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Abstract

Purpose — Given the importance of food waste in the economic, social, health and environmental dimensions,
the purpose of this work is to detect, through a systematic and configurative literature review on food-waste-
measurement methodologies, the global approaches, characteristics, limitations, opportunities and results
applied within the literature. The analysis of these papers provides useful information about how far we are
from international action plans and, therefore, how we need to direct programs and policies to measure and
reduce food waste and ensure food security and food safety.

Design/methodology/approach — The authors have conducted a systematic, configurative literature review
on food waste measurement methodologies applied only within empirical studies published in academic peer-
reviewed scientific journals. Based on the Commission Delegated Decision (EU) 2019/1597 of May 3, 2019
(OJEU, 2019) regarding common methodologies and minimum quality requirements for the homogeneous
assessment of food waste quantities and composition, the authors investigated the issue on Web of Science
Core Collection (WoS) from June 2000 to June 2020. The authors researched keywords within article titles,
abstracts and author keywords by utilizing 34 different research strings.

Findings — The proposed review particularly refers to following topics: measurement methodologies applied
according to the Commission Delegated Decision (EU) 2019/1597; editorial placement and publication timeline;
geographical area; food supply-chain stage and publication journals; and the main features, limitations,
opportunities and results for each measurement methodology as presented by authors. Among the first 48,000
results, only 58 academic articles are perfectly in line with the aim of the review, highlighting the lack of
standardized methodologies, the limits of those proposed and the deficiency of comparable results to achieve
sustainable international goals.

Originality/value — The proposed review is one of the few concerning food waste measurement
methodologies. Food waste measurement is essential to rebalance the actual inadequate food system and to
switch it toward a fair, healthy and environmentally friendly one, thereby (1) managing the human nutrition
system paradox of hungry, undernourished and over-weight people; (2) reducing food insecurity; (3) ensuring
each living being’s access to healthy, nutritious and sustainable food; and (4) reducing environmental impacts
(neutral or positive impact) and the loss of biodiversity and mitigating climate change.

Keywords Food waste, Food safety, Food security, Food waste measurement, Nutritional security
Paper type Literature review

1. Introduction

Food loss and food waste represent global health, social, economic and environmental
concerns, imposing several challenges in terms of sustainable development (Costello ef al,
2015), waste management (Cristobal et al, 2018), human health (Vandevijvere et al, 2015;
Salemdeeb ef al, 2017) and reduction in financial operating costs (Dreyer et al, 2019).
The importance of food loss and food waste has increased over the last few decades
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(Gustavsson et al.,, 2011; Corrado et al., 2019) and was included within the United Nations 2015
Sustainable Development Goals (SDGs), with particular reference to zero hunger (SDG 2) and
responsible consumption and production (SDG 12). By 2030, humans must “halve per capita
global food waste at retail and consumer levels and reduce food losses along production and
supply chains, including post-harvest losses” (FAO, 2020a). Furthermore, to achieve such
aims, the European Commission (2015) enacted the “Closing the loop — An EU action plan for
the Circular Economy.” The action plan was later implemented by the introduction of the
monitoring framework for the circular economy (European Commission, 2018), where food
waste is explicitly mentioned as one of the 10 circular economy indicators (Moraga et al., 2019,
Eurostat, 2020). A main objective of the European Green Deal is the Farm to Fork Strategy,
which aims to create a fair, healthy and environmentally friendly food system by reducing
environmental impacts, mitigating climate change, reversing biodiversity loss and pursuing
food security, nutrition and public health, thereby ensuring access to healthy, nutritious and
sustainable food (European Commission, 2020). As part of the Farm to Fork Strategy,
sustainable food consumption and food loss and waste prevention are essential because
reducing food waste brings savings for consumers and operators, and the recovery and
redistribution of food surplus could lead to the generation of nutrients, feed and secondary
raw materials (European Union, 2020).

