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Abstract 
Food loss and waste (FLW) are significant opportunities for the agri-food sector. The FLW management includes all activities 
allowing to prevent, reduce, reuse, recycle, and recover the discarded food from the market during the postharvest supply chain. 
Although many strategies allow pursuing these actions, in most cases the availability of FLW generated in Primary Processing 
Centers does not meet the demand of stakeholders able to manage it. To increase the environmental, economic, and social 
benefits of FLW reuse, suitable strategies have to be adopted. Consistent with this aim, a conceptual model to be implemented in 
a business-to-business web platform is proposed to support the decision-maker in identifying the best FLW management 
strategy under a sustainable perspective, adopting a multicriteria decision method. The numerical simulation results proved the 
model's effectiveness in identifying the most appropriate FLW management strategy within a set of alternatives. 
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1. Introduction 

The agri-food supply chain is increasing its activities to 
provide products and services to satisfy the market 
needs. In the last years, the requirements to process the 
food, improving the quality and the performance, have 
considerably increased (Morella et al., 2021). In addition, 
population growth leads to a higher demand and speed of 
supply due to the high perishable nature of agricultural 
products (Meyers & Kalaitzandonakes, 2012). 

Nevertheless, these needs clash with environmental 
aspects in terms of sustainability. Agriculture and food 
industries are responsible for one-quarter of the 

world’s greenhouse gas emissions (Ritchie & Roser, 
2020). Therefore, many actions have been undertaken 
in the last years to improve the current condition, 
minimizing the environmental impact. Studies show 
that one-third of the agricultural products became lost 
or wasted during the supply chain (FAO, 2011). In 
industrial countries, this phenomenon is heightened, 
and more than 40% of losses happen at retail and 
consumer levels. On the contrary, in developing 
countries, around 30% of food losses occur during 
postharvest and processing stages (Buzby et al., 2014). 

Food loss and waste (FLW) are significant 
opportunities for the agri-food sector. Strategies 
finalized to reuse and recover of the FLW quantity 
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would allow to reduce environmental impacts due to 
the use of new raw materials, reduce overall costs, and 
at the same time answer to a social demand in respect 
of the undernourished population. 

The FLW in the industrial countries depend on 
compliance with the standards of products required by 
large-scale distribution, such as size, misshape, color, 
damages, degree of ripeness, and more (Silvestri et al., 
2021). In many cases, the discarded products are edible 
and could be reused directly and thorough treatments, 
such as cuts and shredding to prepare soups, fruit 
juices, upcycle ingredients, etc. On the contrary, the 
limitation due to organizational and infrastructural 
aspects in developing countries increases the FLW 
percentage (El Bilali & Hassen, 2020). Indeed, in many 
cases, the deterioration of fruit and vegetables is 
related to the scarcity of cold rooms, refrigeration 
systems or chemical stabilizers needed to increase the 
products’ shelf-life, especially in hot climates or 
seasons. 

In the agri-food supply chain, a critical stage in 
which a significant amount of FLW has been detected 
consists of selection treatments and packaging of fruit 
and vegetables (Willersinn et al., 2015). In many 
European countries, the agricultural sector includes 
several smallholder farmers, unable to manage 
business relations on the large-scale distribution. 
Consistent with this weakness, an increasing number 
of organizations, founded as associations or 
cooperatives, so-called Primary Processing Center 
(PPC) connect farmers directly and efficiently with 
consumers. Generally, the PPC purchase the fruits and 
vegetables from smallholder farmers, process them 
according to market and law requirements, and 
manage business relations with the large-scale 
distribution.  

In these cases, the selection process of incoming 
products supplied by smallholder farmers generates a 
significant amount of FLW. Not fulfill quality standards 
such as products damaged during harvesting or 
processing stages is the main cause of fruits and 
vegetables discarded for marketing (Chaboud & 
Moustier, 2021). In many cases, the handling 
inefficiencies can reduce the shelf life of fruits and 
vegetables, preventing the products’ distribution on 
the market. This amount of FLW is currently disposed 
of and treated as waste, with a not negligible 
environmental and economic impact. 

In the scientific literature, many research works 
show the availability of supplementary treatment to 
select, with the additional process, by-products not 
suitable for the market but useful in the food industry 
or in other industrial sectors (Hodges et al., 2011). The 
selection allows reducing the FLW to be sent to 
landfills, reducing the environmental, economic, and 
social impacts. The edible food selected but not suitable 
for sale in the large-scale distribution due to the 
standards requirements can be reused by small 
processors, such as educational and social farms. On 

the contrary, the no-recoverable and inedible food can 
be used in other fields if compatible, such as animal 
feeding (San Martin et al., 2021), by-products for the 
pharmaceutical or cosmetic industry (Faria-Silva et al., 
2020), or treated in anaerobic processes for the biogas 
(Willersinn et al., 2015) or fertilizer production 
(Redlingshöfer et al., 2017) in accordance with the 
current legislation. 

In this new sustainable vision, a crucial aspect is 
related to the organizational and logistic structure. In 
this study, an evaluation of the environmental, 
economic, and social benefits due to the adoption of 
suitable strategies to manage the FLW in the agri-food 
supply chain is introduced. 

To achieve this aim, the paper proposes a conceptual 
model implemented in a Business-to-business (B2B) 
web platform to support the decision-maker in 
identifying the best FLW management from a 
sustainable perspective, adopting a multicriteria 
decision method. 

