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1. Introduction

Food waste (FW) is a global problem whose political and social importance has
grown in recent years (Corrado et al. 2019), which is why its reduction has been
included within the Sustainable Development Goals of the UN Agenda 2030 in its
12th goal “Ensure sustainable consumption and production patterns” with the aim
of halving per capita overall food waste at both retail and consumer levels and
of reducing losses of food throughout production and food supply chains (FSCs)
including post-harvest losses, by 2030 (UNDP 2016).

Although there is not yet a single methodology to measure it, and the accessible
data are different, current estimates indicate that globally about a third of food
produced for human consumption is wasted or lost (Gustavsson et al. 2011). Food is
a precious commodity and its production requires many resources. The overall cost
of FW amounts to about 2.6 trillion US dollars a year if we consider the economic,
environmental and social costs associated with it (FAO 2013).

Food losses, meaning the waste that happens in the first phases of the FSC, are
mainly an issue in developing countries due to a lack of investments and inadequate
infrastructures. Meanwhile, FW, the waste that occurs at the retail and consumption
level is a typical problem of western countries and happens as a result of consumer’s
specific behavioral issues and habits (Gustavsson et al. 2011; Parfitt et al. 2010;
Secondi et al. 2015; Principato 2018).

Considering the waste per type of food, the Food and Agriculture Organization
(FAO) estimates that, globally, up to 30% of cereals, 20% of dairy, 35% of fish and
seafood, 45% of fruits and vegetables, 20% of meat, 20% of oilseeds and pulses,
and 45% of roots and tubers get lost or are wasted along the FSC (Gustavsson et al.
2011). According to research conducted in Italy (Waste Watchers 2017), if we consider
the wasted food within the household, we waste 31% of fruit and 29% of salad (29%),
followed by other vegetables (19%), bread (17%), cold cuts (16%), cheese and dairy
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products (respectively 16% and 14%). Scrolling down the list we find yogurt (12%),
milk (10%), cooked pasta (9%), cooked meat (7%) and raw meat (6%). At the end of
the list are other foods (like eggs and sauces) (5%), and desserts (4%).

In terms of socio-economic status, as acknowledged by Principato (2018), the
literature debate is still open. Indeed, if we consider the level of education of
individuals, the more educated they are, the higher the quantities of wasted food
(Visschers et al. 2016; Secondi et al. 2015). Household composition also plays
a role: bigger households tend to waste more than smaller ones (Quested et al.
2013), although it has been seen that the amount of FW per capita decreases as
the members of a family increase (Parizeau et al. 2015). In any case, it has been
seen that families with children tend to waste more than all-adult households of
the same size because of picky eating and food safety (Quested and Luzecka 2014).
Considering gender, some researches showed that females waste more than males
(Visschers et al. 2016); however, a number of other studies revealed that men
waste more than women (Gallo 1980; Buzby and Guthrie 2002). In terms of income,
most of the findings suggest that higher-income households waste more than those
with lower-incomes (Buzby and Guthrie 2002; Van Garde and Woodburn 1987;
Osner 1982; Koivupuro et al. 2012; Stefan et al. 2013). On the other hand,
some demonstrated the opposite (Stefan et al. 2013; Cox and Downing 2007;
Thi Thuy Trang et al. 2017).

The purpose of this study is to investigate—from the demand side—consumers’
choice in terms of wasted (edible and not consumed) food at the domestic level.
Through data collected on a sample of consumers in Italy, this research aims
to: (i) analyze types of food most wasted at the household level, according
to socio-economic characteristics of families; and (ii) evaluate, by means of the
Working–Leser (WL) demand equation models, if and to what extent propensity and
responsiveness to wasted food vary according to both weekly expenditure for food
and household living standards as measured by total annual household income.

To our knowledge, studying the connection between FW generation and demand
elasticity represents a new and original approach for addressing consumer behavior
towards FW. The results obtained provide new data on food purchasing behavior
and the FW phenomenon at the consumer level, thus a novel contribution to ensuring
sustainable consumption patterns.