Each year, more than 1.3 billion tons (¢) of food are thrown away along the entire food supply
chain worldwide — equal to roughly one-third of the global food production for human
consumption and more than one-quarter of the global agricultural production (Gustavsson
et al, 2011; FAO, 2013; International Food Policy Research Institute, 2019). In developed
countries (1.4 billion people), 670 million tons (Mt) of food is discarded, and less than 630 Mt is
discarded in developing countries (6.2 billion people). On average, it is estimated that
approximately 11-23% of food waste occurs at the agricultural stage, 17-19% during
industrial processing, 817 % at the retail stage and more than 50 % at final consumption, which
considers the hospitality sector and households (FAO, 2017; 2019a, b). Wide differences occur
between regions of the world. For instance, North America and Oceania waste more than
110 kg/capita at final consumption yearly, but sub-Saharan Africa wastes less than 10 kg/
capita (Brautigam et al, 2014; Hodges et al, 2010; Pellegrini et al,, 2019; Philippidis ef al, 2019). In
particular, the European Union’s food waste amounts to approximately 130 Mt per year, of
which more than 24% is at primary production, 23% is during processing and manufacturing,
5% is at the retail level, 39% is at the household level and 9% is from hospitality industry
(Caldeira et al., 2019). In terms of nutritional values, it is estimated that, in Europe, each year less
than 520 million M] are lost, useful to satisfy the energy intake (2,400-3,100 MJ/year) of about a
third of the current European population (Gustavsson et al,, 2011; Beretta et al, 2013; Fiore et al.,
2015; Britz et al, 2019; Caldeira et al, 2019; FAO, 2020b; Istat, 2020).

Currently, it is not possible to talk about healthy nutritional systems, food safety and food
security, which is achieved when “all people, at all times, have physical and economic access
to sufficient, safe and nutritious food that meets their dietary needs and food preferences for
an active and healthy life” (World Food Summit, 1996), without rebalancing the inadequate
food system toward a fair, healthy and environmentally friendly one. In this field, food waste
measurement represents a daunting and key factor. Divergent definitions, scarce data and
unstandardized methodologies complicate the field’s assessments. Given the importance of
food waste in the economic, social, health and environmental dimensions, the purpose of this
work is to detect, through a systematic and configurative literature review on food waste
measurement methodologies, the global approaches, characteristics, limitations,
opportunities and results applied within the literature. The analysis of these papers
provides useful information about how far we are from international action plans and how we
need to direct the programs and policies to measure and reduce food waste and ensure food
security and food safety.



2. Research method

The authors have conducted a systematic, configurative literature review on the food waste
measurement methodologies applied within empirical studies. The starting point was the
Commission Delegated Decision (EU) 2019/1597 of May 3, 2019 (OJEU, 2019), which
supplemented the Directive 2008/98/EC, regarding common methodologies and minimum
quality requirements for the homogeneous assessment of food waste quantities and
composition. The decision identified the following as common methodologies: diaries, direct
measurements, questionnaires, surveys and interviews (generally applied as synonyms),
mass balances and waste composition analyses. Methods based on direct access to food
waste, which are used by an entity with physical access to food waste, should be
distinguished from other methods, which cannot be based on physical access and with which
direct measurement is not feasible.

The first step in conducting a systematic literature review, as stated by Sassanelli et al.
(2019) and Ozbiik and Coskun (2020), is the identification of the research question and the
assumption of inclusion and exclusion criteria. Subsequently, the authors selected an
adequate database and research strings related to the food waste issue and then collected and
synthesized the data. Moreover, articles selected on existing knowledge, experts’
recommendations and serendipity have been added to the analysis.

Although some studies apply mixed methodologies to analyze food waste issue in general
(e.g. causes, drivers, and solutions), the present paper investigates only those that measure,
quantify or evaluate food waste streams in particular. Thus, the following paragraphs focus
only on food waste measurement instead of analyzing other methodologies inspecting
consumer behavior, purchase frequency or other qualitative information.

2.1 Research questions, general assumptions and review criteria

As previously stated, a plethora of studies — among the most cited being Parfitt e al. (2010),
Buzby and Hyman (2012) and Beretta ef al. (2013) — have been conducted on food waste
worldwide, focusing on its main causes (Mena ef al, 2011; Aschemann-Witzel et al., 2015;
Boschini et al, 2020), related opportunities for its reduction (Priefer ef al, 2016) and its
valorization (Mirabella ef al, 2014; Kim et al, 2020), from primary production (Baker et al,
2019; Schneider et al, 2019) to processing and manufacturing (Flores et al, 1999; Loke and
Leung, 2015), retail and distribution (Lebersorger and Schneider, 2014; Goodmann-Smith
et al., 2020), the hospitality industry (Papargyropoulou et al, 2016; Wang et al., 2017; Giboreau
et al., 2019) and households (Graham-Rowe et al, 2014; Fiore et al., 2017; Slorach et al., 2020).
However, the main critical issues related to food loss and food waste concern their various
and divergent definitions, sparse data collection — considering the uncertainty embedded in
primary and secondary data (Corrado et al, 2019) — and their complicated quantification and
qualification (composition). To this extent, based on international reports (Moller et al., 2014;
Tostivint et al, 2016), the authors try to answer to the following questions:

RQI. What is the publication timeline, geographical area, food supply chain stage and
publishing journals?