The paper is organized into five sections: a literature 
review on existing FLW management systems is 
discussed in Section 2. In Section 3, the conceptual 
model based on a web platform is introduced. Section 4 
proposes numerical simulation to test the effectiveness 
of the conceptual model. Finally, conclusions, limits 
and future developments of the study are presented in 
Section 5.  

2. Literature review 

In the last years, an increasing number of scientific 
studies faced the FLW management identifying the 
open issues from different perspectives. In this work, a 
literature review focused on the FLW management 
systems in the agri-food sector was carried out with the 
aim of identifying the related environmental and social 
benefits. 

The FLW management includes all activities 
allowing to prevent, reduce, reuse, recycle, recover, 
and dispose of the discarded food from the market 
during the postharvest supply chain (Bill et al., 2014). 
The EU is promoting actions to minimize the resources 
adopted in food production, aiming to reduce the 
environmental impacts in the agri-food supply chain. 
The European Directives in this sector are addressed to 
prevent, reduce and recover FLW at every stage of the 
supply chain. The main objective of the Directives 
consists of preventing and managing the waste 
according to the hierarchical strategies related to the 
following steps: prevention, preparation for reuse, 
recycling, recovery of energy, and disposal 
(Papargyropoulou et al., 2014). Consistent with this 
policy, several countries developed a “national plan” 
for FLW prevention and reduction. In contrast, other 
countries promoted laws or restrictions to mitigate the 
FLW problem by adopting plans for the municipal 
areas. 
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Considering the FLW generated in a PPC, different 
options consistent with the waste hierarchy strategies 
above mentioned are proposed in the literature to reuse 
the food wastes. In the case of PPC, a part of the edible 
FLW could be recovered by adopting supplementary 
treatments of reprocessing or repackaging. This 
strategy is strongly related to the type of product 
treated and of the technology adopted (Garrone et al., 
2014). The recovered products can be sold normally, 
but the additional cost required from the 
supplementary treatments has been deducted from the 
selling price. 

Another part of the edible FLW with defects deemed 
non-compliant with aesthetic standards and do not 
affecting the taste is reintroduced on the secondary 
markets. In this case, the needed discounts on sales of 
the products will reduce the expected profits. Many 
companies provide malformed fruit and vegetable to 
retail customers at a minimal price. The alternative to 
the secondary market consists of the product’s sale, 
with promotion, in the primary market. Generally, this 
strategy is preferred in the case of food with a close 
internal expiration date. 

An interesting approach with a high social value 
consists of supplying food, free of charge, for the 
donation to food banks, charities and other no-profit 
organizations that help poor people. The no-profit 
organizations can be front-end or back-end, such as 
food banks (Garrone et al., 2016). As an example, in the 
city of Turin, Italy, a project was implemented in a 
retail market to reuse food waste at the end of the day, 
preparing a pack with edible foods for people who need 
it (Fassio & Minotti, 2019). A case study in the wine 
sector provides an opportunity to reuse FLW for human 
consumption through a cooperative. In this case, the 
wine pomace and lees are reused in several sectors 
(Donner et al., 2020). Social supermarkets are a recent 
opportunity growing fast. The idea is to sell the donated 
products at very low prices to cover the running costs 
of the shop. An overall purchase limit is set for each 
social supermarket to avoid competition with 
traditional markets or supermarkets (Schneider, 2013). 
Digital platforms can be applied to support the 
activities of food banks and social supermarkets, 
allowing to share money, food, and transport units 
(Michelini et al., 2018). 

However, the strategies above-described fit with the 
consumption of the product “as is”. In many cases, 
FLW requires additional treatments before 
consumption. Under these circumstances, it is possible 
to apply other strategies suggested by the hierarchical 
waste order. Some strategies for food reuse include the 
adoption of innovative technological equipment in the 
processing phases. The transformation of edible FLW is 
an opportunity to save food. Processes are developed to 
create added value to extend the useful life of food 
(Cristóbal et al., 2018). Fruit and vegetable substandard 
for the market are enhanced by producing snacks, 
soups, fruit juice, jams and more (Ciccullo et al., 2021). 

Small or slightly damaged discarded potatoes have 
been processed to be used as potato flakes and flour 
(Dora et al., 2021). 

In recent years, an interesting strategy to reuse food 
has been spreading: the secondary production and 
upcycled food can be considered methodologies to 
ensure a positive impact under a sustainable 
perspective. However, many authors suggested 
particular attention to food treatment in terms of 
safety and process quality (Vågsholm et al., 2020). The 
scientific literature considers upcycled ingredients 
“food that would otherwise be wasted” (Spratt et al., 
2020). The upcycled ingredients can be used to valorize 
the food industry by-products, mainly to produce flour 
(i.e. defatted sunflower seed flour) for sweets or 
biscuits (Grasso & Asioli, 2020). 

FLW that is not reusable for human food can be 
reused as animal feed. Bread, fruits and vegetables, 
cereals and pulses are the main FLW directly used as 
animal feed (Eriksson et al., 2015). The direct use of 
FLW with minor changes, such as partial dehydration 
and trimming of mixed fruit and vegetables, is 
proposed by (Plazzotta et al., 2017). Another strategy 
consists of adopting physical or chemical treatments, 
such as heat treatment, drying, fermentation and 
others, to convert FLW into animal feed or pet food 
(Omolayo et al., 2021). 

