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The quantification of household food waste is an essential part of setting policies and waste reduction
goals, but it is very difficult to estimate. Current methods include either direct measurements (physical
waste surveys) or measurements based on self-reports (diaries, interviews, and questionnaires). The
main limitation of the first method is that it cannot always trace the waste source, i.e., an individual
household, whereas the second method lacks objectivity. This article presents a new measurement
method that offers a solution to these challenges by measuring daily produced food waste at the house-
hold level. This method is based on four main principles: (1) capturing waste as it enters the stream, (2)
collecting waste samples at the doorstep, (3) using the individual household as the sampling unit, and (4)
collecting and sorting waste daily. We tested the feasibility of the new method with an empirical study of
192 households, measuring the actual amounts of food waste from households as well as its composition.
Household food waste accounted for 45% of total waste (573 g/day per capita), of which 54% was identi-
fied as avoidable. Approximately two thirds of avoidable waste consisted of vegetables and fruit. These
results are similar to previous findings from waste surveys, yet the new method showed a higher level
of accuracy. The feasibility test suggests that the proposed method provides a practical tool for policy
makers for setting policy based on reliable empirical data and monitoring the effectiveness of different
policies over time.

� 2018 Elsevier Ltd. All rights reserved.
1. Introduction and prosperity. SDG-12 addresses the challenge of ensuring sus-
1.1. Cutting food waste to meet the UN’s Sustainable Development
Goals

The Sustainable Development Goals (SDG) comprise a collection
of 17 goals set by the United Nations (UN) as a universal call to
action to protect the planet and ensure that all people enjoy peace
tainable consumption and production patterns (UN, 2015). One
of its focal points is unsustainable patterns of waste generation.
Target 12.3 calls for reducing food loss, which refers to the
decrease in edible food mass throughout the entire supply chain
(Gustavsson et al., 2011), and cutting in half per capita global food
waste, which refers to final consumption (Gustavsson et al., 2011),
by 2030 (UN, 2015).

There are three main aspects to the growing concern over food
loss and waste. The first of these concerns food security – the need
to feed the growing population, which is predicted to reach 9.8
billion by 2050 (UN, 2017). The threat is so severe that studies sug-
gest the world will need 70% to 100% more food by 2050 (e.g.,
Gomiero et al., 2011). Cutting food loss and waste is a possible
solution for ensuring food security (e.g., Foley et al., 2011;
Godfray et al., 2010; Kummu et al., 2012; Smith and Gregory,
2013). The second aspect concerns monetary losses. Annual losses
due to food loss and waste are estimated at $1.3 billion in the US
alone (Buzby et al., 2014), while around the globe they amount
e Man-
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to $750 billion (FAO, 2013). Financial losses per household reach
$566–$593 a year in Italy and the United Kingdom, respectively
(Secondi et al., 2015). The third aspect concerns negative
externalities – the carbon footprint of global food loss and waste
equals 3.6 GtCO2 eq (FAO, 2016). Other negative externalities
resulting from food loss and waste include air and water pollution,
soil erosion, salinization, and nutrient depletion.

According to the Food and Agriculture Organization (FAO),
one-third of global food production is lost every year. However,
there is no consensus on that proportion, and estimates actually
range between 10% and 50% of total global food production
(Parfitt et al., 2010). As these discrepancies might suggest,
although research on food loss and waste has significantly
increased with time (Chen et al., 2017, Xue et al., 2017), major data
and methodology gaps remain unresolved. Data regarding the
amount of food waste is fragmented and inconsistent (Bellemare
et al., 2017; Hoj, 2012; Roodhuyzen et al., 2017), and different
studies have employed different definitions and methods
(Chaboud and Daviron, 2017; Garcia-Garcia et al., 2017; Hebrok
and Boks, 2017; Janssen et al., 2017; Parfitt et al., 2010; Ponis
et al., 2017; Ramukhwatho et al., 2017; Richter and Bokelmann,
2017). Therefore, researchers have stressed the need for commonly
agreed-upon and improved metrics for food waste (e.g., Stenmarck
et al., 2016; Williams et al., 2015).

The current article presents a new measurement method to
quantify household food waste designed to address the shortcom-
ings of current measurement methods. This new method focuses
on individual households and on collecting and measuring each
household’s waste on a daily basis. The identification of individual
households’ waste connects food waste with its source, even when
multi-family buildings are studied. The feasibility of establishing
this connection suggests some new, exciting research opportuni-
ties, such as investigating the relationship between self-reports
and physical waste measures. Questions of interest may include
how actual food waste relates to household routines, beliefs, and/
or attitudes, and how accurate self-report estimates are in predict-
ing actual waste. The second feature, which is the collection of
waste on a daily basis, implies that waste is still fresh when mea-
sured. Waste freshness is important, as it increases the accuracy of
the measurement and makes the differentiation and categorization
of food items less difficult.

This article begins with a brief discussion of current measure-
ment methods, as well as their main advantages and disadvantages
(Sections 1.2–1.4). It continues with the presentation of the new
method and explains how its design may address current chal-
lenges in sampling food waste (Section 2). This presentation is fol-
lowed by a ‘‘proof of concept” study designed to test the feasibility
of the proposed new method (Section 3). The article concludes
with a discussion of the main characteristics of the new methodol-
ogy and its potential usefulness for scholars and practitioners in
the field (Sections 4 and 5).

Our focus on households is motivated by recent evidence that
suggests that most of the food loss and waste in the developed
world result from household consumption habits (Gustavsson
et al., 2011; Jorissen et al., 2015; Lipinski et al., 2013; Monier
et al., 2010; Parfitt et al., 2010; Parry et al., 2015; Rutten et al.,
2013; Stenmarck et al., 2016). Demographic factors, psychographic
factors, and socioeconomic characteristics have all been proved to
be related to household food waste discarding behavior
(Aschemann-Witzel et al., 2015; Secondi et al., 2015). Apparently,
per capita food waste in the household tends to increase with an
increase in per capita GDP (Xue et al., 2017).

The serious consequences of food loss and food waste, along
with the difficulties in measuring it, imply a significant challenge
for scholars and practitioners alike. The proposed ‘‘Daily Family
Waste Collection” method aims to address at least some of the
Please cite this article in press as: Elimelech, E., et al. What gets measured gets
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difficulties involved in the current mainstream methods of mea-
suring food waste. In the next section, we briefly describe the cur-
rent measurement methods to clarify the existing challenges. This
short report is by no means an extensive review of the literature,
but rather a brief description of notable benchmarks aimed at
clarifying the properties of existing methods.

