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Abstract: The present paper builds upon the study by Bottani et al. (2018a). This previous work developed a routing 
and location (R&L) model under Microsoft Excel™ to compute the cost of the resulting reverse logistics channel. 
Exploiting the same R&L model, in the study developed by Bottani et al. (2018b), the authors investigated four 
different configurations for the reverse logistics network of food waste. This study tries to explore additional 
scenarios for the efficient functioning of the reverse logistics channel. In particular, constraints on the maximum 
number of retail stores (RSs) that can be visited per day if only one truck would be available to retrieve the wasted 
food from the RSs are added. The results provided in this study are compared with those resulting from the previous 
papers developed by the same authors. In particular, in the outcomes of this study, the number of RSs visited daily is 
significantly lower; moreover, the total cost of the reverse logistics channel increases progressively with the decrease 
in the number of RSs. Results of this paper complement the findings of the previous researches and allow deriving 
further useful considerations about the profitability of a reverse logistics channel for food waste recovery in the 
Emilia-Romagna region. In addition, a similar evaluation can be easily extended to different regions or states. 
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1. Introduction 

As food waste is a major concern for the food industry, 
individual food companies and society due to the 
considerable negative economic, environmental and social 
impacts from such waste (Dreyer, et al., 2019), research 
on food waste has been increasing in the past years 
(Kulikovskaja & Aschemann-Witzel, 2017).  

Food waste is referred to as the amount of food that is 
intended for human consumption, but is discarded, lost, 
degraded or consumed by pets (Ingrao, et al., 2018). 
Wasted food can be classified as edible or inedible and as 
avoidable or unavoidable (Corrado, et al., 2019). Leftovers 
in form of noodles, meat, vegetables etc. are an edible 
fraction of wasted food; contrarily, peels and bones are 
the inedible fraction of food waste (Pleissner, 2018). 
Avoidable wastes refer to food and drink thrown away 
because they are no longer wanted, e.g. because they 
perished or exceeded their expiry date; unavoidable wastes 
comprise waste arising from food and drink preparation 
that is not, and has not been, edible under normal 
circumstances. This includes apple cores, banana skin, tea 
leaves, coffee grounds, and inedible slaughter waste 
(Beretta & Hellweg, 2019). Food surplus is food produced 
beyond our nutritional needs. For the surplus food that 
has not been consumed, the option of redistributing it to 
groups affected by food poverty is proposed, whereas the 
instant food surplus becomes unfit for human 
consumption it becomes food waste (Papargyropoulou, et 
al., 2014). 

Food waste represents a significant issue affecting all 
stages of the supply chain, including the retail stage 
(Kulikovskaja & Aschemann-Witzel, 2017; Teller, et al., 
2018). The Food and Agriculture Organization (FAO) 
estimated that roughly one third of food produced for 
human consumption (or 1.3 billion tons) was lost or 
wasted globally (Xue, et al., 2017; Schmidt & Matthies, 
2018). Pro capita food waste in Europe is estimated to be 
173 kg per year (Scherhaufer, et al., 2018); in economic 
terms, this incurs a loss of 143 billion€ each year (Tonini, 
et al., 2018). In Italy, food wastes can be generated along 
several stages of supply chain: 3.3% of agri-food products 
and 2.6% of final products from the food industry are 
discarded before being sold, while the loss in food 
retailers amounts to 250,000 tons/year (Mirabella, et al., 
2014). 

The attention of recent studies on this issue is focused on 
the economic, social and environmental impact of food 
wastes (Pinto, et al., 2018; Boccia, et al., 2019). Indeed, 
food waste constitutes a loss of economic revenue and 
investment for actors in the food supply chain 
(Kulikovskaja & Aschemann-Witzel, 2017), but also 
environmental impacts related to its final disposal in 
landfills. In addition to environmental and economic 
impacts, food waste also has social implications, in 
particular in relation to the inequality between on one 
hand wasteful practices, and on the other food poverty, 
but also to make products that improve people’s lives, to 
support the communities in which they live and work 
(Boccia, et al., 2019). 
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More than one third of the food produced is discarded 
from the manufacturing and the retail sector into landfill. 
Most of the food they throw away is avoidable and could 
have been consumed if it had been managed better (Nair, 
et al., 2018). Food waste could be valorised through 
different technologies, such as anaerobic digestion, 
composting, landfill disposal, incineration, and also using 
it as feedstock for feed production. On top of that, they 
could produce different by-products (e.g. biogas, 
compost, heat, etc.) (Vandermeersch, et al., 2014). 