The recycling of FLW to convert into high- and low-
valuable compounds is classified as ‘Waste-to-Matter’ 
valorization strategy. The high-value compounds are 
commonly used in cosmetics (Faria-Silva et al., 2020), 
pharmaceutics and chemical industries (Tlais et al., 
2020). The low-valuable compounds are used to 
produce fertilizer and compost. The recycling of FLW to 
recover energy is classified as ‘Waste-to-Energy’ 
valorization strategy. Innovative environmental 
biorefineries allow to produce biofuels and energy from 
the FLW combustion (Donner et al., 2020). 

Increasingly often, the ICT technologies are adopted 
to improve the FLW management. Applications for 
smart devices and web-based platforms, Industry 4.0 
technologies (i.e., big data, IoT, Cloud Computing, etc.) 
are tools and strategies to share data and exchange 
information, promoting the network between 
organizations, companies, and consumers. 
Furthermore, a reduction in FLW is possible by 
adopting traceability systems to track the edible foods 
from harvest to end-user. Although ICT technologies 
are quite spread, their use in the agri-food supply chain 
is lower than in other business sectors. This limit 
requires the development of models and strategies 
supported by ICT technologies to improve FLW 
management. In order to contribute overcoming such a 
gap, a conceptual model to meet demand of 
stakeholders able to manage FLW generated in PPCs 
and a numerical simulation to test the  effectiveness of 
the model, are analyzed in following sections. 
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3. Conceptual model 

The agri-food products supplied by smallholder 
farmers to PPCs are processed consistently to the 
quality requirements of the customers and according to 
laws’ restrictions. This process generates two 
categories of FLW, classified as in the following. 

• FLW1, the fruit and vegetable included in this 
category were affected by biotic and/or abiotic 
adversities. Therefore, they do not present quality 
standards fitting to direct sales on the market. 
Generally, FLW1 are detected in the early stages of 
treatments (e.g., selection phase, sorting phase, 
etc.). 

• FLW2, the fruit and vegetable included in this 
category were damaged during the process 
treatments, or they have a shelf life not consistent 
with marketing requirements according to the 
Arrhenius equation (Peleg et al., 2012). Generally, 
FLW2 are detected in the last stages of treatments 
(e.g., packaging operations). 
 

In both cases, these FLWs can be edible and inedible 
food. Both FLWs are currently disposed of and treated 
as waste, as reported in Fig. 1. 

 
Figure 1. Current FLW management in a Primary Processing Centre 

Where: 

• Fj are the j-th smallholder farmers.  
• Dk are the k-th large-scale distributors.  
• IFj represents the amount of material flow 

(estimated in tons) supplied from each Fj to PPC. 
• OFk represents the amount of material flow 

(estimated in tons) supplied from PPC to each Dk. 
• FLW1i represents the amount of material flow 

(estimated in tons), for the i-th typology of fruits 
and vegetables currently disposed in landfills. 

• FLW2i represents the amount of material flow 
(estimated in tons) of the i-th typology of damaged 
fruits and vegetables currently disposed in 
landfills. 

 
The total amount of vegetable and fruits supplied 
from all smallholder farmers (J) to PPC and the total 

amount of FLW to be drained in discharge are 
provided by equations (1) and (2), respectively: 

∑𝐼𝐹𝑗 = ∑𝑂𝐹𝑘

𝐾

𝑘=1

+ 𝐹𝐿𝑊

𝐽

𝑗=1

 (1) 

𝐹𝐿𝑊 =∑𝐹𝐿𝑊1𝑖 +∑𝐹𝐿𝑊2𝑖

𝑛

𝑖=1

𝑛

𝑖=1

 (2) 

The environmental impacts depend on the amount 
of FLW disposed of in landfills, especially for aspects 
related to the soil. Similarly, the economic impacts 
depend on the cost due to handling and management of 
the FLW to be drained in discharge. 

The proposed approach includes a supplementary 
process to select the edible FLW to reuse or recover. 
Therefore, the supplementary treatment to be 
performed on FLW, collected in the entire process, 
identifies two typologies of FLW, according to equation 
(3).  

𝐹𝐿𝑊 =∑𝐸_𝐹𝐿𝑊𝑖 +

𝑛

𝑖=1

∑𝐼𝑁_𝐹𝐿𝑊𝑖

𝑛

𝑖=1

 (3) 

Where: 

• Edible FLW (E-FLWi), per each i-typology of fruits 
and vegetables, is selected from IF products (FLW1) 
and from food damaged during the process 
treatments (FLW2). This FLW shows aesthetic 
defects or other features that do not fit with market 
requirements. 

• Inedible FLW (IN-FLWi), per each i-typology of 
fruits and vegetables, is selected from IF products 
(FLW1) and from fruit and vegetable with a shelf-
life no more consistent with the requirements 
market (FLW2). This FLW shows characteristics 
not suitable for human consumption. 
 

The total amount of E-FLW and IN-FLW can be 
estimated according to equations (4) and (5), 
respectively. Assuming a rate (𝛼) corresponding to 
inedible foods amount, selected in FLW1.    

𝐸𝐹𝐿𝑊 = (1 − 𝛼) (∑𝐹𝐿𝑊1𝑖 +∑𝐹𝐿𝑊2𝑖

𝑛

𝑖=1

𝑛

𝑖=1

) (4) 

𝐼𝑁𝐹𝐿𝑊 = (𝛼) (∑𝐹𝐿𝑊1𝑖 +∑𝐹𝐿𝑊2𝑖

𝑛

𝑖=1

𝑛

𝑖=1

) (5) 

E-FLW could be reused for human consumption, 
consistent with the strategies already described in the 
previous section. In the case of an amount of E-FLW not 
requested by customers for human consumption, i twill 
be reused for other purposes, as it is IN-FLW, disposing 
of it in landfills only if there are no requests for this 
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second step. On the contrary, according to the 
strategies introduced by hierarchy waste, the IN-FLW 
will be recycled as by-product (i.e., animal feed, 
recycled for matter or recovery for energy). The part 
that cannot be recovered will be disposed of in landfills 
(Fig. 2), according to equation (6). 