1.2. Food waste measurement methods

Assessments of foodwaste generation along the supply chain are
fraughtwith considerableuncertainties (Bräutigamet al., 2014).Dif-
ferences in definition systems and classification methods make it
difficult, if not impossible, to compare food waste studies. Thus,
establishing a valid estimation of the extent of food waste remains
major challenge (Bräutigam et al., 2014; Girotto et al., 2015; Parfitt
et al., 2010; Stenmarck et al., 2016; Williams et al., 2015).

Current food waste measurement can be classified into three
major types. The first takes a top-down approach, in which data
is based on mass balance or extrapolation of existing waste data-
bases (e.g., Beretta et al., 2013; Bradley et al., 2009; Bräutigam
et al., 2014; Herzog et al., 2016; Herzog et al., 2017; Kotzer et al.,
2015; Priefer et al., 2013). The main strength of this method is
the access to large amounts of data, which could facilitate compa-
rability, although when combining different databases, this advan-
tage might be diminished (Moller et al., 2014).

The second type of food waste measurement focuses on self-
reporting methods, including questionnaires (e.g., Jorissen et al.,
2015; Lorenz et al., 2017; Pekcan et al., 2006; Ponis et al., 2017;
Quested and Luzecka, 2014; Stefan et al., 2013), food waste diaries
(e.g., Koivupuro et al., 2012; Langley et al., 2010; Quested et al.,
2013b; Richter and Bokelmann, 2017; Williams et al., 2012), and
interviews (e.g., Aschemann-Witzel et al., 2015; Glanz, 2008;
Parfitt et al., 2010; Ramukhwatho et al., 2017). Using question-
naires requires a good sample design and large sample sizes
(Moller et al., 2014; Zorpas and Lasaridi, 2013). The strength of this
method is that it is less invasive, time consuming, and expensive
than direct measurements (Hoj, 2012; Visschers et al., 2016). How-
ever, it is implicitly based on the assumption that respondents can
accurately recall specific waste events and accurately assess the
amount of food wasted (Hoj, 2012). The fact that, in reality, respon-
dents might not really know the exact amounts of waste they pro-
duce may undermine the reliability of this method (Visschers et al.,
2016; Xue et al., 2017).

Interviews are considered a good tool for providing close obser-
vations of food waste practices and amounts (Moller et al., 2014),
yet they are prone to biases similar to those of self-reporting. Inter-
views also dictate small sample sizes that might compromise rep-
resentativeness (Moller et al., 2014; Zorpas and Lasaridi, 2013).

It is widely agreed that in order to accurately measure food
waste weight and composition, one must record them as closely
as possible to the point at which the food enters the waste stream
(European Commission, 2004; Langley et al., 2010). Food waste
diaries, in which waste is recorded each time it is produced, put
this notion into practice. However, food diaries are also subject
to self-reporting biases (e.g. Moller et al., 2014; Xue et al., 2017).
The ‘‘observer effect” (Langley et al., 2010), for example, is a form
of social desirability bias whereby people change their waste-
discarding habits or underreport their waste in order to present
themselves in a positive light in accordance with the well-known
social desirability and experimenter demand effects (Hebrok and
Boks, 2017; Hoj, 2012; Langen et al., 2015; Langley et al., 2010;
Moller et al., 2014; Neff et al., 2015; Porpino, 2016). Another
challenge of working with food waste diaries is that they are
time-consuming and costly, and thus are mainly suitable for short
sampling periods and small sample sizes (Moller et al., 2014; Xue
et al., 2017; Zorpas and Lasaridi, 2013).
managed: A new method of measuring household food waste. Waste Man-

https://doi.org/10.1016/j.wasman.2018.03.031


E. Elimelech et al. /Waste Management xxx (2018) xxx–xxx 3
In summary, the main strength of self-reporting methods is
their ability to provide firsthand insights into food discarding
habits (Moller et al., 2014; Richter and Bokelmann, 2017). When
questionnaires are employed, large samples may be used at rela-
tively low cost. The main disadvantage of self-reports is their inac-
curacy in measuring waste levels that tend to be understated, e.g.,
due to social desirability, causing respondents’ conservation efforts
and environmental awareness to be exaggerated. Interviews and
waste diaries are also costly and only suitable for small samples.

The third type of waste measurement involves direct measure-
ments, also known as physical waste surveys (e.g. Edjabou et al.,
2016; Fehr and Romao, 2001; Gutiérrez-Barba and Ortega-Rubio,
2013; Hanssen et al., 2016; Lebersorger and Schneider, 2011;
Parizeau et al., 2015; Quested et al., 2013b; Schott and
Andersson, 2015; Schott et al., 2013; Waste Not Consulting,
2015), which are the focus of the current article. Section 1.3 pre-
sents an in-depth discussion of this method.

1.3. Physical household waste surveys

In a physical waste survey, different waste fractions and compo-
nents are classified into different categories, such as edible/
inedible fractions, and weighed (Moller et al., 2014). This method
is considered more objective and accurate than self-reporting
methods, as it is carried out by a third party (usually a subcontrac-
tor of the local authority) who has expertise in field waste surveys
(Jorissen et al., 2015; Langley et al., 2010; Lebersorger and
Schneider, 2011).

Measurement of municipal solid waste (MSW) composition is a
well-known and standardized practice (e.g., ASTM International,
2016; European Commission, 2004; Nordtest, 1995; SII, 1996;
Toivonen and Sahimaa, 2014, among others), yet, no standardized
guidelines have been developed for conducting physical surveys of
food waste (Jorissen et al., 2015; Langley et al., 2010; Lebersorger
and Schneider, 2011). Compared to MSW surveys, food waste anal-
yses require higher sorting and classification resolution, for exam-
ple the identification of individual food items, such as different
types of fruit and vegetables or dairy products, food leftovers,
and so on. Applying physical waste survey methods to food waste
quantification requires some adjustments due to the level of iden-
tification and classification employed, though accumulated knowl-
edge from measuring MSW can certainly constitute an advantage.
The following sections outline somemajor challenges in measuring
household food waste using physical waste surveys. These chal-
lenges refer to the practice of sampling and sorting MSW in general
and food waste in particular.

1.4. Challenges in measuring household food waste using physical
waste surveys

1.4.1. Sampling shared waste bins
In sampling single-family houses, each waste bin can be dis-

tinctly associated with a particular household (Hanssen et al.,
2016; Quested et al., 2013a). The challenge arises in sampling
multi-apartment buildings or mixed-use development areas (com-
mercial and residential, for example), where shared waste bins are
in place and it is not clear which household uses which waste bin,
or whether the bin also serves a local business or a public utility
(Dahlén and Lagerkvist, 2008). This lack of clarity could influence
variation in results. It also undermines the ability to differentiate
between sectors and (Dahlén and Lagerkvist, 2008; Sahimaa
et al., 2015) link waste bags and their production source. Current
practices include: (1) Extracting subsamples from shared waste
bins. For example, when sampling a 1100-liter waste bin, only a
subsample of 240-liter is analyzed (European Commission, 2004;
Lebersorger and Schneider, 2011; Seagull Environmental Planning
Please cite this article in press as: Elimelech, E., et al. What gets measured gets
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Ltd., 2014); (2) Sorting samples collected from multi-apartment
buildings in ‘‘batches” (e.g., Edjabou et al., 2016). Both of these
practices, however, exclude the option of drawing conclusions at
the household level.

