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ARTICLE INFO ABSTRACT

Keywords: About one third of the food produced globally is wasted along the food chain, representing a burden for the
Food waste environment and an inefficiency of the food system. Tackling food waste is a priority on the global political
Food loss

agenda to guarantee food security. Defining a methodology for food waste quantification is key to monitoring
progress towards the achievement of reduction targets. This paper summarises the outcomes of a workshop on
food waste accounting co-organised by the European Commission's Joint Research Centre and Directorate-
General on Health and Food Safety with the aim of stimulating harmonisation of methodologies, identifying
challenges, opportunities, and further advancement for food waste accounting. The paper presents methodo-
logical aspects, e.g. system boundaries, reliability of data, accounting of water flows, to ensure better support to
food waste policy design and interventions. It addresses all the actors of the food supply chain, governments, and
research institutions.

Accounting methodology

Systemic approach

Sustainable development goal 12.3
Policy support

1. Introduction Development adopted in 2015 namely the SDG 12.3 (UN, 2015). At

European scale, the commitment to reduce FW generation has been

About one third of the food produced globally is lost or wasted
along the food supply chain (FSC), from primary production up to
consumption (FAO, 2011). This figure represents a considerable in-
efficient use of valuable resources within the food system, contributing
to natural resource depletion and environmental pollution while un-
dermining food security (Kummu et al., 2012). The economic impact of
food waste (FW) is substantial as well (FAO, 2013). Reducing food loss
along the supply chain and halving FW at the consumption and retail
stages by 2030 is one of the targets of the Sustainable Development
Goals (SDGs) envisaged by the 2030 Agenda for Sustainable
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declared in the European Circular Economy Action Plan (EC, 2015), and
in the directive amending the European Waste Framework Directive
(European Parliament and Council, 2018), in line with the SDG 12.3
target.

FW accounting is a central element for FW policy design and in-
terventions. It shapes the baseline against which the achievement of
reduction targets should be evaluated, allows for the monitoring of FW
generation over time, and, together with other tools, supports the
prioritisation of actions through the identification of the most relevant
waste streams. Nonetheless, FW accounting is a complex task. Past
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experiences on FW accounting highlighted that existing data are char-
acterised by significant uncertainty, due e.g. to the limited re-
presentativeness of the sample in which primary data are collected. In
addition, the different methodological approaches adopted address
different types of “loss” or “waste”, leading to results which are not
comparable (Corrado and Sala, 2018; Xue et al., 2017). These features
may limit the usefulness of FW accounting results as a basis for mon-
itoring reduction progress over time and informing decision-making
processes. Indeed, the absence of a consolidated methodological ap-
proach could undermine a deep understanding of the results from the
recipient of the information, who, e.g., can misinterpret the streams of
FW included in the accounting process.

In this paper, the definition of FW reported in the FUSIONS defi-
nitional framework (Ostergren et al., 2014) is adopted, which states
that “food waste is any food, and inedible parts of food, removed from
the food supply chain to be recovered or disposed”.

Several ongoing initiatives are helping to fill the gap between the
need for a robust estimation of FW generation and the lack of a har-
monised approach to account for it. In 2016, a multi-stakeholder in-
itiative (Food Loss and Waste (FLW) Protocol) was launched with the
aim to develop an internationally accepted FW accounting and re-
porting standard. Part of the efforts of this initiative were formalised in
the “Food Loss and Waste Accounting and Reporting Standard” (FLW
Standard) published in 2016 (Food Loss and Waste Protocol FLW
Protocol, 2016), which provides guidance on FW accounting for gov-
ernments, companies, and other entities. In the same year, a coalition of
executives from governments, businesses, international organisations,
research institutions, farmer groups, and civil society was formed under
the name 'Champions 12.3', with the objectives to inspire ambition,
mobilise action, and accelerate progress towards the achievement of the
SDG 12.3 on FW reduction (World Research Institute WRI and Ministry
of Economic Affairs of the Netherlands, 2016). In September 2017,
Champions 12.3 released guidance on the interpretation of SDG 12.3, to
avoid ambiguity about definitions, life cycle stages, types of materials,
destinations, and monitoring indicators to be considered for the
achievement of the 12.3 reduction target (Champions 12.3, 2017).