 
Figure 2. Proposed FLW management in a Primary Processing 
Centre 

(𝛼) (∑𝐹𝐿𝑊1𝑖 +∑𝐹𝐿𝑊2𝑖

𝑛

𝑖=1

𝑛

𝑖=1

) =∑∑𝑏𝑝𝑧,𝑖 +∑𝑊𝑖

𝑛

𝑖=1

𝑛

𝑖=1

𝑍

𝑧=1

 (6) 

It was estimated the total amount of the inedible FLW, 
selected in FLW1 and FLW2 can be used as a by-product 
(bpz,i), for other purposes (z)and/or disposed of in 
landfills (Wi), per each i-typology of fruits and 
vegetables. 
 
According to this evaluation, to ensure higher 
sustainability of the FLW management, there is the 
need: 

• To reduce the amount of IN-FLW (𝛼).  
• To reduce the amount of the IN-FLW disposed 

of in landfills (Wi). 
• To increase the use of FLW as a by-product 

(bpz,i) in treatments considered more 
sustainable according to waste hierarchy. 

In economic terms, the cost incurred by PPC is reduced 
with decreasing of 𝛼 and Wi. In the first case, the sales 
of FLW in secondary markets can generate profit. In the 
second case, the recycling of FLW as a by-product for 
other scopes reduces the disposal costs. Similarly, the 
social aspects of the FLW management are strictly 
related to the efficiency of reusing edible FLW for 
human food and recycling inedible FLW for other more 
sustainable purposes than landfills. Indeed, the reuse 
of edible food for charitable scopes impacts the ethical 
aspects related to the undernourished population. At 
the same time, recycling the inedible FLW allows to 
reduce the adoption of new raw materials consistently 
with well-known social target, such as the growing 
inequality between generations. 

The conceptual model introduced consists of 
developing a B2B web platform to support the decision-

maker in identifying the best FLW management from a 
sustainable perspective. Consistent with this end, the 
model facilitates the matching between FLW demand 
and offer, by identifying the most sustainable 
alternative to manage the available FLWs (fig. 3). 

 
Figure 3. The conceptual model with a multicriteria approach 

The information on the FLW (e.g., quantity, 
typology, category, shelf-life, etc.) selected by PPC (i.e., 
E-FLW and IN-FLW) are introduced on a web platform. 
The data are shared in a short time window with the 
potential stakeholders identified as customers (Cx) or 
processors (Px). The first step is to manage E-FLW in 
the secondary market, food banks, and no-profit 
organizations or to produce snacks, soups, fruit juice, 
jams, etc. According to the strategies introduced by 
waste hierarchy, the second step is to manage E-FLW 
not used in the first step due to no request and IN-FLW, 
as a by-product. The web platform shares the 
information on the specific amount of the available 
FLW with the suitable stakeholders’ group (i.e., E-FLW 
with Cx and IN-FLW with Px). When the ‘offer’ is 
shared, the interested users can commit to manage the 
available FLW via web-platform. In this case, the user 
provides different information, through a dedicated 
web form, of the uses and processes that will be carried 
out for the management of the available FLW. The 
information required are consistent with three criteria: 

1. Environmental criteria: features concerning the 
transport units to be adopted and the routing to 
be travelled to ensure the FLW handle are 
needed. Further details on the strategies to reuse 
or treatments to recycle the FLW are required to 
identify the impact in energetic or emission 
terms due to FLW management. 

2. Economic criteria: features concerning possible 
economic offers to be submitted to acquire the 
available FLW can be provided.  

3. Social criteria: features concerning the use of 
available FLW for donation or charitable 
purposes can be provided. 

The features provided are evaluated by adopting a 
normalized scoring system (Sci), leading to attribute 
the higher scores to proposals with minimal 
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environmental impact (Env1, Env2, … , Envp) and with 
greater economic (Ec) and social impacts (Soc), as 
shown in Tables 1 and 2. 

Table 1. Features provided for each proposed strategy to manage the 

edible FLW 

  E-FLW 

  C1 C2 .. Cn 

Envp 

Env1     
Env2     
…     
EnvP     

Ec Ec     

Soc Soc     

Sci  Sc1 Sc2  Scn 

 

Table 2. Features provided for each proposed strategy to manage the 

inedible FLW 

  IN-FLW 

  P1 P2 .. Pn 

Envp 

Env1     
Env2     
…     
Envp     

Ec Ec     

Soc Soc     

Sci  Sc1 Sc2  Scn 

 

The score assigned to each feature (i.e., Envp, Ec, 
Soc) allows identifying, for each user, a global score 
(Scx) and a weighted score (WScx), according to 
equation (7).  

𝑊𝑆𝑐𝑥 = (
1

𝑃
∑𝐸𝑛𝑣𝑝

𝑃

𝑝=1

)𝑤1 + (𝐸𝑐)𝑤2 + (𝑆𝑜𝑐)𝑤3

= 𝑆𝑐1 ∗ 𝑤1 + 𝑆𝑐2 ∗ 𝑤2 + 𝑆𝑐3 ∗ 𝑤3 

(7) 

Where w1, w2 and w3 are the weights assigned to each 
score, consistent with the target ensured by the 
decision-maker. At the end of the time frame, the 
model ranks the possible strategies (proposed by 
different users), leading the decision-maker to identify 
the most sustainable alternative and the corresponding 
proposer. 