The remainder of the chapter is structured as follows: Section 2 describes the
data collection process and the methodological approach used for the estimation
of consumers’ elasticity towards FW. Section 3 reports the obtained results both in
terms of descriptive analysis and estimated elasticity. Section 4 provides a discussion
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starting from the results obtained by highlighting the possible contributions of
this study to the literature and to the possible uses by policy makers. In the same
section, some concluding remarks are drawn by focusing on further development of
the research.

2. Materials and Methods

2.1. The Data Collection Process

In order to obtain information on the FW produced and, specifically, on the
categories of food (types of food) wasted by households, as well as their distribution in
the overall generated FW, an ad-hoc questionnaire was implemented and structured
with the following six sections: (i) knowledge of the phenomenon of FW in terms
of dissemination and awareness of the economic, social and environmental impacts
of FW (questions with a Likert response scale); (ii) behavior and purchasing
habits in terms of the overall weekly food expenditure, frequency, and type of
distribution channel generally chosen for the purchase of food; (iii) FW behavior and
habits in terms of distribution among different categories of food, meal planning,
methods for reducing waste, and reasons for which FW is generated in the family;
(iv) awareness of FW behaviors by means of a set of questions regarding, for example,
the influence of the aesthetic aspect of food or the offers and disposition of food
in supermarkets on the family; (v) preventive actions that would reduce food
waste, such as, for example, greater awareness of the meanings of product labels or
availability in stores of packages with less food (set of questions with Likert-type
answer); (vi) socio-demographic characteristics of the head of household responsible
for purchases (specifically her/his gender, age, level of education, marital status,
and residence) as well as her/his family characteristics in terms of overall economic
situation (household living standard as measured by the declared total annual
income), number of family members and presence of children within the nucleus.

The core questions of the questionnaire, contained in Section 3—and on which the
analyses reported below are based—focus on the distribution of FW (in percentages)
among the following categories of food: (i) pasta, rice and cereals; (ii) meat and cured
meat; (iii) vegetables and legumes; (iv) fruit; (v) bread and pizza; (vi) cheese and
eggs; (vii) fish and derived products; (viii) milk, yogurt and other dairy products;
(ix): sauces and condiments; (x) sweets and desserts.

The data were collected in the period October 2017–January 2018 from a sample
of respondents located mainly in the Lazio and Tuscany regions. The adopted
sampling scheme started with the voluntary participation of university students
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who were asked to involve their families in the filling out of the questionnaire and,
specifically, to involve the family member responsible for food purchases.

Once they agreed, the questionnaire could be accessed through a Web Based
Survey (WBS) system characterized by a self-administration of the responses by the
participants. By adopting this procedure, we obtained answers from 268 families
(as represented by the household member responsible for food purchase) whose
controlled and validated responses were considered for the descriptive analyses and
statistical modeling reported in the following sections.

2.2. The Demand Modeling Estimation Approach

The empirical model applied to study the propensity of consumers towards FW
and, therefore, their responsiveness to FW with regards to both total food expenditure
and household living standards is the WL model, introduced by Working (Working
1943) and Leser (Leser 1963) and further developed by Deaton and Muellbauer
(Deaton and Muellbauer 1980a, 1980b), as presented in the general Equation (1). This
model was used to estimate the food waste expenditure elasticity (hereon FWE2)
with reference to the 10 categories of food presented in the previous section.

The basic equation of the WL model is presented in a log-linear form in which
the share of waste of each food product is a linear function of the logarithm of prices
and the logarithm of total weekly expenditure of all the foods considered. In our
study, the socio-demographic characteristics of households were also considered as
control factors. Therefore, the single estimated equation can be expressed as:

win = α0i + αi log xn + βi log pi +
∑
j,i

β j log p j +
∑

k

γkjHkn + εin (1)

where i (i = 1, . . . 10) represents the index of the product category considered for the
estimation, while n (n = 1, . . . 268) refers to the n-th family considered. In Equation (1)
win represents the share of FW generated for the i-th product category by the n-th
family, xn represents the average weekly expenditure for food, while pi represents the
price of the products of the i-th studied category and pj the prices of the other products
(for i , j). Furthermore, Hkn represents the k-th (k = 1, . . . K) socio-demographic
characteristic of the n-th family introduced as a control factor in the estimated
regression models. Lastly, εin is the error component of the model.

