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Abstract: Household food waste accounts for the most significant part of total food waste in
economically developed countries. In recent times, this issue has gained recognition in the international
research community and policy making. In light of the Sustainable Development Goals of FAO,
mandatory reporting on food waste has been integrated into European legislation, as a basis of
preventive programs. The paper presents the results of research that aimed to quantify the food
waste generated by Hungarian households. Research methodology was based on the EU compliant
FUSIONS recommendations. In total, 165 households provided reliable data with detailed waste
logs. Households were supported by kitchen scales, measuring glasses, and a manual. Based on the
extrapolation of the week-long measurement, the average food waste was estimated to be 65.49 kg
per capita annually, of which the avoidable part represented 48.81%. Within the avoidable part, meals,
bakery products, fresh fruits and vegetables, and dairy products are accountable for 88% of the mass.
This study was a replication of the first Hungarian household food waste measurement conducted in
2016 with the same methodology. Between the two periods, a 4% decrease was observed. The findings,
for instance the dominant share of meals in food waste, should be put in focus during preventive
campaigns. National level food waste measurement studies using the FUSIONS methodology should
be fostered by policy makers to establish the foundations of effective governmental interventions and
allow for the international benchmarking of preventive actions.

Keywords: household food waste; food waste measurement; food waste composition; sustainable
consumption; consumer research; consumer behavior

1. Introduction

In recent times, food wastage has become a frequently investigated issue. In countries with
developed economic status, the largest quantities of food waste are generated at the consumer level [1].
The ratio of household food waste in the EU is estimated to be about 53% of the amount produced
within the entire food chain, which equals 92 kg per capita annually [2]. Reported numbers are
mainly originating from calculations based on general waste databases of the member countries. In the
last ten years, research activity has been accelerated in this field, delivering a variety of—sometimes
contradictory—results. The greatest research activity in the field is focusing on Northern and Western
Europe (prominently Denmark, Finland, Germany, Italy, Norway, UK) [3], but there are several
examples outside the continent as well (USA, China, Canada) [4].

The majority of the variation in reported empirical data can be explained by the wide range of
methods used by the studies. There are quite a few direct research methods that can be applied in
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research practice to acquire primary data on the extent of household food waste [5,6]. Several reports
used questionnaires, where the focus is on self-reporting [7–10]. Physical measurements, such as
diaries or composition analysis, are also widely used methods [11–17]. Nevertheless, we must take
into consideration that these methods entail a great deal of uncertainty [18]. For instance, separately
collected organic stream could contain other biological waste besides food (flowers, green waste from
the garden or the street), while other elements could be missing (food put in general domestic waste,
poured into the sink, or fed to animals) [19]. A significant gap can be detected between the amounts
resulted from physical measurements and self-report surveys [17,20,21]. Self-reported numbers tend
to be significantly lower than physically measured values. Physical measurements, however, require a
serious commitment from family members and a great amount of trust invested in the researchers.
Moreover, gathering an appropriate sample size in physical measurement surveys is a very challenging
endeavor. Despite the known hindrances of the discussed research methods, it must be noted that
acquiring reliable and detailed information on household food waste is of great importance [22].
A recent study argues that physical measurements for data collection instead of self-reporting are
preferred [23], because of their higher reliability.

In the case of Hungary, the only study based on the physical measurement of household food
waste was conducted in 2016 [24]. The measurement involved 100 households during a one-week
period. Besides solid food items, liquid waste was also measured, which was later considered to be an
essential element of food waste accounting [6]. Based on the results of this study, 68.04 kg of food were
wasted in average by a Hungarian person annually, and out of it 33.14 kg would have been avoidable.
Similar results have been found by a Greek study, involving 101 urban households [15]. After the 14-day
measurement period, the assessment of the total per capita food waste resulted in 76.1 kg, of which
25.9 kg considered as avoidable. The proportion of the avoidable part was proven to be relevant in
Finland too, 23 kg per person annually [12]. The differentiation between avoidable and unavoidable
food waste is recommended and applied in the vast majority of measurements [11,12,16,17,23,25,26].