If no stakeholder shows an interest in FLW managing 
the available FLW, it will be disposed. Therefore, the 
conceptual model allows to maximize the recovery of 
the FLW, increasing the information flows and 
facilitating the match between offer and demand to 
promote a virtuous cycle to minimize food wastage.   

The decision-maker may identify a mandatory price to 
be paid for the edible FLW. In this case, an auction 
approach (Handoko et al., 2014) or a price adjustment 
strategy with an iterative algorithm (Fanti et al., 2022) 
can be used to generate the purchase proposal. 

4. Numerical simulation 

The conceptual model has been applied to a 
numerical experiment based on data from the Apulia 
region in Italy. In 2020 the cultivated area in the Apulia 
region is equal to 90.000 hectares for vegetables and 
80.000 for fruit. According to the last ISMEA report, 
both areas are the largest in the whole national 
territory (Italian Agri-Food Production, 2020). The data 
highlight production of 2.800.000 tons of vegetables 
and almost 1.100.000 tons of fruit. In other words, an 
average daily production of more than 7.600 tons of 
vegetables and 3.000 tons of fruit is ensured. Therefore, 
the opportunities to reduce FLW in the processing 
phase are quite significant. 

It was assumed a PPC in the Apulia region, allowing 
to process about 30 tons/day, including four types of 
fruits such as peach (IF1), cherries (IF2), apricots (IF3) 
and medlar (IF4) and three vegetables, such as eggplant 
(IF5), carrots (IF6) and potatoes (IF7), as summarized in 
Table 3. From the first selection stage, 25% of the 
overall supplied product (IF) does not meet the market 
standards (FLW1). About 80% of FLW1 is edible, and the 
rest (i.e., 20%) is inedible. The FLW2 collected in the 
process stages represents 1% of the food processed. In 
this numerical case, it was assumed that no inedible 
food was detected in the process stage.   

Table 3. Input quantity of fruit and vegetable in the PPC 

  Weight [ton] E-FLW IN-FLW 

Fruit 

IF1 7 1,45 0,35 
IF2 4 0,83 0,20 
IF3 3 0,62 0,15 
IF4 4 0,83 0,20 

Vegetable 
IF5 2 0,42 0,10 
IF6 4 0,83 0,20 
IF7 6 1,25 0,30 

Three customers propose to manage the available E-
FLW generated; they are a juice company (C1), a soup 
kitchen (C2), and a second-rate product store (C3). C1 
intend to treat FLW by adopting a chemical and 
mechanical process to transform FLW into juice, and it 
demands 5 tons of FLW. C2 and C3 propose a strategy to 
manage 1 and 3 tons, respectively, of all products by 
adopting a cooking treatment and distributing the 
product ‘as-is’ on the secondary market. Two 
processors are interested in managing the inedible 
food, a farmer who generates compost (P1) and a plant 
to produce biogas (P2). The P1 demands 0,5 tons, and P2 
requires 1,5 tons of IN-FLW. 

The selection criteria considered concern with 
environmental, economic, and social aspects. In 
particular, three environmental features considered 
are climate change (Env1) and ozone depletion (Env2) 
due to FLW treatments proposed and the particulate 
matter (Env3) emitted due to FLW handling. The 
economic criterion is related to cost-saving in euro for 
the PPC (Ec), depending on the possible economic 
offers submitted by proposers. The social criterion 
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depends on profit or no-profit purposes (Soc), 
identified with a binary value (i.e., 0 profit purpose, 1 
no-profit purpose). In table 4, the values provided by 
each proposer for each feature are summarized. The 
values refer to environmental, economic, and social 
impact due to managing one ton of FLW. 

Table 4. Features referred to environmental, economic, and social 
criteria provided by each proposer, evaluated per one ton of edible 
FLW to be managed 

  E-FLW 

  C1 C2 C3 

Envp 
Env1 [kgCO2 eq] 1,177 0,405 0,245 
Env2 [kg CFC-11eq] 1,29E-07 3,51E-09 1,12E-09 
Env3 [kgPM10 eq] 5,28E-07 3,91E-07 4,15E-07 

Ec Ec [€] 30,00 9,00 18,00 

Soc Soc [#] NO YES NO 

The features provided are evaluated by adopting a 
normalized scoring system with a score included from 
0 to 10 (tab. 5). We assume that the decision-maker 
assigns the same weight (wi) to different criteria.  

Table 5. The normalized score for each proposed strategy to manage 

the edible FLW  

  E-FLW 

  C1 C2 C3 

Envp 
Env1 0 8,28 10 
Env2 0 9,81 10 
Env3 0 10 8,25 

Ec Ec 10 0 6 

Soc Soc 0 10 0 

wi 
w1 1/3 
w2 1/3 
w3 1/3 

Sci  3,33 12,70 11,42 

Customer C2 ensures the best performance in 
sustainable terms. Therefore, the model suggests that 
the decision-maker satisfies the demand of C2, C3 and 
C1, respectively, consistently with the amounts 
required. If the available FLW amount does not meet 
the total customers’ demand, the decision-maker can 
fulfil one or more requests and re-assign the residual 
quantity to the other/s customer/s.   In the last case, the 
customer/s can decide to accept the down-sized 
amount of the FLW or to reject the offer. Consistent 
with this occurrence, the amount of FLW rejected 
should be disposed of in landfills.  