1.4.2. The ‘age’ of the waste sample
The age of the sample is influenced by the time gap between the

waste’s disposal and its sampling and sorting. The sample includes
all the waste accumulated in the bin at the time of sampling, so the
actual age of the waste samples is uncertain and may vary from a
few minutes to a few days. This uncertainty restricts the identifica-
tion, separation, and classification of each waste item (Langley
et al., 2010).

In order to avoid compromising the sample’s physical and
chemical properties, for example through waste compaction, wet-
ting of the waste’s dry components, dehydration of the wet resid-
uals, and biochemical processes that change the waste’s
composition, Dahlén and Lagerkvist (2008) recommend that each
sample be sorted within two days from the sampling day, prefer-
ably on the same day. Lebersorger and Schneider (2011) argue that
a violation of the two-day time limit seems tolerable, considering
logistical considerations such as collection intervals, the size of
the sorting team, and the like. Both Hanssen et al. (2016) and
Edjabou et al. (2016) reported on sorting samples within a week
of the sampling day. It should be noted that a week’s interval might
raise severe barriers to the sorting process and the accuracy of the
identification and separation of the waste components, especially
in hot weather countries.

1.4.3. Degradability of organic matter
Degradation varies with the season and climatic conditions, and

very much depends on collection intervals, which could be as long
as 14 days, according to Langley et al. (2010), or 42 days, according
to Lebersorger and Schneider (2011). Hanssen et al. (2016) argue
that cold weather conditions eliminate evaporation. Edjabou
et al. (2016) claim that food waste degradation is significantly min-
imized when the waste is sorted within a week of the sampling
day. However, due to natural degradation, some waste items may
ultimately be inseparable (Jorissen et al., 2015; Langley et al.,
2010).

1.4.4. Waste compaction
Physical waste surveys are generally based on samples taken

from ordinary waste-collection vehicles or waste bins (Dahlén
and Lagerkvist, 2008; European Commission, 2004). Collection
vehicles mix and compact MSW, thus decreasing its particle size
and contaminating individual waste components (Dahlén and
Lagerkvist, 2008; European Commission, 2004; Lebersorger and
Schneider, 2011). A certain degree of compaction exists at the
waste bin level as well, as a result of gravity and long collection
intervals. Hence, identification of different waste fractions is chal-
lenging (Lebersorger and Schneider, 2011). Sahimaa et al. (2015)
suggest that the smearing and sticking of materials can be man-
aged more easily when each waste bin is sampled separately.

1.4.5. Unknown side flows of waste materials
Sampling waste from either waste bins or collection vehicles

cannot ensure that all waste streams have been captured. Due to
the use of yard composters or garbage disposal units, or even the
ownership of a pet, some waste materials do not get to the waste
bin and thus are not documented (Dahlén and Lagerkvist, 2008;
Jorissen et al., 2015; Quested et al., 2013a). According to WRAP
(Waste & Resources Action Program), approximately one fifth of
all household food waste is disposed of via the sewer, with drinks
and dairy products making up more than half of this (Gray, 2009;
Quested et al., 2013b). Even with optimal synchronization between
managed: A new method of measuring household food waste. Waste Man-
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waste sample-taking and collection routes, it is not unreasonable
to assume that some waste materials will be lost when discarded
after sample collection or due to the use of other disposal routes
(e.g., the kitchen sink, home composting, or pet food).
2. A new method of quantifying household food waste

The shortcomings of current physical waste surveys (as out-
lined in Section 1.4) suggest the need for improved measurement
methods. The method we propose here is based on the principle
of measuring waste of individual households on a daily basis. It
includes the following four elements: (i) capturing food waste at
the point at which it enters the waste stream; (ii) collecting waste
samples at the doorstep (iii) using the individual household as a
sampling unit; (iv) collecting and sorting waste daily. The next sec-
tion describes this method and its advantages. Table 1 presents the
ways in which these advantages may address the current chal-
lenges and their implications.
2.1. Doorstep sample collection

Waste samples, in coded garbage bags, are collected from the
resident’s doorstep. This practice provides maximum proximity
to the waste-production source and guarantees that the waste is
as close as possible to its original state. It also eliminates the need
to coordinate between waste sampling and collection routes, and
decreases the probability of waste side flows, as discussed below
in Section 2.5. It also involves the processing of smaller samples
while improving the relative accuracy of the results.
2.2. A single household serves as a sampling unit

Taking each household as a sampling unit draws a direct link
between the waste-production source and the waste sample. It
also makes it possible to both assemble a diverse sample consisting
of single and multi-apartment buildings in rural or urban areas and
sample households located in mixed-use development areas (com-
mercial and residential). Researchers can document the amounts of
food waste and MSW produced on a household level. Furthermore,
the identification of households allows further investigation of
households’ waste-disposal behaviors, attitudes, and habits, e.g.,
by employing complementary questionnaires (Elimelech et al.,
unpublished results).
Table 1
The main challenges in estimating food waste, and the solutions suggested by the new m

Challenges in sampling food waste Implications

Proximity to the waste-production source Decreased accuracy
Long time gaps between waste discarding, sample

collection, and sample sorting
Reduces the ability to identif
classify each waste item

Degradability of organic matter Reduces the ability to identif
classify each waste item

Unknown side flows of waste materials Inaccurate description of wa
and quantity

Sampling of shared waste bins - Difficult to determine th
of households using a ce

- Increased variation
composition

Almost impossible to collect data on waste-discarding
behaviors and practices that affect waste
production

Difficult to evaluate the rela
between household behavior
production

Please cite this article in press as: Elimelech, E., et al. What gets measured gets
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2.3. Sample collection on a daily basis

Waste samples are collected using a trailer (without com-
paction) on a daily basis for one week. This practice ensures ‘‘fresh”
samples that preserve their original composition and density, with
minimal mixing between different waste streams, simplifying
identification and the sorting process. The practice of daily sample
collection has been rejected by some scholars on the grounds of
cost and inconvenience (Jorissen et al., 2015; Langley et al.,
2010). Nonetheless, it has the potential to increase the relative
accuracy of the sample, which can subsequently reduce the waste
sample size, thus contributing to technical feasibility. From the
participants’ point of view, daily doorsteps waste collection can
actually be regarded as a waste-disposal service.
2.4. Sample sorting on a daily basis