The composition of household food waste varies from country to country. However, it is found
that generally the most perishable food items are thrown away the most frequently [27]. With respect to
the avoidable category, these food items include fresh fruits and vegetables, bakery products, and dairy
products. According to the previous Hungarian study, the main types were meals, bakery products,
fresh vegetables, dairy products, and fresh fruits [24]. In Serbia, though in reverse order, bakery
products and ready-to-eat food items were on the top of the list as well [28]. Bread and bakery products
were observed to have the highest ratio in Norway as well, based on a waste composition analysis [14].
Contrastively, fresh vegetables and drinks have been found to be the most prevalent types in the
UK [11]. Vegetables were observed to be the most commonly wasted food items in Denmark, Greece,
and Israel [13,15,16].

In order to reach the Sustainable Development Goal 12.3, halving the amount of food waste by
2030 [29], it would be essential to determine the magnitude of the problem that we face. According
to a recent study, 15-16% of the total environmental impact of the food supply chain is derived
from food waste [30]. It can also be stated that food wastage is in constant increase (especially in
developed countries), and the actual quantity of food waste seems to be twice the amount of the results
from previous global estimates [31]. Physical measurements, especially in households—a sector that
accounts for the most significant part of food waste in the food chain—play a central role in refining
national statistics [24]. However, this poses a particular challenge, since the lifestyle, consumption
trends, and purchasing habits are in continuous change [32].

Recently, the importance of food waste measurement has become a major concern also at the
European Union legislative level. Until 2020, the member states have to integrate a food waste reduction
strategy into the national waste reduction plan. Furthermore, food waste prevention campaigns have
to be established at the national level [33]. The European Commission has recently issued a decision
establishing a common methodology and determining the minimum quality requirements for food
waste data collection [34,35]. The national food waste reduction strategies should be based on the
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actual numbers, which have to be updated every four years. Measures aiming at food waste reduction
may pose an elevated health risk to consumers (for instance eating expired food or offering it to charity,
feeding potentially infectious food to livestock or companion animals). Therefore, communication
campaigns, governmental institutions, and business organizations should handle food safety questions
as a priority during food waste reduction efforts [36].

The aim of this research was to estimate the amount of food waste that an average Hungarian
household generates based on a one-week period. This investigation was a replication of a household
food waste measurement conducted in 2016 with the same methodology, within the boundaries of the
Wasteless (Maradék nélkül) food waste prevention campaign, organized by the National Food Chain
Safety Office in Hungary.

2. Materials and Methods

2.1. Theoretical Background

Household food waste measurement is an important step in the global efforts to reduce
food losses [37]. However, a sound theoretical background, experience in practical organization,
and comparable research data are scarce in this field. From the 1990s, a methodological evolution can
be observed in this field, which allowed us to apply a standardized research methodology in 2016 and
in our actual study (Figure 1).
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2.1.1. Diverse Methods (1990s to 2014)

Despite the growing number of studies carried out to investigate the quantity of household
food waste, the diversity of methodological approaches that different researchers applied limited the
comparability of most of the findings, dating back to the 1990s [18], which might have resulted in
different interpretations of the research data. The following methods were used most frequently [38]:

• Questionnaire-based survey
• Food waste diary
• Waste composition analysis
• Interview
• Mass and energy balance
• Statistics from authorities or waste management companies

Besides the basic methodological approach itself, a further significant bias resulted from small
differences in the considerations applied by the research teams. For instance, the recorded material
streams and their classification were also divergent. Typical differences found in the literature:
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• Inedible part of foodstuffs are recorded / not recorded [3]
• Differences in the definition of the avoidable (in some studies: edible) food waste category [16]
• Potentially avoidable food waste is classified / not classified as an individual category [26]
• Liquids are measured / not measured [12,15,17]
• Food waste going to a valorization stream (e.g., composting, feed) are not recorded / recorded [5,

12,17]
• Food made for human consumption but ultimately fed to animals is classified / not classified as

food waste [39]
• The part of food eaten that exceeds physiological nutritional needs of a person is recorded / not

recorded as food waste [40]
• Food packaging is recorded / not recorded [41]
• Different measurement tools and units that could not be reliably converted to mass units [42,43]
• Different observation units (e.g., per person, per household) [13–15,17,20,24]

2.1.2. Standardized Method (FUSIONS, 2014)

Considering these barriers, the FUSIONS project, funded by the European Commission recognized
the importance of establishing a standard for measurement methodology. Between 2012 and 2016,
FUSIONS consulted researchers, industrial stakeholders, and governments about the harmonization of
food waste monitoring. One of the most significant deliverables of FUSIONS was a well-balanced,
widely accepted standardized methodology (that we refer to as FUSIONS methodology) to measure
food waste [38], which provides the opportunity to compare country-level data. The most important
considerations for household food waste measurement studies, according to the FUSIONS methodology,
are the following:

• Food waste should be recorded in a diary by household members
• A description of the food or drink waste should be given in the diary
• The amount of waste should be measured and recorded
• Throughout the fieldwork, it is suggested that the researcher maintains regular contact with each

household to resolve any issues, encourage participation, and ensure the accurate completion of
the diary

• The sample needs to include at least a few hundred households

2.1.3. First National-Level Study in Hungary Based on the FUSIONS Methodology

In 2015 the National Food Chain Safety Office of Hungary (Nébih) started a public awareness
campaign on household food waste prevention, called “Wasteless”, which received support in 2016
from the LIFE Framework program of the EU. Influential European food waste prevention projects
were: the EU-FP7 funded FUSIONS and Horizon 2020 funded “Refresh”, the “Love Food Hate Waste”
campaign by WRAP, and the “Every Crumb Counts” campaign organized by different entities from
the industry, academics, and NGOs. Wasteless aimed to decrease avoidable food waste in Hungarian
households. In order to measure the efficiency of the communication efforts, a baseline was set
based on the FUSIONS recommendations. This has been the first empirical study carried out with
this methodology in the Central and Eastern European region [24]. Focus group interviews and a
preliminary, representative quantitative consumer survey covering 1000 respondents were conducted
to receive research insights before the first household study.

2.1.4. Discussion of the Experiences of the First Study

The results of the survey were published in national and international academic journals and
discussed at national and international platforms (including the EU Platform on Food Losses and Food
Waste, operated by the Directorate-General for Health and Food Safety of the EU Commission)
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and scientific conferences [24,37,44–47]. Public dissemination activities through the Wasteless
communication campaign were also conducted, presenting the results to consumers. Until 2018
the campaign managed to achieve a reach of almost 50 million via different media platforms [37],
and the research results are widely cited by journalists even today.

2.1.5. Second National-Level Study in Hungary Based on the FUSIONS Methodology

A second study for household food waste measurement using the FUSIONS methodology took
place in 2019. The research was organized to deliver comparable data to monitor changes in food
waste quantities and composition. According to the analysis of the literature, this study has most
probably been the first one to repeat a previous measurement based on the FUSIONS methodology.
Although the research was not conducted as a validation action, its experiences are still valuable to
indicate the replicability of the methodology.

The research was advertised in a media campaign in October 2019. The households were selected
on the basis of voluntary registration. The advertisement included radio interviews (6); television
interviews (3); press releases (7); online press releases (45). In total, 200 households applied to participate
in the research. The sampling was conducted in November and December of 2019. The sampling
period avoided all national and religious holidays.

During the measurement period, households received a kitchen scale (accuracy in grams) and a
measuring glass from the research team. The measuring glass served for liquid wastes. Participants
were also provided with a manual which described the scope of the research and explained clearly the
difference between avoidable and unavoidable food waste. The following definitions were used for
avoidable, unavoidable, and potentially avoidable food waste [11]:

• Avoidable—food and drink thrown away that was, at some point prior to disposal, edible (e.g.,
slice of bread, apples, meat)

• Unavoidable—waste arising from food or drink preparation that is not, and has not been, edible
under normal circumstances (e.g., meat bones, egg shells, pineapple skin, tea bags)

• Potentially avoidable: food and drink that some people eat and others do not (e.g., bread crusts),
or that can be eaten when a food is prepared in one way but not in another

For the whole duration of the investigation, e-mail and telephone support was provided to the
participants. Attention was paid to reduce bias by explaining participants that the data collection
was conducted anonymously, which impeded the identification of the household. The data was
administered into a unified waste log. Participating households could use an online platform or a
printed sheet for this purpose. The weight and exact type of each unit of food waste had to be recorded
for one week (seven days). This time frame is assumed to be long enough to reduce influences caused
by the participants’ compulsion to conform, originating from the fact of observation. Data on solid and
liquid waste were documented in mass (grams). Weighing had to be performed prior to disposal.

