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from the Italian food processing
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Giulia Valentini(® *, Niso Randellini, Giovanni Scotti(® & Paola Garrone

Food waste is a major challenge for the food industry, accounting for 14% of the world’s food
between harvest and the retail market. The adoption of effective prevention and reduction strategies
requires awareness of the quantity of waste generated, yet firm-level data is lacking. Collecting and
exploiting more data is essential for addressing societal, climate, and environmental challenges.
Despite recognizing the importance of measuring food waste, companies lack cohesive and applicable
measures, and there is limited empirical research on the topic due to its complexity. Accurate data
collection is hindered by improper recording, lack of standardized methods, and diverse sources. This
paper contributes to filling this gap by presenting a novel dataset on surplus food and food waste
management practices in the Italian food processing industry, gathered from 1,812 firms. The dataset
. includes 181 variables, covering 31 topics related to firm characteristics, food waste practices, and
. food waste performance, and provides a detailed, representative snapshot of the sector. This extensive
. dataset aims to facilitate further studies and enhance understanding of food waste management.

: Background & Summary
© A significant challenge faced by the food industry worldwide is food waste'. According to FAO’s State of Food
. and Agriculture (2019) report, around 14% of the world’s food (valued at $400 billion per year) continues to be
. lost after it is harvested and before it reaches the shops? while UNEP’s Food Waste Index Report shows that a
. further 17% of our food ends up being wasted in retail and by consumers, particularly in households®. According
© to FAO estimates, the amount of food that is lost and wasted could feed 1.26 billion hungry people every year™.
. The introduction of “The 2030 agenda for Sustainable Development’, adopted by the U.N. General Assembly in
September 2015, brought the topic to the publics attention together with many other initiatives at international
and European level’. Nevertheless, the envisaged goals in terms of food waste prevention and reduction seem
currently far from being realized®. In this regard, the need arises to consider food as a valuable resource, prevent-
ing its waste, and to enhance the sustainability, efficiency, and resilience of the food value chain?. In the present
© paper, the two elements assessed as threats to the achievement of sustainable food consumption and production
. patterns are represented by surplus food and food waste (SFFW). SFFW, an acronym employed in the light of
. an in-depth analysis of the debate around the definitions utilized in this research field, constitutes an umbrella
. term composed of distinct concepts. Before giving the definition of the two terms used in this Data Descriptor, it
© isimportant to note that the definition of food waste has always been the subject of policy and scientific debates
and still lacks consensus®. The term Food Loss and Waste has been used indistinctly by some authors”®, while
different terms like Surplus Food (SF), Food Loss (FL) and Food Waste (FW) are often used to describe very
different notions®®. Separate terms, FL and FW, may be distinguished based on the supply chain stage or seg-
ment, where FL occurs earlier in the supply chain and FW is present at the retail and consumption stages>>!%!1,
: Indeed, there is no universally accepted standard on definitions, but a multitude of terms that make it difficult
. to identify exactly what is being discussed and assessed®. The definition of FW adopted in this research relies
. on the EU Delegated Decision 2019/1597, which supplements the Waste Framework Directive'? and avoids
© the adoption of different terms based on the stage of the supply chain'®. Thus, FW is here defined as previously
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Fig. 1 Hierarchy for the prioritization of options to manage SEFW'6.

edible food material that is no longer safe or fit for human or animal consumption due to any form of spoilage
or contamination' and it can be only directed to recycling and nutrients and energy recovery practices or either
landfilled. While SF refers to safe and edible food that is produced, manufactured, distributed, or served but for
various reasons such as insufficient shelf-life, packaging damages, errors in distribution, is unsold to or uncon-
sumed by the intended customer®. SF is either exploited for human or animal consumption (i.e. through dona-
tion, sales in secondary markets, reprocessing or animal feed) or becomes FW. Figure 1 shows an illustration of
the definitions given based on their valorization options according to the Food Waste Hierarchy'é, which is a
framework that represents and prioritizes the options available for SFFW prevention and management, ranking
them based on their appropriateness, considered in a holistic way according to environmental and social dimen-
sions’. Since this hierarchical model represents a guide for practitioners and policy makers for understanding
what practices to adopt in support of the CE paradigm, it was followed in this research, particularly during the
questionnaire design phase, to structure the sections in order to reflect the prioritization outlined by the model.
It must be noted that after the questionnaire has been administered for the data collection, a new version of the
Food Waste Hierarchy was presented by the European Commission Joint Research Centre'$, where it has been
re-named “food use hierarchy” to stress the fact that it captures also “uses” of food before it becomes waste.
The new framework differs from the one adopted in the present research by the stage “industrial use” placed in
the prevention section of the hierarchy below “use for animal feed”. This stage includes the transformation of
food-based materials (non-waste) into added-value products for food and non-food purposes. The framework
shown in Fig. 1 remains coherent with the Food Waste Hierarchy in its pre-2024 version since the survey was
designed and developed before the release of the new version'®. Consequently the model presents the transfor-
mation of food-based materials into products for food purposes in the “food reprocessing” stage, while inserts
the transformation of food-based materials into non-food products in the lower stage of “material recycling”.