The food redistribution, also called food recovery or food 
rescue, enabling economic benefits for donors, is 
nowadays seen as a coherent way to manage the food no 
more saleable in the target market and destined to be 
disposed of in landfill, where it represents only a cost 
(Muriana, 2015). However, many municipalities do not 
possess efficient waste management and recycling 
programs because waste collection is a complex task, 
which involves many actors (citizens, political actors, 
technical personnel, etc.), technological expertise and 
investments (Laureri, et al., 2016). A main focus of waste 
collection is to increase collection efficiency by optimizing 
routing and scheduling for networks (Armington & Chen, 
2018).  

In line with these considerations, two studies have been 
carried out in recent year. In the first one, Bottani, et al., 
(2018a) have developed a detailed routing and location 
(R&L) model under Microsoft Excel™ to determine the 
best location of set of depots to collect the wasted food 
from the retailers and to compute the cost of the resulting 
reverse logistics channel. The model was used to 
investigate different scenarios for the collection of wasted 
food and results have shown that the minimum cost for 
collecting the food waste totals 123.68 €/ton and can be 
reached by limiting the recovery activities to 749 selected 
retail stores (RSs) of the region. Exploting the same R&L 
model, Bottani, et al., (2018b) have investigated four 
additional configurations for the reverse logistics network 
of food waste. In general, the rationale behind these 
configurations is that to be cost effective, the food waste 
collection should primarily target the hypermarkets, which 
discard larger quantities of food products compared to 
other stores. Results have shown that the minimum total 
cost for collecting the food waste accounted for less than 
100 €/ton. Nonetheless, in this scenario the number of 
RSs visited daily was very high (762), which implicitly 
assumed the presence of several trucks for carrying out 
the retrieving activities. This is because the maximum 
number of RSs that can be visited daily using only one 
truck is 14, as calculated in the previous study (Bottani, et 
al., 2018b). Moving from this consideration, this study 
tries to explore additional scenarios for the efficiently 
functioning of the reverse logistics channel, using the 
same software tool ( i.e. Microsoft Excel™). 

On the basis of the location of the distribution centres 
(DCs) determined in the previous publications, the 
number of DCs has been set at 8. Nonetheless, for the 
sake of brevity, the detailed presentation of the results will 
be limited to a representative DC, while for the remaining 

DCs, only the results will be presented, omitting the 
detailed steps. For the representative DC, different 
scenarios are analysed according to the number of trucks 
(i.e. routes); for example, one truck required for the waste 
collection means that one route is travelled, therefore a 
maximum of 14 RSs can be visited daily. 

More precisely, the following scenarios are considered in 
this study: 

1. A first scenario in which the food waste is 
collected using only one truck (14 RSs); 

2. A second scenario where the food waste is 
collected using two trucks (28 RSs); 

3. A last scenario in which the food waste is 
collected using three trucks (42 RSs). 

The remainder of the paper is organised as follows. The 
next section provides some information about the context 
under examination. Section 3 details the scenarios 
considered and the results obtained to evaluate the 
economic impact for food waste recovery for the case 
study analysed. In section 4, the main results of the 
economic evaluation for the all DCs are reported. Section 
5 concludes by comparing the key findings of the study 
with these resulting from the previous papers, highlighting 
the main limitations and suggesting future research 
directions.  

2. Context: the SORT project 

The world has become more aware of the issue of food 
waste. From this evidence, a research project was started 
at the University of Parma in 2014. The project is called 
“SORT” (Italian acronym for “Technologies and models 
to unpack, manage inventory and track wasted food”) and 
includes six partners, i.e. two universities (University of 
Parma and Ferrara) and four companies (food machine 
manufacturers and logistics operators). The general aim of 
the project was to develop an integrated solution to 
manage the recovery of food waste in the food supply 
chain efficiently, focussing on the amount of packaged 
food wasted at the RSs. The area of the Emilia Romagna 
region, in the north of Italy, was selected as the starting 
point for this analysis.  