RQ2. In the analyzed papers, how are measurement methodologies applied according to
the Commission Delegated Decision (EU) 2019/1597 (OJEU, 2019)?

RQ3. Which are the main features, limitations, opportunities and results for each
measurement methodology?

Based on the FAO (2011), the authors have applied one of the most common definitions of
food loss and waste: “the masses of food lost or wasted in the part of food chains leading to
edible products going to human consumption.” This means that food originally intended for
human consumption but later excluded from human nutrition should be considered as waste,
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even if reused for other purposes (e.g. energy recovery). However, food loss mainly occurs in
agricultural production, the post-harvest period, manufacturing and retail (upstream stages),
while food waste takes place in the hospitality industry (canteens, restaurants, hotels) and
households (downstream stages) (Amicarelli ef al., 2020).

The authors only reviewed academic peer-reviewed journal articles, to investigate studies
making explicit references to measurement methodologies. Therefore, irrelevant articles have
not been included (e.g. articles on food waste valorization and/or recovery), nor have books,
books chapters, conference papers, review articles and papers written in other languages
than English.

2.2 Database and research strings

The analysis was conducted on Web of Science Core Collection (WoS), which is one of the
world’s most trusted citation indexes for scientific and scholarly research. It includes more
than 21,000 journals, 76 million records, 111,000 books and roughly 8 million conference
papers on life and natural sciences, biomedical and social sciences, engineering, arts and
humanities (Clarivate, 2020). In line with Macke et al. (2018) and Wu ef al (2018), the authors
rely on WoS since it guarantees standardized, reputable and high-quality publications and
ensures the quality of papers analyzed.

The publication period was from June 2000 to June 2020, even though the first studies
conducted in the United States (US) on food waste date back to 1974 (Hall et al., 2009) and the
first definition of waste was introduced in Europe in 1975 through Council Directive 75/442/
EEC of 15 July 1975 on Waste (OJEC, 1975). Moreover, all geographical areas were considered.
The starting point for the review was to identify (truncated) keywords used in combination
with each other, to cover as many relevant items as possible. The keywords were “food
waste,” “food loss” AND “measure,” “quantification,” “quantity,” “quantifying,” “method,”
“methodology,” “estimation,” “assessment,” “diaries,” “direct measurement,” “interview,”
“questionnaire,” “survey,” “mass balance,” “material flow analysis” and “waste composition
analysis,” totaling 34 research strings. The research keywords were explored within the
article titles, abstracts and author keywords. Subsequently, the authors selected the relevant
studies and created a list of them in Microsoft Excel, including their title, year of publication,
journal, paper type (e.g. review, research), investigated food supply chain stages, applied
measurement methodologies, geographical area and digital object identifier (DOI), and
duplication was avoided. Lastly, the selected articles on existing knowledge, expert
recommendations and serendipity were added (z = 8). Figure 1 illustrates the research
strategy, while Supplementary Material shows the final article database.

” «

3. Timeline, journals and geographical area (RQ1)

Among the plethora of studies about food loss and waste, only 58 articles were selected due to
having practical applications of one or more measurement methodologies for their
quantification and qualification. Even though the publication period investigated was
from June 2000 to June 2020, the earliest selected study was published in 2010, revealing that
academic scientific research has been perfectly in line with studies conducted by national and
international institutions. In 2011, the FAO published its first report assessing food loss and
waste along the global food supply chain (Gustavsson ef al,, 2011). No articles were selected
from 2000 to 2009. Figure 2 shows the publication period, revealing that the highest
proportions of articles were published between 2017 (16%) and 2019 (31%), probably as a
consequence of the SDGs being introduced and the European monitoring framework for
circular economy implementation. Moreover, 2019 recorded the highest interest for food
waste measurement because the Commission Delegated Decision (EU) 2019/1597 was enacted
year, while by June 2020 (mid-2020), eight articles have already been published (14%).



Research on WoS of keywords combination both within topics (title,
abstract, author keywords and Keywords Plus) and title only. More
than 48,000 results obtained.

Selection of adequate articles in line with the scope of the review v
according to a preliminary analysis of title, abstract and keywords.
Identification of academic peer-reviewed journal articles focusing on

food waste measurement as main research topic. Then, creation of a

list of articles (n = 87) on Microsoft Excel highlitghting title, year of
publication, abstract, keyword, authors and DOI.

Screening of papers to better understand main topics. After \}
screening, only n = 58 were perfectly in line with the scope of the

analysis, while n =29 where not on the issue. Further identification

of paper type, food supply chain stage investigated, measurement
methodology applied and geographical area of interest.

Analysis of main featuers, opportunities, limitations and results of \7
each measurement methodology according to reviewed authors.