In general, SFFW is a full-fledged sustainability grand challenge, causing negative economic, social and
environmental issues’. Indeed, it represents a waste of all the resources, such as energy, water, raw materials,
human labour, and capital, that have been used along the food supply chain to generate food products. To tackle
the issue and support effective prevention and reduction strategies the first step is to be aware of the amount
of waste generated®. Collecting more data and improving how data are used is essential for tackling societal,
climate, and environment-related challenges?'. Primary data collection is vital for effective FW management,
yet the understanding of its generation and management at the firm level is lacking since companies are still in
dearth of cohesive and applicable measures in this regard®?. Indeed, there is little primary data available on FW
generated in the residential sector, farms, and upstream layers of the supply chain®. In addition, there is still a
relative absence of empirical research on FW measurement and management practices adopted by firms since
investigating this topic is considered a complex task®. Thus, as stated by Baquero et al.?*, obtaining accurate
data on FW is challenging due to various factors such as improper recording, lack of standardized measurement
methods, and the diversity of sources*. Recent data on FW in the processing industry are provided by Eurostat,
which reports 10,500,000 tons at the European level and 540,442 tons at the Italian level for 2022%4. However,
even these estimates lack the detail needed to investigate the underlying patterns of FW generation. This paper
answers the urgent need of understanding FW in the processing industry more in detail by describing and
presenting a novel dataset on SFFW that includes also quantitative data on SFFW production. But even more
importantly it provides rich data at firm level, that can help in interpreting the aggregate values from Eurostat?,
in investigating waste production patterns across product categories, in understanding the diffusion of FW
prevention activities and their effects on FW generation. Additionally, these information are provided with dis-
aggregated measures for SF and FW. This is especially valuable since SF can be valorized in different and more
valuable ways compared to FW.

Data have been collected through a large-scale survey involving a sample of 1,812 firms (22% of the reference
universe) stratified over 3 size classes (small, medium, and large firms), 10 product categories (fitting NACE
classification), as well as 5 geographical areas of the Italian territory (classified by Istat - Italian National Institute
of Statistics®®). The dataset is composed by 181 variables, mostly categorical indicators and some continuous
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variables, including firms’ characteristics and processes, adoption of SFFW practices, and SFFW performances.
The paper describes the methodology adopted for data collection and cleaning and presents some possible uses
of relevant variables collected.

Aims and motivation. The dataset presented in this paper contains quantitative data on the generation and
management of SFFW in the Italian food processing sector. Data have been collected through a survey method-
ology within a research realized by the Food Sustainability Lab of the Politecnico of Milan in partnership with
Fondazione Banco Alimentare Onlus (FBAO).

The research dataset was created with the following objectives:

1. Understanding the current situation of Italian food processing companies about SFFW prevention and
management practices;

2. Identifying the current SFFW valorization practices, including donation, adopted in the Italian food pro-
cessing industry, in terms of diffusion and quantity of valorized surplus;

3. Identifying the ways in which donation and other forms of SFFW management take place and identifying
possible barriers to donation;

4. Identifying the best practices that companies adopt to facilitate SEFW prevention and management (e.g.,
SFFW measurement practices and instrument, partnerships, quality and sustainability certifications etc.);

5. Bringing evidence on the most urgent topics to be assessed at firm level to support food processing compa-
nies in preventing and managing SFFW;

6. Producing estimates of valorized surplus quantities in this industry enabling also comparisons with other
contexts.

Methods

Data collection and sampling strategy. Structured questionnaires were chosen as data collection
method as they allow for collection of comprehensive and comparable information on SFFW in a relatively short
time?®. Furthermore, the use of survey questionnaires to collect SFFW data is widely spread in the literature due
to their ease of distribution and potential to reach large and diverse populations®’. As stated by Amicarelli and
Bux?® in their research, the majority of studies on SFFW apply questionnaires and surveys as FW measurement
methodology?®. In addition, the European Commission with the Delegate Decision 2019/1597 has established
that the amount of FW within the processing and manufacturing stage of the food supply chain can be assessed
through questionnaires and interviews?!. Nevertheless, this method carries some limitations especially related to
the subjectivity of the respondents®. Eriksson et al.?” point out that questionnaires cannot assess whether the per-
son answering has a clear understanding of the topic or is merely guessing?” and as stated by Amicarelli and Bux?®
usually respondents tend to underestimate the amount of waste they create?®. However, most of this evidence
refers to the household level where many studies showed that questionnaires are not a reliable method to gather
FW data?*-3!. Instead, Moller et al.** confirm that questionnaire is the common methodology used for FW data
collection from companies and institutions, especially in larger surveys covering different companies in the food
supply chain®’. Aware of these considerations, the authors made deliberate efforts to mitigate the limitations of
the methodology through the questionnaire design. Control questions were introduced to detect inconsistencies
in responses. In particular, questions 5.7, 6.1, and 7.1 were designed to collect cross-verifiable information. These
questions report the quantity in volumes of materials recycled or recovered (question 5.7), the amount of dis-
posed waste (question 6.1), and the quantity of products donated (question 7.1). Each of these values was also col-
lected as a percentage over the total production, respectively in question 5.6 for materials recycled or recovered,
6.2 for the amount of disposed waste and 3.2 for the products donated. This allowed to perform internal consist-
ency checks by comparing the quantities in volume with those derived from the production data whose reliability
has been demonstrated in section “Technical validation”. These checks have been carried out on a sample basis
and it was verified that the responses were coherent in magnitude. It must be also noted that the structure of the
questionnaire and the wording of questions were carefully formulated to reduce ambiguity through qualitative
interviews and pilot tests conducted before administering the questionnaire. Indeed, to develop a robust initial
version of the questionnaire, a qualitative investigation based on case studies was carried out to gain a deeper
understanding of how SFFW is generated and managed in the sector. The analysis included 17 cases of interviews
with managers from a diverse range of companies to reflect the heterogeneity of the food processing industry.
Information was collected on how data related to SFFW is recorded, on the causes of SFFW generation, donation
processes and dynamics, and other FW reduction strategies. This exploratory phase informed the selection of
measurement units, classifications, and definitions that were familiar to industry professionals in order to ensure
clarity and minimize subjective interpretation when filling out the questionnaire as suggested by Moller et al.**.
For example, as a result of this activity the definitions of SF, FW; reuse, recovery and recycling have been clarified
in the questionnaire and the production quantity has been established as the relevant units of measurement for
SFFW estimates. Based on the findings, a preliminary version of the questionnaire was developed and it under-
went three rounds of revision. The questionnaire was tested through interviews with managers and industry
experts, using a trial-and-error approach in which feedback informed successive refinements. The final version
of the questionnaire incorporated all relevant suggestions, with no further changes suggested by the interviewed.
Prior to large-scale implementation, additional feedback on the questionnaire’s structure was obtained from the
service provider specialized in survey management that administered the questionnaire. To corroborate the reli-
ability of the information collected it must be noted that the data gathered in questions 5.4, 5.6, 5.7, 6.1 and
6.2. overlaps with the information that firms are required to disclose in the mandatory report “Environmental
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Classification variables | Geographical area Product category Size class