In this numerical case, there are two main strategies 
to distribute the available FLW. In the first strategy, the 
decision-maker fulfils the demand of more sustainable 
customers (i.e., C2, C3) and asks to manage the residual 
FLW part to customers that proposed the less 
sustainable strategy (i.e., C1). C1 can accept or not. In the 
last case, the residual FLW part will be considered as 
IN-FLW, and if there are no opportunities, disposed of 
in the landfill, assuming a ‘negative’ score (i.e., -5). In 
Table 6, global score (Sc) and weighted score (WSc) are 
shown for each customer. 

Table 6. FLW amount distribution strategy (I) to manage the edible 

FLW  

 E-FLW  

 Quantity 
required 

[ton] 

Quantity 
accepted 

[ton] 

Sc WSc 

C1 1 1 12,7 12,7 
C2 3 3 11,42 34,26 
C3 5 2,23 (0) 3,33 7,43 (0) 

 0 (2,23) -5 0 (-11,15) 

    54,39 (35,81) 

It is possible to observe that if C3 accepts to manage 
the down-sized amount of the FLW (i.e., 2,23 tons), the 
value of WSc for C3 is equal to 7,43. On the contrary, WSc 
for C3 will be zero, and a negative WSc (i.e., -11,15) due 
to the 2,23 tons of E-FLW not used. 

In the second distribution strategy, the decision-
maker fulfils the demand aiming to minimize the 
amount of FLW that could be disposed of (table 7). 

Table 7. FLW amount distribution strategy (II) to manage the edible 

FLW 

 E-FLW  

 Quantity 
required 

[ton] 

Quantity 
accepted 

[ton] 

Sc WSc 

C1 1 1 12,7 12,7 
C2 3 0,23 (0) 11,42 (2,63) 
C3 5 5 3,33 16,65 

 0 (0,23) -5 (-1,15) 

    31,98 (28,20) 

By comparing the weighted score (WSc) 
corresponding to two different distribution strategies, 
the first strategy ensures a higher WSc under certainty 
and uncertainty conditions. Therefore, the first 
strategy is more sustainable compared to the second 
strategy.  

Similarly, for IN-FLW, the values provided by each 
proposer for each feature and the corresponding 
normalized scores evaluated by the conceptual model 
are summarized in tables 8 and 9, respectively. 

Table 8. Features referred to environmental and economic criteria 
provided by each proposer, evaluated per one ton of inedible FLW to be 
managed 

  IN-FLW 

  P1 P2 

Env 
Env1 [kgCO2 eq] 0,03 1,23 
Env2 [kg CFC-11eq] 1,53E-07 1,78E-05 
Env3 [kgPM10 eq] 5,28E-07 3,91E-07 

Ec Ec [€] 3,50 6,50 

Soc Soc [#] NO NO 

Table 9. The normalized score for each proposed strategy to manage 
the inedible FLW 

  IN-FLW 

  P1 P2 

Envp 
Env1 10 0 
Env2 10 0 
Env3 10 0 

Ec Ec1 0 10 
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Soc Soc 0 0 

wi 

w1 1/3 

w2 1/3 

w3 1/3 

Sci  10 3,33 

 

Biogas production (P2) and compost production (P1) 
ensure the best performance in sustainable terms, 
respectively. The main strategies to distribute the 
available inedible FLW are summarized in tables 10 and 
11. 

Table 10. FLW amount distribution strategy (I) to manage the inedible 

FLW  

 IN-FLW  

 Quantity 
required 

[ton] 

Quantity 
accepted 

[ton] 

Sc WSc 

P1 0,5 0,5 10 5 
P2 1,5 1 (0) 3,33 3,33 (0) 

 0 (1) -5 0 (-5) 

    8,33 (0) 

Table 11. FLW amount distribution strategy (II) to manage the 

inedible FLW  

  IN-FLW  

 Quantity 
required 
[ton] 

Quantity 
accepted 
[ton] 

Sc WSc 

P1 0,5 0 10 0 
P2 1,5 1,5 3,33 5 

    5 

By comparing the (WSc) corresponding to two 
different distribution strategies, the first strategy 
ensures a higher weighted score under the certainty 
and uncertainty conditions.  

Suppose there is no sustainable strategy under 
certain and uncertain conditions (dominant strategy is 
missing); the decision-maker experience and the 
adoption of well-known decisional tools can lead the 
decision-maker to identify the best solution. 

 

5. Conclusion 

The FLW generated in a PPC is an important 
opportunity to recover and reuse edible and inedible 
food, allowing a reduction of environmental, 
economic, and social impacts. A conceptual model is 
proposed to support the decision-maker in identifying 
the best FLW management in a PPC, adopting a 
multicriteria decision method. Consistent with this 
end, the model facilitates the matching between FLW 
demand and offer, identifying the most sustainable 
alternative to manage the available FLWs. Different 
strategies can be evaluated to reuse the edible FLW in 
the secondary markets, considering profit (e.g., 
second-rate product stores, jam and juice companies, 
etc.) or no-profit purposes (e.g., educational and social 

farms, food banks, soup kitchens, and charities). Other 
uses can be suggested to manage the inedible FLW as an 
alternative to disposal in the landfill. Although the 
numerical simulation proved the model's effectiveness 
in supporting the decision-maker, different open 
issues are raised. 

