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Summary

The focus of FUSIONS is on promotin g food waste prevention by optimising food use and
waste prevention strategies. In order to reduce food waste it is necessary to quantify the
waste and find the reasons why it occurs. The subject of this report is quantification of

food waste all along the value chain from before the material is called food (primary
production and processing) until final consumption (household and food service).

This report presents the work in FUSIONS on 34XDQWLWDWLYH WHFKQLTXHVY DQG GDWD
LQWHJULW\" 7KH ZR UNrdviduEAUBIBIES R reports E H L QRUSIONS Definitional

Framework for Food Waste (FullReport °, 35HYLHZ RI (85267%$7V UHSRUWLQJ PHWKRG C
VWDWLWWHEFRUW RQ UHYLHZ RI IRRG ZDVWH UHSRUWLQJaRHWKRGRORJ\ O
the participants own experience and knowledge. This report forms an important part of

the basis forthe 3)RR G Z D \Wwhtificition manual to monitor waste amounts and

S URJUH V.\rhep@rtners BOKU, DLO, IFR, INRA, MTT, OSTFOLD, SIK, and UNIBO have

participated in the work, which was | ed by OSTFOLD and supervised by SIK.

Previous work in FUSIONS has shown that there are few studies on food waste and that

the methodologies applied have not been harmonized between studies. Thus there is a

great need for a harmonized methodology for moni toring of food waste. One important
conclusion from this project is that there is not one single method that can be

recommended for all applications. This report identifies a number of possible

guantification methods that can be used, investigates their ad vantages and
disadvantages, for what applications they should be used and present some guidelines on
how to use them.

The report also gives some general guidelines on how to proceed when choosing

methodology. E.qg. first the goal and scope must be determi ned. If the goal is to reduce
pressure on landfills the method(s) chosen will probably be different from a study where

the goal is to identify and prioritize food waste reduction measures. Another important

step is to determine what data already exists. In general, the following steps must be
considered: Identification (is it food waste?), measurement, recording data, collecting

data, calculation of waste.

The main methods studied are: Measurement, scanning, waste composition analysis,

food waste diary, questionnaires, calculations based on existing statistics, interviews and
surveys, and mass balances. Recommendations are given for each step in the value

chain from primary production, processing & manufacturing , wholesale , retail and
market ing, redistribution, food service and households (end users for food preparation
and consumption) . Some methods have mainly been used in one sector, e.g. scanning in
retail, food waste composition analyses for households, direct measurements in

production, wher eas other are more commonly used in all areas, e.g. interviews and
guestionnaires.

There is little available data on food waste in EU -28 and it might take many years to
rectify this situation. One concern is that this will be a barrier towards identify ing and
implementing measures to reduce food waste amounts. In this report a simplified

framework for quantification of food waste is suggested that can be used to fill data gaps

until detailed food waste data is available.
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The report also gives advice on data quality, schemes to classify companies and food
products, food waste prevention methodologies and waste treatment.

Standard approach on quantitative techniques to be used to estimate
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1 Introduction

The overall aim of FUSIONS is to contribute  significantly to the harmonization of food
waste monitoring; feasibility of social innovative measures for optimized food use in the

food supply chain and the development of a Common Food Waste Policy for EU -28. Its
focus is on promoting  food waste preven tion by optimising food use and waste

prevention strategies.

The FUSIONS Project will deliver the definitional choices for food waste, suggest standard
quantitative methodologies for measuring food waste, develop a food waste
guantification manual and est imate EU -28 food waste levels based on these analyses:

x 5HSRUW 3)86,216 GHILQLWLRQDO IUDPHZRUN IRU IRRG ZDVWH" SUR
definitional choices for food and drink waste.

X BHSRUW 35HSRUW RQ UHYLHZ RI IRRG ZDVWH UHSRUWUQYLRHW KR
an overview of  existing methods and practices for quantifying food waste.

X 5HSRUW 36WDQGDUG DSSURDFK RQ TXDQWLWDWLYH WHFKQLTXHYV \
ZDVWH O Hprededty a selection of methods suitable for monitoring the resource
flows leaving the food supply chain (present report).

X BHSRUW 3)RRG ZDVWH TXDQWLILFDWLRQ PDQXDO WR PRQLWRU IRR
SURJUHVVLRQ ™ ZLOO UHF Rriaddi¢tally GelsBré WaRd quantify all resource
flows in different steps of the food supply chain focusing on EU -28. It will  provide a
harmonized method for representative, effective and meaningful quantification of
food waste (coming report).

x 5HSRUREpoRton e stimates of European food waste levels and analysis of food
ZDVWH GULYHUV"® ZKLFK ZLOO SUHVHQW DQ HVWLPDWH RI {tRRG ZDV
28 by mapping existing datasets against this definitional framework. It will also give
input to the manual on quantification (coming report).

FUSIONS definitional framework for food waste

Report on review of (food) waste reporting
methodology and practice

Standard approach on quantitative
techniques (present report)

Food waste quantification manual manual to
monitor food waste amounts and progression (in
progress)

Report on estimates of European food waste
levels and analysis of food waste drivers (in
progress)

Figure 1.1 Related work on definition & quantification within FUSIONS

Standard approach on quantitative techniques to be used to estimate
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37 K HUSIONS definitional framework for food waste S UHVHQWRUSMNIheoretical
framework, by which we can separate and quantify all resource flows leaving the food

supply chain. It establishes the system boundaries and definition of food waste, and

provides general guidance on boundary conditions relating to food, the food supply chain

and the edibility of food, which will facilitate the collection of comparable data. Based on

the FUSIONS theoretical framework a technical framework is given which presents the

resource flows leaving the food supply chain which today are considered practically

feasible to measure and monitor on an EU-28 level. The FUSIONS definition of food
waste is:
Food waste is any food, and inedible parts of food, removed ! from the food supply chain

to be recovered or disposed (including composted, crops ploughed in/not harvested,
anaerobic digestion, bio  -energy production, co  -generation, incineration, disposal to
sewer, landfill or discarded to sea).

The technical framewo  rk will serve as the base for the Food waste quantification manual.
The analysis of existing datasets will be conducted to establish how existing data maps
onto the new framework, to bring transparency to existing data and allow accurate
comparisons to be  made. Clearly there will be gaps in the datasets, so the other activity
will be to develop a Food Waste Quantification Manual which will recommend suitable
methodologies for quantifying food waste. It will be focused on delivering guidance to
Member States undertaking new work to quantify food waste so that over time, data

gaps will be filled.

The work in this report is done in the frame of FUSIONS 34 XDQWLWDWLYddaMIHFKQL T X
GDWD L QWThadim\afthe task is to provide recommendations on standard
approaches on techniques to be used to estimate the level of wasted food in EU -28.

Another aim was to provide a general framework for monitoring food waste for the
different steps in the food supply chain.

The outcomes are based on the criteria document (ref 3)86,216 GHILQ Lfirhev@io O
IRU IRRG ZDAhWeXA) and an extensive literature review and the combined
knowledge and experience of the FUSIONS Consortium.

'7KH WHUP pUHPRYHG IURPY HQFRPSDVVHV RWKHU WHUPLQRORJ\ VXFK DV uORVW WRY RU u
DQ\ IRRG EHLQJ SURGXFHG IRU KXPDQ FRQVXPSWLRQ EXW ZKLFK OHDYHV WKH IRRG VXSSO
regardless of the cause, point in the fo od supply chain or method by which it is removed.
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2 Goal and scope

The main aim of this report is to provide recommendations on standard approaches on
quantitative techniques to be used in FUSIONS to estimate the level of wasted food
across EU -28.

The sub goals are:

x Develop a set of standard methods to be used in a sta ndard approach for

HVWLPDWLQJ OHYHOV RI "IRRG ZDVWH"™ UHPRYHG IURP WKH IRRG
steps of the food supply chain.

x Calculate indicators (e.g. tonnes of food waste per per person) for quantification
RI "IRRG ZDVWH" UHPRYHG s$upRychallKH IRRG

X 'HYHORS PHWKRGV IRU VFDOLQJ XS OHYHOV RI "IRRG ZDVWH" UH!
supply chain sector -wise; through the supply chain and to national levels

The methods developed and described shall benefit from the knowledge from the earlier
reports in FUSIONS : FUSIONS definitional framework for food waste " by applying to any

of the fractions identified in the FUSIONS general technical framework , t his report also
includes a criteria document , describing a common view on application and crit erias for
the methodological framework ; 3 5HYLHZ RI (XURVWDWY UHSRUWLQJ PHWKRG D

DQG 35HSRUW RQ UHYLHZ RI IRRG ZDVWH UHSRUWLQJ PHWKRGRORJ\

Standard approach on quantitative techniques to be used to estimate
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3 Terminology

The fraction discussed in this report is in accordance with the FUSIONS definition:

3$Q\ IRRG DQG LQHGLEOH SDUWV Rl IRRG UHPRYHG IURFUSIRRSIRRG VXSSO
definitional framework for food waste .

This definition refers to both food waste and fractions not be ing valorized to other
biomaterials or industrial uses or used as Feed (see FUSIONS definitional ~ framework for
food waste ). The quantitative techniques developed are thus developed for estimating

the levels of all edible and inedible parts of food leaving the food supply chain regardless
of destination . The starting point of the food supply chain is production right before

harvest, which implies that pre -harvest activities are excluded from the scope.

7KH WHUP 3IRRG ZDVWH’™ LV XVHG LQ Wk#tetigttShatdwn@@QG UHIHUYV

necessarily classified as food, nor as waste. This means that waste from plants and

animals will fall under this definition even though they are at a stage before they are

classified as food according to the EU. The term waste is used different from the legal EU

definition of the term in that it also contains materials not ending up in waste

management systems e.g. that DUH XVHG DV DQLPDO IHHG 7KH XVH RI WKH WHUP
ZDVWH” IROORZV WKH )86,216 GHILQLWLR Qthahkha Yérnkfood viiaseL GHU VFRSH
usually has, as described above and in FUSIONS definitional ~ framework for food waste

To avoid any misunderstanding the term is put in inverted commas in the whole report:

3IRRG ZDVWH"’

When referring to other studies the term food waste is written without inverted commas,
and may have different meaning depending on the basis for the particular study.

The steps in the supply chain are mainly not exactly following the terminology used in
definition in ~ FUSIONS definitio nal framework for food waste " . A description for the steps
are presented below (see also chapter 6):

x Primary p roduction starts right before harvest and includes harvest, post -harvest
activities and processing of farm staples

X Processing and manufacturing is processing of product, where the products are no
longer intact (cut, mixed, heat treatment etc.) and includes packaging of processed
products.

X Wholesale and logistics are activities at wholesale store and transport to retail, food
service and redistrib  ution

x Retail and market ing include all activities at retail or market distribution centres and
outlets or sales booths.

X Redistribution has the starting point at the gate of the donor and the end point at act
of handing over the food to end consumer.

x Food service includes  food preparation and consumption out of home

X Households includes food preparation and consumption at home

12 | FUSIONS Reducing food waste through social innovation



4  Organisation and work
method

4.1 Organisation

The work on thisreport , based on FUSIONS deliverable D1.4, builds on three FUSIONS
deliverables /publications:

x D1.1: Main definitional choices for the food and drink waste produced within Europe

(Correspo dning publication :3)86,21 Glefinitonal TUDPHZRUN IRU IRRG ZDVWH’
x 5HYLHZ RI (XURVWDWfV UHSRUWLQJ PHWKRG DQG VWDWLVWLF\
x D1.3: Report on review of (food) waste reporting methodology and practice

from now on being  referred to as D1.1, D1.2 and D1.3.