A joint effort to harmonise FW quantification approaches is also
ongoing at the European scale. The FUSIONS (Food Use for Social
Innovation by Optimising Waste Prevention Strategies) project, fi-
nanced under the European Union's Seventh Framework Programme for
research, technological development and demonstration, has delivered
an extensive overview of available methodologies at different stages of
the food chain (Mgller et al., 2014a, b), a definitional framework for FW
(Ostergren et al., 2014), and a quantification manual (Tostivint et al.,
2016). The FUSIONS manual, coherent with the principles of the FLW
Standard, should be applied at the national scale with the objective of
guiding European Member States in the quantification of FW. In addi-
tion, the European Commission established in 2016 the EU Platform on
Food Losses and Food Waste. It includes a working group on FW
measurement, bringing together experts from relevant organisations
from Member States, with the aim to report against the requirements of
the European Circular Economy Action Plan (EC, 2015), and monitor
progress towards SDG 12.3.

With the objective of strengthening the harmonisation of FW ac-
counting methodologies applied by different actors of the supply chain,
the European Commission's Joint Research Centre (JRC) and
Directorate-General for Health and Food Safety (DG SANTE) co-orga-
nised the workshop “FW accounting: methodologies, challenges and
opportunities”, held on 26th of September 2017 in Brussels. The focus
of the workshop was on challenges related to the improvement of FW
accounting in support to the decision-making processes, existing op-
portunities to overcome these challenges, and further advancements,
both from practical and research sides, which have the potential to
improve FW quantification at different geographical scales.

This paper summarises the main outcomes of this workshop, in-
tegrating them by evidence and critical considerations reported in
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literature. It presents an overview of challenges, opportunities and
further advancements in the context of FW accounting. The paper has
the aim of stimulating the harmonisation of methodologies, capitalising
on existing experiences, towards ensuring more efficient decision sup-
port to FW policy design and interventions.

2. Context of this study

The workshop “FW accounting: methodologies, challenges and op-
portunities” brought together 34 experts on FW, from public and pri-
vate organisations (Caldeira et al., 2017). Specifically, 40% of partici-
pants were from research centres, 24% from academia, 24% from other
public institutions, and 12% from the private sector. The discussion at
the workshop covered two main topics: the challenges that FW ac-
counting has to overcome to effectively support the decision making
process towards FW reduction, and the lessons learnt from experiences
on FW accounting at European, national, or company scale, considering
different types of accounting approaches.

The contents of this paper reflect the topics discussed in the work-
shop complemented by relevant literature. All the authors, who took
part at the workshop, have agreed on the subjects of this paper.

3. Overview of the main challenges, opportunities and further
advancements

Starting from the presentation of previous experiences, thirteen
challenges were identified for FW accounting. Moreover, opportunities
and further advancements were discussed for each of them, as sum-
marised in Table 1 and reported in the next sections. It is worth noticing
that the challenges are meant to represent the objectives of FW ac-
counting, the opportunities are the tools which are currently available
to meet them, and further advancements refer to the means, which may
support future better accounting.

3.1. Study aim and definitions

The aim of the accounting exercise, e.g. to increase FW prevention,
has a crucial role in shaping the type of features of FW, e.g. edibility,
that should be grasped. The specific context significantly influences the
choice of the methodology: quantifying FW in a company to increase
the efficiency of the production process, for example, is different from
quantifying FW in a region to support food security, and the two tasks
face different challenges. Overall, clearly defining the aim of the study
is the first step towards an effective design and a proper choice of the
quantification method. For this purpose, the FLW Protocol has devel-
oped the “FLW quantification ranking tool”, which helps users identify
the method best suited to them (Food Loss and Waste Protocol FLW
Protocol, 2018). Furthermore, other documents, such as the FLW
Standard (Food Loss and Waste Protocol FLW Protocol, 2016), the
FUSIONS quantification manual (Tostivint et al., 2016), the “Food
waste measurement principles and resources guide” (WRAP, 2018a, b),
and the sector-specific guidance published by WRAP for the hospitality
sector (WRAP, 2018b) provide comparative evaluation of methodolo-
gies and suggestions to help steer the choice.

Other key elements of the accounting are definitions and termi-
nology, encompassing type of FW, system boundaries (e.g. the point of
the life cycle from which unconsumed food can be considered FW), and
FW destination (Chaboud and Daviron, 2017).