Perimeter Italian macroregions Food industry sector (ATECO code) | Firm size

10.1: meat-based products
10.2: fish-based products
10.3: fruit and vegetables products

North-west 10.4: oils and fats
North-east il Small companies: from 10 to 49 employees
. 10.5: dairy . .
Categories Center 10.6: grains Medium companies: from 50 to 249 employees
South 10 :g d bak Large companies: over 249 employees
Island 0.7: pasta and bakery

10.8: other food products
10.9: animal feed
11.0: beverage

Table 1. Classification of the sample.

Declaration Form (MUD)” in accordance with the Italian regulatory framework. The communication from the
Italian Minister of Environment and Energetic Security (MASE) states that all producers of non-dangerous waste
with 10 or more employees are required to draft the MUD and provide information such as the typer of waste, the
recycling and recovery practices adopted, and the mass of wastes valorised or sent to disposal®. Since all firms
in the sample have to measure and report these information the accuracy of information reported in these ques-
tions and in the associated variables can be considered reliable. The resulting survey aimed at representing the
population of the Italian food processing sector, excluding the micro-enterprises (less than 10 employees) since
small, medium, and large companies themselves contribute to 70% of the overall production® within the Italian
food industry, providing a more accurate reflection of sector trends. In addition, these firms offer more accessible
and reliable contextual information compared to micro-enterprises, which lack of detailed records and regulatory
filings that hinder consistent and meaningful comparisons. As shown in Table 1, the population of the sample was
categorized through three classification variables: the geographical area, the class size, and the product category.
The geographical area classifies all the companies in the Italian territory that respect the selection criteria into five
macro areas, based on the firm’s HQ address registration. The class size is defined by the number of employees
working in the firm, coherently with the Italian and European law (2003/361/CE). The law also contemplates
revenues in categorizing the firms by class size but this parameter was not considered in the study due to the
unavailability of such information for many firms within our sample. However, the number of employees serves
as a straightforward and readily accessible metric for determining firm size**. The product category includes all
the enterprises with the main ATECO code related to food industry, which is the Italian equivalent of the NACE
classification, the statistical classification of economic activities in the European Community.

The total population of Italian companies with at least 10 employees and with ATECO code included between
10.1 and 11.0 is around 8190 firms. Among them, through the survey methodology, it was possible to collect
data from 1812 companies, equal to 22% of all Italian food processing firms respecting the sampling criteria.
Table 2 shows population’s distribution through the different stratification variables.

When designing the survey, it was chosen to obtain a sample that was representative of the target population.
The sample was selected in 2 steps:

Step 1: the target was set to 1800 companies distributed along the sampling variables (size, product type, and
geographical area) according to the criterion of proportionality with the population.

Step 2: the sample has been reproportioned for each classification variable to guarantee a sampling error
lower than 12%.

This implies that the obtained sample is non-proportional, but overrepresents the segments (a group of firms
homogeneous for one variable) of the population, underrepresenting the larger ones. This sample can be trans-
formed into a proportional sample by weighting the strata (groups of firms homogeneous for all the 3 variables),
as explained in the section “Data representativeness”

The error has been calculated with a conservative approach, assuming the hypothesis of a binary experiment
with maximum variability and with a confidence level of 95%. The sample targets have been determined through
the following formula’:

2
Zyy X Nx o

2 x (N—1) +2,," x o

2
n. =

Where:

o nequals to the total population;

o nrepresents the sample population;

« o7 is the standard deviation of population, assume to be: 0,5 - (1 — 0,5);

« 0 equals to allowed sampling error;

o zisavalue of N(0,1) in a certain range with the confidence value of & = 95%

The application of the formula above caused an overestimation of the error.