7KLV UHSRUW ZLOO IRUP DQ LPSRUWDQW EDVLV IRU WKH ZRUN RQ D F
ZDVWH" 7KLV PDQXDO ZLOO EH 2614 Y2913 RT8dbGn & e mandal is to

JLYH GHWDLOHG JXLGDQFH RQ KRZ WR JR DERXW TXDQWLI\LQJ "IRRG
how this report fits in with some the FUSIONS reports mentioned above.

N T
EE e

Stakeholder consultation
and Exper t consultation
through FUSIONS

extern al advisory bo ard
(EEAB)

Figure 4.1. Context of this report

Standard approach on quantitative techniques to be used to estimate
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4.2 Procedure

The content of this report has been written by the partners mentioned in table 4.1. The
work was coordinated with the work on on Food waste statistics by IVL. The report was
edited by OSTFOLD and by the Work Package leader Karin Ostergren from SIK.

The sections on the specific steps in food supply chain were written by different groups,

which organised the work to find a best practice approach for each subsector, see table

3.1. As mentioned before, the recommended approaches are based on the particip ants
own experience as well as a number of written sources. Of these sources, the review

(D1.3) and the definitions (D1.1) were the most important.

Table 4.1 Partners participating in the working groups

Task Participants
(responsible partner underlined)

Primary p roduction and processing of MTT, OSTFOLD, UNIBO, INRA
farm staples

Processing & manufacturing SIK, UNIBO, IFR

Wholesale and logistics BOKU, UNIBO, OSTFOLD

Retail and market ing

Redistribution

Food services DLO, MTT, IVL, OSTFOLD
Households
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5 Overview of methods

The following methods have been identified in WKH UHYLHZ UHSRUW RQ 3IRRG ZDVW|
methodology (Mgller et al., 2013)

Measurement (Weighing or volume)

Scanning (Electronically ~ recording)

Waste composition analysis

"JRRG ZDVWH" GLDU\

Questionnaires

Calculations based on statistics (at national level or at other level e.g. country,
municipality, company etc.)

Interviews and surveys

X Mass balances

X X X X X X

x

The choice of method depends o n what is already known. If the amount has not been
measured, then a measurement might be needed, or an estimate can be used. Scanning
relies on recorded existing unit amount. The scanning counts the units and records the
identity of each unit. Questionnai res, interviews and surveys are most relevant if
amounts are known, but not recorded or if the recorded data are not readily available.
Waste compositional analysis is a special case of measurement mostly applied to mixed
flows, i.e. waste that contains bo WK 3IRRG ZDVWH-IRRG PRWHULDOV 3RRG ZDV\
diary is a way of recording waste amounts when it occurs or shortly after. It is normally
used for consumers but can be used at any point in the value chain, e.g. at the farm.

When choosing and applying a quantification method the practitioner must first establish
the scope of the study and what data is available. Before embarking on a quantification
study, the practitioner should determine what is in and out of scope:

Which st eps of the value chain

What types of businesses / households / organisations are in and out of scope
What types of food are included

What time period and geographical area are in and out of scope

Which destinations are included

X X X X X

In addition, the research questions / objectives ne ed setting, which are determined by
what you want to use the information for: i.e. what decisions will be based on the
information, what communications will be based on the information.

Then it must be evaluated what has been done previously, specifical ly what information
is already available, where it is available and in what form.

When this information is in place there are some steps to be considered:
1. (VWDEOLVK ZKHWKHU WKH IORZ LV'IRRG ZDVWH’
2. Measure or estimate amounts, and if possible find other information necessary to
fulfil the purpose of the study. i.e. the reasons for the waste
3. Record the information
Collect recorded or measured data
5. Make the quantification needed, e.g. the ratio of wasted material to overall
amount entering the system

»

Standard approach on quantitative techniques to be used to estimate
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7KH VLWXDWLRQ PLJKW EH YHU\ GLIITHUHQW IURP FDVH WR FDVH ,Q VRPH
has a commercial value. Then the amounts are probably recorded somewhere. In some
cases the wastage is not recorded, often not even measured.

Figure 5.1 below illustrates methods used to quantify wasted food before discarding or
after discarding the waste.

Figure 5.1 lllustration of quantifying wasted food

Examples A and B show how different measuring methods can be used in different
situations along the supply chain:

Example A Carrot production on the field:

The amount of wasted carrots on the field is already classified as
"IRRG ZDVWH" ZKHQ WKH FDUURWY DUH KDUYHVW
waste it will be measured after discarding, either by weighing or by

measuring by volume.

Example B 3IRRG ZDVWH” DW KRXVHKROG

:KHQ XVLQJ D 3IRRG ZDVWH ™ GUZDWWMWKHVIRRGBGQW
estimated before putting it into the bin. When using a waste
FRPSRVLWLRQ DQDO\WLV WKH DPRXQW RI "IRRG ¢
discarding, by collecting the containers, sorting the content and

measuring the quantity of each fracti on.

Recommendation will be developed in chapter 8 - 14 for each step in the supply chain.
The recommendations are developed to be applicable for any of the fractions defined by
the FUSIONS general technical frame work (See D1.1).

The different methods  have their advantages and disadvantages. The choice of method
must be made according to the goal and scope of the study and be adapted to the object
under study.

Often a combination of methods should be used in order to reduce sampling error and/or
because they complement each other. The following example illustrates this:

To map the amount of wasted food per person in a country, several waste compaosition

analyses have been conducted through direct measurement of waste in local

municipalities. The am  ount of wasted food per capita and the amount of total organic

waste (of which food waste is one component) per capita have been measured. Then the

percentage of wasted food of the total organic ZDVWH 3IRRG ZDVWH  IDFWRU FDQ EH
estimated. From these figu res, the average amount of wasted food per person can be

16 | FUSIONS Reducing food waste through social innovation



calculated. By combining those figures with national waste statistics and correcting for
the different collection systems, estimates can be used to extrapolate the total amount of
wasted food per per  son for the entire country. By assuming that those types of waste
factors are representative also for other regions, amount of wasted food can be
estimated based on amounts of total waste measured. The example shows that
aggregated national waste statistic s can be used in combination with direct
measurements of waste to obtain robust results.

In addition to giving more exact numbers on quantity, the combination of methods gives

other advantages. The waste compositional analyses could be designed so that i t give
information about how much bread, dairy products, meat, fruits, vegetables etc, is

wasted. It can also give information about other things such as how much is or is not

packaged and how much is cooked and how much unprepared. It can furthermore give
indications on the reasons for the wastage. Moreover, the results can be further used by

other tools such as interviews with the consumers responsible for the waste about their

reasons for their actions or with kitchen diaries.

5.1 Applications for the met  hods

6WXGLHV RQ WKH DPRXQW RI "IRRG ZDVWH” FDQ VHUYH PDQ\ SXUSRYV
GLIIHUHQW PRWLYHV IRU FDUU\LQJ RXW TXDQWLILFDWLRQ RI 3IRRG ZI
Below are listed only a few of several purposes/motives:

X Increasing profitability for value c hain actors

X Reducing environmental impacts

x Basis for planning and carrying out measures to reduce waste

X %HQFKPDUN DQG PRQLWRU WUHQGYV RYHU WLPH RI WKH DPRXQW
HITHFWV RI PHDVXUHYVY WR SUHYHQW "IRRG ZDVWH sdRietyHIITHFWV R|

X Increasing food supply

x Improving food security, e.g. a country's degree of self - sufficiency.

X Reducing pressure on landfills

X Improving consumers economy

X Making comparisons between value chain actors, between products, between

regions etc.

Insome FDVHV WKH UHGXFWLRQ RI 3IRRG ZDVWH" LV WKH PDLQ SXUSRVI
several of the benefits mentioned above will probably be achieved. In other cases the

emphasis is one particular of the benefits stated above, e.g. reducing the need for new

landfi lls.

It is important to keep in mind the primary motivation or purpose of the study when

choosing and adapting the methodology for quantification. Different purposes require

different data and different level of detail. If e.g. the data is to be used to p lan measures

IRU UHGXFLQJ DPRXQW RI "IRRG ZDVWH"~ WKHQ LQIRUPDWLRQ DERXW
causes is important to have. If the purpose is to reduce landfill amounts, waste

composition data on landfilled waste fractions is the most important informat ion.

Onevery LPSRUWDQW SXUSRVH RI TXDQWLI\LQJ "IRRG ZDVWH" LV WR XVI
basis for planning and implementing measures to reduce the amounts. This topic is
covered in the Appendix 3 on Prevention methodologies and waste treatment.

Standard approach on quantitative techniques to be used to estimate
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5.2 Ind icators

,QGLFDWRUV LV D ZD\ RI H[SUHVVLQJ WKH DPRXQW RI 3IRRG ZDVWH" LQ D
understanding of the figures. It is also a tool that could be used in the quantification. A

W\SLFDO LQGLFDWRU ZRXOG EH DPRXQW RI "IRRG Zb¥MWuitrySHU KRXVHKRO
%\ PXOWLSO\LQJ WKLV QXPEHU ZLWK WKH QXPEHU RI KRXVHKROGV WKH W
ZDVWH" LV FDOFXODWHG

JRXU PDLQ GLPHQVLRQV DUH LPSRUWDQW ZKHQ FRPSDULQJ WKH LQGLFDW

X The time scale: to monitor trends over time for the same type of processes, sectors
or food chains

Xx 7KH FKDLQ VFDOH WR FRPSDUH KRZ PXFK "IRRG ZDVWH" SHU SURGXFH(
generated at each step in the chain

Xx 7KH IRRG SURGXFW VFDOH WR FRPSDUH KRZ PXFK "IRRG ZDVWH" LQ WF
amount is generat  ed from different categories of food and food sectors

X 7KH JHRJUDSKLFDO VFDOH WR FRPSDUH KRZ PXFK "IRRG ZDVWH"™ LQ WF
amount or per capita generated from different geographical areas (municipalities,
regions, countries, etc.).

In table 4.1, the different scales are shown and linked to actual levels in the supply chain
and to the different steps in the supply chain. The table also shows common indicators,
by describing the nominator and denominator:

+J@E?ERKNEJ=P®NMIKIEIJ=PKN

The denominator is the produced amount for all scales and all steps in the supply chain,
except for waste from household, that have traditionally been presented per capita.

The produced amount is defined as the sold amount or otherwise handed over to

destination, such as giving food to redistribution. This means that losses in storage

VKRXOG EH LQFOXGHG LQ WKH WRWDO "IRRG ZDVWH" L H WKH QRPLQDWI
dilILFXOW WR JHW JRRG PDVV EDVHG GDWD IRU ZKDW LV 3SURGXFHG” L H
service. In those cases, one must transform data from economic units to mass units, by

using transformation factors. Mass data is preferred over economic data for several

reasons, e.g. because economic units are susceptible to inflation and differences between

SURGXFWV HJ EHWZHHQ TYDOXHYT DQGY SUHPLXPY UDQJHYV 9ROXPH PHI
converted to mass for comparison purposes. Also in household transformation facto rs can

EH XVHG WR H{[WUDSRODWH VSHFLILF PHDVXUHV IRU D UHJLRQ WR D QDW|
ZDVWH" SHU FDSLWD

Table 5.1 ([DPSOHV RI LQGLFDWRUV IRU 3IRRG ZDVWH’

Step in the food supply Nominator Denominator
chain
Primary p roduction $PRXQW RI WRWDO I} perproduced or sold
Processing & manufacturing for each step amount (tonnes)
Wholesale
Retail and market ing $PRXQW RI "IRRG ZDV
Redistribution product categories for each
Food service step
Households $PRXQW RI WRWDO ’I} per capita
or per category of food
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To make relevant and meaningful comparisons between sectors and geographic areas, it
is important to use the same types of definitions, the same boundaries around the
diIHUHQW VWHSV LQ WKH IRRG FKDLQ DQG WKH VDPH PHWKRGRORJLH

Z D V WiHth representative samples. When using the indicators in Table 5.1]itis possible
to compare directly between countries without taking import and export into account. If

WRWDO DPRXQWYV RI "IRRG ZDVWH" ZHUH FRPSDUHG EHWZHHQ VHFWRL
necessary to correct for import and export by using the total mass entering the system,

i.e. produced amount minus export an d plus import. Indicators for any fraction defined

by the FUSIONS general technical framework (See D1.1) can be developed in the same

way.