Differences in both the terms used and in the meanings attributed to
these terms may limit the comparability of the results from existing
studies. For example, a distinction between food loss (defined as oc-
curring before retail) and FW (occurring during retail and consumption)
was reported only in some studies (e.g. FAO, 2011; Porter et al., 2016).
Furthermore, the terms FW or food loss were defined either on the in-
tended destination of food (FAO, 2011) (e.g. including all the food not
consumed by humans), or considering its actual destination (Ostergren
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Table 1

Summary of challenges, opportunities, and further advancements to be addressed in food waste (FW) accounting.
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Food waste
accounting
elements

Challenges

Opportunities

Further advancements

Study aim and
definitions

Data collection

Water flows
accounting

Uncertainty

Policy needs

FW generation
drivers

Have a clear aim of the study to select the most
suitable quantification method

Use FW-related terminology and definitions in
an harmonized way

Have a clear understanding of the amount of
by-products sent to valorisation routes, e.g.
animal feed and biomaterials

Have an harmonized approach in the definition
of system boundaries to account for FW
generation

Ensure representativeness of primary data,
which may be affected by: high variability (e.g.
high number of small entities), underestimation
of FW, omission of liquid waste and home
composting, difficulties in having data from
industries

Use secondary data taking into account their
degree of representativeness

Have a robust knowledge of FW generation
both from a territorial and consumption —based
perspectives

Establish a framework to account for moisture
content variation in food products along the
food supply chain and over time

Have a robust knowledge of the liquid FW
generated during food manufacturing and sent
to sewers in food services/households

Reduce as far as possible and deal with
statistical uncertainties

Reduce as far as possible statistical
uncertainties and clearly report them

Identify the best indicators to meet specific
policy needs

Have a solid understanding of the relationship
between drivers and FW generation,
encompassing behavioural, socio-economic,
cultural, contextual aspects

- Rely on existing tools or documents for the
selection of the most suitable method, e.g.
"FLW quantification ranking tool", FLW
Standard, FUSIONS quantification manual,
"Food waste measurement principles and
resources guide"

Refer to existing guidelines with definitions
and indications for system boundaries

— Use of examples on what is considered edible

and inedible

- Rely on recommendations on system

boundaries in existing reports/guidelines, e.g.

FLW Standard, FUSIONS quantification
manual

- Rely on comparison of quantification methods
to collect primary data on consumer waste that

showed that self-reporting, kitchen caddies,
and coding of photographs have the best
potential

level
Introduce proper statistical methods and
estimators able to deal with local-level

estimations
— Consider territorial and consumption-based

approaches which may serve complementary
purposes, e.g. assessing the overall amount of

FW associated with a consumption pathway

mass, energy content
Rely on recommendations on which type of

water flows to be included in the accounting in

existing reports/guidelines, e.g. FUSIONS
quantification manual

Report uncertainty ranges of estimation
Rely on material flow analysis and double

checks with other sources of data (e.g. food left

for consumption)

— Rely on existing methodological guidelines to

limit methodological uncertainties

Use different types of indicators already
applied in other studies, e.g. economic value
and dry mass may provide different but
complementary information

Build on existing best practices at the national

Use alternative units of measurement, e.g. dry

- Develop internationally agreed definitions
consistently applied

Increase data availability, including
engaging feed industries or by-products
suppliers to feed system

Improve data availability on dynamics of
generation of waste at the primary
production stage

— Increase primary data availability

— Develop guidelines to select representative
samples for data collection and cover
seasonal variability

Combine primary and secondary data to
get a more detailed picture

Increase availability of data on variation

of moisture content of different products

along the food supply chain

Account separately for FW (with embedded

water) and water lost (evaporated) or added

along the food supply chain

— Develop models for estimating water content
in FW streams

— Increase the availability of data on liquid

waste, considering differences between

industries, which may have an internal

wastewater treatment facility, and

households

Increase data availability to reduce

statistical uncertainty

— Develop sector-specific guidelines that are
coherent with general ones (e.g. FLW
Standard and FUSIONS quantification
manual)