As underlined by Landry and Smith (2019) who used the WL specification
for the overall estimation of FW elasticity in the context of the Household Food
Consumption Survey for US households, the advantage of the WL specification is
that it suits utility-maximization with the assumption of constant returns to scale
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and separability, and that it is possible to calculate expenditure elasticity consistent
with consumer theory.

It is worth noting that the WL specification in its log-linear form does not
give a direct interpretation of expenditure elasticity. Therefore, the FW expenditure
elasticity (FWE2) for the i-th product category can be obtained from the parameter
estimates as:

FWE2i = 1 +
(
αi
wi

)
(2)

whose computed value according to whether it is less than, equal to, or greater than
1, can provide indications of the lower or higher sensitivity of consumers to FW as
their weekly food expenditure increases. In this sense, values of FWE2 less than
(or greater than) the unit—which, in the classic consumer microeconomic approach,
provide references for necessary goods or luxury goods—provide information on the
speed with which FW grows with overall increasing expenditure on food. Therefore,
it provides evidence of less or more tendency to throw away food when food
expenditure increases.

In estimating the equations reported in the general form in Equation (1),
the different household living standards of the respondents were taken into account
by considering the estimate of two separate sets of equations based on the answers
provided by the participants in the survey regarding total annual family income.
Since the questionnaire includes information about classes of total annual income,
the median category (total family income between 15 and 25 thousand Euros) was
considered to have two subgroups of households—defined as households with a
low-medium level of income and household with a high level of income—by which
to investigate the propensity and tendencies towards FW.

With reference to the variables considered, food expenditure (xi) refers to
the average household expenditure incurred weekly for the purchase of food.
Considering the price vector p (i = 1, ... 10) we referred to the average published
prices of the various categories of products by the Price Observatory of the Italian
Ministry of Economic Development and referred to the month during which the
interview was conducted.

As regards the socio-economic characteristics considered, the following variables
were introduced in the WL specification: head of the family gender, age, marital
status, and educational qualification, as well as information about the nuclear family
in terms of number of family members, presence of children, and residence area (also
by distinguishing between rural and urban areas).
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3. Results

3.1. A Descriptive Analysis: Respondents and Their Purchase Habits

The sample of respondents was composed of 268 individuals, aged between
18 and 69 with family compositions ranging from one to seven people. It emerged that
the task of food supply is carried out by majority women (81%), and the remaining
part by men (19%). A total of 80.96% of individuals were domiciled in the Lazio
region while 19.04% of respondents resided in Tuscany.

The average weekly expenditure for the purchase of food incurred by households
was approximately EUR 98.77 (standard deviation equal to 66.55), with empirical
quartiles observed at Q1 = 50, Q2 = 85 and Q3 = 125 Euros.

The supermarket was the most cited place to purchase food (222 responses out
of 268 respondents equal to a percentage value of 82.84%). Indeed, respondents were
asked to indicate the two places their family generally makes food purchases and the
second most frequently cited purchase location was a small retail store (117 out of 268
respondents, corresponding to 43.66%). Discount (69 respondents) and hypermarkets
(56 respondents with a total incidence percentage of 20.9% of respondents) followed,
as reported in Figure 1. It should be noted that the percentages in Figure 1 do not
sum 100 because respondents could choose at most two places where food shopping
was carried out. Therefore, for each place of purchase, the percentage indicates the
proportion of individuals that used this channel independently to the preference
order and to the total number of places selected.

Regarding the frequency of purchases, “two/three times per week” was the
modal category observed for the respondents (approximately 51.1%) followed by
“once a week” (26.5%), while 18.9% declared to purchase food “every day”.