5.3 Quality attributes for the methods

When choosing a quantification method it is important to consider some quality att ributes
for the method. How can we judge what is a good method? There are several attributes
to consider.

One important attribute is data quality. The quantification cannot be better than the
underlying data allows. This very important aspect is covered in detail in Appendix 1.

Another important aspect is flexibility. The general approach to be developed should be

able to use data from different sources, e.g. national and international statistics , and

local studies.

Versatility is another important attribute. The method should be applicable to as many

levels of the food supply chain as possible , €.g. regional such as the EU, national such as

specific countries; a city or a single company or production line. It shoul d also be

applicable for as many  sectors in the food supply chain as possible ; €.g. the production

(agricultural sector) or the household sector. The approach should also include the aspect

Rl 3IRRG ZDVWH”™ SUHYHQWLRQ DQG GHVFULE®tanladdiionaV DQ LQWHJUDW
approach.

Economy is another important consideration. The resources available for waste studies

are often very limited. Thus, it isimportant to find ways of cutting costs. Using data sets,
which are currently available, is one importan t strategy that has the additional benefit

that it not only saves practitioners time, but also the value chain actors time. . When

collecting primary data  the data collection should not be an unaffordable bureaucratic

burden for the food supply chain actor s but should rather motivate to and contribute to

the ongoing internal waste reduction work.

The methods shall provide consistent and reliable indicators for monitoring the

JHQHUDWLRQ DQG SUHYHQWLRQ RI "IRRG ZDVWH™ IRU FRQ&WVeHFXWLYH \
3IRRG ZDVWH" RQ D FRQVLVWHQW EDVLY EHWZHHQ SDUWV RI WKH YDC
types of food and between nations as well as taking into account variation/differences in

consumption, population and production.

There are a number of other succes s factors for waste studies. Experience have shown

that terminology is important. It is important that the same terminology is used in all

cases and that the involved actors understand the terminology. In this project several

WHUPV IRU 3IRRG ZD Viedhsidérnad/ elgHsetondary resources for the part of the

value chain where the term food is not appropriate according to EU definitions. It was

GHFLGHG WR XVH WKH WHUP 3IRRG ZDVWH"~ VHH FKDSWHU RQ 7HUPLC
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5.4 Classification

Another important aspect to be considered is the harmonization of results between
countries, sectors and steps in the food supply chain and harmonization  with other data.

Of major importance is the classification of the companies along the food supply chain

according to the type of business activity they do. For this purpose, itis proposed that
the NACE codes (NACE - Nomenclature statistique des activités économiques dans la
Communauté européenne) should be used, see Appendix 3, section 1.

It is also important to use a harmonized classification of products. For this purpose, we
propose the classification in Appendix 3, section 2.
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6 Introduction to approaches to
specific steps in the food
supply chain

The reviewed scientific studies and the participants experience have revealed that
different methods are relevant and applicable in different situations. Sometimes several
methods should be used in combination to achieve the best possible result.

As mentioned in the overview (Chapter 5) a number of factors should be considered,

before choosing a method. The planning should start with determining the goal and

scope of the study. Then the available information on the object of the study should be
reviewed and, if necessary, more information collected before an approach is chosen.

Based on the combined experience and knowledge available in the project it was decided

to divide the detailed account of methods according to the di fferent steps of the food
supply chain. This division is not self -evident. E.g. a division based on type of food could
also have been feasible.

The division into steps of the food supply chain is based on several reasons:

The activities in the different steps are often very different from each other.

X The same steps for different products, often bears many similarities.
This approach is actor -oriented, i.e. the division follows industry borders. Even
though some companies  are virtually integrated, the general rule is that
separate companies do production, processing, transport, wholesale, retalil,

etc.

X The available information, e.g. statistical data, is often divided into similar
categories.

X The steps are well known to ac tors in the food supply chain and the general
public.

x Laws and regulations are often directed towards specific actors and follow the
same borders that are used here.

However, in this project the experience have been that it can be difficult to establish
clear borders between the different steps of the food supply chain.

7KH VSHFLILF DSSURDFKHV IRU T X D Qspétifit fopeachl Rep & tEelsVpBIH ~

chain are described in chapter 8 -14. To get an overview of the whole food supply chain,
the bou ndaries of each step are illustrated in As shown in the figure, the
steps in the supply chain are based on activities. Some activities can be performed by

different stakeholders i.e. washing and sorting of vegetables can be conducted by either
primary producers or processing industry. The coupling of activities and stakeholders will

vary among countries and products and it is not possible to find a strict boundary that
will handle all situations. These problems mainly arise between production and

processing, but also occur in transportation between the steps in the supply chains,

because it varies who is responsible for the activity.
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The p rimary p roduction step is sometimes defined as activities that take place at farm

site and that does not include processing or packing of processed product. In this case

primary roduction is defined according to activity, hence parts of the production may

occur off -farm. This also includes processing activities that do not destroy the integrity of

the product, e.g. drying, washing and sorting. Processing is defined as processing of

product, where the products are no longer intact (cut, mixed, heat treatment e tc.) and
includes also packaging of processed products. This means that washing, sorting, drying

and packing is part of the p rimary p roduction step (because the product remains intact)
but if washing, sorting, packing takes place together with processing & manufacturing
activities leading to a processed product then these activities are considered at the

processing step.

Figure 6.1 Supply step boundaries

Figure 6.1 is meant as an illustration of the div ision into life cycle steps used in this
report. It is not intended to show all material flows between the actors. In many cases
some steps are omitted, e.g. when products, sometimes even unprocessed, are sold on

th e farm or on markets. This is es pecially prevalent for fruits and vegetables. Another
example is redistribution of food from a production or wholesale company to consumers
via a charitable organisation.
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7 Recommendations on overall
level

The work in  FUSIONS has identified the followi QJ QHHGV IRU PHWKRGV IRU TXDQWLI
ZDVWH’

x Need for harmonized methodologies in the EU as well as globally

x the need to use different methods for different types of problems and research
questions (need flexibility within the main framework)

x Needt o consider data both on the micro level and the macro level, e.g. data for one
organisation as well as entire sectors or entire food chains

x Need to considerproduct  -/process specific rules which specifies methods to be used

within the main framework
7KH DPRXQWYV RI "IRRG ZDVWH" LQ (XURSH HYHU\ \HDU LV VWDJJHULQ.

policy it is important that reliable figures on an aggregated level are available to
politicians and other decision makers.

Literature review and the author’s experie nce indicates that starting from the current

"IRRG ZDVWH" GDWD VLWXDWLRQ LW ZLOO WDNH VHYHUDO \HDUV XQV
ZDVWH™ VWDWLVWLFVY RQ D QDWLRQDO OHYHO ZLOO EH DYDLODEOH L«
important reasons for this is t he large number of value chain actors especially in the start

and end of the value chain (farmers and consumers), the large number of products and

the limited data currently available.

7KH TXHVWLRQ LV ZKHWKHU WKHUH LV DQ\ ZzD\ WRIlabbtd HeddiB.RG ZDVWH
makers within the next few years in order to bridge data gaps. One possible way is to

use a framework analogeous to the one used by IPCC for the National Greenhouse Gas

inventories. The framework is general, but an example of how it ca n be applied is given

below each step.

x Tier1 Simplest method.
European average waste compositional figures are applied to national household waste
amounts

x Tier2 More specific method
National waste statistics and national composition analyses are avail able
x Tier 3 Most detailed level

National waste statistics, several detailed waste composition analysis and supporting
studies are avilable

In the example used above the simplest method could be to use average data on waste

composition for the whole of E urope. For example: One European study shows that 1 ton

of household waste contains 1 k g beef. For the Tier 1 approach a country could use this

and multiply with their own number for household waste to calculate household beef

waste. This approach could b e short -time implemented in those countries which have a

FXUUHQW ZHDN QDWLRQDO ¥IRRG ZDVWH" GDWD EDVH LQ RUGHU WR E
If specific numbers for the country on the amount of beef in household waste exists, the

Tier 2 approach can be used. This a pproach could be immediately implemented in those

member states ZKLFK DOUHDG\ KDYH PRUH GHWDLOHG LQIRUPDWLRQ RQ Q
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composition in order to consider national conditions in a proper way. Meeting Tier 2 is a

mid -term goal for member states  which currently only meet tier 1.

In the Tier 3 approach national waste statistics and several detailed national waste
composition analyses is combined with other studies to give a more detailed national

result. The other studies might be e.g. diary study, interviews and questionnaires. This
level is along -term goal forthe EU  member states
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8 Description of approaches for
primary production

8.1 Process description

System boundaries for the primary production step data are presented in and

The table does not contain all products. The startin g point for edible  ? plant -

products intended for human consumption is a product ready for harvest, and thus pre -

harvest activities are excluded from the scope. Accordingly, for animals the starting point

is when the animal is ready for slaughter. Thus, the system border between meat and

plant products is harmonized, following the analogy: harvest=slaughter . The general

principle for the ending point for the production -step is when the product is ready to be

processed or transported to wholesale/retail/e nd-user. For edible plant  -products,

processing is e.g. peeling and milling. However, processes where the product stays

mostly intact, i.e. the product is harvested, dried, washed, sorted and/or packed

(unprocessed), are part of the production step. For mea t production the general principle
IRU HQGLQJ SRLQW LV S WUDQVSRUW WR VODXJKWHUKRXVH" L H EHIRI
JHQHUDO SULQFLSOH IRU WKH HQGLQJ SRLQW LV 3sWUDQVSRUW WR GD
homogenization and to processing into ot her products.

Table 8.1 System boundaries for the primary production -step data (not all products are
mentioned)

6WDUWLQJ SRLQWYV 2 - When crops are mature for harvest

raw material enters the - When fruit and berries are mature for harvest
economic/technical system - The harvesting of wild crops, fruit and berries

for food production  or home - When animals are ready for slaughter (live -weight)
JURZQ FRQVXPSWLR(" When wild animals are caught or killed (live -weig ht)

- The drawing of milk from animals
- The catch of wild fish in the net on the hook
- When fish from agqua  -culture is mature in the pond

(QGLQJ SRLQWYV 3ZKFE - When crops, fruits and berries (including wild berries

raw - material/sub - and mushroom) have been dried, washed, sorted
product/product exit the and/or packed (unprocessed)

economicltechnica|system - $W SWUDQVSRUW WR VODXJKWHUKRX\
for food production or home slaughter (including losses due to injuries, fractures

JURZQ FRQVXPSWLR( etc duri ng loading at farm and unloading at arrival at
the slaughterhouse)

- When milk enters processing at the dairy, i.e. before
pasteurization, homogenization and processing other
products, such as, cheese.

- When fish has been killed and bled, and fins and
intestines are removed and the fish is ready to be
cut in parts, heat -treated, salted, dried or processed
in some other way.

2 Excluding plant products produced for other purposes than for human consumptiether they are edible
or not.
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Figure 8.1 Process description for  primary production

It is very important to note that different food chain actors (e.g. primary producers and

industry) may perform activities that belong to the primary production step. For instance,

packing of unprocessed products can be done by producers and by packing plants, but

the process still belongs to the primary production step. Likewise, primary producers may

also perform activities that belong to other steps. For instance, primary producer can

process his own product. | Q RWKHU ZRUGV 3SURGXFWLRQ VSHFLILF DFWLYLWLHV’
are traditionally linked to production actors (farmers) are not always the same.