A supporting unit was set up to help participants of the household measurement study taking
care of:

• Procurement of the tools for the measurement (scales and measuring glasses)
• Compilation of the questionnaire and log-book structure, maintaining the online platform for

online data registration, and printing the hard copy version of the diary
• Receiving volunteer applications and answering the questions of the prospective households
• Distributing measurement tools, guides, and diaries to the participants
• Operating a call center for the participants to resolve any issues that arose during the measurement
• Online messages to keep contact with participants and maintain motivation

A total of 200 households applied for participation in the survey during the media campaign,
but only 165 households provided a reliable and complete data set for the analysis. The most
common reasons for excluding households were interrupted communication, logs not returned by
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the participants, an inappropriate or non-consecutive data recording period, missing data in the logs,
or inadequate details on food types that made the classification impossible.

Although there have been several studies on the topic with similar or even smaller sample sizes
([15] n = 101; [16] n = 192; [19] n = 61; [41] n = 61; [48] n = 13), a post-hoc calculation was performed to
determine the power of the test, for which data from the previous Hungarian study [24] served as
basis. The power of the test proved to be 87.5%, which meets the criterion of being above 80% [49–51].

Based on the household data, a detailed classification was made by the research team (e.g., meals,
bakery products, fresh vegetables, etc.). Each item had to be recorded by the participants as accurately
as possible (e.g., not ‘bread’ but ‘bread crust’, not ‘chicken’ but ‘chicken skin’, etc.). Avoidable and
unavoidable food waste units were recorded separately by the households. Subsequently to the
measurement, the research team conducted a post-hoc validation of the categorization performed by
the consumers.

After data cleaning, the analysis was conducted for each household. Data on food waste per
person were calculated in each food waste category. The results were extrapolated to one year by
multiplying the results of the one week by 52.

2.1.6. Afterlife of Research Results

Planning the afterlife of the research data has been a part of the theoretical framework.
This inspection is considered to be an element in a time series study, with the objective of providing
information to policy makers on a regular basis and also helping to optimize public awareness-raising
activities. Since the reporting on the food waste situation became a compulsory activity of all EU
member states [35], the study will also serve to deliver national level data to the EU Commission
with respect to Hungarian households. Experiences with the FUSIONS methodology are still scarcely
available, and therefore sharing the findings of this research may help other research teams to start
their own activities in this field.

2.2. Sample Description

The socio-demographic characteristics were collected by an initial questionnaire at the households
(Table 1). This characterization covered the geographical location, the size and level of income
of the household, and the age, sex, and qualification of the respondent. The income level of the
household had to be estimated subjectively by the inhabitants, compared to the average income level
in Hungary. A total of 200 households applied, and 165 households provided appropriate data sets.
These 165 households represented 452 consumers in total.

Table 1. Socio-demographic composition of the sample.

Sex of respondents generally responsible for food purchasing Sample

Female 83.03%
Male 16.97%

Regions (NUTS1)

Central Hungary 42.42%
Transdanubia 32.73%

Great Plain and North 24.85%

Geographical location

Capital city (Budapest) 27.88%
Other city 55.76%

Village 16.36%
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Table 1. Cont.

Household size

1 13.94%
2 33.94%
3 26.06%
4 17.58%
≥5 8.48%

Average household size 2.7 people

Age of the person generally responsible for food purchasing

Under 30 years 11.52%
Between 30 and 39 years 20.61%
Between 40 and 59 years 50.91%

Above 60 years 16.97%

Qualification of the person generally responsible for food
purchasing

Elementary 6.0%
High school graduation 38.2%

Higher education 61.2%

Income level of the household

Low 1.21%
Below average 14.55%

Average 65.45%
Above average 16.97%

Very high 1.82%

Number of households: 165; Total participants: 452.

3. Results

During the measurement period, the 165 participant households generated 532.76 kg of food
waste (Table 2). After extrapolation of the one week data per capita, the total per capita food waste
was estimated to be 65.49 kg annually (Table 3).

Table 2. Quantity of food waste categories.

Food Waste Categories
Amount of Waste of 165 Households during the One-Week Period (kg)

Solid Liquid Total = Solid + Liquid

Unavoidable food waste 239.33 7.19 246.52
Potentially avoidable food waste 17.40 3.27 20.67

Avoidable food waste 218.27 47.29 265.56

Total food waste 475.00 57.75 532.75

Table 3. Estimation of annual household food waste generation per capita.