Sorting takes place within a few hours of collection. This prac-
tice obviates the need to store samples. It also eliminates the time
interval between waste discarding, sampling, and sorting. As such,
it resolves uncertainties that restrict the waste items’ identifica-
tion, and avoids inaccuracies regarding the sample’s physical and
chemical properties, as discussed in Section 1.4.2.
2.5. Capturing all waste streams

Collecting all waste streams produced in a household on a daily
basis reduces the possibility of side flows of waste materials, with
the exception of liquid food waste, which is for the most part dis-
carded into the drainage or food leftovers that serve as pet food.
Since all waste streams are collected, this method can be applied
to any given municipal waste-collection scheme (i.e., mixed and/
or source-separated collection schemes). Another advantage of col-
lecting all waste streams is the ability to calculate the average
amount of MSW produced on the household level, for example,
by dividing the total amount of waste produced by a single house-
hold during the course of the study by the number of sampling
days (e.g., kg of waste per household per day). This practice also
creates a distraction from the true nature of the research, i.e., par-
ticipants are unaware of the fact that the study is focused on their
own food waste discarding behavior rather than on municipal
waste measurements. This can help in reducing self-awareness
and thus make subjects less likely to change their waste-
discarding habits (Langley et al., 2010).

To the best of our knowledge, the idea of capturing food waste
at the point at which it enters the waste stream has never been
ethod.

Proposed solution in the new method

Sampling waste from the household’s doorstep
y, separate, and Eliminating time gaps by collecting, sampling, and sorting

waste on the day of disposal
y, separate, and Samples are collected on a daily basis, ensuring ‘‘fresh”

samples that preserve the original composition and density
ste composition - Doorstep sample collection decreases the probability of

waste side flows
- All waste streams are collected

e exact number
rtain waste bin

in waste

Each household represents a sampling unit, so there is a clear
linkage between the waste-production source and its sample

tionship
and waste

Sampling waste at the household level grants access to
valuable data regarding waste behaviors, attitudes, and habits

managed: A new method of measuring household food waste. Waste Man-
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tested in physical waste surveys. The suggested ‘‘Daily Family
Waste Collection” method (Fig. 1) adopts an innovative approach
whereby each household serves as a sampling unit and the samples
are collected from each household’s doorstep on a daily basis. In
the next section, we report on a field study that we conducted in
order to estimate the feasibility of the proposed method.

3. Implementation of the ‘‘Daily Family Waste Collection
method: empirical evidence from a field study

3.1. Research area

The field study was conducted in eastern Haifa, Israel (Fig. 2), in
three neighborhoods: Neve Sha’anan, Ramat Remez, and Yizraelia,
with 36,730 inhabitants overall (Haifa Municipality, 2016). The
population of this region is heterogeneous and consists of young
and old families, immigrants, and students. The neighborhood
includes mainly multi-apartment buildings, with typically two to
four floors, and few high-rises. According to the socioeconomic
index compiled by the Israeli Central Bureau of Statistics, the area
is ranked in the sixth to seventh socioeconomic cluster (CBS, 2008)
on a scale of 1–10 (with 1 representing the lowest socioeconomic
cluster), which is typically referred to as the Israeli middle class
(CBS, 2012).

Generally, a curbside scheme of mixed MSW operates in these
three neighborhoods, alongside central collection of paper and
plastic bottles. The Ramat Remez neighborhood also has a separate
collection scheme for packaging waste. This arrangement implies
that some households practice some sort of source separation of
recyclables. Since a separate collection scheme for organic waste
was not in place, it was assumed and further verified in the screen-
ing phase (Section 3.4), that most of that waste was indeed placed
in the common mixed-waste bin.
Please cite this article in press as: Elimelech, E., et al. What gets measured gets
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3.2. The number of sampling units

The number of sampling units was determined according to the
Methodology for the Analysis of Solid Waste (SWA-Tool, European
Commission, 2004), with budgetary and logistical constraints.
According to the SWA-Tool, the optimal number of sampling units
needed in order to achieve 10% maximum random sampling error
and 95% confidence level, given that the variation coefficient for
household food waste is approximately 70% (data processed from
the Israeli national waste composition survey – Seagull
Environmental Planning Ltd., 2014), is 188 sampling units (house-
holds). The actual number of households in our study was 192.

3.3. Recruitment of participants

In order to recruit households, we hung recruitment ads on
message boards throughout the neighborhoods, distributed leaflets
inmailboxes, and posted on themunicipal Facebook page and other
informal community Facebook pages. The ad consisted of a call to
participate in an innovative week-long study during which the
research team would pick up the participants’ waste bags from the
doorsteps of their homes. Recruitment was an ongoing process that
lasted five months and was performed in five separate rounds
(March–August 2016). Interested participants were asked to email
the researchers or scan aQR (Quick Response) code and fill in a short
contact form. At the end of the study, each household received NIS
200 (�$57) in coupons as compensation for their participation.

3.4. Participant screening

The participants who responded to the ads (n = 297) were
contacted by phone and asked to answer a short screening
questionnaire. The purpose of this questionnaire was to determine
managed: A new method of measuring household food waste. Waste Man-
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Fig. 2. Research area. Made with Google Maps. Each icon on the map represents a household. Different icons represent different rounds of research.

Icon Research 
Round 

No. of 
households 

A 14 
B 27 
C 54 
D 64 
E 34 
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whether the participants fit the selection criteria: living in the rel-
evant geographical area, sharing a household with family members
or a spouse (single individuals and roommates were excluded), and
considering themselves secular or moderately religious (Orthodox
households were excluded because of their unique characteristics,
which might affect waste-generation patterns, in particular their
distinctive lifestyle and large number of children).

Of the 297 potential participants, 18% did not meet the criteria,
9% were not interested in participating, and 3% were not available
during the study period. Frontal interviews were scheduled with
the 207 potential participants who met the criteria.

The frontal interviews were carried out by a team of four work-
ers and usually conducted two weeks before the beginning of each
research round. The interview consisted of three stages. First,
potential participants were given a brief explanation regarding
the purpose of the research. To minimize the risk of affecting
households’ waste-discarding routines (e.g., the above-
mentioned ‘‘observer effect” described by Langley et al., 2010),
participants were not exposed to the real purpose of the research.
Instead, they were told that the study will be used by Haifa Munic-
ipality to optimize the city’s waste-collection service. If further
information was requested, interviewers were instructed to
explain that learning about MSW composition would facilitate
better planning of curbside recycling schemes (we used distracting
Please cite this article in press as: Elimelech, E., et al. What gets measured gets
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examples such as ‘‘cardboard packaging,” ‘‘plastic waste,” and so
on). Next, participants were asked to fill in a consent form and
then take a short survey that included some demographic ques-
tions as well as questions about their waste disposal routines. A
further survey, distributed at the end of the field survey, was
designed to assess the relationship between household shopping
routines, food preparation and food waste production, and
between their estimates and their actual waste. Both subjects
are beyond the scope of the current article and their results are
reported elsewhere (Elimelech et al., unpublished results). Inter-
viewers noted any access-related features (such as building
entrance code, special identification marks on the door, lobby
entrance, and so on) to ensure smooth collection of the waste
bags. Each household was given a set of 20 garbage bags in their
preferred size, a set of identification code stickers to mark their
bags, printed instructions, and a cardboard box in which they were
instructed to place their garbage bags.