Moreover, some activities are similar but, according to the used definition, they can also

belong to different  steps of the supply chain. For instance, packing of unprocessed

product is production but packing of processed product is processing.

The required level of detail in data collection is highly dependent on the purpose and
scope of the study.
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Figure 8.2 Level of detail

8.2 Indicators and data requirements

8.2.1 Recommended indicators

Indicators can be used to relate the results in different levels. Indicators can then be

used to scale up the results and to give r esults for a specific product, for different sectors
(e.g. horticulture and dairy products) and for geographical areas (e.g. entire countries or
regions).

7KH PRVW VXLWDEOH LQGLFDWRU IRU "IRRG ZD Vphirkhry Riddizi®@h IUDFWLR
LV EDVHG RQ WKH TXDQWLW\ RI SURGXFWLRQ HJ "'IRRG ZDVWH" SHU
total production volume gross yield is the most suitable denominator, but there is limited

data on this figure, whereas, statistics on sold amounts per year are usually available.

Therefore, "IRRG ZDVWH" RU DQ\ IUDFWLR QisRHe m@dst SracticaVird@adorX Q L W

and suggested here. It should be noted that the sold amount excludes all product that is

not sold for human consumption. In practice, in cas e like cereals or legumes, it is often

not possible at production st ep to determine the final markets (human consumption,

animal feed, biomaterial etc. ) to which products are directed when sold by the farmer.

Moreover, besides the chosen indicator, additi onal indicators are meaningful to attain
more information of processes (i.e. economic value, land use etc.) and of markets for a
specific product.

Animal mortality during transport is indicated by both a ratio of the number of dead
animals related to tota | number of transported animals and by the total number of dead
animals (Petracchi et al., 2006, Malena et al., 2007). The number of dead animals during
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transport (and on the farm) is systematically recorded in many countries by a mandatory
national animal health service and included in national statistics on agriculture (see
Malena 2007, for pigs and cattle). In Europe, national identification databases for farm
animals exist and contain death records. In plant production, losses at harvest are
indicated i n percentage of harvested amount, losses at storage in percentage of amount
to be stored (Peter et al., 2013). Additionally, in some cases the masses of lost produce
are indicated. To aggregate data on the amount of wasted food data for harvest and

post - harvest activities (storage, packing, etc.), a common denominator needs to be
determined, for example the amount of harvest in plant production. In animal production
for example, lost animals (number of animals, live -weight) at transport and discard of
part of the animal (carcass weight) cannot simply be added either.

Production of exported and imported products should be taken into consideration. Export

and import may be relevant when a post - harvest company or slaughterhouse further
handles the product. At the primary production st ep, exports and imports of live animals
for slaughtering can be an issue according to country -specific issues. It is best if data on
domestic production and domestic waste are gathered separately from data on imports

and exports. In this way, one can compare waste rates between imported and domestic
products.

Additionally, there is a need to collect data and follow up data that supports waste
prevention (see Appendix 2). To support these targets the minimum requirements for
data collection for different product categories are presented in Table 8.2

Table 8.2 Product group specific data need

Edible plant products Amountof 3IRR G Z D \h\pretuct (group) level
The final fate of the waste
Production volume
Sold or donated amount
Proportion of the product which is edible in the stage of

disposal

Production area: hectare, acre etc.: often readily available.
Animal products, Production volume
fish (wild), aqua - Sold or donated amount
culture Total number of animals ready for slaughter

Number of milking cows

It is recommended to collect data on root causes for waste. Root causes are the
fundamental reasons behind waste. It can be that shops order too much product because
they want a large display to show abundance, that they want to be sure they always

have enough product, that the staff is not s ufficiently trained or a number of other
reasons.
8.2.2 Product specific rules

The same rules should in general apply for all products. However, some product specific
issues need to be given a special attention. These considerations are given below.

Edible plant products

Edible plant products are mostly from open field production and these crops are more

subject to weather conditions and diseases (fungi, insects, weed, etc.) than other

production. Conditions may vary strongly from year to year and from area to a rea, and
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even within the same area. Soil type and management techniques strongly affect the
waste amounts. As a further complication, the number of producers is often large for
these product categories. One consequence of this is that it can be more compli cated to
attain a representative sample at the primary production st ep. This makes it difficult for
direct measurement of waste, such as gathering data directly from farmers, but also for
estimates or extrapolations of waste from data. This means that:
X In order to achieve temporal representativeness rolling averages over several
years should be considered
x Different technologies and practises should be analyzed separately, e.g.
organic and conventional
x Different geographical areas and climate zones should be analyzed separately
X A minimum share of the total population must be analyzed
x Data should be gathered from several sources, e.g. questionnaires
complemented with some interviews and expert opinion
X Special care must be taken when selecting samples for direct measurements,
e.g. areas for pre  -harvest waste
X These products are often stored for a long time, and waste rates increase with
storage time. This should be considered when measuring waste rates
X The guantification of inedible parts may be more difficu It for crops where these
parts are left in the field (e.g. cauliflower) than products where these parts are
harvested and thus enter the value chain.

Farmed fish

Farmed fish is in many ways parallel to meat value chains. The majority of the waste

occurs d uring the lifetime of the fish. The life cycle stages included in the system

boundaries considered in this report are the transport of (live) fish to slaughter, the

slaughter and other processing without destroying the integrity of the fish (i.e. gutting)

and transport to processing. The waste rates in these stages are often very small as

these are industrial processes that are easier to control than the processes during the

lifetime of the fish. The latter processes are a result of the interactions betwee n biological
and industrial processes.

Wild fish

The production phase for wild fish goes from the fish being brought aboard until it is bled
and gutted. Wild fish are usually killed and gutted shortly after being caught. The
harvesting phase i.e. the fish ing activity can, however lead to high waste. The major
reasons are the fishing technique and discards.

All fishing techniques have weaknesses that lead to loss of product or reduction of

quality. Most fishing techniques catch large quantities of fish in one batch, e.g. a trawl
haul. The fish is often pressed together while the trawl is in the sea, especially in the

later steps of the haul when large quantities of fish are pressed into a small volume. This

leads to some fish dying during the process. This dead fish is not used for human
consumption, and thus is waste. Some fish is not bled properly after slaughter or has
compressions damage, and is thus of inferior quality. This fish is often sold for human
consumption but has reduced quality. The reduced quality usually means reduced price
and reduced profits or even zero profits. This kind of economically less profitable food
production is not counted as waste since it is used as human food.

After the fish has been caught, it is common practice in many countries to discard fish
that is not commercially profitable or is not allowed to land because of government

regulations. This includes some by -catch species and wrong type of (usually undersize)
target species. It may be very difficult to find data for d iscards because this is a
controversial issue and in some countries, discards are illegal. The situation will probably
change in the coming years since discards are gradually being phased out in Europe.
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Milk

A main reason for discard of milk is antibiotic treatment residues in milk due to mastitis

of milking cows. This milk must not directly enter the human food supply chain. It can

either be fed to calves (The restrictions are to be confirmed) or be poured down the

drain. It is necessary to distinguish re JXODU PLON IHG WR FDOYHV QRW FRQVLGHUHG
ZDVWH” DV QHFHVVDU\ IRU WKH UHSURGXFWLRQ SURFHVV RI DQLPDO SUR
discarded milk. Another important waste reason may be short shelf life due to strict

regulations on expiry date.

Meat

Losse s of animals can occur by trauma when loaded on trucks, driven to the slaughter
facility and unloaded (preslaughter mortality). The number of animals that are "dead on
arrival" (DOA) is registered by EU member states in a national database. For bovine
anim als specifically, but also for other farm animals, the requirements on cattle
identification, registration and tracing are governed by several pieces of EU legislation
and are very strict. The legislation allows having a thorough record of dead animals on
the farm, during transport or at the slaughterhouse. Since legislation on the transport of
animals has become more and more strict for animal welfare reasons, preslaughter
mortality has decreased.

8.3 Quantification of the amount of wasted food

3)RR G ZDVWhHpritddry production goes into many streams: animal feed, left to field,
fermented to biogas, etc. A specific point for quantifying losses at production is the large
number of producers and large variety of products, whereas for instance the number of

pro cessing companies is by far lower. Additionally, waste may vary a lot between farmers
(e.g. practices, geographical area), within farms (e.g. between different fields due to
different soil types) and between products. Seasonal variations in crop production
(especially due to changing weather conditions) highlight the importance of collecting

data from several years. Some products are stored for some time, and thus

measurements will have to be made several times during the storage process. Overall,
thesedif IHUHQW IDFWRUV RI YDULDWLRQ LQ }IRRG ZDVWH™ OHYHOV QHHG W
when quantification methodologies are designed.

It is very common that ready to be harvested farm commodities are left to field to enrich

the soil, or that part of production , €.g. of cereals, are used as animal feed. Furthermore,

farm products are often raw material (animals, grains, seeds etc.) that need to be

FROQOYHUWHG WR GHILQH WKH HGLEOH SDUW UHOHYDQW IRU 3IRRG ZDVWH’

8.3.1 Measuring (mass or volume)

There are two common ZD\V WR TXDQWLI\ 3IRRG ZDVWH" GLUHFWO\ PDVV RU YRC(
possible to count losses, such as the number of dead animals, and to convert them into

lost mass. Only a few examples of on -VLWH PHDVXUHPHQWY WR TXDQWLI\ 3IRRG ZDVYV
production were fo und (e.g. Castro -Garcia et al. 2006), and therefore the conclusion is

WKDW PHDVXUHPHQWY RQ 3IRRG ZDVWH" LQ SURGXFWLRQ VHHP WR KDYH
to have not been recorded.

Althoughon -VLWH PHDVXUHPHQWY HJ ILHOG VDPSOLQJ DUH UDUHO\ XVHG
ZDVWH" WKH PHWKRG LV D JRRG ZD\ WR DWWDLQ DFFXUDWH UHVXOWV +
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and money consuming, and especially field sampling can only be used for short sampl ing
periods and for selected areas with small sample sizes. Additionally, due to seasonal
variation it is recommended that samples are taken from a several year period (see more
2YHUDOO ZHLJKLQJ LV D IXQGDPHQWDO PHWKRG BVHIVIWH TXDQW

8.3.2 Scanning
At primary production step, scanning is usually not an option as products are still basic
farm commodities not equipped with barcodes. Scanning is only an option when

unprocessed packed products, equipped with barcodes, are lost or wast ed at production
step (or at transport from production to next step).

8.3.3 ) RRG ZDVWH"™ GLDU\

3)RRG ZDVWH™ PRQLWRULQJ E\ GLDU\ KDV QRW EHHQ FRPPRQ SUDFWLI

found), but could prove useful for farmers also to track related practices or inciden ts. It
can be used for short sampling periods and for selected areas with small sample sizes,
but also as part of common book keeping or mandatory data collection (performance

monitoring or other type of mandatory monitoring i.e. use of pesticides, animal diseases
and veterinary treatment, etc.).

8.4 Data collection and survey

Indirect data collection can be divided into data collection from existing written sources

and from involved actors. Examples of data from existing written sources include

statistical datasets. These data can be actual waste data and other data that can be used

to calculate waste data (  see 7.4.2). Examples of collection from involved actors inclu de
survey questionnaires and interviews.

8.4.1 Questionnaires and interviews

Questionnaires and interviews are widely used methods for collecting data. Both methods

DUH DOVR XVHG LQ VHYHUDO VWXGLHV WR VWXG\pthnid DPRXQW RI1 3IR
production (Ahok as 2012; Beretta, 2012; Franke et al., 2013; NRDS, 2012; Davis et al.,

2011; Terry et al., 2011). Both methods enable comprehensive data collection from

producers: not only on amounts, but also on other relevant issues, such as handling of

waste and possib le root causes for waste are (see section . They also enable sharing

of information with producers e.g. on waste prevention measures. Interviews and survey

gue stionnaires are especially useful in filling data gaps.