Source(s): Personal elaboration by the authors

The authors only selected articles from academic peer-reviewed journals, even though some
interesting contributions were available from proceedings of international conferences
(Ganglbauer et al., 2015; Le et al., 2015; Mandasari, 2017). According to Figure 3, only eight
journals have published more than two articles on food waste measurement applications. The
majority were collected from Waste Management (13 articles, 22%); Resources, Conservation
and Recycling (10 articles, 17%); and Journal of Cleaner Production (eight articles, 14%),
followed by British Food Journal (five articles, 8%) and Sustainability (four articles, 7%).
The highest percentages of contributions involved detecting food waste in the US (10
articles) and Europe, specifically in Finland, Germany, Italy and Sweden (six articles each)
as well as Austria, Netherlands, Norway and Switzerland (three articles each). The US
states involved in food waste measurement were California, Colorado, Hawaii, Iowa,
Missouri and North Carolina, with one contribution each. Figure 4 illustrates the countries
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Figure 1.
Research strategy

Figure 2.

Publication timeline
and historical trend by
year (2010-2020)
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investigated, but note that in several cases (Gjerris and Gaiani, 2013; Hartikainen et al.,
2018; Malefors et al, 2019), studies analyzed and/or compared more than one
geographical area.



4. Food waste measurement methodologies: literature review (RQ2 and RQ3)
Before analyzing all of the measurement methodologies and describing the opportunities and
limitations highlighted by all of the selected papers, Table 1 briefly presents the final set of 58
contributions per author, the measurement methodologies applied, and the food supply chain
stages investigated. In general — and considering that several studies investigated more than
one food supply stage at once — a majority of the authors investigated households (45%) and
the hospitality industry (26%), including school and university canteens, hospitals, hotels,
restaurants and elderly care homes. On the contrary, only a few studies have quantified food
waste at upstream stages (from agricultural production to retail), with the highest percentage
of authors analyzing on-farm and retail losses. Regarding measurement methodologies, some
of the selected papers proposed existing methodologies (e.g. diaries, questionnaires), while
some others applied a mix of them (e.g. direct measurements plus literature data, questionnaire
plus waste composition analysis) or proposed variants of existing methodologies (e.g. liquid
waste analysis, visual plate waste photographs, expenditure surveys). A majority of the
authors applied questionnaires and surveys (43%), followed by direct measurement (e.g. of
garbage streams or plate waste and with kitchen scales or measuring glasses) (37%) and
diaries (19%). However, many studies appeal to the literature and company datasets to fill data
gaps (22%), especially the authors who investigated the whole food supply chain, from the
agricultural stage to final consumption (Buzby and Hyman, 2012; Kummu et al, 2012; Beretta
et al, 2013; Caldeira ef al,, 2019; Willersinn et al., 2015).

4.1 Diaries

Among the methodologies presented by the Commission Delegated Decision (EU) 2019/1597,
food diaries (also called kitchen diaries) generally refer to individuals or groups (e.g. families,
cohabitants) living in a certain geographical area (e.g. provinces, regions or countries) who
are asked to measure and self-report food waste occurring during their daily life (Moller et al,
2014). In addition, people are invited to indicate waste-generation moments (e.g. preparation,
leftovers), the main reasons for discarding the food and their disposal procedures (e.g. kitchen
bins, home composting) (Quested et al, 2020). Over the last decade, food diaries have been
applied successfully in numerous studies worldwide, representing a useful tool in food waste
research, although with several limitations. Table 2 illustrates the main findings from the
selected articles (# = 12), including their design/methodology/approach, analysis period,
sample size and brief results.

Generally, food diary participants seemed very enthusiastic about participate over the
measurement period (Langeley et al, 2010; Sharp et al, 2010), but its application presents
several difficulties and some disadvantages. First, a majority of the authors found it hard to
recruit households and noticed high dropout rates during the experimental periods, with
potential risks of self-selection — only interested people take part in the experiment — and poor
data quality due to undervaluation and approximation. Moreover, if online-based food diaries
are applied, the majority of aged people (60 years old or older) are unable to take part to the
measurement. In addition, to adopt “more socially acceptable” behavior during the accounting
period, participants tend to eat differently than normal or dispose food in more sustainable
manners (Quested et al, 2020), and diary keepers, in the absence of coaching, are usually not
aware of the waste generated by their relatives/cohabitants or are confused during
measurement. Lastly, people who take part in experiments are generally not representative
of the entire population, and adjustments are sometimes extremely difficult and aleatory.

4.2 Direct measurement
Direct measurement comprises various methods such as direct counts and weight and/or
volumetric assessment. Generally, it produces the most accurate data but has high cost, time
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Table 1.