Within the SORT project, the University of Parma has 
dealt specifically with the development of a reverse 
logistics network to recover food waste. At present, no 
recovery channels for packaged food waste exist in the 
Emilia-Romagna region; the wasted food is instead sent 
for disposal of in landfill sites. Therefore, the preliminary 
step for designing the reverse logistics channel was the 
development of an R&L model, able to identify a suitable 
location of recovery facilities for the food waste (SORT 
facility), as well as efficient routes for the vehicles required 
to retrieve the wasted food from retailers and ship them 
to the treatment plant. This step is described in a previous 
publication (Bottani et al., 2018a), where the R&L model 
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is detailed. In a subsequent publication (Bottani, et al., 
2018b), some findings on the economic profitability of 
setting up the reverse logistics channel were provided by 
analysing alternative scenarios for food waste collection. 

In the present study, as mentioned above, the aim is to 
extend the previous findings by exploiting the R&L model 
to investigate additional scenarios for the functioning of 
the reverse logistics channel.  

3. Scenarios analysis  

In this section, an analysis of different scenarios for the 
collection of food waste in the Emilia-Romagna region is 
provided. For all the scenarios, an economic evaluation of 
the cost of reverse logistics activities required to collect 
the food waste is carried out. 

For all three scenarios that will be analysed (detailed in 
section 1), two different configurations (labelled as a and 
b) will be evaluated: 

a) The food waste collection is limited to the 
hypermarkets and supermarkets close to the 
hypermarkets (in a range of 2 km); 

b) The food waste is collected from the 
hypermarkets and from the supermarkets and 
minimarkets close to the hypermarkets (in a 
range of 2 km). 

These configurations are not chosen randomly, but 
following the scenarios analysed in previous publications. 
For the sake of brevity, for each scenario the details of the 
evaluation will be limited to the configuration (a or b) that 
returns the lowest transport cost. Moreover, in the 
following the detailed presentation of the results will be 
limited to a representative DC. For the remaining DCs, 
the results obtained from the application of the R&L 
model will be presented, omitting the detailed steps. To be 
more precise, when detailing the scenarios for the 
representative DC, only the transport cost of collecting 
the food waste is considered, neglecting the cost of 
storage at the DC (DC cost) and the transport cost from 
DC to SORT facility (cost of transport DC-SORT). 
When, instead, the results of all the DCs are presented, 
these two costs are taken into account in addition to the 
transport cost. 

For the DC analysed, Figure 1 shows the trend of the total 
cost as a function of the number of paths, corresponding 
to the number of trucks available to collect food. As can 
be seen from Figure 1, the lowest value of total cost of 
reverse logistics system is obtained with two trucks; higher 
values do not bring savings, but rather the costs remain 
constant or starts increasing. 

 
Figure 1: total cost as a function of the number of paths. 

Moving from this consideration, for this DC, the three 
scenarios described above are detailed. In particular, in the 
following, it will be shown that the transport cost 
decreases if including up to two paths; on the contrary, 
adding a new truck (path) to this last configuration, does 
not bring benefits in terms of cost. 

With respect to the quantity of food discarded, instead, it 
was appraised through questionnaires and direct visits to 
several RSs in the Emilia-Romagna region (see Bottani et 
al. 2018a) that on average, the relating amount accounts 
for 120 kg/day for a hypermarket, for 28 kg/day for a 
supermarket and 12 kg/day for a minimarket. 

3.1 First scenario 

In the first scenario analysed, the food waste is collected 
using only one truck. As mentioned above, one truck 
means one route, therefore a maximum of 14 RSs visited 
daily. 

The evaluation was started by computing the path that a 
vehicle should follow to visit all the hypermarkets close to 
a reference DC, using the Clarke-Wright (CW) algorithm 
(Clarke & Wright, 1964). Figure 2 shows the path 
followed to visit only the hypermarkets of this scenario. 