Define a framework to assess uncertainties

— Increase knowledge on FW generation
drivers, including coupling socio-
economic and behavioural science-based
assessment

et al., 2014; Stenmarck et al., 2016) (e.g. food sent to waste treatment
facilities). In official European waste statistics accounting, by-products
sent to animal feed and biorefineries are also not accounted for. Sta-
tistics from the Norwegian ForMat project, for example, indicates that,
by using this definition, 70% of all food lost or wasted from the retail
sector might not be registered as FW because it is used as animal feed
(Stensgérd and Hanssen, 2016). The adoption of internationally agreed
definitions would strengthen the comparability of studies. Furthermore,
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although not falling under the definition of FW, a parallel estimation of
by-products used for feed and biomaterials would be useful to monitor
the trends towards the cascade use of FW. This exercise would be a
challenging task due to the lack of data. Companies and by-products
suppliers could make a valuable contribution by getting involved.
Wasted food can be classified as edible or inedible and as avoidable
or unavoidable. The definition of what is edible/inedible and avoid-
able/unavoidable may be related both to physical and cultural elements
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(Redlingshofer et al., 2017), and depends on the context. The defini-
tional framework of FUSIONS (Ostergren et al., 2014) distinguished
between edible and inedible FW. According to the FUSIONS manual
(Tostivint et al., 2016), only the total amount of FW should be reported,
although it could also help to make the distinction between edible and
inedible FW. To strengthen the support which FW may provide to the
decision-making processes, a clear definition of edible and inedible
parts of food should be provided, complemented with examples which
may help understand this definition.

System boundaries should be set in the definition of FW. In some
cases, FW is considered as the amount of harvested crop lost in the
supply chain or during harvesting (FAO, 2011), whereas in others,
mature food that is not harvested is also accounted as FW or as other
types of flows, e.g. “side flow” (Hartikainen et al., 2017). These dif-
ferences may affect FW monitoring and the comparison of results from
different studies. Specific recommendations on the streams to include in
the accounting process are provided by some of the available reports or
guidelines (e.g. Ostergren et al., 2014). However, further insights are
needed, especially for agricultural production, where there are only a
few relevant studies (e.g. Redlingshofer et al., 2017) and for which very
few data are available.

3.2. Data collection

3.2.1. Primary data

Direct measurements of FW generation along the FSC can include,
for example, waste compositional analyses (WCAs), waste register at
retail levels, FW diaries at household levels, and questionnaires. Direct
measurements can provide a considerable granularity of data and, in
some cases, support the analysis of the drivers behind FW generation.
However, carrying out such measurements is quite costly, while ap-
proaches based on self-reporting can lead to biased results (Parry,
2017). In addition, in case the accounting exercise interests a broad
geographical area and FW statistical data cannot be collected in all
business units along the food chain nor in all households, it is important
to develop clear guidelines on how to select a representative sample of
businesses and households to up-scale to national statistics.

WCAs entail complex logistics and capture only the amount of food
sent to waste management, excluding, for example, the amount of food
disposed of via the drain or home-composted. Furthermore, food is
often disposed together with other materials, e.g. packaging, and the
quantification of FW may be not straightforward.

Past experiences of FW accounting carried out in the UK highlighted
that FW diaries are characterised by an uncertainty level ranging be-
tween 12% and 20%. Furthermore, their compilation may lead to un-
derreporting by up to 40% and can be influenced by the characteristics
of the individuals reporting the data (Parry, 2017). In a study carried
out on a representative sample of European Union citizens and based on
self-administered questionnaires, it emerged that individuals with a low
level of education were most likely to generate a lower percentage of
FW. This finding may be related to this group of people actually gen-
erating less FW or to a greater degree of under-reporting, e.g. due to
lower levels of engagement in the research process or poorer under-
standing of the instructions (Secondi et al., 2015). In the REFRESH
(Resource Efficient Food and dRink for the Entire Supply cHain) pro-
ject, different methods for accounting for consumer FW were assessed,
and self-reporting, kitchen caddies, and coding of photographs were
found to have the best potential (Van Herpen et al., 2016)

Furthermore, most of the life cycle stages are characterised by a
large number of small entities with different features, which makes it
quite difficult to collect representative data. Within a Swedish study, for
example, important differences were found even in FW generated by
kitchens belonging to the same organisation (Eriksson et al., 2017a).

The collection of primary data from industry may also present
challenges. First, businesses are not always keen on sharing data on FW
levels, as this may be linked to a perception of their efficiency and
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therefore be commercially sensitive. Furthermore, terminology gen-
erally used in industries may not coincide with the definitions used in
studies on FW and in the legislative framework. Surplus food used for
animal feed and by-products, for example, is often classed and reported
as waste in the industrial context, whereas it may not in fact be covered
by the scope of the relevant definition of FW. Finally, part of the FW
may be transformed by industries, e.g. dried, diluted or digested,
changing the mass of FW originally generated (WRAP, 2016).