Regarding the FW generated, about 88% of the sample claimed to throw away
less than 15% of food purchased and not consumed weekly, while only 1.5% threw
out more than 30% of food weekly.

3.2. FW by Categories, the WL Model Estimation and the Obtained FWE2

The three most wasted types of food (referring to the specific food category)
were fruit (18.15%), vegetables and legumes (16.54%) and bread and pizza (16.38%),
as shown in Figure 2, thus confirming the ranking published by the Waste Watcher
(Lmm/Swg) observatory regarding to the most wasted foods in Italy in 2016.
The categories least subject to be wasted were sweets (3.91%) and fish (3.52%).
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Figure 1. Places where food shopping is usually carried out (note: multiple choice
question). Source: Own illustration.

Figure 2. Food waste (FW) distribution across the 10 studied categories. Source:
Own illustration.

On the other hand, Figure 3 shows, for each food category, the empirical overall
distribution of responses thus highlighting both the range (in terms of minimum
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and maximum observed values) and the mid-range variability as measured by the
dispersion between first and third quartiles.

(a)

(b)

Figure 3. Box-plot of FW per food category: (a) pasta, rice and cereals; meat and
cured meat; vegetables and legumes; fruit; bread and pizza; (b): cheese and eggs;
fish and derived products; milk, yogurt and dairy products; sauce and condiments;
sweets and desserts. Source: Own illustration.

In order to understand any differences in the propensity to waste food according
to the total expenditure and households’ standard of living, we estimated the WL
model by distinguishing families according to the median household income declared
in the interview. Aware of the bias that a declared income could generate, the goal was
to understand if and to what extent there were differences in the propensity to waste
between households whose income was less than 25 thousand Euros (this category
represents the median category based on respondents) and households with an
annual income of 25 thousand Euros or more.
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We estimated two different subsets of FW share equations based on the
specification proposed in Equation (1). Figure 4 shows the values of the FWE2
for the two groups of families and highlighted a cut-off of 1, which distinguishes
the level of growth of FW as less proportional (if the elasticity is less than 1) or
more than proportional (if the elasticity is greater than 1) as the overall weekly
spending increases.

Figure 4. Food waste expenditure elasticity (FWE2) for the studied food categories:
values of the FW expenditure elasticity distinguished for low–medium and high
household incomes (red line equal to 1 for the distinction between necessary and
luxury food categories). Source: Own illustration

Table 1 shows the estimates of the parameters (with the related level of statistical
significance) used for the computation of FW expenditure elasticity.

The elasticities were computed—according to Equation (2)—by considering the
average share of the i-th food category.

As usual in microeconomic theory of elasticities, at first evaluation of the
elasticity values it was noted that all estimated elasticities were positive, proving that
all the categories of products considered represented “normal goods” towards FW.
Therefore, these were categories of products, for which as food expenditure increases
the quantity (in percentage) of FW increases. If, on the other hand, we had obtained
negative values of FWE2, we would have found ourselves faced with “lower goods”,
for which as spending increased the amount of FW produced would have decreased
(Varian 2002).
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Table 1. Working–Leser parameter and FWE2 estimates.

LOW-INCOME MEDIUM-HIGH INCOME

Alpha Significance
Level FWE2 Alpha Significance

Level FWE2

Pasta, rice and cereals −0.018 0.711 0.043 ** 1.647

Meat and cured meat 0.014 1.197 0.030 * 1.369

Vegetables and legumes 0.007 1.038 −0.047 * 0.665

Fruit 0.103 *** 1.598 −0.097 *** 0.491

Bread and pizza 0.008 1.048 0.047 1.284

Cheese and eggs −0.019 0.745 0.015 1.200

Fish and derived
products −0.016 0.583 0.014 1.456

Milk, yogurt and dairy
products −0.025 0.764 0.041 1.285

Sauces and condiments −0.036 ** 0.538 −0.015 0.789

Sweets and desserts −0.019 0.529 −0.031 ** 0.202

Notes: * p-value < 0.10; ** p-value < 0.05; *** p-value < 0.01. Source: Own data.