In many cases, the data required to proposers to 
evaluate the environmental performance of the 
proposed treatments are not easy to identify. 
Consistent with this end, the web platform should be 
included an algorithm to estimate this information 
according to a user-friendly procedure. Moreover, 
decision tools should be included to support the 
decision-maker in identifying the most suitable 
distribution strategy, currently evaluated in 
accordance with his experience or capability. Similarly, 
the Analytic Hierarchy Process procedure can be 
adopted to quantify decision criteria' weights. 

This conceptual framework represents a preliminary 
study to introduce a systematic decision-making 
method in the agri-food supply chain, where 
innovation plays a crucial role in improving sustainably 
and reducing waste. The new trend consists of 
changing the current ‘close’ conventional approach to 
a new ‘open’ multi-stakeholder approach, where the 
greenest strategies will be preferred to unsustainable 
ones. 

Funding 

This research work is part of the activities carried out in 
the context of the REFIN project (Research for 
Innovation) funded by the European Union on POR 
Puglia 2014-2020 (Project REFIN – 7A578B49). 

References 

Bill, M., Sivakumar, D., Thompson, A. K., & Korsten, L. 
(2014). Avocado Fruit Quality Management 
during the Postharvest Supply Chain. Food 
Reviews International, 30(3). 
https://doi.org/10.1080/87559129.2014.907304 

Buzby, J. C., Wells, H. F., & Hyman, J. (2014). The 
Estimated Amount, Value, and Calories of 
Postharvest Food Losses at the Retail and Consumer 
Levels in the United States. 

Campos, D. A., Ricardo, G., Vilas-boas, A. A., 
Madureira, A. R., & Pintado, M. M. (2020). 
Management of Fruit Industrial By-Products — 
A Case. Mdpi. 

Chaboud, G., & Moustier, P. (2021). The role of diverse 
distribution channels in reducing food loss and 
waste: The case of the Cali tomato supply chain 
in Colombia. Food Policy, 98(August 2019), 
101881. 
https://doi.org/10.1016/j.foodpol.2020.101881 

Ciccullo, F., Cagliano, R., Bartezzaghi, G., & Perego, A. 



Silvestri et al.  
 

 

 

(2021). Implementing the circular economy 
paradigm in the agri-food supply chain: The role 
of food waste prevention technologies. Resources, 
Conservation and Recycling, 164(January 2020), 
105114. 
https://doi.org/10.1016/j.resconrec.2020.105114 

Cristóbal, J., Castellani, V., Manfredi, S., & Sala, S. 
(2018). Prioritizing and optimizing sustainable 
measures for food waste prevention and 
management. Waste Management, 72, 3–16. 
https://doi.org/10.1016/j.wasman.2017.11.007 

Donner, M., Gohier, R., & de Vries, H. (2020). A new 
circular business model typology for creating 
value from agro-waste. Science of the Total 
Environment, 716, 137065. 
https://doi.org/10.1016/j.scitotenv.2020.137065 

Dora, M., Biswas, S., Choudhary, S., Nayak, R., & Irani, 
Z. (2021). A system-wide interdisciplinary 
conceptual framework for food loss and waste 
mitigation strategies in the supply chain. 
Industrial Marketing Management, 93(May 2019), 
492–508. 
https://doi.org/10.1016/j.indmarman.2020.10.013 

El Bilali, H., & Hassen, T. Ben. (2020). Food waste in 
the countries of the gulf cooperation council: A 
systematic review. Foods, 9(4). 
https://doi.org/10.3390/foods9040463 

Eriksson, M., Strid, I., & Hansson, P. A. (2015). Carbon 
footprint of food waste management options in 
the waste hierarchy - A Swedish case study. 
Journal of Cleaner Production, 93, 115–125. 
https://doi.org/10.1016/j.jclepro.2015.01.026 

Fanti, M. P., Mangini, A. M., Roccotelli, M., & Silvestri, 
B. (2022). Innovative Approaches for Electric 
Vehicles Relocation in Sharing Systems. IEEE 
Transactions on Automation Science and 
Engineering, 19(1). 
https://doi.org/10.1109/TASE.2021.3103808 

FAO. (2011). Global Food Losses and Food Waste. 

Faria-Silva, C., Ascenso, A., Costa, A. M., Marto, J., 
Carvalheiro, M., Ribeiro, H. M., & Simões, S. 
(2020). Feeding the skin: A new trend in food and 
cosmetics convergence. Trends in Food Science 
and Technology, 95(June 2019), 21–32. 
https://doi.org/10.1016/j.tifs.2019.11.015 

Fassio, F., & Minotti, B. (2019). Circular economy for 
food policy: The case of the RePoPP project in the 
City of Turin (Italy). Sustainability (Switzerland), 
11(21), 1–17. https://doi.org/10.3390/su11216078 

Garrone, P., Melacini, M., & Perego, A. (2014). Surplus 
food recovery and donation in Italy: The 
upstream process. British Food Journal, 116(9), 

1460–1477. https://doi.org/10.1108/BFJ-02-
2014-0076 

Garrone, P., Melacini, M., Perego, A., & Sert, S. (2016). 
Reducing food waste in food manufacturing 
companies. Journal of Cleaner Production, 137, 
1076–1085. 
https://doi.org/10.1016/j.jclepro.2016.07.145 

Grasso, S., & Asioli, D. (2020). Consumer preferences 
for upcycled ingredients: A case study with 
biscuits. Food Quality and Preference, 84(January), 
103951. 
https://doi.org/10.1016/j.foodqual.2020.103951 

Handoko, S. D., Nguyen, D. T., & Lau, H. C. (2014). An 
auction mechanism for the last-mile deliveries 
via urban consolidation centre. IEEE International 
Conference on Automation Science and 
Engineering, 2014-January. 
https://doi.org/10.1109/CoASE.2014.6899390 

Hodges, R. J., Buzby, J. C., & Bennett, B. (2011). 
Postharvest losses and waste in developed and 
less developed countries: Opportunities to 
improve resource use. Journal of Agricultural 
Science, 149(S1). 
https://doi.org/10.1017/S0021859610000936 

Italian agri-food production. (2020). ISMEA. 