 
Figure 2: representation of the path used in first scenario. 

Configuration “a” returns the lowest transport cost in this 
scenario. Therefore, the cost generated in this scenario by 
collecting the wasted food from hypermarkets and 
super/mini markets in a range of 2 km (neglecting the DC 
cost and the transport cost from DC to SORT facility) is 
displayed in Table 1. 

Table 1: cost of first scenario 

 Number 
of RSs 

Amount of 
food waste 
[tons/day] 

Distance 
covered 

[km/day] 

Cost 
[€/day] 

Hyper 7 0.84 95.15 97.72 
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Super 4 0.112 0.35 0.36 

Mini 3 0.036 0.19 0.20 

Total  14 0.988 95.69 98.28 

As shown in Table 1, the amount of food waste recovered 
accounts for 0.988 tons; hence, the unitary cost of 
collecting the wasted food in this scenario scores 

 

3.2 Second scenario 

In the second scenario, the food waste is collected using 
two trucks. As mentioned above, two trucks mean two 
routes, therefore a maximum of 28 RSs can be visited 
daily. 

Figure 3 shows the routes used to visit the hypermarkets 
in this scenario. 

  
Figure 3: representation of the paths used in second 

scenario. 

Configuration “b” returns the lowest transport cost in this 
scenario. Following the approach described above, the 
hypermarkets and supermarkets that can be served are: 4, 
and 10 for path A, 3 and 11 for path B; overall, 28 RSs are 
visited in this scenario. 

The cost generated for collecting the food waste from 
hypermarkets and supermarkets in a range of 2 km is 
shown in Tables 2 and 3. 

Table 2: cost of path A for the second scenario. 

 Number 
of RSs 

Amount of 
food waste 
[tons/day] 

Distance 
covered 

[km/day] 

Cost 
[€/day] 

Hyper 4 0.48 43.97 45.16 

Super 10 0.28 3.81 3.91 

Total  14 0.76 47.78 49.07 

Table 3: cost of path B for the second scenario. 

 Number 
of RSs 

Amount of 
food waste 
[tons/day] 

Distance 
covered 

[km/day] 

Cost 
[€/day] 

Hyper 3 0.36 55.43 56.92 

Super 11 0.31 2.41 2.48 

Total  14 0.67 57.84 59.40 

The total amounts of food waste collected and of the cost 
generated in this scenario, are computed as the sum of the 
outcomes for paths A and B. In particular, these values 
accounts for 1.43 tons/day and 108.47 €/day. The unitary 
cost of collecting the wasted food in this scenario is 
108.47/1.43=75.85 €/ton. 

3.3 Third scenario 

As the second scenario showed better results than the first 
one, the situation with one further truck (three trucks) was 
also analysed. As mentioned above, three trucks mean 
three routes, therefore a maximum of 42 RSs can be 
visited daily. Figure 4 shows the paths followed to visit 
only the hypermarkets of this scenario. 

 
Figure 4: representation of the paths used in third scenario. 

Configuration “b” returns the lowest transport cost in this 
scenario. Following the approach described above, the 
number of hypermarkets, supermarkets and minimarkets 
that can be served are: 2, 3 and 9 for path A; 2, 6 and 6 for 
path B; 3, 4 and 7 for path C; overall, 42 RSs can be 
visited in this scenario. 

The costs generated for the collection of food waste from 
hypermarkets and super/mini markets in a range of 2 km, 
are shown in Tables 4, 5 and 6. 

Table 4: cost of path A for the third scenario. 

 Number 
of RSs 

Amount of 
food waste 
[tons/day] 

Distance 
covered 

[km/day] 

Cost 
[€/day] 

Hyper 2 0.24 25.94 26.64 

Super 9 0.25 5.06 5.20 

Mini 3 0.04 1.73 1.78 

Total  14 0.53 32.73 33.62 

Table 5: cost of path B for the third scenario. 