For some categories of goods, values of elasticity higher than one were observed.
In this sense, for the usual so-called luxury goods, FW increased more than
proportionally compared to the increase in food expenditure.

By combining the elasticity values with the relative significance levels, and also
by considering the distinction between household living standards (low-medium
and high levels of income), we noticed elasticity values higher than the unit for
fruit (p-value < 0.01) in the low-income households. Therefore, by an increase of
1 percentage point of food expenditure, the value of FW for fruit increased by 1.5
percentage points. On the contrary, elasticity, statistically significant and lower than 1,
was observed for sauces and condiments (p-value < 0.05), meaning that as spending
increased there was a tendency to observe a less than proportional increase in the
waste of this category of products.

Considering families with medium-high income, we noted values of elasticity
higher than the unit for pasta, rice and cereals (p-value < 0.05), meat and cured meat
(p-value < 0.10) indicating that these foods were considered “luxury goods” and,
therefore, their waste increased disproportionately to the expense. On the other hand,
FWE2 values lower than unity—which showed a less than proportional growth in FW
compared to overall food expenditure—were observed for vegetables and legumes
(p-value < 0.10), fruit (p-value < 0.01) and for sweets and dessert (p-value < 0.05).
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4. Discussion and Conclusions

Much has been written about FW at the domestic level in recent years,
focusing attention on consumer awareness of the impacts of FW, the causes of FW and
the measures to be implemented in order to be able to reduce FW in practice to achieve
the 2030 objective set by SDG 12—to halve FW (Corrado et al. 2019; Gustavsson et al.
2011; Secondi et al. 2015; Waste Watchers 2017; Quested et al. 2013; Koivupuro et al.
2012; Mondéjar-Jiménez et al. 2016; Principato et al. 2015; Secondi 2019).

In this study, we attempted to address a new perspective of analysis to
understand—given the centrality of the role of FW in the entire production chain
(Principato et al. 2019; Secondi et al. 2019a) and the possibilities of FW recovery within
a circular economy perspective—the propensity of consumers towards FW and, in
particular, to understand if and to what extent this propensity varied for different
categories of products and household living standards. To answer this research
question, a topic on which literature is right now emerging, we started an exploratory
investigation involving a sample of Italian families located mainly in the Lazio region
and southern Tuscany. We made an effort to have the person in charge of family
purchases be directly involvedin logging the percentage of FW for 10 categories of
products (the sum of these categories was required to be 100%). The collected data
were then analyzed within the perspective of consumer FW demand and in terms of
FW expenditure elasticity (for which we introduced the acronym FWE2) which, like
the classical elasticity with respect to expenditure (expenditure elasticity) enables
analysts and researchers to provide information with greater or lesser proportional
growth in FW generation in relation to the expenditure.

In order to highlight behavioral differences, we distinguished the families
interviewed on the basis of their standard of living and estimated two separate WL
type equations. This allowed us, in the first stage of research, to estimate two separate
FWE2s distinguished by level of total household income and, therefore, to obtain
a different level of households responsiveness in generating FW, according to the
amount spent on food. It is important to emphasize that the computed elasticity
reflects the elasticity of producing FW and is not directed towards “consumer goods”,
as they usually are. This evidence can be the starting point for a deep reflection
concerning economic meaning and interpretation.

This first exploratory analysis produced interesting results for the discussion.
First of all, for all categories of food we obtained a positive elasticity value, thus
confirming these products as normal goods for which FW varies in a positive sense
as spending increases. This result is in line with the one recently observed for the
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U.S. by Landry and Smith (2019), where FW was considered for luxury goods with
values between 1.1 and 1.4.