Questionnaires sent by email enable the targeting of a large number of participants.

However, it might still be difficult to get a high response rate. For instance,

confidentiality issues may lower t he response rate, and thus it might be appropriate that

the first contact with producers is facilitated by a professional organization in the field of

IDUPLQJ ZKLFK SURYLGHV D EDVLVY RI FRQILGHQFH IDUPHUVY XQLRQV
collection used for  specific purposes, etc.). Interviews are more time consuming but they

usually have higher success rates with responses.
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Human factors, like understanding of used terms and questions, challenge the use of

both methods. Sampling biases (like bias towards particularly interested and involved

participants who diminish the average waste level) need to be considered as well as

SURGXFHUVY SRVVLELOLW\ WR HVWLPDWH RU PHDVXUH ZDVWH DPRXQWYV
rate and sampling bias complicate the aim to get a representative sample when using

interviews and questionnaires.

8.4.2 Calculation methods from statistical data

Statistical data can be used in different ways to calculate total waste of a product at the

relevant level (national, regional, etc.). Multiplicati on of per unit waste with the total
consumption is possible to obtain national data. Another example of the macro level

approach is to calculate waste of a product based on the collected amount of waste

generated in a country and data from waste compositio n analyses. Since this indicator by
definition only shows the part sent to waste treatment, similar investigation must be

done to find out how much is used for other purposes e.g. for animal feed and energy

production.

Many statistics are based on sold a mounts of a product. Net - and gross harvest can be
estimated by multiplying harvested amount per hectare or animal and comparing it to
statistical data on total number of animals or field surface.

Few examples of statistical data providers:

- The Farm Ac countancy Data Network (FADN) could be used as a possible tool to
JDWKHU 3IRRG ZDVWH’  Glbwal borRfarniz®@ a(tBough the information
found in FADN is mainly economic data and very general. An extension to cover
waste specific aspects would be ne cessary. It should be noted that Norway is not
part of the FADN.

- In Eurostat waste statistics the required data are the same, but all countries are
free to choose their own methods for collecting data, which so far makes it
difficult to compare waste figu res. However, harmonization work on
methodologies is ongoing.

- &RXQWU\ VSHFLILF IDUPHUVY XQLRQVY VWDWLVWLFY SXEOLF IDUP V
networks could be used. E.g. in some countries the statistical agency have a
number of model farms or model fishin g boats that they have an agreement with
that they deliver data at regular intervals or that the agency receive the data the
units send to the government anyway.

- National animal farm identification systems for death of farm animals.

- A mass balance approac h may also use statistical data (see 7.4.3).

8.4.3 Mass-balances

Mass-balances are ways of calculating waste using other data, e.g. sold harvest, total

harvest, waste treatment, users of discards (Gustavsson et al., 2011 & 2013) but require

available statistics  and/or expertise (Almeida 2011; Beretta 2012). Mass -balance is a
method that in principle can be used for all levels, but is usually used for a larger unit

(company or national level) or the whole supply chain. A very simple version of mass -
balance isto collect or estimate total harvest data and compare that number to data on

sold amount. Overall, in production mass -balances can be best used for situations where
data seems clear, for example for losses at slaughterhouses (output of pork meat relative

to i nput of live animals) (Franke et al., 2013).
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Inversely, estimates on wasted food retrieved from mass -balances, for example from

food balance sheets of governmental statistical agencies, may not be a reliable indicator.

In food balance sheets, losses are one amongst other parameters when putting suppl y
and demand in the equation.

Total domestic supply = total domestic demand, of which:

Total domestic demand = production + imports * exports + stock variation
Total domestic demand = Seeds + Losses + Feed + Industrial usage + Processing
+ human consump tion (without industrial processing)

According to the methodology manuals provided with food balance sheets, losses is one
parameter which is, at least partially, used for outbalancing other parameters
(production, industrial processing etc.) which are based on primary data. It can be
expected that the losses parameter in food balance sheets do not reflect loss amounts
based on primary data, but is an adjustment variable.

Furthermore, in order to avoid double counting, what is reported as losses may no t
include amounts of for example vegetables discarded from the supply chain and fed to

animals or returned/left in the field, as has been reported for for example cauliflower in
JUDQFHYV IRRG EDOEB&FH VKHHWYV

|httg://www.agreste.agriculture.gouv.fr/lMG/gdf/SBIL FLEG 1 Choux -fleursBrocolis.pdf [

Overall, mass -balances or food balance sheets produced by statistical departments are
quite heterogeneous from o ne commodity to  another and from one country to another.
This heterogeneity makes the use of mass -balances difficult to calculate waste data
currently difficult.

8.5 Methodological recommendations

8.5.1 Recommendations for quantification of wasted food

Therecomme QGHG PHWKRGV IRU TXDQWLI\LQJ “{stRkrGeadbements” DUH RQ
(Castro-*DUFLD HW DO DQG 3IRRG ZDVWH™ PRQLWRULQJ E\ GLDU\ 2z
examples were found on the latter. However, the monitoring by diary method could be

introduced as e.g. SDUW RI WKH IDUPHUVY PDQGDWRU\ GDWD FROOHFWLRQ

8.5.2 Recommendations for data collection and survey

The recommended methods for data collection are interviews and questionnaires (Ahokas

2012; Baretta 2012; Franke et al., 2013; NRDS 2012; Davis et al., 2011; Te rry et al.,
2011), statistical data, and mass -balances. The first two are applicable to calculate
conversion factors, while, mass -balances (Gustavsson et al., 2011 & 2013 ; Almeida
2011; Beretta 2012, Franke et al., 2013) provide a holistic picture. Statist ical data

providers that provide data on the amount of wasted food amounts were not identified
and thus mass -balances is currently a more applicable method.
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8.5.3 Summary of presented and recommended approaches

The suggestions for approaches and used practices are based on the arguments

presented in sections and and the aim, goals and restrictions presented in

chapter 2. Additional details for good practices are provided in [8.2]In [Table 8.3|the

DSSURDFKHV DUH HYDOXDWHG E\ WKH VXLWDELOLW\ RI WKH PHWKRG L H
reviewed approaches are still in early steps of development, and thus none of the

approaches is re ceived as directly applicable. The recommended approaches also apply to

WKH TXDQWLILFDWLRQ RI "IRRG ZDVWH’

Table 8.3 Summary of recommended approaches for quantification and data collection of
the amount of w  asted food

e . . Basic studies* for Internal prevention
Suitability to use in: EU- 28 statistics ) o
improved insight approaches**
On- site measurements X X
3IRRG ZDVWH"™ GLDU\ X X
Interviews and « «
questionnaires
Statistical data (Possible «
tools: Eurostat, FADN)
Mass-balances X
* Basic studies for improved insight, as providing background information to calculate conversion factors
and gaining a deeper knowledge of a specific problem
* Internal prevention approaches: approaches aimed for the stakeholders to map the waste and work for

waste prevention internally (good manufacturing practice for reducing wasted food)

This project has reviewed several studies, identified possible methodologies, evaluated

the methodologies and based on this have put forward some recommendations on which
methodology to use for the different purposes. Altogether, according to the literatur e
review, very few studies have been made on losses and waste in production and there

have been little or no efforts to standardize data collection and calculation methodologies

(Smil, 2004). Therefore, the subject discussed here to give methodological sug gestions
to measure the amount of lost or wasted food in production should be received as the
first approach for quantification of the amount of wasted food in production and which

will require further development in future.

The used approaches in the primary production sector are data collection methods which

include measurements, interviews, surveys questionnaires and assessing existing data

e.g. from waste treatment plants, government statistics or farm accounts. The quantity

of waste is calculated a s an absolute number or a percentage of total amount of product

through mass -balances and other simple mathematical procedure. The main complicating

factors are the large number of producers and the often large variation in waste and

yields from product to product, year to year, area to area, between technologies etc. In

addition, the lack of studies, and therefore examples on good practices, are a definitive

GUDZEDFN $GGLWLRQDOO\ LW LV QRW FOHDU ZKDW 3HGLEOH ZDVWH" LQ
complicates the estimation. Furthermore, at the primary production step, the final use of

a product is not always known since animal feed, pet food, bioenergy, biomaterial and

LQGXVWULDO VA\VWHPY DUH FORVHO\ LQWHUFRQQHFWHG 7KLV PHDQV WKI
humanc RQVXPSWLRQ LV D WKHRUHWLFDO FRQFHSW IDFLQJ FKDOOHQJHYV Z

The methods used to calculate waste would be different depending on the level of
progress of knowledge so there is need for a road map.
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To estimate the levels today, when insufficient data is available, on-site measurements
should be made to examine waste levels and the reasons behind the waste. Based on the
results indicators can be made quantifying waste per unit -packaged product, per acre
production area or based on oth er readily available data. In the future, when methods

are mature and the data needed in the assessments are incorporated in national

statistics or other readily available sources, waste can be monitored using both indicators

and other methods and data, wh ich confirm the results from the indicators. Additionally,
different methods might be necessary to quantify waste in the different phases/activities

within production.

Harvest waste is often not recorded, hence weighing should be used in the initial phas e
for plant products. This is a very resource intensive method so great care should be

taken to find representative samples. For animal production, the harvest waste equals

animal mortality incurred in the transport to the slaughterhouse. Animal mortality is
often systematically recorded, and hence the data collection method depends on where

the amount is recorded.

Waste during storage, washing, sorting and other initial processing can be quantified

directly from gathered data or using mass -balances, but initially it is necessary to get an
overview of which fractions (side flows, by -products) exist, how they are treated and the
reasons and root causes for this waste. This overview can be achieved by contact with

the involved actors through interviews and q uestionnaires.
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9 Description of approaches for
processing & manufacturing

9.1 Process description

7KH JHQHULF 33 U&rradfactuighg ~ VWHS RI WKH VXSSO\ FKDLQ FRQVLGHUHG L
section, starts when raw materials enter industrial food processing indust ries (food

manufacture) and ends when the sold manufactured goods leave the food processing

industries. Different processing industries (bakeries, dairies etc.) perform different types

of activities when transforming raw materials into various food product s, and in order to

know which activities that occur within a specific food processing industry, the specific

process needs to be mapped $ 3SURFHVV™ LQ WKLV FRQWH[W UHIHUV WR D VHULI
which could include all, or a few, activities occurring in a food processing industry;

reaching from incoming raw materials to finished product.

Figure 9.1|shows a generic process description for food manufactures indicating the types
of activities, which  often occur at a food manufacturer. Certain activities, such as sorting
may occur several times in different steps of the process.