In addition, FW generation along the FSC may also be influenced by
seasonal variability due, for example, to the production and consump-
tion of different types of food, and therefore collecting data only at one
time of year may lead to an unrepresentative picture of FW generation.
An example of this is illustrated in Eriksson (2015) where the ag-
gregated mean weekly variation of FW from six Swedish supermarkets
over a period of five years ranged from 0.8% to 4%. Since this is the
aggregated waste, the variation over time for individual stores, de-
partments and products is much larger. The Norwegian ForMat project
represents a successful example of primary data collection along the
FSC. It developed a systematic methodological approach with annual
collection of primary data from a number of food industries, covering
25% of the sector based on economic turnover, 50% of the wholesale
sector, and a representative number of retail shops and municipalities
(Stensgard and Hanssen, 2016). Annual collection of data has proven to
be important to establish a common methodological platform, knowl-
edge about the methodologies to be used as well as internal and ex-
ternal interest in the data and statistics. Having a third party organi-
sation collect and manage data, and calculate and report statistics, was
important to develop voluntary reporting of data by all actors in the
food chain. This study showed that, once the system was put in place,
annual updating of statistics for the whole FSC was not very resource
intensive. The development of guidelines on how to select a re-
presentative sample for data collection and capture seasonal and geo-
graphical variability in consumption is considered a possible further
advancement for FW accounting.

3.2.2. Secondary data

Data not collected directly from entities generating FW but retrieved
from the literature, statistics or other sources, are defined as secondary
data. The collection of secondary data is less expensive than the col-
lection of primary data. However, secondary data may not fully match
the investigated context, and the users of secondary data generally do
not have the ability to control their representativeness. Indeed, the
sources of secondary data are often recurring in various studies, and
may not be up to date or representative enough for the purpose of the
study (Xue et al., 2017).

Therefore, to define a robust and comprehensive picture of FW
generation, on the one hand more primary data are needed that can
capture (in terms of representativeness) the variability characterising
FW generation along the supply chain throughout the year. On the
other, the costs of collecting primary data could be prohibitively high,
especially for sub-national representative information, i.e. measures
related to the individuals’ local area of residence, which represents the
local level at which policymakers should act (Secondi et al., 2015). As a
result, a compromise between data reliability, representatives and
economic commitment should be found. In this regard, data availability
for small domains could be improved by the introduction of proper
statistical methods and estimators that can deal with local-level esti-
mates.

3.2.3. Territorial and consumption-based approaches for food waste
accounting

FW is generally estimated using a territorial-based approach (e.g.
FAO, 2011, Stenmarck et al., 2016). In a territorial-based approach,
waste generation is allocated to the geographical area where the FW is
produced, whereas in a consumption-based approach FW generated
along the FSC of food is allocated to the area where the food is
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consumed (e.g., Merciai and Schmidt, 2018).

The territorial-based approach is relevant when the aim of the ac-
counting exercise is to estimate the actual amount of FW to be managed
or valorised in a certain area. When comparing FW generation on this
basis between countries, it may disadvantage countries that are large
producers and exporters of food products, e.g. seafood in Norway, meat
in Denmark and the UK, cheese and other dairy products in the
Netherlands, fruit and vegetables in Spain, etc. This is especially re-
levant if FW is measured and compared on a per capita basis, and dif-
ferent types of indicators need to be used to make “fair comparisons”
between countries, e.g. weight of FW per tonne of food produced. The
consumption-based approach, instead, represents a valuable approach
for considering the FW “embedded” in food products along the FSC, e.g.
while assessing FW generation associated with a specific consumption
pathway.

3.3. Water flows accounting

The amount of water embedded in food products may change con-
siderably along the FSC, e.g. due to temperature variations and cooking
practices. At the consumption stage, for example, the mass of some
products such as tea bags and rice, can be doubled or trebled, or re-
duced by the same extent (Yadav and Jindal, 2007). However, water
losses occur all along the FSC, particularly in hotter seasons and geo-
graphical areas. Direct measurement of FW, therefore, can be influ-
enced by moisture content variations and, existing studies barely report
how changes in water content variations were accounted. Indeed,
Corrado and Sala (2018) highlighted that even small changes in
moisture content variations may considerably influence the overall wet
mass of FW.