The reason for introducing reproportioning can be seen in Table 3: the error associated with the segments in
the proportional sample is low for some segments (2,2% in small firms) and quite high for others (16,5% in large
firms). This error depends on the number of firms observed, so we switch from a purely proportional sampling
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Size class Product category (ATECO code) North-west North-east Center South | Island | Total
10.1: meat-based products 214 356 145 106 37 858
10.2: fish-based products 10 31 23 29 30 123
10.3: fruit and vegetables products 61 82 43 216 52 454
10.4: oils and fats 24 15 29 56 10 134
10.5: dairy 162 172 55 288 61 738
10-49 employees 10.6: grains 77 58 36 36 17 224
10.7: pasta and bakery 660 580 602 503 256 2601
10.8: other food products 277 291 192 188 89 1037
10.9: animal feed 53 58 23 25 14 173
11.0: beverage 133 240 75 128 75 651
Total 1671 1883 1223 1575 641 6993
% (out of 8190 total companies) 20% 23% 15% 19% 8% 85%
10.1: meat-based products 74 85 18 21 2 200
10.2: fish-based products 4 3 1 5 5 18
10.3: fruit and vegetables products 19 43 16 51 11 140
10.4: oils and fats 5 5 6 5 0 21
10.5: dairy 50 47 15 28 10 150
10.6: grains 12 13 0 2 0 27
50-249 employees
10.7: pasta and bakery 48 79 22 41 7 197
10.8: other food products 62 55 17 22 7 163
10.9: animal feed 14 16 3 1 1 35
11.0: beverage 40 50 17 13 6 126
Total 328 396 115 189 49 1077
% (out of 8190 total companies) 4% 5% 1% 2% 1% 13%
10.1: meat-based products 6 16 3 1 0 26
10.2: fish-based products 1 0 0 0 1 2
10.3: fruit and vegetables products 3 9 0 9 0 21
10.4: oils and fats 1 1 0 0 0 2
10.5: dairy 5 4 2 1 1 13
More than 249 employees 106: grains ! ! 0 0 0 2
10.7: pasta and bakery 8 6 2 3 0 19
10.8: other food products 14 5 4 3 0 26
10.9: animal feed 1 0 0 0 0 1
11.0: beverage 8 2 1 3 1 15
Total 48 44 12 20 3 127
% (out of 8190 total companies) 1% 1% 0% 0% 0% 2%

Table 2. Stratification of the Italian food processing industry by class size, product category and geographical
area according to ISTAT-Asia 2020%.

to a sampling capable of guaranteeing representativeness of the population with an error lower than 12%. As
shown in Table 3, all subsamples have a sampling error lower than 12%.

Survey administration. The survey questionnaire has been designed to recall the structure of the theo-
retical framework proposed in Fig. 1 and therefore it is composed by different sections that refer to the different
practices by which SEFW can be valued according to the Food Waste Hierarchy'®. As already stated, a first phase
of questionnaire testing has been conducted through face-to-face interviews with managers from the Italian food
processing sector. The aim of these interviews was the detection and correction of inconsistencies or errors in the
questionnaire draft. The three tests have been performed through online interviews. The respondents were man-
agers from large food processing companies in the field of meat processing, fruit and vegetables processing and
diary production. All the respondents were asked to answer the questionnaire without researchers’ intervention
and were able to do so. They expressed doubts and identified unclear formulations in the questions that were later
addressed and corrected by the researchers.

Following the pilot test, data collection through large scale survey was started with the support of experts
from Questlab, a survey service provider. The survey has been conducted with the CAWT (Computer Assisted
Web Interviewing) methodology, which consists in the collection of data through the compilation of a question-
naire on a website. For this purpose, a web page was designed to collect the answers.

The target respondents of the questionnaire within the company were managers of sustainability, product
quality, operations functions or general managers that were considered to have direct knowledge of SFFW
management practices within the company. Researchers made sure that the survey was addressed to the most
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Classification variables Proportional sample Non-proportional sample

1. Product category Total population | n Sampling rate (%) | Error | n Sampling rate (%) | Error
10.1: meat-based products 1084 238 22% 5,6% 255 24% 5,37%
10.2: fish-based products 143 31 22% 15,5% | 61 43% 9,54%
10.3: fruit and vegetables products | 615 135 22% 7,5% 221 36% 5,28%
10.4: oils and fats 157 34 22% 14,8% | 49 31% 11,65%
10.5: dairy 901 198 22% 6,2% 264 29% 5,07%
10.6: grains 253 56 22% 11,6% | 66 26% 10,39%
10.7: pasta and bakery 2817 619 22% 3,5% 380 13% 4,68%
10.8: other food products 1226 269 | 22% 5,3% 248 | 20% 5,56%
10.9: animal feed 209 46 22% 12,8% | 62 30% 10,46%
11.0: beverage 792 174 22% 6,6% 206 26% 5,88%
Total 8197 1800 | 22% 1812 | 22% 2,03%
2. Geographical Area

North-west 2047 450 | 22% 4,1% 446 | 22% 4,10%
North-east 2323 510 22% 3,8% 441 19% 4,20%
Center 1350 296 22% 5,0% 325 24% 4,74%
South 1784 392 22% 4,4% 424 24% 4,16%
Island 693 152 | 22% 7,0% 176 | 25% 6,39%
Total 8197 1800 | 22% 1812 | 22% 2,03%
3. Class size