Set of 58 contributions
per author,
measurement
methodology and food
supply stage

References

AG PR RE HO HOS DI

Food supply chain stage

Measurement methodologies
DM LCD MB QSI WAC

Amato and Musella (2017)
Amicarelli ef al. (2020)
Baker et al. (2019)

Beretta and Hellweg (2019)
Beretta ef al (2013)
Boschini et al. (2018)
Brancoli et al. (2017)
Buzby and Hyman (2012)
Caldeira et al (2019)
Chakona and Shackleton (2017)
Costello et al. (2015)

Delley and Brunner (2018)
Djekic et al. (2019)
Elimelech et al. (2018)
Elimelech et al. (2019)
Eriksson et al. (2012)
Eriksson ef al. (2017)
Eriksson et al. (2020)
Giboreau et al. (2019)
Giordano et al (2018)
Giordano et al. (2019a)
Giordano et al. (2019b)
Gjerris and Gaiani (2013)
Goodmann-Smith ef al (2020)
Hanssen et al (2016)
Hartikainen ef al. (2018)
Tlakovac et al (2020)
Johnson ef al. (2018)
Kallbekken and Saelen (2013)
Kasza et al (2020)
Katajajuuri et al. (2014)
Khalid et al. (2019)

Kummu ef al (2012)
Langeley ef al (2010)
Lebersorger and Schneider (2014)
Leverenz et al. (2019)

Loke and Leung (2015)
Malefors et al. (2019)
Moreno et al. (2020)

Pflugh Prescott ef al (2019)
Pirani and Arafat (2016)
Rajan et al (2017)
Redlingshofer et al (2017)
Richter and Bokelmann (2017)
Schneider et al. (2019)
Silvennoinen et al. (2014)
Strotmann et al. (2017)
Szabo-Bodi et al. (2018)
Thyberg et al (2015)
Tostivint et al. (2017)

van der Werf et al (2018)
van Dooren ef al. (2019)
van Dooren et al. (2020)
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(continued)




Food supply chain stage Measurement methodologies
References AG PR RE HO HOS DI DM LCD MB QSI WAC
van Herpen et al (2019) X X X
Velasco et al. (2019) X X X
Wang et al. (2017) X X X
Wesana et al. (2019) X X X X
Willersinn et al. (2015) X X X X X X X

Note(s): List of acronyms: AG = Agricultural Stage; PR = Processing; RE = Retail and distribution; HO =
Hospitality industry; HOS = Households; DI = Diaries; DM = Direct measurement; LCD = Literature and
companies’ data; MB = Mass balance; QSI = Questionnaire, interviews and surveys; WAC = Waste analysis
composition

Source(s): Personal elaboration by the authors
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and expertise requirements as well as direct access to food waste streams (through personal
observations or communication with farms, companies or retail markets). At households,
direct measurement involves kitchen scales, measuring glasses or other conventional
measurement tools (Khalid et al,, 2019). Among its strengths, it allows for progress updates
over time and can track food waste (Commission of Environmental Cooperation, 2019).

As stated by Table 1, a majority of the authors (» = 14) applied direct measurement,
ranging from agricultural (Hartikainent et al, 2018; Jhonson et al., 2018; Schneider et al., 2019)
to retail contexts (Eriksson et al., 2012; Brancoli et al., 2017), with a huge number of studies
(n = 8) dedicated to the hospitality industry (Costello et al, 2015; Boschini et al., 2018) and only
one on households (Khalid ef @/, 2019). Methodologically, six articles investigated food waste
with a mixed approach of matching direct measurement with literature and company data
(Eriksson et al., 2012), questionnaires (Pflugh Prescott ef al., 2019) or both (Hartikainen et al,
2018; Beretta and Hellweg, 2019), to fill data gaps.

Table 3 presents direct measurement specific approach and main findings from selected
studies.

4.3 Mass balance
The mass balance approach measures food loss and waste by comparing inputs with outputs
and accounting for changes in stock levels. As stated by Beretta et al (2013), Pirani and
Arafat (2016) and Caldeira ef al (2019), one of the most common approaches to account for
food loss and waste is Material Flow Analysis (MFA), which been successfully applied at
different levels, from single products (Amicarelli ef al, 2020) to industrial sectors (Pirani and
Arafat, 2016), but also at a macro-level in analyzing entire national systems (Beretta et al,
2013, in Switzerland) and wider geographical areas (Caldeira ef al, 2019, in the European
Union). Brunner and Rechberger (2017) defined MF A as a “systematic assessment of the state
and change of material flow and stock in space and time.” It is based on the mass-balance
principle, connecting input material and energy flows to output flows in terms of final
products, sources, pathways, by-products and waste (Brunner and Rechberger, 2017,
Zaghdaoui ef al., 2017).