In the final stage, detailed instructions regarding the course of
the study were given to the participants, as follows:

(1) Maintain your regular waste discarding routines. If your
household is not used to separate waste, hand over a mixed
garbage bag, and if a separation routine is in place, maintain
it, and hand over the separated streams in the coded bags.
managed: A new method of measuring household food waste. Waste Man-
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(2) Special instructions: If you discard cooked meals, wrap them
in a small garbage bag. If you discard diapers or animal feces,
wrap them in a small garbage bag. If you discard packaged
food, do not to separate the packaging from the food.

(3) Place your coded garbage bags on your doorstep every
morning before 8:00 am during the week of the study.

(4) Under no circumstances should you throw your garbage
bags into the garbage bin.

At the end of the screening process, 192 households (634
individuals) met the criteria and agreed to participate in the study
(thirteen were not interested in participating and two were
excluded because they failed to follow the instructions). Table 2
presents the descriptive statistics of the respondents.

The field study was conducted between March and August
2016. However, possible seasonal effects were controlled since
samples were collected from participants’ doorsteps, with mini-
mum exposure to weather conditions. Nonetheless, since different
seasons are characterized by different fruit consumption, seasonal-
ity might have had some effect on the composition of the
vegetables and fruit category.

The study was carried out in five consecutive rounds, with
each round consisting of a different number of households (from
13 to 64) (Fig. 2). The first round was a pilot in which logistical
and timing aspects were tested. The size and timing of the
following rounds were designed to avoid pre-holiday and post-
holiday effects of national holidays and maintain the pace of
recruitment.
3.5. Waste sampling procedure

Waste samples were collected from the household’s doorstep
on a daily basis over seven consecutive days (one week is the min-
imum sampling duration, as recommended by the SWA – Tool,
ASTM D5231-92 and IS 2221). Collection lasted between three
and five hours, depending on the number of households participat-
ing in each round and their distance from one another. Each sam-
ple collection was documented in the Google Forms app.
Table 2
Descriptive statistics of the respondents.

Sample size (households) 192
Sample size (individuals) 634
Average number of persons in household [SD] 3.3 [1.3]
Median number of persons in household 3.00
Gender of respondents, female (%) 75%

Education level of respondents (%):
Secondary school 8%
Vocational training 11%
Academic degree 81%

Religiosity level of respondents (%):
Secular 67%
Traditional 14%
Religious 19%

Average age of respondents (years) [SD] 37 [11.6]
Median age of respondents (years) 33

Age range of respondents (%):
21–29 33%
30–39 34%
40–49 16%
50+ 17%

Households with children (0–18 years, %) 60%
Median income range* (NIS) [US$**] 9000–115,000 [2630–3360]
Socioeconomic index 6–7 (out of 10)

* Eighteen respondents (9.37%) refused to report income information.
** Conversion rate of 3.427 NIS per 1 US Dollar.
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3.6. Sorting procedure

Waste samples were unloaded at a sorting tent located at an
operational site of the Sanitation Department of Haifa Municipal-
ity. Each waste sample was sorted separately (as practiced by
Hanssen et al. (2016)). Waste samples that were collected on
weekends (Saturday night) were stored in the work area and sorted
the following morning. Sorting was carried out by a team of five
workers, including a supervisor, and lasted five to six hours. Each
waste bag was identified using its assigned identification code
(ID) and documented on a form.

3.7. Classification procedure

Garbage bags that carried the same ID code were weighed
together, with the exception of garbage bags that contained
source-separated streams (usually paper and plastic bottles),
which were weighed separately to record recycling rates. Next,
the bag was opened, and the sorting and classification process
began. All inorganic waste components were put aside and
weighed together. Then nonfood organic components, such as
houseplants and animal feces, were weighed. Food waste, the tar-
geted fraction in this research, was classified as any raw (e.g.,
apples) or cooked food (e.g., cooked rice) (Monier et al., 2010).

Food waste classification was based on a unified protocol devel-
oped for this study, which contained detailed instructions for the
sorting team in order to minimize subjective judgments. Food
waste was classified into the following classes (Fig. 3):

I. Unavoidable Food Waste – waste arising from food prepa-
ration or consumption that is not now and never was suit-
able for human consumption (e.g., bones, eggshells, tea
bags, fruit pits, apple cores). All ‘‘unavoidable food waste”
in the sample was grouped together and weighed as one
unit, with no additional classification process.

The definitions of unavoidable and avoidable food waste
depend to some extent on both cultural and individual food con-
sumption habits (e.g., Beretta et al., 2013; Edjabou et al., 2016;
Lebersorger and Schneider, 2011; Ostergren et al., 2014; Quested
et al., 2013b). Therefore, bread crusts, apple peels, mushrooms
stalks, herb stems, and the like were classified as unavoidable food
waste, typical to Israeli food consumption habits.

In an attempt to avoid any subjective judgment, we did not
employ a third category of ‘‘possible avoidable food waste” (e.g.,
as suggested by Beretta et al., 2013; Monier et al., 2010, Quested
et al., 2013a; and Ventour, 2008), and any food that some people
eat and others do not, e.g., potato peels, was classified as unavoid-
able food waste. A similar distinction was applied by Lebersorger
and Schneider (2011).

II. Avoidable Food Waste – food that is suitable for human con-
sumption. Each food itemwas classified first into one of seven
food categories (following national Household Expenditure
Survey of the Israeli Central Bureau of Statistics (CBS,
2015)): vegetables and fruit; bread, cereals, and pastry prod-
ucts; meat, poultry, and fish; milk, milk products, and eggs;
sugar and sugar products; soft drinks and alcoholic bever-
ages; and miscellaneous food products. Further, ‘‘Avoidable
foodwaste” componentswere classified into240 specific food
items (e.g., milk, yogurt, tomato, chicken wings, and so on).
Whenever possible, brand names were documented.