10-49 employees 6993 1536 | 22% 2,2% 1378 | 20% 2,37%
50-249 employees 1077 237 22% 5,6% 361 34% 4,21%
More than 249 employees 127 28 22% 16,5% | 73 57% 7,51%
Total 8197 1800 | 22% 1812 | 22% 2,03%

Table 3. Comparison between proportional and non-proportional sample compared to the total population.

appropriate managerial figure responsible for the management of SFFW within each company through some
statements that were inserted in multiple parts of the survey communication: in the presentation letter, the body
of the email, and in the preamble of the questionnaire itself. These materials were designed to inform companies
on the topic and encourage them to forward the survey to the individual most knowledgeable and responsible
for the subject matter. Furthermore, the companies were given the time and flexibility to identify the right
respondent and gather the necessary information: the questionnaire was sent through a web link, which allowed
respondents to complete it at their own pace and in multiple sessions if needed. In addition, the service provider
responsible for administering the survey ensured, through agreed-upon questions via phone interviews, that
the questionnaire was directed to the most suitable person within each company. The decision not to pre-assign
the questionnaire to a specific role or job title was intentional and based on practical considerations. In many
food processing companies, there is often no clearly defined role responsible for the management of SFFW.
The relevant responsibilities may vary widely depending on the size, structure, and internal organization of the
company. For this reason, it was established to allow each company to identify and delegate the most appropriate
respondent internally.

In order to consider a questionnaire valid, it had to be completed for more than 90%. The service provider
encouraged the respondents to complete as much as possible the survey through phone calls or email reminders
with the aim of reaching the desired sample with relative significance.

When designing the survey it was chosen to achieve a sample that was representative of the entire Italian
population of food processing firms, and this strategy of nationwide sampling and sample reproportioning will
be described respectively in the sections “Data records” and “Technical validation”.

The questionnaire was launched March 23, 2023, and the last data were filed on June 14, 2023. After obtain-
ing 1812 valid answers, the survey was declared concluded and the collected data were stored in an Excel file.

Subsequently, the data went under manual screening where 14 outliers were identified and consequent
checks were made to confirm the soundness of the data provided. Validity checks for outliers were conducted by
triangulation with data from websites or company reports available online.

An additional variable was added to the final database obtained after checking for outliers, which corre-
sponds to the imputation of company’s production for the year 2022 described in the section “Technical
validation”.

Seven outliers were identified for the variable “production”, the value was rejected after triangulation in 6
cases as not reasonable and substituted with a value obtained with imputation (see the section “Technical vali-
dation”). Two outliers were identified for the variable “donation quantity”, one of them led to the removal of the
observation after triangulation, the remaining 5 outliers were for the “product category” variable, and led to no
removal of data after triangulation. In conclusion, 1 out of 14 identified outliers was removed from the database
after triangulation.
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Fig. 2 Questionnaire structure.

Ethical validation. All respondents to the survey were informed of the aims and objectives of the study and
consented to open publication of their company’s data as long as they were anonymous (see Section 1 of the ques-
tionnaire in the Appendix). For this reason, all identifiable personal information such as name of the company,
name of the respondent, tax code, vat number, HQ’s location have been deleted leaving only a completely uniden-
tifiable 8-digit code. In addition, the Ethical Committee of Politecnico di Milano established that the research did
not need any IRB approval as no human/personal data was being collected.

Data Records
The questionnaire is composed of seven sections, each one with its own set of questions. The seven sections are
presented below and summarized in Fig. 2.

In addition, a translated version of the questionnaire is reported in the supplementary file “Questionnaire”
and more details regarding the variables are available in the dataset by Valentini and colleagues® accessible on
figshare at https://doi.org/10.6084/m9.figshare.28204499. The database is presented in excel form and is com-
posed of 3 sheets. The first presents the data collected, the second sheet “Legend_of_variables” describes the var-
iables and links them to the questions in the questionnaire and the third “Legend_of_variables_values” explains
how the values of the variables in the dataset should be interpreted.

1) Introduction and general information about the firm: this section contains all data regarding the compa-
ny’s information, such as VAT code, address, product category, main storage protocol, main suppliers of
raw material, number of employees, estimated production quantity in tons and certifications of quality
or sustainability. Table 4 represents briefly the structure of the section, reporting the variables and their
reference columns in the dataset and the related questions in the questionnaire. Once collected through the
questionnaire, the “firm’s information” data have been compared with companies publicly available data
from the Italian Chamber of Commerce to ensure data reliability.

After collecting information about the firm, the document is divided into five core sections that refer distinctly to
SF and FW and to the different practices by which SFFW can be valued according to the Food Waste Hierarchy'®.

2) SF management: questions are about the measurement process of SF by the firm, the measurement instru-
ments and tools adopted and the company’s supervisor responsible for its management. Table 5 reports all
the topics related to SF management.

3) Food donation: in this section, briefly outlined in Table 6, the respondent has to answer if the company
carries out food donation and redistribution for social purposes and with what frequency, the percentage
of food donations compared to total production, the changes in donations from the previous year named
“donation trend”, whether the company plans to increase its donations in the following years and how
many years the company has been performing food donations.