If input and output data exist, the mass balance approach can return, rather economically,
a series of estimations on food loss and waste that would otherwise not be obtainable. For this
reason, a majority of the studies conducted through this methodology investigates the whole
food supply chain, from agriculture to final consumption. Moreover, considering that MFA
offers a highly detailed perspective on the agri-food sector stressing waste hotspots (specific
phases, quantity evaluations and quality characterizations) in food production in a highly
comparable way, it represents a fundamental and transparent basis for decision makers and a
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Table 4.
Main findings from
mass balance approach

well-grounded inventory of other methodologies (e.g. life cycle assessment), environmental
indicators (carbon and water footprint) and environmental-management tools (e.g. ISO
14001). However, one of the main limitations of the mass balance approach is the lack of data
since reliable and costly data are necessary to build a robust and complete MFA.
Furthermore, several data inaccuracies and difficulties have been detected when estimating
uncertainties, but such limits can be by using specific software such as STAN 2.6.801 (Beretta
et al., 2013; Cencic and Rechberher, 2008; Cencic, 2016a, b). Table 4 presents the main findings
from selected studies (z = 4).

4.4 Questionnaires, surveys and interviews

A majority of the authors applied questionnaires and/or interviews (n = 20). According to
Moller et al (2014), a questionnaire is a formal, structured way to collect quantitative or
qualitative data from participants and could be applied to obtain food waste amounts, figures
and other additional information from producers (growers), processors, retailers and
consumers (e.g. waste behaviors, waste management, awareness of the problem). Generally,
questionnaire, surveys and interviews are treated as synonyms and could be divided into two
categories: those used to collate existing data (to assess reliability) and those used to estimate

References

Layer/Place

Main features

Results

Beretta ef al

Single nation/

22 food categories: fruits (apple,

Harvest Losses: 2,200 TJ

(2013) Switzerland fresh fruits, berries, canned Conversion losses from feed to
fruits), vegetables (potatoes, animal products: 125,000 TJ
fresh, storable and processed Dairy, egg, meat production losses:
vegetables), cereals (bread and 1,370 TJ
durum wheat, rice, maize) sugar,  Postharvest losses: 420 T]
oils and fats, dairy (milk, cheese, — Processing losses: 1,490 T]
butter), eggs, meat (pork, poultry,  Retail losses: 460 T]
beef), fish Households waste: 6,570 TJ
Food service industry: 925 TJ
Pirani and Hospitality First, daily food waste data from A la carte: preparation waste
Arafat (2016)  sector/United the canteen at Masdar Institute of ~ (10%), food waste from customers’
Arab Emirates Science and Technology in Abu  plates (12%)
Dhabi, while the second method ~ Breakfast buffet: preparation
involved an MFA for the different ~ waste (5%), food waste from
events that authors monitored at  customers’ plates (4%), food waste
various hotel restaurants from serving dishes (7%)
Lunch buffet: preparation waste
(15%), food waste from customers’
plates (14%), food waste from
serving dishes (44%)
Caldeira ef al.  Continent/ Investigation on meat, fish, dairy, ~ Primary production losses: 32.2 Mt
(2019) European Union  eggs, cereals, fruits, vegetables, Processing and manufacturing
potatoes, sugar, oil crops losses: 30.6 Mt
Retail and distribution: 6.7 Mt
Households: 49.6 Mt
Food services: 10.3 Mt. Total:
129.2 Mt
Amicarelli Potato industry/ ~ Ready-to-eat (chips) and dried Harvest losses: 22,000 t of fresh
et al (2020) Italy potatoes tubers (3,500—4,800 t of starch and

52,000-72,600 GJ) per year
Processing losses: 23,000 t of skins
and scraps per year




new food waste amounts (Commission of Environmental Cooperation, 2019). Questionnaires
can be conducted by e-mail, by telephone, electronically (online) or in person (face-to-face). In
terms of strengths, these methodologies are cost-effective, can be standardized, are some of
the most popular methods and can reach high numbers of people. However, they rely on third
parties and sometimes create confusion among participants, and respondents tend to
underestimate the amount of waste they create. Furthermore, low response rates have been
recorded. Table 5 illustrates the main features from questionnaires.