In the case of packaged food products, the food was separated
from its packaging and weighed separately. Packaging information,
including expiration date, type of expiration label, net product
managed: A new method of measuring household food waste. Waste Man-
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weight, and product price, was recorded. Each ‘‘avoidable food
waste” item was classified according to its state of consumption:

a. Food Leftovers – any food that was modified by cooking,
cutting, baking, and so on, was not in its raw state, or was
a byproduct of several food products, was considered left-
over food. This includes food that has been partially eaten
or prepared or food containing various ingredients (e.g.,
salad), fast food, and commercially prepared meals.

b. Unidentified Food Items – avoidable food waste items that
were not identifiable, due to their physical state or size (e.g.,
unrecognized food leftovers).

c. Partly Consumed Food – food products that were found in
their original unsealed package or were partly eaten.

d. Unconsumed Food – food in its original state (with or with-
out a package).

Following the principle of ‘‘what you see iswhat youget,” the dis-
tinction between unconsumed and partly consumed foodwas based
on its observed state rather than its assumed state. According to this
rule, a single uneaten tomato, a single uncooked egg, a single sealed
yogurt cup, and so on, were all regarded as ‘‘unconsumed food”. This
is in contrast to Lebersorger and Schneider’s (2011) proposition that
food that is usually sold bunched should be classified as partly con-
sumed. A food product that was found in its original sealed package
was also classified as unconsumed food.
Fig. 4. Household waste composition by waste stream (% by weight).
4. Results and discussion

4.1. Household waste composition

In total, 1257 waste bags were analyzed during the study. One
hundred and twenty-two households produced seven bags, fifty-
Please cite this article in press as: Elimelech, E., et al. What gets measured gets
agement (2018), https://doi.org/10.1016/j.wasman.2018.03.031
five households produced six bags, fourteen produced five bags,
and one household produced three bags. This was equal to
2543.56 kg of household waste. Fig. 4 shows the household waste
composition by waste stream.

The daily generation rate of household waste in our study is
0.573 kg per capita, compared to 1.7 kg at the national level (CBS,
2016). Yet this comparison to Israeli national statistics should be
made with caution. First, the national reports refer to mixed
MSW, and do not distinguish between household, commercial,
and yard waste. Second, our sample consists of middle-class house-
holds and hence does not, necessarily, represent the general popu-
lation. Still, the fact that household waste in the current study may
comprise only one-third of the total MSW might have major policy
implications and should be further analyzed in future research.

4.2. Food waste composition

The average total food waste generation rate was 0.26 kg per
capita per day. By weight, food waste accounted for 45%
managed: A new method of measuring household food waste. Waste Man-
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Table 3
Physical food waste surveys at household level from different countries.*

Reference Country Sample size Avoidable food waste definition Share of avoidable food
waste out of total food
waste (%, by mass)

Predominant avoidable food
waste categories (by mass)

Edjabou et al. (2016) Denmark 1474 households Edible food that could have been eaten, but instead is
disposed of regardless of the reason

56.4% (1) Fresh vegetables and salads
(2) Bakery products

Fehr and Romao (2001) Brazil 240 participants Defined as ‘‘loss”: all items that bypass the kitchen and
go from unpacking or storage straight to the waste
basket

13.2% (1) Fruit and vegetables

Gutiérrez-Barba and Ortega-Rubio
(2013)

Mexico 41 households Not reported Not reported Not reported

Hanssen et al. (2016) Norway 220 households Defined as ‘‘edible food waste”: material that could have
been eaten and was intended for consumption,
but was placed in the waste bin for various reasons

58.8% (1) Fresh bakery products
(2) Fruit and vegetables

Lebersorger and Schneider (2011) Austria 130 households Whole unused and partly consumed food 56% (1) Bread
(2) Vegetables and fruit

Parizeau et al. (2015) Canada 222 households Not reported Not reported Not reported
Quested et al. (2013b) United Kingdom 2660 households Food and drink, excluding inedible material and

packaging. Further excluded are foods 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 (e.g., potato skins)

55.2% (1) Fresh vegetables and salads
(2) Drink

Schott and Andersson (2015) Sweden 486 households Products that could have been eaten and consist of
prepared but uneaten food, food that was left to spoil,
and other food products that were disposed of in edible
condition

35% (1) Vegetables and fruit

Schott et al. (2013) Sweden 2590 households Products that could have been eaten and consist of
prepared but uneaten food that was left to spoil and
other
food products disposed of in an edible condition

34% Not reported

Waste Not Consulting (2015) New Zealand 1402 households Food that could have been eaten at some point in time. It
does not take into account the current state of the item
(which could be moldy, or past its ‘best before’ date), but
considers, instead, its past potential

54% (1) Fresh vegetables and fruit
(2) Bakery

Current study Israel 192 households Food that is suitable for human consumption 54% (1) Vegetables and fruit
(2) Bread, cereals, and pastry products

* Sorted alphabetically by author’s name.
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Table 4
Avoidable food waste composition by state of consumption (weight).

State of consumption Weight (kg) % of total avoidable
food waste weight

Unidentified food waste 5.37 0.89%
Unconsumed food 207.59 34.50%
Partly consumed food 197.68 32.85%
Food leftovers 191.09 31.76%
Total avoidable food waste 601.73 100%

Fig. 5. Share of different food categories in unconsumed and partly consumed
avoidable food waste, by weight.
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(1,138.57 kg) of total household waste, compared to 44% nation-
ally, according to the Israeli statistics (Seagull Environmental
Planning Ltd., 2014). These findings are encouraging, since even
though our sample included only middle-class households and a
relatively small amount of waste – 2.5 tons as opposed to 8 tons
nationally (Seagull Environmental Planning Ltd., 2014), our results
are very similar to the Israeli national statistics.

The average avoidable food waste generation rate was 0.136 kg
per capita per day. Avoidable food waste was found to constitute
54% (601.73 kg) of total food waste (without packaging). Our
results are within the range of previous studies – 54% to 59%
Table 5
Relative accuracy analysis.

Waste category* Level of waste sample according
recommended limits:
Total sample < 10%
Leading components < 20%

Household waste Total waste sample
Food waste Total waste sample
Unavoidable food waste Leading components
Avoidable food waste Leading components

Avoidable food waste, by state of consumption:
Unconsumed food Leading components
Partly consumed food Leading components
Food leftovers Leading components

Avoidable food waste, by food category:
Vegetables and fruit Leading components
Bread, cereals, and pastry products Other
Milk, milk products, and eggs Other
Miscellaneous food products Other
Sugar and sugar products Other
Meat, poultry, and fish Other
Soft drinks and alcoholic beverages Other

Other waste streams:
Source-separated waste Other
Non-food organic waste Other

* Ranked according to household basis CI.