Food Waste Categories
Extrapolated Data for One Year per Capita (kg)

Solid Liquid Total = Solid + Liquid

Unavoidable food waste 29.91 (51.08%) 0.90 (12.99%) 30.81 (47.04%)
Potentially avoidable food waste 2.30 (3.93%) 0.42 (6.06%) 2.72 (4.16%)

Avoidable food waste 26.35 (45.00%) 5.61 (80.95%) 31.97 (48.81%)

Total food waste 58.56 (100.00%) 6.93 (100.00%) 65.49 (100.00%)

The proportion of the avoidable fraction (which means the real wastage) was the highest,
with 48.81% (31.97 kg annually) of the total food waste. The unavoidable food waste category
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accounted for 47.04% (30.81 kg annually). The most prevalent food types within this category were
coffee grounds, inedible fruit and vegetable parts (inedible peels such as banana peels, citrus fruit peels,
onion peels, and inedible stalk, woody parts, seeds, shell of nuts, etc.), bones, eggshell, and teabags.
The potentially avoidable part, such as edible fruit and vegetable peels (e.g., apple, pear, cucumber,
tomato, mushroom, zucchini), chicken skin, bread crust, greasy pieces of meat, pickling liquid, juices of
canned food, and oil of canned fish represented the smallest proportion, with 4.16% (2.72 kg annually).
Liquid food, such as soft drinks, coffee, tea, and soup appeared in the logs in significantly lower
amounts compared to solid foodstuffs (Table 3).

Eighteen different food categories were defined based on the recorded elements within avoidable
food waste. Results suggest that consumers discard perishable foodstuffs more frequently and in
larger quantities than durable products. Table 4 shows the mass and proportion of the established
food waste categories.

Table 4. Quantity and proportion of food categories within avoidable food waste based on the one-week
measurement in 165 households.

Avoidable Food Waste Total Weight Proportion (%)

Meals (home-made and ready-to-eat) 118.80 44.74
Bakery products 46.79 17.62
Fresh vegetables 26.55 10.00
Dairy products 21.12 7.95

Fresh fruits 20.03 7.54
Mineral water, soft drinks, coffee, tea 6.93 2.61

Canned foods, pickles 5.37 2.02
Processed animal products 4.77 1.80

Grain products (flour, semolina, oat) 4.25 1.60
Raw meat 4.06 1.53

Sauces, toppings (ketchup, mustard, salad dressings)
mayonnaise) 2.87 1.08

Marmalades, jams 1.37 0.52
Confectionery, snacks 1.20 0.45

Yeast, muesli, corn flakes, raisins, puffed rice, baking mixtures 0.77 0.29
Eggs 0.49 0.19

Frozen meats, vegetables 0.10 0.04
Fats (butter, margarine, lard, etc.) 0.08 0.03

Packed spices (rosemary, marjoram, parsley, etc.) 0.01 0.01

Total 265.56 100.00

Meals (including homemade and ready-to-eat) account for the highest proportion (44.74%) of the
total avoidable food waste. Bakery products (typically breads and bread rolls) are the second most
common food items in this category (17.62%). Fresh vegetables and fresh fruits have also significant
proportions, 10.00% and 7.54 %, respectively. Dairy products ranked in the fourth place of the list
(7.95%). These five product categories altogether represent almost 88% of the total avoidable food waste.

Based on the actual data collected from the households, the quantity of annual avoidable wastage
in the particular food categories has been estimated with extrapolation (Figure 2).



Sustainability 2020, 12, 3069 9 of 14
  

Sustainability 2017, 9, x; doi: FOR PEER REVIEW  www.mdpi.com/journal/sustainability 

 
Figure 2. Annual avoidable wastage in different food categories per capita. 

4. Discussion 

Due to the role of consumers in food wastage in economically developed countries, gathering 
actual data on food waste generation from households is a major issue and a prerequisite for 
successful prevention campaigns [22]. Since the reliability of physical measurements is higher [23], 
our research placed the focus on determining the exact quantities of food waste that Hungarian 
households generate. The study illustrates several similarities and also some contradictions when 
compared to the international literature. 