The FUSIONS quantification manual (Tostivint et al., 2016) pro-
vides specific guidance on how to account for water flows. In com-
pliance with the European food law (EP, 2002), water intentionally
incorporated into food during its manufacture, preparation or treat-
ment (e.g. water added to fruit juice or water incorporated into rice
during cooking) is considered food, and therefore is to be accounted as
part of FW when the food itself is discarded. On the contrary, water not
incorporated into a product should not be counted as FW, e.g. water
used to flush food down the drain during cleaning processes. Water
intentionally removed during the processing or preparation of food, e.g.
water that evaporates during cooking, baking or drying, should not be
considered as FW but unintentionally removed water. The FLW Stan-
dard recommends the user to report any changes in intrinsic water
content.

An ideal approach to distinguishing between inefficiencies of the
food system and mass changes due to moisture variations would be to
account separately for the actual mass of unconsumed food products,
and for the mass of water lost or added along the supply chain. This
may imply a considerable level of uncertainty due to difficulties in
accounting for water flows along the FSC. The extent of moisture
content variations within life cycle stages needs to be further in-
vestigated, and the definition of “water loss/gain” coefficients or
models that predict water content in FW streams for specific products
and stages of the FSC may support the definition of a comprehensive
mass balance. Since variable water content is mainly a methodological
challenge for quantification in terms of mass, other units such as energy
content, or monetary value (except when products are sold by mass)
that are less sensitive to water content could be used. However, these
units bring other methodological challenges, e.g. lack of transparency
on the amount of FW to be managed and fluctuation over time (for
economic value), so there are no perfect units to be used in FW quan-
tification (Eriksson, 2015).

The majority of existing guidelines for FW accounting include liquid
food disposed through the sewer (e.g. Tostivint et al., 2016). Data on
the amount of food disposed via the sewer are very limited and the need
for such kind of primary information is even more critical than for solid
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FW. Concerning the consumption stage, waste statistics do not grasp
this amount of discarded material and errors in self-reporting may be
relevant. At the industrial level, part of the food is lost through sludge,
which can be highly diluted. Given that industries often do not cate-
gorise sludge as FW, it is very complex to reach a robust estimation of
this type of flow. Cooperation with industries may help to overcome
this challenge.

3.4. Uncertainty

FW quantification exercises are characterised by at least two types
of uncertainties: statistical, i.e. due to limited representativeness of
samples for data collection, and methodological, i.e. associated with
methodological assumptions.

In light of the complexity of the food system and of the under-
pinning dynamics of FW generation, a considerable reduction of sta-
tistical uncertainties at the European level would be hugely challenging
and highly expensive. It is therefore important to complement estimates
as much as possible with information on uncertainty, such as con-
fidence intervals, and refer to ranges of FW generation, rather than to
average values. An important measure to be adopted during data col-
lection should be to develop homogenous samples of FW-generating
units, to reduce the variation within each group, e.g. different types of
food producers. Moreover, the adoption of a systemic approach, based
on closed mass balance taking into consideration the whole food
system, such as material flow analysis (MFA) (Hendriks et al., 2000),
could help refine the overall picture of FW generation. Indeed, it in-
creases the accounting reliability, making sure that all input and output
flows are considered, limiting inconsistencies due to uncertainties. A
first attempt to obtain a complete picture of EU food flows using MFA
was executed by Kemna et al. (2016). The resulting mass flow diagram
indicated the amount of food and FW in the different stages of the EU
supply chain, with a = 20% reliability range. Double-checking against
other sources of data, such as surveys on food consumption, could help
verify reliability of data.

Reducing methodological uncertainties through a shared and clear
accounting approach and transparent reporting of conditions and as-
sumptions behind the survey would be very useful for monitoring FW
generation over time. Various guidelines have been developed, cov-
ering a broad range of applications: general principles (e.g. Food Loss
and Waste Protocol FLW Protocol, 2016) and sector-specific (e.g.
WRAP, 2018b). It is recommended that existing general guidelines are
followed in the development of other sector-specific ones to ensure
methodological consistency and streamline the reduction of methodo-
logical uncertainties.

Focusing more on the reduction of methodological rather than on
statistical uncertainties would be more advantageous. Nevertheless,
targets for FW reduction have been defined at the political level (EC,
2015; UN, 2015) and initiatives at both the global and European levels
are underway to define indicators for monitoring FW generation (EC,
2018; UNSD, 2017). Therefore, a reliable baseline to check progress
against targets is needed. Furthermore, a comprehensive and detailed
estimation of FW generation would support the prioritisation of actions
to tackle FW.