4.5 Waste composition analysis

Waste composition analysis is a methodology of physically separating, weighing and
categorizing food waste streams from other materials that are not considered food waste,
such as packaging or other solid waste items. Of the selected articles (z = 7), the majority
(n = 6) analyze food waste at households, while only one analyzes the hospitality sector
(Rajan et al, 2017), and three articles applied mixed methodologies, comparing the results of
diaries (Delley and Brunner, 2018) or questionnaires (van Dooren ef al., 2019) with those of
national waste composition reports or evaluating questionnaires’ reliability (Giordano ef al,
2018). Table 6 illustrates the main features of the waste composition analyses.

Waste composition analysis provides accurate data and offers information on food waste
(e.g. for packaged or unpackaged food as well as vegetables or fruits), which can help with
further analysis of financial costs and nutritional content. However, this methodology is
costly, requires large sample sizes and does not provide information on the reasons for food
waste (Commission of Environmental Cooperation, 2019).

5. Conclusions

Through a systematic, configurative literature review, this paper highlights the importance
of choosing measurement methodologies according to the geographical area of interest, the
food supply chain stage and the availability of data, which represent the three main pillars of
food waste assessment. To this extent, the authors have identified some key points for
implementing further research of food waste accounting and for directing programs and
policies to manage and reduce food waste and ensure food security and safety.

(1) Data availability. Data are crucial for achieving a good and clear understanding of
global food loss and waste quantities and quality. They are the essential prerequisite
for assessing the effectiveness of interventions, both to evaluate the social, economic
and environmental impacts of food loss and waste and to achieve sustainable
international goals.

Q) Measurement programming. Food waste measurement programming should first
establish a commonly accepted definition of food waste and the area and food supply
chain stage of interest because a suitable measurement methodology is more likely to
give sufficient, useful and punctual results that will be helpful for policy makers. For
instance, analyses of food waste in developed countries should address consumer
habits and behaviors because the highest incidence of food waste occurs exactly
during final consumption stage, while investigations within developing countries
should focus on agricultural, storage and processing techniques. The fact that they
are not efficient, combined with the lack of structural infrastructures, is the main
cause of food loss and waste in these countries.

3) Comparability and replicability. The need for comparability and replicability imposes
the suitable identification of functional units and boundaries for the analysis — which
are not always well defined or declared in space and time — since only a few studies

Food waste
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critical review
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Table 6.

Main findings from the
waste composition
analyses

Design/methodology/
References approach Sample features Results
Hanssen Waste was collected by the 12 households recruited in ~ Food waste per household

et al. (2016)

Rajan et al
(2017)

Delley and
Brunner
(2018)

Elimelech
et al (2018)

Giordano

et al (2018)
van der Werf
et al (2018)

municipalities on ordinary
collection dates and
represented one week of waste
from each household. Waste
from each household was
collected in 160 L waste bags.
For food waste in original
packaging, the packaging is
included in food weight

Food wastes collected in
campus composting green
bins

Data from national waste
compositional analysis
conducted by the Swiss
Federal Office for the
Environment. The authors
divided biogenic waste into
other foods, preparation
waste, garden waste and meat/
fish

Mix of physical waste survey
with measurement of
municipal solid waste
composition. The method is
based on the principle of
measuring waste of individual
households on a daily basis. It
includes the following four
elements:

(1) capturing food waste at
the point at which it
enters the waste stream

(2) collecting waste samples
at the doorstep

(3) using the individual
household as a sampling
unit

4) collecting and sorting
waste daily

See Table 2

Household waste composition
study data (2012-2015),
including a single “food waste”
category, were gathered from
nine Ontario municipalities,
aggregated and analyzed to
develop estimates of food
waste in the garbage stream

Fredrikstad and Hallingdal
(Norway). All inhabitants in
the sampling areas received
a letter informing them
about the anonymous waste
sampling

2 primary foodservice
providers at Prince George
Campus in Columbia, US
See Table 2

192 households (634
individuals). 1,257 waste
bags were analyzed during
the study in Israel

See Table 2

28 single-family households
in Ontario, Canada

per week: 3.76 kg on
average, of which 2.17 kg
edible and 0.60 kg of edible
food in original packaging

1.1 t of food waste per week

National waste composition
analysis resulted in a total
of 89.4 kg of mostly
avoidable household food
waste per capita per year

Globally, 2,543.56 kg of food
waste produced, of which
601.73 kg avoidable. Daily
generation rate of 0.573 kg
per capita

See Table 2
On average, households

disposed 2.40 kg per week
of food waste in the garbage

(continued)




Food waste

Design/methodology/

References approach Sample features Results measurement
critical review

van Dooren In order to determinate the 240 samples of 130 Declining trend in food
et al. (2019) food waste household households (130 of residual ~ waste per person per year

composition, a classification waste and 110 for VFG in from 37.4 kg in 2010 to

analyses were performed in 13 Netherlands 34.6 kg in 2013 and 30.4 kg

municipalities, referring at in 2016 2927

residual waste (13
municipalities) and vegetable,
fruits and garden waste (VFG).
Theresidual and VFG waste of
each household was manually
sorted on a table at a central

location Table 6.

included in the present review could be compared. A majority of them, as stated by
Figure 5, are about the final consumption stage, in both households (2 = 19) and the
hospitality industry (z = 8). The studies conducted on the upstream stages are not
comparable due to their different functional units and/or boundaries: e.g. agricultural-
stage results refer to t/year or t/ha, while those from the retail stazge indicate t/month.
For this field, the authors suggest expressing food waste in t/m®.