In this regard, and by distinguishing positive values lower (or greater) than unit
in order to identify necessary (or luxury) categories of food, we noted the presence of
goods considered “luxury food” for a group of families, while necessity goods for
others. This is the case, for example, with fruit. In fact, if fruit represents a “luxury
food” for the generation of FW for low-medium income families, the waste grows
more than proportionally with respect to expenditure. For families with a higher
level of income, the wasted food of this category grows less than proportionally.
The result obtained must certainly be investigated further, but in our opinion can be
related to both the promotional offer, which leads consumers (above all, consumers
with a low-medium level of income) to purchase quantities of food (in this case fruit)
that they will not be able to consume in time (before their physiological drop) as well
as to the importance of linking FW generation with a nutritional balanced and correct
diet by consumers. Distinctly, higher income families also buy and consume more
fruit but, in their diet—as is the case for the Mediterranean diet, for example—such
fruits (and vegetables) are actually consumed and therefore wasted to a lesser extent.
As a result, it is also important, at the policy level, to jointly address the issue of
food well-being and health, thus helping the dissemination of good food practices
(consumption of fruit and vegetables for example) as well as helping low-income
families guarantee a balanced diet. from a nutritional point of view, which may
require greater economic effort (Benedetti et al. 2018).

From this perspective, the estimates of demand elasticities for commodity
groups and household characteristics can help with planned interventions aimed
at addressing selected categories of consumers, thus contributing to minimized
FW, sustainable consumption models and the ultimate reduction of FW related
impacts. In this sense, a method to reduce fruit waste would be to implement targeted
consumer educational campaigns on fruit consumption that emphasize the role of
fruit in pursuing our health and well-being, and at the same time bring attention to
perishability so that clusters, like the low-income population, buy the correct daily
amount. For these interventions, digital innovations and applications could be of use
(Secondi et al. 2019b) in achieving the desired results more effectively.

Further research must be carried out on the implementation of more flexible
demand equation systems (such as the Almost Ideal Demand System) as well as with
more structured survey methods (i.e., a larger sample survey on a representative
sample of Italian consumers), which would enable academics and, therefore, policy
makers to analyze this vital issue with a deeper, more detailed, and targeted approach.

94



Author Contributions: Conceptualization, L.S. and L.P.; methodology, L.S.; Software, L.S.;
validation, L.S. and L.P.; formal analysis, L.S.; writing—original draft preparation, L.S. and
L.P.; writing—review and Editing, L.S. and L.P.; supervision L.S. and L.P. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors thank C. Allegrini for data collection and first analysis on
this issue.

Conflicts of Interest: The authors declare no conflict of interest.

References

Benedetti, Ilaria, Tiziana Laureti, and Luca Secondi. 2018. Choosing a healthy and sustainable
diet: A three-level approach for understanding the drivers of the Italians’ dietary regime
over time. Appetite 123: 357–66. [CrossRef] [PubMed]

Buzby, Jean C., and Joanne Frances Guthrie. 2002. Plate Waste in School Nutrition Programs.
Final Report to Congress; ERS E-FAN-02-009; Washington, DC: USDA.

Corrado, Sara, Carla Caldeira, Mattias Eriksson, Ole Jørgen Hanssen, Hans-Eduard Hauser,
Freija van Holsteijn, and Gang Liu. 2019. Food Waste Accounting Methodologies:
Challenges, Opportunities, and Further Advancements. Global Food Security 20: 93–100.
[CrossRef] [PubMed]

Cox, Jayne, and Phil Downing. 2007. Food Behaviour Consumer Research: Quantitative Phase.
Banbury: WRAP.

Deaton, Angus, and John Muellbauer. 1980a. An Almost Ideal Demand System.
American Economic Review 70: 312–26.

Deaton, Angus, and John Muellbauer. 1980b. Economics and Consumer Behavior. London:
Cambridge University Press.

FAO. 2013. Food Wastage Footprint: Impacts on Natural Resources. Available online:
http://www.fao.org/docrep/018/i3347e/i3347e.pdf (accessed on 17 January 2020).