In light of the specific needs and available resources for the ac-
counting, a balance should be found between the feasibility of the ac-
counting process, e.g. resources needed to refine the FW estimations,
and the robustness of the methodological approach, e.g. ability to
monitor FW volumes over time (Fig. 1). The “FLW quantification
ranking tool” developed by the FLW Protocol may support in the choice
of the most apt method (Food Loss and Waste Protocol FLW Protocol,
2018).

3.5. Policy needs

Tackling FW is a priority on the global political agenda. Robust
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ROBUSTNESS GOAL
FEASIBILITY
Primary data
Time series
Representativeness Cost
Data validation Data Availability
Uncertainty Time

Fig. 1. Elements to be considered to balance robustness and feasibility. Obtained from Caldeira et al. (2017).

accounting of FW is needed to strengthen the definition of a baseline
and to monitor progress over time towards FW-related targets. This
section presents the elements of the accounting process that should be
considered to meet policy needs.

As already mentioned, the study design plays a central role and
should be defined according to the aim of the accounting exercise or the
policy questions. For example, the distinction between edible and in-
edible parts of food may be relevant to strategies on food prevention
and food security, whose main aim is to reduce edible FW, although
they imply a concomitant reduction in associated inedible parts. On the
other hand, knowing the composition of FW may be useful to identify
pathways for its valorisation, as either energy (e.g. influence of hu-
midity on the calorific value of the FW) or material (e.g. specific waste
flows coming from food manufacturing that could be upcycled)
(Cristobal et al., 2018). Furthermore, having a detailed picture of FW
generation per product or product groups may support the prioritisa-
tion of prevention or valorisation interventions (De Laurentiis et al.,
2018). A summary of the links between policy interventions and pos-
sible accounting needs is reported in Table 2.

At the European level, the statistical system reports waste on a three
digit level following the European Waste Classification for statistical
purposes (EWC-Stat rev.4) (EC, 2010), which includes FW with other
types of waste, such as garden waste and sludge from washing and the
cleaning of food. Member States may, on a voluntary basis, report the
three EWC classes containing FW disaggregated to the administrative
classification List of Waste (EC, 2010). However, this classification does
not capture the amount of FW as a separate category (Eurostat, 2017;
Hanssen et al., 2013). A possible way to improve European statistical
data on FW would be to update the classification used by Member
States for waste reporting, e.g. by reporting FW as a separate category.
This would be a long process requiring the involvement of Member
States to test the feasibility of data collection.

The monitoring of progress towards FW-related targets, on either
generation, prevention, or valorisation, requires the identification of
meaningful indicators. Besides the definition of appropriate methods,
the definition of an indicator requires the choice of the baseline year on
which changes in FW generation or management will be monitored. In
the UK, for instance, the analysis of available evidence led WRAP to
identify 2007 as baseline year (WRAP, 2014). Other important elements

Table 2

of the indicators are: i) the choice of the unit of measurement, such as
mass, calorific value, economic value or greenhouse gas (GHG) emis-
sions; ii) the reporting either in absolute or in percentage terms; iii) the
choice of denominator (per capita, total production or total turnover);
and iv) the reference to the total mass of FW or only the edible part.
Through the ForMat project in Norway (Stensgard and Hanssen, 2016),
for example, edible FW has been reported from most of the food chain
both with respect to mass, economic value and GHG emissions. This
study showed that, whereas the per capita mass of FW was reduced by
12% over six years, the economic value of the FW increased because
more expensive food products were bought (Stensgird and Hanssen,
2016). An analysis of FW in six Swedish supermarkets highlighted that
fruit and vegetables were by far the most wasted products in terms of
mass (86% vs 3% for meat) and economic value (72% for fruit and
vegetables vs 12% for meat), whereas the differences were lower when
referring to GHG emissions (48% for fruit and vegetables vs 30% for
meat). In addition, the monitoring of waste over time highlighted that
in some years the total mass of FW increased, whereas the GHG emis-
sions decreased due to lower amounts of wasted meat and other animal-
based products (Eriksson, 2015). All of these examples highlight the
importance of choosing representative indicators in light of specific
policy objectives.