The actual study is a replication of the first Hungarian measurement-based research conducted 
in 2016 [24], which we regarded as a baseline for comparison. A decrease of 4% in the annual food 
waste per capita estimation was observed between the two periods (65.49 kg compared to 68.04 kg 
from 2016). The constitution of food waste in the households was found to be very similar, indicating 
a dominant rate of avoidable food waste (an actual share of 48.82% compared to 48.70% in 2016), 
followed by the unavoidable part (47.05% compared to 47.13% in 2016). Potentially avoidable food 
waste remained under 5% in both periods. (Table 5). Although the second household food waste 
measurement study was not organized and not suitable to be a validation of the replicability of the 
FUSIONS methodology [38], the results suggest that it might deliver reliable data for decision 
makers. 

Table 5. Proportion of food waste categories (actual data compared to the findings of the 2016 study 
[24]). 

Food waste categories 2019 2016 
Unavoidable food waste 47.05% 47.13% 

Potentially avoidable food waste 4.15% 4.16% 
Avoidable food waste 48.82% 48.70% 

Total food waste 100.00% 100.00% 
As already discussed, a number of methodological differences can be observed in the 

international literature that limits the comparability of the studies [16,26]. The proportion of 
avoidable food waste observed by the two Hungarian studies is higher than in Greece, where 25.9 kg 

Figure 2. Annual avoidable wastage in different food categories per capita.

4. Discussion

Due to the role of consumers in food wastage in economically developed countries, gathering
actual data on food waste generation from households is a major issue and a prerequisite for successful
prevention campaigns [22]. Since the reliability of physical measurements is higher [23], our research
placed the focus on determining the exact quantities of food waste that Hungarian households
generate. The study illustrates several similarities and also some contradictions when compared to the
international literature.

The actual study is a replication of the first Hungarian measurement-based research conducted
in 2016 [24], which we regarded as a baseline for comparison. A decrease of 4% in the annual food
waste per capita estimation was observed between the two periods (65.49 kg compared to 68.04 kg
from 2016). The constitution of food waste in the households was found to be very similar, indicating
a dominant rate of avoidable food waste (an actual share of 48.82% compared to 48.70% in 2016),
followed by the unavoidable part (47.05% compared to 47.13% in 2016). Potentially avoidable food
waste remained under 5% in both periods. (Table 5). Although the second household food waste
measurement study was not organized and not suitable to be a validation of the replicability of the
FUSIONS methodology [38], the results suggest that it might deliver reliable data for decision makers.

Table 5. Proportion of food waste categories (actual data compared to the findings of the 2016
study [24]).

Food Waste Categories 2019 2016

Unavoidable food waste 47.05% 47.13%
Potentially avoidable food waste 4.15% 4.16%

Avoidable food waste 48.82% 48.70%

Total food waste 100.00% 100.00%

As already discussed, a number of methodological differences can be observed in the international
literature that limits the comparability of the studies [16,26]. The proportion of avoidable food waste
observed by the two Hungarian studies is higher than in Greece, where 25.9 kg from the total 76.1 kg
household food waste (n = 101) was reported based on the diary method [15]. In Finland, a significantly
lower amount of avoidable food waste was also found (23 kg in total) [12]. Similarly, a lower proportion



Sustainability 2020, 12, 3069 10 of 14

(35%) of avoidable waste was noted in Sweden, as a result of a waste composition analysis with
486 households [52], in which the number of individual consumers remained unknown. The differences
might partially be explained by the fact that the Hungarian studies have also recorded liquids besides
solid food waste, and their contribution to the avoidable part was found to be significant. However,
an Italian study—applying the diary method with 388 families—demonstrated that a person generates
27.5 kg of avoidable food waste annually in Italy, including liquids [17]. They also pointed out that,
based on the studies that they had reviewed, the average mass of edible food waste was between 27.5 and
33 kg. The diary method was also employed in the UK, in a one-week measurement survey involving
13 households [48]. The study revealed that the total measured food waste (including liquids) was
0.199 kg per person per day. This would be equal to 72.63 kg annually, which is higher, but still similar
to our results. In Israel 573 g/day per capita of food waste was measured involving 192 households,
based on a new method of physical measurement [16]. Scaling up this outcome to one year, we would
get 209 kg, which is much higher compared to the above-mentioned studies. A further hindrance
to comparing international food waste research data are the units that researchers use to present
their results. While some studies—including the present paper—provide the amount of generated
food waste “per person” [12,15–17,48], others presented their results “per household” [13,14,17,20,41].
The one-week long household food waste measurement study in Israel, applying waste sorting analysis,
resulted in 3.012 kg avoidable food waste per household per week (without liquids) [20]. In Denmark,
the outcomes of a waste composition analysis (involving 1474 households) showed that a household
generates 183 kg of food waste, of which the avoidable food waste was 103 kg per household per
year [13].