4) Other forms of reuse: questions regarding other strategies beside food donation adopted by the company
to valorise SE, the percentage of reused food compared to the total production and whether the company
plans to increase the reuse of SF in the following years, as presented in Table 7.

5) Recycle and recovery: questions are about the measurement process of FW, the measurement tools and in-
struments, the supervisors responsible for its management and the recycle and recovery practices adopted
by the company. For this latter topic, each practice is presented in three different variables to specify if the
practice is adopted internally, externally or in partnership with actors involved in FW valorisation activi-
ties. Other topics regard whether the company plans to increase the recycle and recovery practices in the
following years, the rate of recycled and recovered FW compared to the total production and its quantity in
tons. A representation of the section is exposed in Table 8.

6) Waste: this section includes one question related to the total quantity of disposed FW in tons and one question
related to the percentage of disposed FW compared to total production. A representation of the section is ex-
posed in Table 9.
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Topic Variables list Col Questi ire section and question

GEO_NW
GEO_NE
Geographical area GEO_CE B-F 1.0
GEO_SO
GEO_IS

ATECO_MEAT
ATECO_FISH
ATECO_FRUVEG
ATECO_OIL
ATECO_MILKDAIRY
ATECO_GRAINS
ATECO_PASTABAKERY
ATECO_IND
ATECO_FEED
ATECO_BEV

TYPE_CONS_ROOM

Main storage protocol ?55%‘2822—2}0}%3\1 Q-U
TYPE_CONS_OTHER_SPEC
Raw material suppliers ggggi¥ OTHER V-W 1.3
PROD_Q_TON

Estimated production in tons PROD_A X-Z 1.4
PROD_NK

Number of employees EMPLOYEES AA 1.5

SIZE_SMALL
Size class SIZE_MEDIUM AB-AD 15
SIZE_LARGE

CERT_BCORP
CERT_BRCGS
CERT_BIOLOGICAL
CERT_ECOVADIS
CERT_FS
Certifications of quality or sustainability | CERT_FSA AE-AO 1.6
CERT_ISO
CERT8
CERT_NK
CERT_NR
CERT8_OTHER

Product category

12

Table 4. Topic, variables list, position in the database, position in the questionnaire for “Firm’s information”

section.
Topic Variables list Columns | Questionnaire section and question
SF meaurement frequency SF_MEAS AP 2.1

SF_MEAS_WEIGHT
SF_MEAS_MANUAL
SF_MEAS_CODEBAR
SF_MEAS_IMAGE
SF_MEAS_DATA
SF_MEAS_THIRD
SF_MEAS_OTHER
SF_MEAS_NK
SF_MEAS_NR
SF_MEAS_OTHER_SPEC

SF_RESP_PROD
SF_RESP_LOG
SF_RESP_SAFETY
SF_RESP_CSR
SF_RESP_SUPPLY
SF_RESP_PURCH
SF_RESP_SALE
SF_RESP_OTHER
SF_RESP_NONE
SF_RESP_NK
SF_RESP_NR
SF_RESP_OTHER_SPEC

SF measurement instruments AQ-AZ 2.2

SF responsible figure BA-BN 23

Table 5. Topic, variables list, position in the database, position in the questionnaire for “SF management”
section.

Finally, the questionnaire concludes with some follow-up questions on donation and redistribution for
social purposes.

7) Follow-up questions: quantity of donated food in tons and euros, access to tax benefits thanks to food
donation and type of partners from the third sector or other institutions involved in managing food dona-
tions. A brief representation of the section in exposed in Table 10.
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Topic Variables list Columns Questionnaire section and question
Donation adoption and frequency DONATION BO 3.1
Donation rate DONATION_RATE BP 32
Donation trend DONATION_TREND BQ 33
Donation forecast DONATION_INCREASE BR 34
Years of donation DONATION_YEARS BS 35

Table 6. Topic, variables list, position in the database, position in the questionnaire for “Food donation”
section.

Topic Variables list Col Questi ire section and question

REUSE_REPACK
REUSE_REMAN
REUSE_SECMARK
RECUSE_ECOMM
REUSE_SALE_FOODMAN
REUSE_TRANS_FOODMAN
REUSE_SPONSOR

Reuse practices adoption | REUSE_DON_ANIMALFEED BT-CH 4.1
REUSE_SALE_ANIMALFEED
REUSE_TRANSFER_ANIMALFEED
REUSE_OTHER

REUSE_NONE

REUSE_NK

REUSE_NR

REUSE_OTHER_SPEC

Reuse rate REUSE_RATE CI 4.2
Reuse forecast REUSE_INCREASE CJ 4.3

Table 7. Topic, variables list, position in the database, position in the questionnaire for “Other forms of reuse”
section.

Beside the thematic section in which are included, questions are also characterised by their structure and
type of possible answer. Most of them propose pre-defined answers, while others require to insert specific values
in mass or euros. All the questions include two possible omissive responses, which are: “I don’t know” and “I
prefer not to answer”.

The questions with pre-defined answers include also the option “Other:” followed by a blank space, to allow
the introduction of custom answers. Most of the questions require to select only one option from the possible
responses provided, while others allow the selection of multiple ones. The respondent may also ignore the ques-
tions and leave the survey incomplete. As already stated, the questionnaire is considered completed only if more
than 90% of the questions has been answered.

