation practices and initiatives may help researchers and
practitioners to acquire new knowledge on CE sustainable business models (Kirchherr et al.,
2017) and on responsible consumption and production patterns. Moreover, researchers
should continue to provide and share interesting results obtained by applying CE concepts
(Reike et al., 2018) thus supporting firms in their FLW reduction.

In this way a stronger relationship is formed between sustainable supply chain
management and CE literature on circular supply chainmanagement, which is in linewith the
recommendations proposed by Faaroque et al. (2019).

We believe our study also offers useful advice for company managers who wish to apply
the FLW standard thus facilitating its diffusion as a tool for food waste reduction. In this
light, our decision support tool provides the basis for the effective and systematic
implementation of the FLW standard, thus assisting companies to include more sustainable
and circular processes in their supply chains. By adopting our decision support tool,
managers will be able to identify the key enablers and obstacles and to adopt the FLW
standard with a more focused approach in order to take specific actions towards reusing and
redistributing valuable food resources in line with CE pillars.

The results obtained by empirical studies represent an important knowledge base for
policymakers and companies that should concentrate their efforts on identifying better and
shorter loop retention options, like remanufacturing, refurbishing and repurposing taking
into account feasibility and overall system effects (Reike et al., 2018). Our study provides
valuable insights on the implementation process as it facilitates and supports the application
of the FLW standard in other food supply chains.

6. Conclusions
This study focused on Barilla’s soft wheat bread supply chain, with the aim of quantifying
FLW throughout the entire food chain and identifying the causes using the FLWAccounting
and Reporting Standard emphasizing its reuse potential in line with the CE perspective.

As regards the limitations of this study, the issues involved in collecting data at various
supply chain stages have been discussed by relying on scientific data provided byHORTA. It
is hoped that our decision support framework will help practitioners and researchers to
identify reliable sources of data in future applications of the FLW standard.

In the future scholars should continue to analyze diverse food production chains and
report on good practices and initiatives in production processes adopting circular
approaches, in line with the circular supply chain perspective proposed by Farooque et al.
(2019). Moreover, future studies on other food supply chains may help us to acquire further
knowledge which can be used to strengthen, support, adapt and refine methodologies for
measuring and quantifying FLW thus giving companies the opportunity to become
“sustainability leaders” (Formentini and Taticchi, 2016) and facilitate the achievement of the
UN Sustainable Development Goal n. 12.3.

We believe that interesting area for future research which can enhance our contribution
could be to investigate digital transformation and “data-driven” food supply chains (Zhong
et al., 2017). Adopting new technologies, such as Internet of Things (IoT) (Yadav et al., 2020)
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could lead to the development of effective FLW measurement and accounting methods to
drive company engagement towards more circular supply chains.

Notes

1. https://sustainabledevelopment.un.org/

2. Quantitative data were integrated and processed by the University of Bologna’s spin-off LastMinute
Market.

3. www.refowas.de

4. www.goodforyougoodfortheplanet.org

5. Available on request.

6. https://www.coldiretti.it/coldiretti-it/consumi-coldiretti-svolta-a-tavola-giu-pane-e-pasta-vola-riso
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