Figure 9.1 A generic process description for food manufacturers

:KHQ TXDQWLI\LQJ "IRRG ZDVWH™ LQ D IRRG SURFHVVLQJ LQGXVWU\ LWTV
process of interest at a level detailed enough to clarify all activities whi ch may generate

waste. | |
[Figure 9.2]shows the process description for a bakery, with a deeper description of the

DFWLYLW\ 3PL[LQJ RI WKH GRXJK" WR LOOXVWUDWH WKDW SURFHVVHV FLC
levels of detail. If only considering the process of industrial bread baking as for t he lower

level of detail in | |
[Eigure 9.2](visualised at the top), then it might be so that the amount of wasted food

RFFXUULQJ GXULQJ HJ 3VHSDUDWLBBFHWVKHRGRYXEKR IQMRWXH GRXJK SLHFH
(visualised in the bottom) is neglected.
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Figure 9.2 A process description for a specific bakery (as an example), with a deeper
GHVFULSWLRQ IRU WKH DFWLYLW\ 3PL[LQJ RI WKH GRXJK"T

9.2 Indicators and data requirements

2QH LQGLFDWRU VXLWDEOH IRU PRQLWRULQJ "IRRG ZDVWH" LQ WKH IF
,QGLFDWRU 7RWDO "IRRG ZDVWH"™ WRQQHV WRWDO PDQXIDFW X

This indicator mirrors resource efficiency, since it relates the amount of wasted food to
the volumes produced (or more specifically, sold). Monitoring only the absolute volumes
of the amount of wasted food may be misleading, since a company having a large share
of waste on a small production volume may seem to have less waste than a company
having a small share of waste on a large production volume.
On the other hand, since FUSI ONS aims to increase resource efficiency by reducing the
amount of wasted food it is also important to consider the food categories/food supply
chain sectors/geographical regions, which generate the largest volumes of the amount of
wasted food. The largest amount of the amount of wasted food will in many cases
generate the largest environmental impact and monetary losses, even though the
percentage of the amount of wasted food might be low.
7KH GDWD QHHG IRU WKH VXJJHVWHG 3PLFUR Oihh¥hHe @mbougtDUURDFK”™ IRU T
wasted food requires:
1. 7RWDO "IRRG ZDVWH" WRQQH SULPDU\ GDWD FROOHFWHG E\ ZF
wasted food in the processes where it occurs
2. Total manufactured food sold (tonne), data collected from food manufacturers
The dataneedfor WKH VXJJHVWHG 3PDFUR OHYHO DSSURDFK” IRU GDWD FR
requires both:
1. Total manufactured food sold (tonne), available from national/government
statistics
2. :DVWH SHUFHQWDJHV GHULYHG IURP GHWDLOHG DQG UHSUHV
case stud ies.
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9.3 Quantification of the amount of wasted food

For quantifying the amount of wasted food, weighing as an on -site measurement is
recommended.

The pros and cons, of the presented micro level method for quantifying the amount of

wasted food, in the context of the aim and goal of FUSIONS are discussed based on a

subjective evaluation  of the criteria:  data match; representativeness (time and sample

size); accuracy; potential to quantify the amount of wasted food by product group and

for edible and inedible parts separately . The method is evaluated based on its potential
to fulfil the FUSIONS aims and goals, if applied in an optimal way:

X The data col lected matches the chosen indicator, since primary data on the
amount of wasted food is collected and food manufacturing companies have data
on the total manufactured goods sold

X The representativeness (time and sample size) is high since primary data is
collected and in so the representativeness is 100 %. The data collected is however
only representative for the time during which it was actually collected and for the
company in which it was collected

X The accuracy of data depends on the persons(s) collecting the data, and can vary
depending of the skill of this person(s)

X The method allows for quantifying the amount of wasted food by product category

X The method allows for quantifying the amount of wasted food separated in edible
and inedible parts

9.4 Data collect ion and survey

This section deals withso -FDOOHG pyPDFUR OHYHOY DSSURDFKHV HJ WKH XVH RI
interviews, surveys, mass balances and questionnaires.

Four main methodological approaches were identified as being of relevance to the
guantification of the amount of wasted foods (and by - products) arising from the
processing & manufacturing  step of the food supply chain. Each study has however used
a differi ng methodology with both merits and deficiencies depending on the purpose of

the quantification being undertaken.

The pros and cons of the presented estimates or extrapolations of waste from data for

guantifying the amount of wasted food, in the context of the aim and goal of FUSIONS
are discussed based on  subjective evaluation  of the criteria:  data match;
representativeness (time and sample size); accuracy; potential to quantify the amount of

wasted food by product group and for edible and inedible parts separately . The
approaches are evaluated in each section, based on their potential to fulfil the FUSIONS
aims and goals, if applied in an optimal way.

94.1 European production statistics
AWARENET (2004) uses European production quantities according to NACE cod es along
with a waste & by -product percentage (=transformation factor) applied to each of 19

production processes (the transformation factors applied are presented in AWARENET,
2004) to calculate a total figure for wastes and by -products generated within E~ urope. The
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19 selected production processes give wide coverage over five key food sectors (fish,
meat, dairy, wine and vegetables). However, they do not cover all production wastes
from the food processing industry.

No attempt was made to calculate the ed ible/inedible wastes and by  -products separately
DOWKRXJK LW ZDV UHFRJQLVHG WKDW 3D JUHDW SDUW RI WKLV YROXI
(e.g. spread on land, animal feed, composting, etc.) but no further details are given. It is

also appropriate to note tha  tin many cases, the transformation factor is a range but a

single value was used to calculate the waste quantity.

Pros and cons of the method:
X The data collected is considered to match the chosen indicator quite well since

data is collected on production guantities according to NACE codes (similar to
SWRWDO PDQXIDFWXUHG IRRG VROG™ DQG VLQFH WKH DPRXQW R
using a combined factor for the amount of wasted foods & by -products.
X Regarding representativeness, key sectors considered do not cover all production
wastes from the food processing industry.
X Regarding accuracy, it is not possible to determine the amount ofby -products

included in the waste figures, and these can be defined differently than the
FUSIONS definition of the amount of wasted food.

x The method does allow for quantifying the amount of wasted food for a number of
key food sectors (fish, meat, dairy, wine and vegetables)

X The method does not allow for quantifying the amount of wasted food separated
in edible and inedible par  ts

9.4.2 EUROSTAT waste statistics

BIOIS (2010) uses EUROSTAT data from 2006 on manufacturing and household wastes

although there is no standard method for data collection amongst member states. The

chosen data set was EWC_09_NOT_093 Animal and vegetal waste exc luding slurry and
manure with the NACE branch DA being used for the manufacturing sector and branch

HH for the household sector. The manufacturing sector figures quoted may also include

some green waste and wastes originating from the tobacco industry. The definitions used
for wastes and by -products may lead to discrepancies in the data and it is not possible to
determine how much by  -product is included in these figures. However, the data set is

complete for most member states and represents the best data a vailable for the food -
manufacturing sector across the EU.

Data gaps were filled using assumptions as well as supplementary evidence from national
studies to provide detail for wholesale/retail and catering/food service, which is
aggregated under Other Sec  tors.

There would appear to be wide variation in the reported quantities of waste between

member states that may be partially explained, for instance, by the concentration of food
manufacturing in countries such as the Netherlands but may also reflect iss ues around
data quality and definitions of waste. The limitations of this estimate are fully

acknowledged in the report and probably reflect both data availability and the particular

estimate required.

Pros and cons of the method:
X The data collected does  not quite match the chosen indicator since no data is
FROOHFWHG RQ S\WRWDO PDQXIDFWXUHG IRRG VROG"’
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X Regarding representativeness, the statistics is considered complete for most
member states and represents the best data available for the food -manufacturing
sector across the EU.
x BHJDUGLQJ DFFXUDF\ WKH GDWD FROOHFWHG LV QRW FRPSOHWH VI
statistics reported for the manufacturing sector may also include some green
ZDVWH DQG ZDVWHYV RULJLQDWLQJ IURP WKH WREDFFR LQGXVWU\ ,C
possible to determine the amount of by -product included in the figures, and these
FDQ EH GHILQHG GLIITHUHQWO\ WKDQ WKH )86,216 GHILQLWLRQ RI 3IR
would appear to be wide variation in the reported quantities of waste between
member states.
x The method does not allow for quantifying the amount of wasted food by product
category, only total the amount of wasted food is quantified.
X The method does not allow for quantifying the amount of wasted food for edible
and inedible parts separately.

9.4.3 Mass-bal ance approach

)$2 TXDQWLILHG IRRG ORVVHVY DQG ZDVWH RQ D JOREDO VFDOH XVLQ
Balance Sheets, presenting mass -balanced volumes of supply element (production,

imports, stock variations, exports) and utilization elements (feed, seed, proce ssing,

waste, food) for different countries/regions of the world. The study also used (for certain

crops) allocation factors to determine the part of the produce oriented to human

consumption (and not for animal feed) and conversion factors to determine th e edible

mass.

The production volumes for all commodities (except for oil crops and pulses) were

collected from the FAO Statistical Yearbook whilst the production volumes for oil crops

DQG SXOVHVY ZHUH FROOHFWHG IURP )$27V )J)RRG % yse®doRdtheKHHWY 'DWD
food supply chain from agriculture to consumption for seven regions of the world grouped

by income for each of seven food groups (cereals, roots & tubers, oilseeds & pulses,

fruits & vegetables, meat, fish & seafood, and dairy products).

Pros and cons of the method:
X The data collected does not match the chosen indicator, since there are no specific
GDWD IRU 3B\ WRWDO PDQXIDFWXUHG IRRG VROG" DYDLODEOH LQ WKH )
X The representativeness (time and sample size) is difficult to dete rmine
The accuracy of data is also difficult to determine
x The method allows for quantifying the amount of wasted food by product
category, since Food Balance sheets are available for different commodity groups
X The method does not allow for quantifying the amount of wasted food considering
edible and inedible parts separately, but conversion factors can be used

x

9.4.4 Combining data sources
C-Tech Innovation (2004) calculates the mass -balance for the UK Food & Drink
Processing Industry using a range of statistics i ncluding production data from UK

government departments and data from a waste survey of 20,000 businesses undertaken

by the Environment Agency. In some cases, statistics relating to England and Wales or

Great Britain were scaled in proportion to the number of food processing employees to
provide figures for the UK as a whole.
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The study considers the resource and waste flows from the nine sub -sectors of the food
and drink processing industry identified by the Standard Industry Classification 1992,

SIC(92) system (

Table 9.1). Sub -sector 15.7 relates to the manufacture of prepared animal feeds enabling
co-products used in the feed industry to be excluded from the calcul ation of the amount
of wasted food.

Table 9.1 Industry sector classifications used in the C -Tech study
SIC code Industry activity
15.1 Production, processing and preserving of meat and meat
products
15.2 Production, processing and preserving of fish and fish
products
15.3 Production, processing and preserving of fruit and vegetables
15.4 Manufacture of vegetable and animal oils and fats
15.5 Manufacture of dairy products
15.6 Manufacture of grain mill products, starches and starch
products
15.7 Manufacture of prepared animal feeds
15.8 Manufacture of other food products
15.9 Manufacture of beverages
After allowance for the flows of products and co -products from one sub  -sector to
another, the sub -sector mass -balances are consolidated into an overall mass -balance for

the UK food and drink processing industry.

Pros and cons of the method:
x Datais collected which can be used to match the chosen indicator quite well. The

VWXG\ XVHV 352'&20 GDWD WKDW SXEOLVK S\WRWDO PDQXIDFWXU

data on waste was collected from a National (England and Wales) waste survey
that included 20,000 business es, including food and drink manufactures.

X The representativeness (time and sample size) is difficult to determine

The accuracy of data is also difficult to determine

X The method allows for quantifying the amount of wasted food by product
category, one mass  flow for each sector of the food and drink industry was
produced

X The method does not allow for quantifying the amount of wasted food for edible
and inedible parts separately

x

The examination of the four key methods identified above for the quantification o f

food manufacturing wastes clearly shows that each have their advantages and
disadvantages. Overall, when selecting an appropriate methodology, there is a need
to ensure that the selected data set is both complete and matches the required
indicator/defini  tion. There may be particular industries/activities where the exact
definition of the amount of wasted food is critical to good quality data collection e.g.

fish processing carried out at sea, milling with high proportion of by -products rather

W KD Q 3Z DIV slddttion, when using production data, there is a need to ensure
import/export is considered and accounted for in international studies.
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9.5 Methodological recommendations

9.5.1 Recommendations for quantification of the amount of wasted
food

For quantifying the ~ amount of wasted food (the micro level approach), weighing in

combination with Lean Six Sigma is recommended. The method is foremost suitable for

monitoring the amount of wasted food within single food processing industries and for

supporting workingcomp any- LQWHUQDOO\ ZLWK 3IRRG ZDVWH™ SUHYHQWLRQ LPSI
effcienty in the production system. The method can be applied in all types of food

processing industries.