Manzocco, L., Alongi, M., Sillani, S., & Nicoli, M. C. 
(2016). Technological and Consumer Strategies 
to Tackle Food Wasting. Food Engineering 
Reviews, 8(4), 457–467. 
https://doi.org/10.1007/s12393-016-9149-z 

Meyers, W. H., & Kalaitzandonakes, N. (2012). World 
population growth and food supply. In The Role of 
Biotechnology in a Sustainable Food Supply (pp. 1–
16). Cambridge University Press. 
https://doi.org/10.1017/CBO9781139026710.002 

Michelini, L., Principato, L., & Iasevoli, G. (2018). 
Understanding Food Sharing Models to Tackle 
Sustainability Challenges. Ecological Economics, 
145. 
https://doi.org/10.1016/j.ecolecon.2017.09.009 

Morella, P., Lambán, M. P., Royo, J., & Sánchez, J. C. 
(2021). Study and analysis of the implementation 
of 4.0 technologies in the agri-food supply chain: 
A state of the art. Agronomy, 11(12). 
https://doi.org/10.3390/agronomy11122526 

Omolayo, Y., Feingold, B. J., Neff, R. A., & Romeiko, X. 
X. (2021). Life cycle assessment of food loss and 
waste in the food supply chain. Resources, 
Conservation and Recycling, 164(September 2020), 
105119. 
https://doi.org/10.1016/j.resconrec.2020.105119 

Papargyropoulou, E., Lozano, R., K. Steinberger, J., 



8th International Food Operations & Processing Simulation Workshop, FOODOPS 2022 
 

 

 

Wright, N., & Ujang, Z. Bin. (2014). The food 
waste hierarchy as a framework for the 
management of food surplus and food waste. 
Journal of Cleaner Production, 76, 106–115. 
https://doi.org/10.1016/j.jclepro.2014.04.020 

Peleg, M., Normand, M. D., & Corradini, M. G. (2012). 
The Arrhenius equation revisited. In Critical 
reviews in food science and nutrition (Vol. 52, Issue 
9). 
https://doi.org/10.1080/10408398.2012.667460 

Plazzotta, S., Manzocco, L., & Nicoli, M. C. (2017). Fruit 
and vegetable waste management and the 
challenge of fresh-cut salad. Trends in Food 
Science and Technology, 63, 51–59. 
https://doi.org/10.1016/j.tifs.2017.02.013 

Redlingshöfer, B., Coudurier, B., & Georget, M. (2017). 
Quantifying food loss during primary production 
and processing in France. Journal of Cleaner 
Production, 164, 703–714. 
https://doi.org/10.1016/j.jclepro.2017.06.173 

Ritchie, H., & Roser, M. (2020). Environmental Impacts 
of Food Production. Published Online at 
OurWorldInData.Org. Retrieved from: 
“Https://Ourworldindata.Org/Environmental-
Impacts-of-Food.” 

San Martin, D., Orive, M., Martínez, E., Iñarra, B., 
Ramos, S., González, N., Guinea de Salas, A., 
Vázquez, L. A., & Zufía, J. (2021). Multi-criteria 
assessment of the viability of valorising 
vegetable by-products from the distribution as 
secondary raw material for animal feed. 
Environmental Science and Pollution Research, 
28(13), 15716–15730. 
https://doi.org/10.1007/s11356-020-11752-6 

Schneider, F. (2013). The evolution of food donation 
with respect to waste prevention. Waste 
Management, 33(3), 755–763. 
https://doi.org/10.1016/j.wasman.2012.10.025 

Silvestri, B., Facchini, F., Mossa, G., & Mummolo, G. 
(2021). A Systematic Literature Review on 
strategies to reduce the Food Loss and Waste. 
Proceedings of the Summer School Francesco Turco. 

Spratt, O., Suri, R., & Deutsch, J. (2020). Defining 
Upcycled Food Products. Journal of Culinary 
Science and Technology, 00(00), 1–12. 
https://doi.org/10.1080/15428052.2020.1790074 

Tlais, A. Z. A., Fiorino, G. M., Polo, A., Filannino, P., & 
Cagno, R. Di. (2020). High-value compounds in 
fruit, vegetable and cereal byproducts: An 
overview of potential sustainable reuse and 
exploitation. In Molecules (Vol. 25, Issue 13). 
MDPI AG. 
https://doi.org/10.3390/molecules25132987 

Vågsholm, I., Arzoomand, N. S., & Boqvist, S. (2020). 
Food Security, Safety, and Sustainability—
Getting the Trade-Offs Right. Frontiers in 
Sustainable Food Systems, 4(February), 1–14. 
https://doi.org/10.3389/fsufs.2020.00016 

Willersinn, C., Mack, G., Mouron, P., Keiser, A., & 
Siegrist, M. (2015). Quantity and quality of food 
losses along the Swiss potato supply chain: 
Stepwise investigation and the influence of 
quality standards on losses. Waste Management, 
46, 120–132. 
https://doi.org/10.1016/j.wasman.2015.08.033 

 