Parfitt et al. made the general observation that perishable food items are the most frequently
discarded ones [27], which has been confirmed by this paper as well. Results indicate that meals, bakery
products, fresh vegetables, dairy products, and fresh fruits are the most frequently discarded food types
within the avoidable part. This also correlates with the outcomes of the first Hungarian study [24],
which indicated the same order. However, the share of meals appeared to be higher (44.73%) than in
the previous study (40.08%), which suggests that Hungarian consumers’ cooking habits and leftover
storage practices should be addressed in food waste prevention awareness campaigns. Similarly to
our study, bakery products and ready-to-eat food items were found to be the most prevalent food
waste types in Serbia [28]. In contrast, fresh vegetables were on the top of the list in the UK, Greece,
Denmark, and Israel [11,13,15,16,52]. The discovered differences in the composition of household food
waste may be explained by the eating habits of different nations. It has been assumed that the season
when the survey period is conducted also affects the composition of discarded food types [24].

Concerning the limitations of the general interpretation of the data, it has to be mentioned that
the recruitment of households was challenging, as well as achieving participant engagement and
constant activity, even for a period as short as seven days. An additional potential source of error is
the fact that, since the research team was not capable of offering a financial incentive, enthusiastic
participants with a more conscious behavior regarding food handling were more likely to get involved
in the study [12]. However, we assume that the other family members compensated this behavior to
some extent. Furthermore, in the measurement period, participants might have changed their general
wasting behavior and become more conscious, knowing that they were being observed, which could
have resulted in lower amounts of weighed total food waste [15]. It could also have happened that,
due to the compulsion to conform, originating from the fact of observation, some participants did not
record all of the discarded food items. On the other hand, the duration of the survey could be long
enough to alleviate this phenomenon to some extent. An additional limitation of the study was that
income level is difficult to assess, compared to other socio-demographic parameters [53]. Asking the
respondents’ income directly would have been indiscreet, and therefore a subjective ordinal scale
was applied in the questionnaire. All of the mentioned limitations could result in an underestimation
of the actual food waste amount generated in the household. However, by the application of the
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standardized methodology developed by FUSIONS, research data from different countries could be
compared, and the possibility to observe tendencies in the different countries was also provided.

The importance of a common methodology is especially highlighted by the recent changes in
EU legislation. According to the latter, all member states should conduct food waste measurements
in the food chain covering agriculture, food processing, retail, catering, and households from 2020.
Considering the major contribution of households to the total food waste production, this subject is
expected to be a focus area in most of the countries during the next years. The EU Platform on Food
Losses and Food Waste made the recommendation that in implementing national strategies to prevent
food waste, member states should make full use of the latest findings of behavioral science research [37].
The experiences of the first academic studies in this field have certainly provided important input
for the officers responsible for national level food waste measurements and preventive campaigns.
Even more importantly, time series studies will help decision makers and communication experts to
measure the performance of public awareness campaigns within a few years.

As a conclusion, the results of this research point out that a very significant part of food waste
could be avoided. It is too early to reliably estimate the results of public campaigns before having
longer time series data, but the first replication study using the FUSIONS methodology provided
promising results. The 4% drop in avoidable food waste in a three-year period is notable, especially in a
period of economic expansion. However, the fact that the list is still dominated by meals (incorporating
the highest level of energy and natural resources amongst all food types) suggests that future public
awareness campaigns should aim at this subject more efficiently.

Based on the results, some policy recommendations could be also formulated. Fostering
national-level food waste measurement research with standardized methodologies is essential to
establish the fundamentals of effective governmental interventions and to allow for the international
benchmarking of preventive actions. It is also clear that food waste is a problem, which will persist
for a long period in developed countries. A very intense campaign, which was observed in Hungary
between the dates of the two studies, could contribute to a 4% drop in food waste, with all its novelty to
society. While awareness raising should be continued, a major effort has to be placed on the integration
of food waste prevention principles into children education. To be sure, we will never reach a zero
level of avoidable food waste, but changing the habits of the new generation of food consumers can
bring profound and long-lasting changes.
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