To ensure the validity and reliability of the data collected through the survey, several control questions were
embedded within the questionnaire. These control questions were strategically designed to detect and mitigate
potential biases, verify respondent attentiveness, and identify inconsistent responses. By including these ques-
tions, we aimed to enhance data quality and reduce the likelihood of erroneous or misleading findings.

Technical Validation

Technical validation relies on a test for data consistency and one test for data representativeness. Data consist-
ency is tested using a Cronbach’s alpha test, while data representativeness is demonstrated through the estima-
tion of total production of the food processing industry in Italy and the comparison of such estimate with official
data.

To test the internal consistency of data, Cronbach’s alpha test*’, a statistical test commonly used for this pur-
pose, has been performed. The test consists in the identification of a set of “items” composed of variables sub-
groups from the dataset. Then, the test evaluates the correlation between the elements in the same item.
Afterwards, it verifies the reliability based on the correlation between the variables. The alpha coefficient () is
the statistical indicator for reliability and it is calculated as:

ko2

k >2i10y,

a = 1-—
k—1 o')%

Where:

o kisthe number of items in the measure
« oy is the variance of the i-component
. a)? is the variance of the total score
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Topic Variables list Columns | Questionnaire section and question
FW meaurement frequency FW_MEAS CE 5.1

FW_MEAS_WEIGH
FW_MEAS_MANUAL
FW_MEAS_IMAGE
FW_MEAS_DATA
FW_MEAS_WASTEMAN
FW_MEAS_THIRD
FW_MEAS_OTHER
FW_MEAS_NK
FW_MEAS_NR
FW_MEAS_OTHER_SPEC

FW_MAIN_RESP
FW_MAIN_RESP_OTHER
FW_RESP_PROD
FW_RESP_LOG
FW_RESP_SAFETY
FW_RESP_CSR
FW_RESP_SUPPLY
FW_RESP_PURCH
FW_RESP_SALE
FW_RESP_OTHER
FW_RESP_NONE
FW_RESP_NK
FW_RESP_NR
FW_RESP_OTHER_SPEC

RECY_REC_INTERNAL/EXTERNAL/PARTNER_AGRNUTRISH
RECY_REC_INTERNAL/EXTERNAL/PARTNER_BIOGAS
RECY_REC_INTERNAL/EXTERNAL/PARTNER_HEAT
RECY_REC_INTERNAL/EXTERNAL/PARTNER_COMPOUND
Recycle and recovery practices adoption RECY_REC_INTERNAL/EXTERNAL/PARTNER_BIOMATERIAL
RECY_REC_INTERNAL/EXTERNAL/PARTNER_OTHER
RECY_REC_INTERNAL/EXTERNAL/PARTNER_NONE
RECY_REC_INTERNAL/EXTERNAL/PARTNER_NK
RECY_REC_INTERNAL/EXTERNAL/PARTNER_NR
RECY_REC_INTERNAL/EXTERNAL/PARTNER_OTHER_SPEC

Recycle and recovery forecast RECY_REC_INCREASE EN 5.5
Recycle and recovery rate RECY_REC_RATE EO 5.6

RECY_REC_Q_TON
RECY_REC_NK

FW measurement instruments CK-CU 52

FW responsible figure CV-DI 53

DJ-EM 5.4

Recycled and recovered quantity in tons EP-EQ 5.7

Table 8. Topic, variables list, position in the database, position in the questionnaire for “Recycle and recovery
of FW” section.

Topic Variables list Col Questi ire section and question
- WASTE_Q_TON

Waste quantity in tons WASTE_NK ER-ES 6.1

Waste rate WASTE_RATE ET 6.2

Table 9. Topic, variables list, position in the database, position in the questionnaire for “Waste” section.

Values of o range between 0 and 1, with higher values indicating greater internal consistency and a = 0,7
being the threshold to consider high reliability®’.

The test has been conducted with the statistical analysis software STATA. The variables used for the
Cronbach’s alpha test are all the numerical variables, both continuous and discrete (binary and categorical). The
avvalue resulted is equal to 0,706, hence the data can be defined internally consistent.

Data representativeness of the target population is assured by design:

1) The sample is designed to ensure a low sampling error (less than 12%) for all the variables.

2) The sample assures a large coverage of the target population (22% of the population) and is stratified along
3 variables (size, product type, geographical area). The distortion introduced can be corrected by weight-
ing. In this way the sample is converted into a proportional sample.

In addition, data representativeness has been tested through the comparison between estimates from our
sample and official national statistics®. An estimate of total production of food processing industry in Italy was
preformed and the difference with the ISTAT value? results in around 3%, which confirms the compatibility of
the results and consequently the representativity of the sample.

Estimate was realized starting from the imputation of missing data for quantity and on weighted estimation.