Gallo, Anthony E. 1980. Consumer Food Waste in the U.S. Consumer Research. Food Review/
National Food Review, 13–16. [CrossRef]

Gustavsson, Jenny, Christel Cederbergand, and Ulf Sonesson. 2011. Global Food Losses and Food
Waste. Gothenburg: Swedish Institute for Food and Biotechnology (SIK).

Koivupuro, Heta-Kaisa, Hanna Hartikainen, Kirsi Silvennoinen, Juha-Matti Katajajuuri,
Noora Heikintalo, Anu Reinikainen, and Lotta Jalkanen. 2012. Influence of
socio-demographical, behavioural and attitudinal factors on the amount of avoidable
food waste generated in Finnish households. International Journal of Consumer Studies
36: 183–91. [CrossRef]

Landry, Craig E., and Travis A. Smith. 2019. Demand for Household Food Waste. Applied Economic
Perspectives and Policy 41: 20–36. [CrossRef]

95

http://dx.doi.org/10.1016/j.appet.2018.01.004
http://www.ncbi.nlm.nih.gov/pubmed/29330002
http://dx.doi.org/10.1016/j.gfs.2019.01.002
http://www.ncbi.nlm.nih.gov/pubmed/31008044
http://www.fao.org/docrep/018/i3347e/i3347e.pdf
http://dx.doi.org/10.22004/ag.econ.281040
http://dx.doi.org/10.1111/j.1470-6431.2011.01080.x
http://dx.doi.org/10.1093/aepp/ppy037


Leser, Conrad Emanuel Victor. 1963. Forms of Engel Functions. Econometrica 31: 694–703.
[CrossRef]

Mondéjar-Jiménez, Juan Antonio, Guido Ferrari, Luca Secondi, and Ludovica Principato. 2016.
From the table to waste: An exploratory study on behaviour towards food waste of
Spanish and Italian youths. Journal of Cleaner Production 138: 8–18. [CrossRef]

Osner, Robin. 1982. Food wastage. Nutrition and Food Science 82: 13–16. [CrossRef]
Parfitt, Julian, Mark Barthel, and Sarah Macnaughton. 2010. Food waste within supply chains:

Quantification and potential for change to 2050. Philosophical Transactions of the Royal
Society B: Biological Sciences 365: 3065–81. [CrossRef]

Parizeau, Kate, Mike von Massow, and Ralph Martin. 2015. Household-level dynamics of
food waste production and related beliefs, attitudes, and behaviours in guelph, ontario.
Waste Management 35: 207–17. [CrossRef] [PubMed]

Principato, Ludovica. 2018. Food Waste at Consumer Level. A Comprehensive Literature Review.
Cham: Springer.

Principato, Ludovica, Luca Secondi, and Carlo Alberto Pratesi. 2015. Reducing food waste:
An investigation on the behaviour of Italian youths. British Food Journal 117: 731–48.
[CrossRef]

Principato, Ludovica, Luca Ruini, Matteo Guidi, and Luca Secondi L. 2019. Adopting the
circular economy approach on food loss and waste: The case of Italian pasta production.
Resources, Conservation and Recycling 144: 82–89. [CrossRef]

Quested, Tom, and Paulina Luzecka. 2014. Household Food and Drink Waste: A People Focus.
Banbury: WRAP.

Quested, Tom, Emma Marsh, Daniel Stunell, and Andrew D. Parry. 2013. Spaghetti soup:
The complex world of food waste behaviours. Resources, Conservation and Recycling 79:
43–51. [CrossRef]

Secondi, Luca. 2019. Expiry Dates, Consumer Behavior, and Food Waste: How Would Italian
Consumers React If There Were No Longer “Best Before” Labels? Sustainability 11: 6821.
[CrossRef]

Secondi, Luca, Ludovica Principato, and Tiziana Laureti. 2015. Household food waste
behaviour in EU-27 countries: A multilevel analysis. Food Policy 56: 25–40. [CrossRef]