Gunnerfalk (2006) and Svenberg (2007) followed the Six Sigma approach including the
DMAIC methodology (Define, Measure, Analyze, Improve and Control) to measure food
waste and for mapping the causes of food waste in a single production line in a food
processing industry. The Six Sigma methodology has been applied in other industries for
cut ting different kinds of wastes and their associated costs, and projects have showed it
to be successful also for preventing food waste (Gunnerfalk, 2006, Svenberg 2007, and
Lindbom 2013).

The recommended company -OHYHO DSSURDFK IRU TXDQWADVMOHV LFD@Q REHBIRRG
concluded by:
1. Mapping the process
2. :HLJKLQJ 3IRRG ZDVWH" LQ WKH SURFHVV ZKHUH LW RFFXUV FROOH
3. Perform measurements frequently enough
Map the process : Before starting the measurements it is important to map the process
(the VHULHYV RI DFWLYLWLHYVY LQ ZKLFK WKH 3IRRG ZDVWH™ RFFXUV RU PD\ R
understand the process and what activities the process is made up of. A process, in the
context of a food processing industry, may e.g. the whole production line from the mixi ng
of raw materials to the end product; part of a production line or single activities such as
filling up containers or packaging. Understanding the process is necessary for
understanding where waste can occur (see also | |

.

Weighing the amount of wasted food : The Six Sigma methodology emphasizes the
importance of making decisions based on facts (Gunnerfalk, 2006). Therefore, it is

preferable to quantify the amount of wasted food by measuring the the amount of

wasted food where it occurs, in other words by collecting primary data. The amount of

wasted food varies a lot between food processing companies; within companies (e.g.
between different production lines ) and between products, so the measurements need to
be specific to give a true picture of the the amount of wasted food amounts occurring in

a certain food processing industry.

Perform measurements frequently enough . It is also important to measure the am ount of
wasted food frequently enough to illustrate the variations in the amount of wasted food

levels over time. When following up mean values for weeks/months or even years, the

variations in waste levels are not visible and the causes behind the waste a re more
difficult to identify. Measuring the amount of wasted food should preferably not be a

single (isolated) project; the work should rather be an on -going, regular, part of the daily
work.

Conversion factors : could be used for quantifying edible and i nedible parts separately,
different conversion factors for different product groups.
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The volumes of wasted food should preferably also be related to the different causes of
waste , to enable to see what causes the largest volumes of wasted food. This is fu rther
described in Appendix 2.

9.5.2 Recommendations for data collection and survey

For the macro -level approach, a method using PRODCOM data is suggested. It is similar
to the method using European production statistics, but slightly modified. The method is
IRUHPRVW VXLWDEOH IRU SURGXFLQJ 3IRRG ZDVWH" VWDWLVWLFV IRU
RQ D VHFWRULDO QDWLRQDO RU (XURSHDQ OHYHO ,W LV VXJJHVWHG
1. Total sold manufactured food (tonnes), given in the EU PRODCOM system
(Euro stat, 2010)

2. :DVWH SHUFHQWDJHV GHULYHG IURP GHWDLOHG DQG UHSUHV
case studies
The EU PRODCOM system (Eurostat, 2010) classifies products according to an eight -digit
code: the first four digits are the classification of the producin g enterprise given by the

Statistical Classification of Economic Activities in the European Community (NACE)
(Eurostat, 2008). Most product codes correspond to one or more Combined
Nomenclature (CN) codes, which is the system used for customs and taxation.
The EU PRODCOM database includes data on (Eurostat, 2010):

X The physical volume of production sold during the survey period (used for the

recommended macro level approach)

X The value of production sold during the survey period

x For some products, the volume of total production during the survey period
shows the various food product categories classified by the NACE Rev.2 3 -digit
code (it can be seen that this i s similar to the SIC system used in the C -Tech (2004)
study above).

Table 9.2 Food product categories by NACE code (Rev. 2).

NACE code Description

(3 digits)
10.1 Processing and preserving of meat and production of meat
products
10.2 Processing and preserving of fish, crustaceans and molluscs
10.3 Processing and preserving of fruit and vegetables
10.4 Manufacture of vegetable and animal oils and fats
10.5 Manufacture of dairy products
10.6 Manufact ure of grain mill products, starches and starch
products
10.7 Manufacture of bakery and farinaceous products
10.8 Manufacture of other food products
10.9 Manufacture of prepared animal feeds
11.0 Manufacture of beverages
It is suggested to use the more specific 4 digit code if possible + however, if resources do
not allow, the 3 digit code could suffice although there will be undoubtedly greater
variation in the quantities of wastes arising from the processes listed under the more

generic 3 digit code.

BURGXFW JURXS VSHFLILF 3IRRG ZDVWH"™ SHUFHQWDJHVY GHYHORSHG
detailed and representative case studies) would be applied to the volumes of
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manufactured food to quantify the the amount of wasted food having occurred to
produce the volumes of sold manufactured food. The waste percentages would be
determined by mapping and evaluating food production systems in collaboration with

industry professionals (preferably using the suggested micro level methodol ogical
approach for quantifying the amount of wasted food). Ideally, the waste percentages
should define edible and inedible wastes and co -products separately.

The following equation quantifies the amount of wasted food (tonne):

_ facORarrOael 00 elh@hxagaaad
(KK@®=0PRBJA L 544 7D0=@BA0BacoU D

Allowance for the flows of products and co -products from one food product group to
another should be made to ensure the avoidance of double counting before consolidating
the sub -sector mass -balances into an overall mass  -balance for the EU food and drink
processing industry. This is the same approach as undertaken in the C -Tech (2004) UK
study.

9.5.3 Summary of presented and recommended approaches

presents a summary of the presented and recommended approaches for

TXDQWLINLQJ WKH DPRXQW RI ZDVWHG IRRG RU DQ\ IUDFWLRQ RI "IRRG Z
level and top down approach. The recom mended approaches also apply to the

TXDQWLILFDWLRQ RI "IRRG ZDVWH’

Table 9.3 Summary of presented and recommended approaches for quantification and
data collection of wasted food

Basic studies for Internal prevention

Suitability to use in: EU- 28 statistics _ e
y improved insight* approaches**

Weighing in combination with
Lean six Sigma (Gunnerfalk, X
2006 & Svenberg, 2007)

European production

statistics (AWARENET, 2004) X

EUROSTAT waste statistics X

(BIOIS, 2010)

Mass-balance approach X

(FAO, 2011)

Combining data sources X

(C-Tech Innovation, 2004)

PRODCOM data (developed) X

* Basic studies for improved insight, as providing background information to calculate conversion factors

and gaining a deeper knowledge of a specific problem
** Internal prevention approaches: approaches aimed for the stakeholders to map the waste and work for
waste prevention internally (good manufacturing practice for reducing wasted food)

Weighing in combination with Lean Six Sigma is mostly relevant for stakeholders to work

internally with mapping their waste and working with waste prevention within t heir own
business. However, results can be linked to the recommended macro level approach for
TXDQWLI\LQJ 3IRRG ZDVWH™ VWDWLVWLFV RQ D (XURSHDQ OHYHO
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Using PRODCOM data includes the results from detailed micro level studies (as
suggested) together with a  vailable European statistics.

Standard approach on quantitative techniques to be used to estimate
food waste levels | 45



10 Description of approaches
for wholesale

10.1  Process description

7KH SUHVHQW FKDSWHU GHDOV ZLWK 3ZKROHVDOH" ZKLFK LV GHILQHG ZL!
gate of processing & manufacturing and the end point at the gate into the end user (e.g.

retail, food service  or household ). The whole process in the present food supply chain

level consists of the transport process from processing to wholesale, the commissioning

process, the storage of pr  oducts and the distribution to client (see [ |
. It has to be mentioned that in practise the transport processes may be

conducted by different stakeholders. O ne situation is that a separate haulier delivers the

order from processing to wholesale and from wholesale to the client (e.g. retail, food

VHUYLFH ,Q WKLV FDVH LQIRUPDWLRQ RQ 3IRRG ZDVWH"™ FRXOG EH IRXQ
company. Another option is that p roducers/processors have their own truck fleet for

delivery directly to their clients. In this case, the process remains the same but

LQIRUPDWLRQ RQ 3IRRG ZDVWH™ LV IRXQG DW SURGXFHUV SURFHVVRUV R
companies. This consideration is also re levant if the wholesaler’s client (e.g. retailer) has

WKHLU RZQ WUXFN IOHHW 7KHQ LQIRUPDWLRQ RQ 3IRRG ZDVWH™ JHQHUD
process can be found at retail level or logistic companies. Independent of the

stakeholder, the transport process has to be considered within the methodology.

A similar situation can also be found at the next step, which is commissioning. The
commissioning step could lead to a refusal of products which in some cases are wasted

on site or which are transported back to or igin. In both cases a registration of the
returned products at the wholesale is not common as the financial burden has to be paid

by the supplier (this means producer/processor). Therefore, information on amount and
further fate of the refused products can be found at producer/processor level. It is
important in such situations to distinguish between the economic transactions and how

the physical waste flow is organized, to avoid both double -counting and zero waste
registration.

Figure 10.1: Process description for wholesale
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Addressing level of detail there is the no specific suggestion to distinguish between
different types of wholesalers.

10.2 Indicators and data requirements

Indicators should match the requirements as described in chapter 5. In order to compare

"IRRG ZDVWH” DORQJ WKH IRRG VXSSO\ FKDLQ DEVROXWH YDOXHV DU
units. According to the FUSIONS point of view, a mass based approach is recommended

also for this issue. This mea QV WKDW DYDLODEOH 3IRRG ZDVWH™ LQIRUPDWLRQ
value or volume based onformation, should be converted into mass through conversion

factors (e.g. economic value per kg product).

,Q RUGHU WR SURYLGH FRPSDUDEOH 3IRRG ZD Y Wtd aré i@g&ledBrW RUV WKH
wholesale and logistic processes:
WRWDO "IRRG ZDVWH" JHQHUDWHG SHU \HDU
rejected amounts during commission activities per year
conversion factor to calculate mass out of economic value (coming from
packaging, product description, esti mation) on the level of products or product
categories as far as possible
food amounts donated to redistribution per year
conversion factor for calculating inedible parts
turnover in economic value
total input of food products in mass
The information on do  nated food is important to distinguish between economic loss and
UHDO 3*IRRG ZDVWH" $V IRU WKH ZKROHVDOHU WKH GRQDWHG SURGXF
accounted as economic loss and are registered within the stock -keeping tools and/or
book keeping tools. Fr  om a waste management point of view, food donated for human
consumption is not waste but waste prevention and therefore has to be subtracted from
the wasted amounts (see also chapter 10.3).

7KH WRWDO *IRRG ZDVWH" SabdsisHvbith fuRR¢Pcen Békonverted into
related indicators. The following indicators should be used for wholesale and logistics:
WRWDO "IRRG ZDVWH" JHQHUDWHG SHU \HDU
"IRRG ZDVWH" TXRWD XVLQJ WXUQRYHU LQ HFRQRPLF YDOXH D\
WRWDO ZDRRMSH™ LQ PDVV SHU \HDU WR WRWDO LQSXW RI IRRG SU
\HDU NJ 3}IRRG ZDVWH" SHU NJ LQSXW
7KH LQGLFDWRU "WRWDO *IRRG ZDVWH"™ SHU WRWDO LQSXW" FRXOG Q
between companies but also other stakeholders along the food su pply chain.