 Number 
of RSs 

Amount of 
food waste 
[tons/day] 

Distance 
covered 

[km/day] 

Cost 
[€/day] 

Hyper 2 0.24 26.92 27.65 

Super 6 0.17 2.39 2.45 

Mini 6 0.07 3.58 3.68 
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Total  14 0.48 32.89 33.78 

Table 6: cost of path C for the third scenario. 

 Number 
of RSs 

Amount of 
food waste 
[tons/day] 

Distance 
covered 

[km/day] 

Cost 
[€/day] 

Hyper 3 0.36 55.43 56.93 

Super 7 0.20 1.50 1.54 

Mini 4 0.05 0.63 0.65 

Total  14 0.61 57.56 59.12 

The total amounts of food waste collected and of cost 
generated are computed as the sum of the outcomes for 
paths A, B and C, and account for 1.62 tons/day and 
126.52 €/day. Thus, the unitary cost for collecting the 
wasted food in this scenario is 126.52/1.62 =78.10 €/ton. 

These results confirm the trend previously shown in 
Figure 1: the reverse logistics system with three trucks 
does not bring savings compared to the previous 
configuration; rather, the total cost starts increasing. 

4. Results and discussions 

The outcomes obtained in terms of the travel cost and the 
amount of food waste recovered for the scenarios 
analysed for a reference DC are summarised in Table 7. 

Table 7: results as a function of the scenario. 
 First  Second Third 

Number of RSs  14 28 42 

Recovered tons 0.988 1.43 1.62 

Cost [€/ton] 99.47 75.85 78.10 

As can be seen from the table, the cost of the first 
scenario (99.47 €/ton) is significantly higher than the cost 
of remaining scenarios (75.85 and 78.10 €/ton). The 
minimum cost is obtained in the second scenario where 
the food waste is collected from 28 RSs and accounts for 
75.85 €/ton. 

As mentioned above, only for the representative DC, the 
detailed presentation of the results was presented, but a 
similar procedure has been applied to all the DCs 
composing the reverse logistics system. The main results 
obtained from the evaluation are proposed in Table 8. For 
brevity, outcomes are limited to the scenario (first, second 
or third) and configuration (hypermarkets plus 
supermarkets only, i.e. “a”, or hypermarkets plus 
super/minimarkets, i.e. “b”) that return the lowest cost. 
As mentioned above, at this stage, the transport cost of 
collecting the food waste is considered, adding the 
contributions of the other two costs for the collection of 
food waste, i.e. the DC cost and the transport cost from 
DC to SORT facility, calculated in the previous studies.  

Table 8: total cost of all DCs. 
 DC1 DC2 DC3 DC4 

Minimum cost [€/ton] 75.85 58.29 81.03 82.82 

Food waste recovered 
[tons] 1.43 2.58 0.76 1.70 

Number of RSs 28 56 14 28 

Cost of transport RS-DC 
[€/day] 108.47 150.39 61.58 140.79 

DC cost [€/day] 50 50 50 50 

Cost of transport DC–
SORT [€/day] 38.32 38.32 38.32 38.32 

Total cost [€/ton] 137.62 92.52 197.24 134.77 

     

 DC5 DC6 DC7 DC8 

Minimum cost [€/ton] 15.88 174.25 101.48 47.04 

Food waste recovered 
[tons] 0.51 0.85 1.43 0.59 

Number of RSs 14 14 28 14 

Cost of transport RS-DC 
[€/day] 8.10 148.11 145.12 27.75 

DC cost [€/day] 50 50 50 50 

Cost of transport DC–
SORT [€/day] 38.32 38.32 38.32 38.32 

Total cost [€/ton] 189.06 278.15 163.24 196.73 

As shown in Table 8, for the DC1, the amount of food 
waste recovered accounts for 1.43 tons; hence, the unitary 
total cost for this DC scores 

 

Finally, the unitary cost for collecting the wasted food and 
for shipping it to the SORT facility, computed as the 
average of the total cost observed for all the DCs, 
accounts for 173.67 [€/ton]. The number of RSs visited is 
also obtained as the average of the number of RSs visited 
of each DCs and accounts for 24.5. 