The literature about food loss and waste is not silent (as reported in Figure 2), but it is
necessary to coordinate and to converge studies and research toward a well-organized

a) households (g/day/capita) b) hospitality industry (g/meal)
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< B Figure 5.
Comparison of studies
Methodological approaches: green = diaries; orange = questionnaires; yellow = waste analysis composition; involving households
blue = direct measurement (a) and the hospitality
industry (b)

Source(s): Personal elaboration by the authors
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objective: measuring food waste. The problem is how, where and when to measure this
phenomenon. Although each methodology seems to have its own strengths and weaknesses,
the authors are convinced that a mix of mass balance approach and food diaries could be
helpful towards food waste minimization.

To analyze the upstream stages (from agricultural production to retail), where
approximately 50% of global food waste occurs, the authors suggest the application of the
mass balance approach. Such methodology, even with its limitations (data scarcity and high
costs of data collection), can return a sequence of quali-quantitative information on input and
output flows, becoming a useful instrument to evaluate agri-food systems efficiency and
circularity, supporting at the same time waste and energy managers in the enhancement of
food waste minimization and consequently sustainable development programs. Moreover,
both at micro (single product, single industrial plant) and macro (countries) level, mass
balance results represent a reliable inventory to evaluate costs (e.g. through Material Flow
Cost Accounting, Life Cycle Costing) and environmental impacts (e.g. Life Cycle Assessment).
Lastly, in terms of sustainable communication and transparency, flow diagrams (e.g. Sankey
diagrams) are extremely clear and communicative, improving consumers’ awareness on
food waste.

As regards downstream stages (canteens, restaurants, hotels and households), food
diaries could represent an interesting — but complex — option, considering that food waste is
recorded each time it occurs. As already discussed, indoor/outdoor food waste data collection
is crucial, being fragmented and differing from one person to another. However, relying on
general participants’ enthusiasm, availability of mobile-apps and other engaging
technological tools, problems of recruitment and underestimation (typical of
questionnaires, surveys and interviews) could be overcome. Key point to improve food
diaries’ efficiency is consumers coaching. Furthermore, food diaries include significant
information on waste generation steps, main reasons for discarding and disposal procedures,
becoming a useful tool to understand, and correct, actual unsustainable consumers behavior.

Up today, less than 30% of world’s total agricultural land is used to produce roughly 1.3
billion tons annually of food loss and waste, equal to one-third of the global food produced for
human consumption (Gustavsson et al,, 2011; FAO, 2013; International Food Policy Research
Institute, 2019). This enormous quantity is still potentially fit for human consumption, which
would decrease food insecurity, ensure daily intakes and be correlated with healthy status. It
is estimated that saving one-fourth of the food wasted would make it possible to feed all
currently undernourished people (Basher et al, 2013; Irani et al, 2018). Based on European
food waste composition (Caldeira et al, 2019), the authors have estimated that, in terms of
energy intake, each year more than 5,200 billion M] are globally wasted along the whole food
supply chain. This amount would actually feed worldwide hungry people (800 million people)
for more than 2 years.

Hungry, undernourished and over-weight people represent three different aspects of
unhealthy diet and, together with food waste, are some of the key elements accounted into the
paradox of actual human nutrition system. As illustrated by the present review, several world
regions are unjustifiably not involved and/or probably not interested in food waste
measurement. Food waste appears to be a scarcely investigated phenomenon under
quantitative and qualitative perspective, due to the lack of homogeneous, standardized and
comparable measurement systems. Further efforts are needed to cover never-analyzed
countries, improve already-analyzed ones and return a global extent of food waste
phenomenon, including developed and developing economies in each feature of their food
production/consumption.

To manage food security, ensure health and reduce hunger, undernourishment and
overweight, achieving the international sustainable goals, it is essential to perform food
waste reliable analysis and rebalance the actual inadequate food-system, implementing new



models of food production, consumption and disposal towards a fair, healthy and
environmental-friendly food-system.
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