Imputation of missing data was required since annual production of firms was not provided in 45% of
answers (819). A two-step imputation has been conducted to estimate the missing data with the analytical soft-
ware STATA. The first step consisted in a Linear Regression Multiple Imputation applied to each sub-dataset
identified by size, product type, geographical area, to minimize the bias due to differences between companies.
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Topic Variables list Col Questi ire section and question
DONATION_Q_TON
Donation quantity in tons and euros DONATION_VALUE EU-EW 7.1

DONATION_NK

DONATION_BENEFITS_NONE
DONATION_BENENFITS_TAX RED
DONATION_BENEFITS_VAT RED
DONATION_BENEFITS_AGEA
Access to tax benefits DONATION_BENEFITS_REGIONAL
DONATION_BENENFITS_EUROPEAN
DONATION_BENEFITS_OTHER
DONATION_BENEFITS_NK
DONATION_BENEFITS_NR
DONATION_BENEFITS_OTHER_SPEC

DONATION_PARTNER_FOODBANK
DONATION_PARTNER_OPCAR
DONATION_PARTNER_ROMA
DONATION_PARTNER_PANEQUOT
DONATION_PARTNER_DIOCE
DONATION_PARTNER_STEGID
Partners in donation DONATION_PARTNER_REDCROSS FH-FU 7.3
DONATION_PARTNER_LOCALASS 7.4
DONATION_PARTNER_LOCALMUN
DONATION_PARTNER_OTHER
DONATION_PARTNER_NK
DONATION_PARTNER_NR
DONATION_PARTNER_OTHER_SPEC
DONATION_PARTNER_CHANGE

EX-FG 7.2

Table 10. Topic, variables list, position in the database, position in the questionnaire for “Follow-up questions”
section.

Linear Regression Multiple Imputation estimated most of the missing data, but 6% of the companies had a
missing value. Consequently, the second step consisted in a Predictive Mean Matching Multiple Imputation,
which was applied to the dataset resulting from step one. All missing data on quantity were imputed. Result of
this process are provided in the dataset under variable “WEIGHED_AND_IMPUTED_PRODUCTION_TON”

Notably, the introduction of a non-proportional sample requires the introduction of weights to be used to
draw inferences on the population. These weights are provided in the dataset under variable “WEIGHT”.
Re-proportioning consists of multiplying the value of each variable by the weight that the observation would
have in the population. This weight depends on the firm’s product category (i), size (j) and geographical area (k).
Specifically for each combination of ijk, there is a value called W.

This value is computed as:

=
=

W =

x|z

ny number of firms in stratum ijk in the sample
Ny = number of firms in stratum jik in the population
n=total number of firms in the sample

N = total number of firms in the population

Using this technique an estimate of the production of food processing industry in Italy has been performed.

According to ISTAT?, in the year 2022, the Italian total food production from all the companies with more
than 9 employees was 69.408.908,07 metric tons, excluding the beverage manufacturers. This removal has been
done because the ISTAT data concerning beverages were reported in litres.

The total mass of food production from all the responding companies (excluding beverage manufacturers)
projected to the national scale is calculated as:

i,
G = =t 7405

Where:
o g;is the production (given or imputed) of the I-th firm

o 1606 is the number of companies in the survey, excluding beverage manufacturers
o 7405 is the number of companies in the population, excluding beverage manufacturers

The total value estimated is 71.809.530,22. As anticipated the difference between the ISTAT value and esti-
mate is around 3%, which is a confirmation of sample representativity.

SCIENTIFICDATA|  (2025) 12:1337 | https://doi.org/10.1038/s41597-025-05667-5 11


https://doi.org/10.1038/s41597-025-05667-5

www.nature.com/scientificdata/

Usage Notes
The dataset structure and its granularity allow a range of downstream applications relevant to the study of
SFFW in a representative sample of food processing companies. The dataset enables among other things to
quantify the number of companies that report any measurement of SFFW through the variables “SF_MEAS”
and “FW_MEAS’, the share of SFFW in relation to production through the variables “DONATION_RATE”,
“REUSE_RATE”, “RECY_REC_RATE” and “WASTE_RATE”; the share of SFFW that is directed toward dif-
ferent destinations, such as disposal, recovery, or donation through the variables “DONATION_Q_TON”
“RECY_REC_Q_TON” and “WASTE_Q_TON?”. Indeed, uses like the construction of indicators such as the
“waste reduction ratio” defined as total reused, recycled and recovered waste produced divided by total waste
produced?® are possible:

S%onated + SEeused +F I/V;

. . ecylederrecovered
Waste reduction ratio = 24 ,

F Wproduced (1)

Where SF,,,,.1.q is defined as SF donated for redistribution purposes, “DONATION_RATE?, SF,.,.., is defined
as SF valued for other human and animal consumptions and refers to variables “REUSE_RATE” in the data-
set, FW,, . is FW transformed into new, usable products through biological or chemical processes or energy
extracted from FW and refers to variable “RECY_REC_RATE” in the dataset, and FW,,,4,.q is the sum of the
previous indicators plus the FW that is not valued in any way and therefore dismissed as waste and refers to vari-
able “WASTE_RATE” in the dataset. Another possible use of the database is the execution of univariate analyses,
such as statistical comparisons of donation adoption between firms that measure their FW and firms that do not
measure their FW. Additionally, the data can be used for investigating the correlation between variables such as
the adoption of practices at the firm level within performance-related variables such us the indicator introduced
above. Furthermore, applications can be conducted either at the sample level or scaled to the population level to
generalize findings. To do so, users must apply the provided survey weights, as detailed in the section Technical
Validation. These weights account for sampling design and when applied appropriately ensure the representa-
tiveness of the analysis for the Italian food processing industry.
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