5. Conclusions 

The present paper has focused on food waste recovery 
from RSs and builds upon previous studies by Bottani, et 
al., (2018a, 2018b). Compared to the previous 
publications, in this study additional scenarios for the 
efficient functioning of the reverse logistics channel are 
tried to explore. The analysis takes into account the 
number of DCs composing the reverse logistics systems, 
as it was determined in previous studies (i.e. 8 DCs). In 
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particular, the application of a model, developed in 
Microsoft Excel™ to evaluate the cost of reverse logistics 
activities required for collecting the food waste and ship it 
to the DCs is described. The scenarios implemented in the 
model to carry out the computation for a reference DC 
are detailed; for the remaining DCs only the most 
effective results are presented. 

In the detailed evaluation in Section 3 for the reference 
DC, the minimum cost (neglecting the storage cost at the 
DC and the cost of transport from the DC to the SORT 
facility) was obtained in the second scenario and accounts 
for less than 76 €/ton. Taking into account the whole set 
of 8 DCs, the unitary total cost of collecting the wasted 
food, including allso the storage cost at the DC and the 
cost of transport from DC to SORT, accounts for 173.67 
€/ton. 

The results provided in this study can be compared with 
those obtained in the previous papers by Bottani et al., 
(2018a, b), to gain further insights. To this end, Table 9 
summarizes the comparison of the economic outcomes 
obtained in the three studies.  

Table 9: results as a function of the recovered tons 
Scenarios Bottani, et 

al. (2018a) 
Bottani, et 
al. (2018b) 

Present 
study 

Number of RSs  749 762 24.5 

Amount of food 
waste recovered 

[tons] 
22.22 20.9 9.85 

Total cost 
[€/ton] 123.68 97.02 173.67 

From the outcomes in Table 9, several considerations can 
be made. Looking at the economic results, a first point is 
that the total cost obtained by Bottani, et al., (2018b) is 
significantly lower than the cost of remaining studies 
(123.68 and 173.67 €/ton). Nonetheless, in that study the 
number of RSs visited daily is very high; this implicitly 
assumes the presence (and therefore the availability) of 
several trucks for carrying out the retrieving activities. As 
this could not always be the case, in the present study, 
constraints on the maximum number of RSs that can be 
visited per day if only one truck wold be available to 
retrieve the wasted food from the RSs are added. In 
particular, no more than 14 RSs can be visited in a day 
with one truck (in one route). Therefore, in this scenario 
the number of RSs visited daily is significantly lower. It 
can also be seen that the total cost of the reverse logistics 
channel increases progressively with the decrease in the 
number of RSs. On the contrary, it is interesting to note 
that the amount of food waste recovered does not follow 
the same trend. In particular, as can be seen from the table 
above, the largest amount of wasted food collected (22.22 
tons) is obtained with 749 RSs against the configuration 
with 762 RSs in which a smaller amount of food waste is 
recovered (20.9 tons). 

From a theoretical perspective, the analyses made in this 
paper have evaluated a set of further scenarios that were 
added to the original R&L model. Moreover, the fact that 
the model developed can be implemented in Microsoft 
Excel™ is interesting, because this general purpose 
software is known and widespread. This is expected to 
encourage the application of the model in practice.  

From a practical perspective, this paper is structured as a 
case study and it focused on the specific context of Emilia 
Romagna region. Some limitations of the study should 
also be mentioned. A general weakness of the model is 
that it is hard to evaluate the correctness of the results 
provided, because at present, no recovery channels for 
packaged food waste exist in Emilia Romagna region. As a 
further limitation, the model itself could be improved, as 
it does take into account only the transport and storage 
costs. In the case under examination, the lack of other 
costs allowed the possibility of comparing the model 
results with the two previous studies.  

Finally, starting from this work, several future research 
directions could be undertaken. A similar evaluation can 
be easily extended to different regions or states, but also, 
the choice of the costs could be modified, including 
further processes in the evaluation. Indeed, the study 
developed could be used to evaluating whether the 
economic performance may be different depending on the 
other cost of the supply chain. Therefore, the analysis 
itself represents an interesting addition to the literature 
about food waste recovery. 
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