Secondi, Luca, Ludovica Principato, Luca Ruini, and Matteo Guidi. 2019a. Reusing Food
Waste in Food Manufacturing Companies: The Case of the Tomato-Sauce Supply Chain.
Sustainability 11: 2154. [CrossRef]

Secondi, Luca, Ludovica Principato, and Giovanni Mattia. 2019b. Can digital solutions help
in the minimization of out-of-home waste? An analysis from the client and business
perspective. British Food Journal 122: 1341–59. [CrossRef]

Stefan, Violeta, Erica van Herpen, Ana Alina Tudoran, and Liisa Lähteenmäki. 2013.
Avoiding food waste by Romanian consumers: The importance of planning and shopping
routines. Food Quality and Preference 28: 375–81. [CrossRef]

96

http://dx.doi.org/10.2307/1909167
http://dx.doi.org/10.1016/j.jclepro.2016.06.018
http://dx.doi.org/10.1108/eb058904
http://dx.doi.org/10.1098/rstb.2010.0126
http://dx.doi.org/10.1016/j.wasman.2014.09.019
http://www.ncbi.nlm.nih.gov/pubmed/25445261
http://dx.doi.org/10.1108/BFJ-10-2013-0314
http://dx.doi.org/10.1016/j.resconrec.2019.01.025
http://dx.doi.org/10.1016/j.resconrec.2013.04.011
http://dx.doi.org/10.3390/su11236821
http://dx.doi.org/10.1016/j.foodpol.2015.07.007
http://dx.doi.org/10.3390/su11072154
http://dx.doi.org/10.1108/BFJ-03-2019-0205
http://dx.doi.org/10.1016/j.foodqual.2012.11.001


Thi Thuy Trang, Pham, Huynh Quoc Dong, Dinh Quang Toan, Nguyen Thi Xuan Hanh, and
Nguyen Thi Thu. 2017. The Effects of Socio-economic Factors on Household Solid Waste
Generation and Composition: A Case Study in Thu Dau Mot, Vietnam. Paper presented
at the 3rd International Conference on Energy and Environment Research, Porto, Portugal,
July 17–20.

UNDP. 2016. United Nations Development Programme, Sustainable Development
Goals. Available online: http://www.undp.org/content/undp/en/home/sustainable-
development-goals/goal-12-responsible-consumption-and-production/targets/
(accessed on 17 January 2020).

Van Garde, S. J., and Margy J. Woodburn. 1987. Food discard practices of householders.
Journal of the American Dietetic Association 87: 322–29.

Varian, Hal R. 2002. Microeconomia. Venezia: Cafoscarina.
Visschers, Vivianne HM, Nadine Wickli, and Michael Siegrist. 2016. Sorting out food waste

behaviour: A survey on the motivators and barriers of self-reported amounts of food
waste in households. Journal of Environmental Psychology 45: 66–78. [CrossRef]

Waste Watchers. 2017. Osservatorio sullo Spreco di cibo in Italia. Available online: https:
//www.sprecozero.it/waste-watcher/ (accessed on 17 January 2020).

Working, Holbrook. 1943. Statistical Laws of Family Expenditure. Journal of the American
Statistical Association 38: 43–56. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open
access article distributed under the terms and conditions of the Creative Commons
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).

97

http://www.undp.org/content/undp/en/home/sustainable-development-goals/goal-12-responsible-consumption-and-production/targets/
http://www.undp.org/content/undp/en/home/sustainable-development-goals/goal-12-responsible-consumption-and-production/targets/
http://dx.doi.org/10.1016/j.jenvp.2015.11.007
https://www.sprecozero.it/waste-watcher/
https://www.sprecozero.it/waste-watcher/
http://dx.doi.org/10.1080/01621459.1943.10501775
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	The Data Collection Process 
	The Demand Modeling Estimation Approach 

	Results 
	A Descriptive Analysis: Respondents and Their Purchase Habits 
	FW by Categories, the WL Model Estimation and the Obtained FWE2 

	Discussion and Conclusions 
	References