Absolute terms or percentage indicators have both pros and cons.
Percentage indicators can be expressed in terms of yearly change or as
FW divided by either food purchased, produced or consumed, and are
more effectively communicated. However, their interpretation can be
confusing, because of variations in the denominators. Percentage in-
dicators do not grasp if the starting point is already a virtuous situation.
Setting targets for contexts in which FW is already managed as a
priority, indeed, may lead to a trade-off where the required efforts are
higher than the benefits in both economic and environmental terms.
Considering the European context, the adoption of differentiated per-
centage targets between Member States, following an approach similar
to that adopted for achieving the international GHG emission targets
(e.g. Paris Climate Agreement, UNFCCC (2015)), could be an option to
take into consideration the extent to which Member States are ad-
dressing the FW issue.

On the other hand, absolute indicators calculated in different con-
texts are difficult to compare and their variation over time may be due

Example of the link between areas of policy interventions and possible accounting needs.

Areas of policy intervention

Accounting needs

Waste prevention/Food security (e.g. reduction of inefficiencies in the food
system)

- Distinction between edible and inedible parts of food
— Detailed breakdown in product groups or processes

- Link between the quantities and drivers of FW
- Inclusion of all types of treatment of food not eaten by human beings or used directly as
ingredients of new food products.

Waste management (optimisation of the treatment of FW in treatment
facilities)

- Estimation of total amount to be managed and how it is treated (e.g. by anaerobic digestion,
composting, incineration)

- Assessment of the moisture content
- Knowledge of the composition and origin of waste stream

Waste valorisation as energy/material (e.g. using FW to produce biomaterials
or biofuels)

— Awareness of the composition of waste streams
— Analysis of the extent to which the provision may be steady over time (e.g. seasonality)

- Consideration of the origin of FW
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to socio-economic and environmental factors, such as reduction of agro-
food production or population, rather than to the effectiveness of FW
policy design. Comparisons and monitoring over time should preferably
be carried out only after normalisation of the results, on the basis of
relevant normalisation factors, such as the ones reported by FUSIONS
(Mgller et al., 2014a, b).

3.6. Food waste generation drivers

The analysis of the drivers behind FW generation is important for
properly designing the framework for data collection on FW generation,
and gives insights on how to structure effective FW reduction strategies.

The generation of FW is influenced by various factors, such as be-
havioural, technological, product-related, legislative, and societal ones.
The relevance of those factors can be highly context-specific and not
always predictable (Canali et al., 2016; Secondi et al., 2015).
Roodhuyzen et al. (2017), for example, highlighted the fact that dif-
ferent factors can have contradictory effects on FW generation de-
pending on the context in which the study is carried out. This calls for
more causal insight analyses to explain contradictions. Therefore, in-
terpretation of the drivers of FW generation is still an open challenge, as
is the availability of longitudinal data through which causation analysis
could be carried out.

4. Conclusions and outlook

The discussion on FW accounting has highlighted several challenges
that need to be overcome to ensure robust support for decision-making
in relation to FW reduction and valorisation policies and interventions.
Some opportunities to overcome these challenges have been identified
within existing tools. Building on these opportunities not only can re-
duce the amount of resources to be invested for FW accounting, but also
strengthen the harmonisation of accounting approaches, which was so
far lacking in existing accounting studies. Where opportunities were not
identified or had a room for improvement, further advancements have
been highlighted.

The identified challenges, opportunities and further advancements
are strongly interconnected and, although all these elements can con-
tribute to improve FW accounting, the authors of the paper agreed that
some of the challenges can be considered of primary importance, such
as: i) harmonise FW account guidelines. Existing methodological
guidelines have been identified as an opportunity for various challenges
for FW accounting. While reducing methodological uncertainties, they
contribute to the definition of a robust framework for monitoring the
generation of FW, which has a key role in supporting the achievement
of the SDG 12.3 FW reduction target; ii) reasonably increase of the
quantity and representativeness of primary data. Acknowledging that
most of the FSC is characterised by a large number of small entities,
increasing the representativeness of the data may impose a considerable
economic burden. It is therefore, important to find a balance between
the costs of data collection and their representativeness; iii) develop
methods for liquid waste accounting. Liquid FW and the accounting of
the moisture content of FW along the food chain deserves particular
attention. So far, few data are available on liquid FW generation, and
considerations on the moisture content of FW are hardly reported in
existing studies. However, both elements may considerably influence
the accounting process and may affect the monitoring of FW generation
over time and in different contexts.

Overall, FW accounting at any geographical scale should be based
on a broad understanding of the context in which FW is generated, with
a constant focus on the ultimate aim of the accounting exercise.
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