Please cite this article in press as: Elimelech, E., et al. What gets measured gets
agement (2018), https://doi.org/10.1016/j.wasman.2018.03.031
(Edjabou et al., 2016; Hanssen et al., 2016; Lebersorger and
Schneider, 2011; Quested et al., 2013b; Waste Not Consulting,
2015), as demonstrated in Table 3. Notably, two Swedish studies
(Schott and Andersson, 2015; Schott et al., 2013) report quite a
small share of avoidable food waste (34–35%). Schott et al.
(2013) attribute this gap to the large number of households
included in their study. However, this argument does not conform
to the data presented in Table 3. Specifically, the correlation
between the sample size and share of avoidable waste across stud-
ies is insignificant, and if anything suggests a positive, not negative,
relation (r = 0.14, p = .74). Alternative explanations could be cul-
tural differences resulting from food consumption habits or differ-
ent measurement protocols. Fehr and Romao (2001) reported only
a 13.2% share of avoidable food waste, but they used a significantly
different definition of the avoidable fraction.

The average weight of avoidable food waste per household (M
= 3.134, SD = 2.600) was found to be higher than the average
weight of unavoidable food waste (M = 2.663, SD = 2.068). This dif-
ference was significant [t (191) = 2.216, P = 0.028].

Unidentified food waste in our study accounted for only 0.47%
of food waste. The share of unidentified food waste in the current
study was lower than that reported by Lebersorger and Schneider
(2011), which was 2% (regarded as a non-classifiable remainder).
This finding may imply that collecting waste samples close to their
origin on a daily basis indeed preserves their freshness and hence
contributes to the sorting and identification of food waste.
4.3. Avoidable food waste composition

The three categories of ‘‘state of consumption” were distributed
more or less evenly, as shown in Table 4.

The composition of unconsumed and partly consumed avoid-
able food waste by food category is presented in Fig. 5. The ‘‘veg-
etables and fruit” category was found to be dominant, accounting
for 67.5% (273.55 kg) of the avoidable food waste stream. The sec-
ondmost prominent category was ‘‘bread, cereals, and pastry prod-
ucts,” which constituted 14.13% of total avoidable food waste.

Our findings support previous studies (e.g., Edjabou et al., 2016;
Fehr and Romao, 2001; Hanssen et al., 2016; Lebersorger and
to SWA-Tool Relative confidence interval (CI; %)

Household basis Per capita basis

7% 3%
9% 4%
11% 5%
12% 6%

15% 9%
15% 8%
15% 7%

14% 8%
21% 11%
25% 14%
27% 16%
38% 23%
53% 32%
61% 34%

23% 13%
39% 23%

managed: A new method of measuring household food waste. Waste Man-
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Table 6
Comparison of sorting rates in different studies.

Source Type of
waste

Man-hours
per 100 kg
waste sample

No. of
sorting
categories

European Commission (2004) MSW 6 29
Toivonen and Sahimaa (2014) MSW 8 20–30
Liikanen et al. (2016) – 1st study MSW 24 38
Liikanen et al. (2016) – 2nd study MSW 16 39
Current study Food waste 34.40 240

MSW = municipal solid waste.
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Schneider, 2011; Langen et al., 2015; Schott and Andersson, 2015;
Stenmarck et al., 2016; Waste Not Consulting, 2015), according to
which vegetables and fruit, bread, cereals, and pastry products are
the most wasted food categories. The findings are also consistent
with Israeli national statistics (CBS, 2015), which indicate that fruit
and vegetables hold the largest share in households’ food
expenditures.
4.4. Accuracy estimates

According to the SWA-Tool (European Commission, 2004), the
maximum allowable random sampling error for the total results,
i.e., relative accuracy, should be below 10%, whereas for leading
components of the waste stream, the recommended relative accu-
racy is less than 20%.

The relative accuracy of our total sample, i.e., total household
waste, was 7%, thereby meeting the SWA-Tool requirements (Euro-
pean Commission, 2004). Moreover, the relative accuracy of the
total food waste was 9%, compared to 12.1% reported by
Lebersorger and Schneider (2011). When calculated on a per capita
basis, the relative accuracy of the total food waste was 4% (Table 5).
Leading components, i.e., avoidable and unavoidable food waste,
unconsumed food, partly consumed food, food leftovers, and veg-
etables and fruit, were found to be highly accurate. As might be
expected with less prevalent waste components, such as ‘‘non-
food organic waste” and ‘‘source-separated waste,” the relative
accuracy was much lower.
4.5. Technical feasibility and costs

The practice of sorting individual household waste bins is con-
sidered very costly and labor-intensive (Dahlén and Lagerkvist,
2008; Edjabou et al., 2016; Jorissen et al., 2015; Langley et al.,
2010; Sahimaa et al., 2015). Yet there is little published informa-
tion on the actual costs of various waste-analysis designs (Euro-
pean Commission, 2004), perhaps because of differences in labor
costs between countries, which make comparison difficult. Despite
the aforementioned limitations, approximate cost parameters
could provide policy makers with valuable data.

In our study, the cost of each kg of waste processed was equal to
about $9, while the cost of an hour of work was $27. Roughly 40%
of the cost can be attributed to sample collection, and the rest to
the sorting process. These figures do not include the recruitment
phase, which adds another 5% to the above costs.

As the SWA-Tool (European Commission, 2004) suggests,
another important parameter is the sorting rate. Sorting 100 kg
of MSWmanually should take approximately six man-hours (Euro-
pean Commission, 2004). This indicator is very similar to that
reported in the Finnish manual for residual household waste com-
position studies (Toivonen and Sahimaa, 2014). Liikanen et al.
(2016) reported on two MSW composition surveys in which sort-
ing 100 kg took 16–24 man-hours (Table 6).
Please cite this article in press as: Elimelech, E., et al. What gets measured gets
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In our study, the sorting rate was 14.53 kg of waste per hour,
and each worker processed approximately 2.91 kg of household
waste hourly. Hence, sorting 100 kg took 34.4 man-hours. The
allegedly large number of man-hours invested in our study could
be explained by the high sorting and classification resolution used
compared to regular MSW composition analyses. For example, in
our study, the food waste fraction was sorted into seven food cat-
egories and then classified into 240 different food items, whereas
in MSW composition surveys, waste samples are classified into
30–40 categories only. In addition, the small particle size of organic
waste tends to slow sorting (Liikanen et al., 2016). Considering the
lack of comparable data regarding both costs and sorting rates,
future studies should target these issues, aiming at creating indica-
tive guidelines.
5. General discussion

Cutting food waste is essential to meeting the ambitious Sus-
tainable Development Goal (UN, 2015) of a 50% reduction in per
capita food waste production. Yet, managing and reducing food
waste require good quantitative measurements. Measuring food
waste is a challenging task, mainly due to the lack of a standard
method and unified definition system. In this article, we discussed
the challenges of measuring food waste with current methods and
proposed and tested a new measurement method designed to
address these challenges. Specifically, the method physically mea-
sures food waste at the household level on a daily basis. In this
way, even the highly heterogeneous waste stream is directly con-
nected to its source. The daily waste sample collection implies that
the food waste is still fresh when measured, increasing accuracy
and improving the ability to categorize a wide variety of food
items. Moreover, the fact that organic waste is highly sensitive to
decomposition (Jorissen et al., 2015; Langley et al., 2010) due to
its physical and biochemical properties suggests the value of our
method in solving sampling challenges.

In short, the rationale of the proposed method is focused on the
idea that in order to gain insight into food-discarding behaviors,
sampling should be performed at the waste bin level (Dahlén and
Lagerkvist, 2008). Our method takes this idea a step further by ana-
lyzing single waste bags. It, literally, captures food waste at its ori-
gin – the point at which it enters the waste stream.

The field test showed that the implementation of our method is
indeed feasible. We managed to collect waste samples at the
household level while waste remained fresh, and we achieved high
levels of accuracy and high resolution of waste classification into
different food categories, confirming the hypothesis that analyzing
fresh waste samples helps preserve their physical condition, which
increases the ability to identify, separate, and classify each waste
item, thereby improving accuracy. The success of the field study
supports our idea that household-specific food waste generation
rates could be accurately measured even in multi-apartment build-
ings, not only single-family houses. Thus, it addresses Edjabou
et al.’s (2016) concern that analyzing individual households is only
possible in single-family houses and offers a potential solution to
this problem.With the proposed method, the analysis of household
food waste in multi-family buildings is not only possible but could
also be done with relatively high accuracy.

The ability to connect household food waste to its source also
opens avenues for exciting research that could explore the poten-
tial relationships between self-reporting techniques (e.g., ques-
tionnaires) and physical waste surveys, by conducting both in the
same household. One could ask, for example, whether people are
accurate in assessing their level of food waste by comparing the
two measurements (see Elimelech et al., unpublished results). An
interesting recent review (Aschemann-Witzel et al., 2015) outlined
managed: A new method of measuring household food waste. Waste Man-
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behavioral factors related to consumers’ food waste, including
their motivation to avoid waste, and their food purchasing, storing,
cooking, and consumption routines. Further behavioral research is
needed to facilitate an understanding of the causes of food waste
production. Exploring such questions with current physical sur-
veys methods is practically impossible since, in most of these
methods, waste is sampled from collection vehicles or shared
waste bins, making it impossible to link the household (the waste
source) and the actual waste bags (whether in mixed-use develop-
ment areas or in multi-apartment buildings; see Jorissen et al.,
2015; Koivupuro et al., 2012; Langley et al., 2010). The ‘‘Daily Fam-
ily Waste Collection” method addresses this challenge, making it
possible to gather self-reported data and perform a physical survey
at the household level, and thus provides a strong tool for assessing
these questions.
5.1. Applying the ‘‘Daily Family Waste Collection” method

Replicability - The pilot round contributed greatly to our
understanding of sorting protocols, and some sorting procedures
were adjusted accordingly. Second, the fact that waste samples
were collected directly from residents’ doorsteps rather than waste
bins dictates very close monitoring of sample collection. We found
that online documentation of each collection point (i.e., household
address) was essential for ensuring that all samples were collected
(this proved critical in cases where waste bags were delivered after
the designated hour). In addition, it was important to inform our
participants of possible delays in collection schedule, to maintain
their motivation. This was especially true on Sundays mornings,
when the collection extended beyond the usual time frame. We
also found that cross-referencing between collection records and
sorting records enables instant identification of waste bags with
damaged ID stickers.

Scalability - In the current study, we tested the ‘‘Daily Family
Waste Collection” method in a relatively limited geographical area.
This point raises a question regarding the adequacy of this method
for studying large household samples. This is an empirical question
that should be tested in future studies. Here we suggest some ideas
and guidelines for implementing our method in studies of large
household samples:

(1) Stratification based on relatively homogeneous socioeco-
nomic strata or geographic locations will enable the employ-
ment of relatively small samples in each stratum.

(2) Since each building is generally characterized by a relatively
homogeneous socioeconomic index, recruiting participants
from several multi-apartment buildings will facilitate strat-
ification and minimize the transport distances of samples
due to the relatively limited geographical area.

(3) The collection process can be simplified by the identification
of waste bags. Identification technologies such as barcodes,
QR codes, or RFID (radio frequency identification) tags can
make it easier to identify each household and enable the col-
lection of identified household bags directly from shared
waste bins by scanning their codes. This method will sim-
plify the collection process substantially by eliminating the
need to collect the bags from each doorstep.

(4) Combining efforts with the national Household Expenditure
Survey (conducted by the Central Bureau of Statistics), in
which detailed information on households’ expenditures
and socioeconomic characteristics are collected, primarily
through door-to-door interviewing, could contribute to a
better understanding of the relationship between house-
holds’ food expenditure and food waste generation patterns.
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5.2. Policy recommendations

The current exploratory study provided several important
insights:

The need for unified guidelines – At the macro level, we
believe that an important innovation of this article is that it pro-
vides decision makers and scholars with information regarding
the technical feasibility, cost, and accuracy of the proposed ‘‘Daily
Family Waste Collection” method. While these aspects are essen-
tial from a policy perspective, they are scarcely addressed in scien-
tific and grey literature alike. In order to establish a firm and
comparable database, future field research should further explore
and document these parameters. We wish to extend the recom-
mendation of Stenmarck et al. (2016) and Williams et al. (2015)
to establish commonly agreed-upon metrics for measuring house-
hold food waste that will also include a formal standard.The need
for national policy to reduce food waste – We found that partial
information regarding household waste generation rates made it
difficult to produce viable comparisons. However, given the large
discrepancies between the recorded generation rate of household
waste and national MSW statistics, we recommend repeating and
confirming these results. The results of our exploratory field survey
indicate that large proportions of avoidable food waste include
vegetables and fruit. The findings also indicate that 65% of avoid-
able food waste consists of food that has been partly consumed
or not consumed at all. These findings suggest that policy makers
may need to focus their efforts on increasing public awareness
and improving public practices regarding food management and
storage, from shopping habits to home storage and consumption
habits (e.g., portion size). Future studies should closely explore
local food consumption habits along with other cultural and psy-
chological perspectives and their influence on food waste in terms
of quantity and composition.

6. Conclusion

Quantitative measurement of household food waste samples is
highly complicated and challenging, yet critically important for
waste management. The method proposed here was designed to
address two main challenges: connecting the household’s food
waste to its source and keeping the waste fresh. The field study
provided proof of concept for using this method, which has the
potential to become a promising tool for addressing the challenges
of food waste measurement.
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