$ VSOLW RI 3IRRG ZDVWH" GDWD LQWR SURGXFW FDWHJRULHV LV SUH
for designing appropriate prevention measures, disposal options and environmental

impact. A standardized classification scheme should be used. Further i nformation on

classification of product groups is provided in Appendix 3.2.

Further information with respect to representativeness, uncertainty etc. are summarised
in Appendix 1 on data quality.
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10.3  Quantification of the amount of wasted food

Literature re search conducted within FUSIONS indicated that there is a lack of public

DYDLODEOH 3IRRG ZDVWH™ GDWD IURP ZKROHVDOH 0jOOHU HW DO (
steps within this part of the food supply chain are rarely mentioned and considered in

liter ature. The review of relevant European literature indicated that on the one hand

XVHIXO GDWD IRU FKDUDFWHUL]DWLRQ DQG TXDQWLILFDWLRQ RI 3IRRG ZL
available from literature or statistics and on the other hand, direct measurements hav e

also major disadvantages. Therefore, one has to use information from key personnel to

UHFHLYH DGGLWLRQDO LQIRUPDWLRQ H J VKDUH RI 3IRRG ZDVWH ™ ZLWKL
GRQDWHG IRRG DV EDVLV IRU URXJK HVWLPDWLRQV RlatalmghG ZDVWH" IUR
also be available from the logistic companies which operate on behalf of the warehouses,

and where most large companies have access to data on damaged food and goods from

their own activities.

10.3.1 Interviews

Interviews with key personnel from wholes ale sector was used e.g. by Kranert et al.

(2012), Stenmarck et al. (2011), WRAP (2011) and Beretta (2012). In most cases, it is

not clear if information given by interviewees represent estimates made by the

respondent based on experience, or if exact figu res from company’s database were

communicated. The literature review indicated that information from interviews with key

SHUVRQHOO FRXOGQYW EH XVHG IRU HVWLPDWHY RQ 3IRRG ZDVWH™ TXDQ)\
other approaches in addition.

Pros and cons of t he method:

The interviews based on company’s level could be seen as useful input in order to clarify

general conditions, how assumptions could be chosen, which detailed data could be

provided by the company as basis for further calculations etc. A pro of e xpert interviews

LV WKDW WKH\ PD\ HYWLPDWH TXDQWLWLHY RU VKDUHV RI 3IRRG ZDVWH’
quality level than others. The disadvantage of interviews is that often the outputs

UHSUHVHQW HVWLPDWHYV RU TXDOLWDWLYH LllgtRahPeASUIERQ RQ 3IRRG ZDVW
TXDQWLWDWLYH ILIJIXUHV RQ 3IRRG ZDVWH" 7KHUHIRUH FDOFXODWLRQ RI
provided data is not possible. In addition, in -depth interviews are time consuming and

expensive and therefore, often the results do not repre sent the sector in a proper way

which has a negative impact on extrapolation on a region or nation.

10.3.2 Scanning

Hanssen and Schakenda (2010; 2011) used scanning method in order to determine food

waste from 13 Norwegian wholesale and distribution centres split into 9 different product
categories, giving very precise data about food waste. A number of different causes for

food waste were used by registration, making it possible to choose between waste

originating at the warehouse and waste that did not belong to their own operations.

Other approaches at level of wholesale such as waste sorting analysis are not mentioned
within the reviewed literature.

Pros and cons of the method:

7KH VFDQQLQJ PHWKRG UHSUHVHQWY DQ DFFXUDWH DSSURDFK WR UHJLV
detailed level. Relating the wasted products directly with the product database of the
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company, allows a deeper insight and many analyses. Nevertheless, the literature review
indicated that either this method is not used to a larger extent for quantificat LRQ RI 3IRRG
ZDVWH" RU WKH FRQGXFWHG VWXGLHVY DUH QRW SXEOLVKHG GXH WR

Another disadvantage of the reviewed approaches was that there was no detailed

information on which processes have been included in the food supply chain step

3ZKROHVDOH" 7KHUHIRUH LW ZDV QRW FOHDU ZKLFK SURFHVVHV FRX
approaches. For example, it is assumed that the scanning method at the wholesale and

distribution centres could only include products that are already owned by the compani es

and therefore products wasted during external transports and commissioning processes

are not included and would have to be tracked by using other approaches.

10.4  Data collection and survey

104.1 Statistics from authorities or waste management companies

Literature research on wholesale and logistics showed that there are no or only poor

3]IRRG zDVWH" GDWD DYDLODEOH YLD VWDWLVWLFVY IURP LQWHU QDW
wholesale and logistics as well as scientific literature. Kranert et al. (20 12) describe that

available waste management data from wholesale umbrella organisations do not cover

the whole sector and furthermore are related to organic waste in general. In most cases,

the assortment of wholesalers of perishable goods include besides food also plants and

flowers. Beretta (2012) indicate that only information on the handled number of pallets

was available which had to be transformed into mass by estimate the average mass per

pallet. Statistics from authorities related to wholesale are r are as in most cases more

aggregated information is available only (BIOIS, 2010).

Pros and cons of the method:

The advantage of using (inter)national statistics or statistics from larger units of the

ZKROHVDOH VHFWRU LV WKDW WKH Y sibgle stR@hdRlerm&/R& ZDVWH’
balanced to a certain extent. On the other hand, at present there are a lot of

uncertainties with respect to covered market share and waste streams, waste data

related stakeholders respectively processes, composition of recor ded (organic) waste and

applied approaches used to establish the statistics.

10.5 Methodological recommendations

10.5.1 Recommendation for quantification of wasted food

The following methodology that is suggested as standard approach for wholesale is based
on existi ng data found at the wholesale with integration of further details to keep the
additional effort as low as possible while generating useful data. Besides the suggested
two methodologies, also others are possible (e.g. diaries) but seem not to have the

requ ired effectiveness with respect to the requirements mentioned in Appendix 1.
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,Q JHQHUDO WZR DSSURDFKHV FRXOG EH LPSOHPHQWHG WR VHW XS D 3IF
wholesale:
based on existing company data or
based on on -site measurements, if company dat a are not available or confidential.
In general, most of the organic waste which is generated at wholesale is assumed to
EHORQJ WR HGLEOH 3IRRG ZDVWH"~ ORVW RI WKH SURGXFWY DUH DOUHDG
case of fresh fruits and fresh vegetables it might occur that inedible parts such as leaves
have to be removed during/after storing, fall out of the boxes or have to be removed
during display.

Methodology based on company’s data base

Existing company data coming from electronic stock -keeping tools and/or  book keeping

systems can be used as baseline information and adjusted with new information for

TXDQWLILFDWLRQ RI 3IRRG ZDVWH~ 'HSHQGLQJ RQ WKH UHVSRQVLELOLWL
VXSSOLHU WR ZKROHVDOH GDWD RQ 3IRRG zZzDVWiHgaeldWZHHQ JDWH RI VX
ZKROHVDOH KDYH WR EH FROOHFWHG ,Il TXDQWLILFDWLRQ RI 3IRRG ZDVW
recorded honestly, those quantities that are sent back to suppliers (edible products not

commissioned by wholesale as not meeting required standards) shou Id also be

considered. As in most cases there is no tracking of those amounts at the wholesaler (as

not entering the wholesaler’s gate from a book -keeping perspective), the

LPSOHPHQWDWLRQ RI D 3IRRG ZDVWH"™ GLDU\ DW ZKROHVD®&H RU UHFRUGL
taken into consideration.

Basic information from wholesaler’s electronic book keeping system which holds

information about general product details, sales of the product and non -sold products
(information that come from scanning of non -sold products a ttime of removal) is
normally available at least in economic terms (level of detail varying but mostly available

on single product level). This information source often also includes breakage as well

ZKLFK EHORQJV DOVR WR 3IRRG ZDV W HIONSHEfRItIOR. .[EQohoieR WKH )86
information should be converted to mass based amounts by using information from

logistics (needed for truck load calculation), packaging (information printed on product’s
packaging and included partly in products specification) or estimation of product experts
in case of unpacked products or if no other information is available (e.g. 1 piece of

mango equals to 350 g on average). This leads to information of non -sold products in
mass units.

W KDV WR EH FRQVLGHUHG \AskiBfivied h\RARISIORIB WMIHES only mass

based waste and not economic based amounts. Therefore, there is a difference between

non -sold products in general or products sold to reduced prices that mean an economic

loss for a company, and those non -sold prod ucts that are donated to redistribution

sector. If there is a cooperation with food banks or other organisations which redistribute

(parts) of the non  -sold food products for human consumption, these amounts should be

VXEWUDFWHG IURP WKH RYHUWWDOND 3| RRE VIDR/WVHY WKH FDVH ZKHQ SURGXF
used in own canteens or given/sold to employees to reduced prices. Some companies

already record these amounts in their electronic systems, others should implement a

scanning and recording approach or conduct D 3IRRG ZDVWH” GLDU\ IRU HIWUDSRODWLF
one year.

,Q RUGHU WR vSOLW WKH WRWDO 3IRRG ZDVWH" LQWR HGLEOH DQG LQHG!
factors have to be introduced to subtract the inedible parts (if applicable, e.g. with fresh

produce). To provide comparable data, the time span considered for the calcul ation of

WRWDO 3IRRG ZDVWH” VKRXOG EH RQH FDOHQGDU \HDU )LJXUH VKRZYV
FDOFXODWH WKH 3IRRG ZDVWH" TXDQWLW\ EDVHG RQ H[LVWLQJ GDWD DGI
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information. On the left side of the scheme the related process steps are indicated

logistics, commissioning, storage, logistics) which were also displayed in | |
,Q RUGHU WR DFKLHYH D WRWDO VXP RI 3IRRG ZDVWH" DW Zk¥
3IRRG ZDVWH™ VSOLW LQWR HGLEOH DQG LQHGLEOH SDUWV RI HDFK V|

summarised. One should keep in mind that all information should be provided for certain
product categories mentioned in Appendix 3.2.

Figure 10.2 6FKHPH RI TXDQWLI\LQJ 3IRRG ZDVWH™ DW ZKROHVDOH EDVH
data adapted with further information

,Q RUGHU WR SURYLGH 3IRRG ZDVWH" LQGLFDWRUV WKH WRWDO HGLI
year should be conver WHG ,Q FDVH Rl ZKROHVDOH DQ HGLEOH 3IRRG ZDVWH
turnover (in economic value) could be used. With this indicator a comparison with other

wholesalers nationally and internationally would be possible.

$QRWKHU RSWLRQ LV WR UHORIBWAD WWRWDOQHRBRLEW IS HIR\HDU WR WRWDC
IRRG SURGXFWYVY LQ PDVV SHU \HDU NJ HGLEOH 3IRRG ZDVWH" SHU NJ
would allow also a comparison with other stakeholders (not only wholesalers or other

FRPSDQLHV ZLWK UHVSHFW WRinptt UtiksBtMhL YHQHV V'’

The pros of the described approach are that a large amount of existing continuous data

(amount and composition) are available if the data base is an electronic system which is

used for other purposes (e.g. recording for tax purposes , book keeping, controlling) and
that there is no extrapolation from small -scale on -site measures necessary which are
often not representative. In addition, the data are available on article basis and later a

grouping with respect to certain product catego ries could be conducted easily, if required.
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Cons are that there is a conversion from economic data to mass based data necessary,

one has to consider manually the subtraction of packaging mass and mass of inedible

parts (if not available, the conversion fa ctor of inedible parts could also be considered on
a national basis, if composition data are available) and correction for products that are

not sold to full price but not wasted either (donations, sold to employees, used in

canteens etc.). Also for the in formation on returned amount during commissioning

process as well as transport processes, a separate recording has to be implemented at
wholesalers respectively double -counting with recordings at supplier level should be
avoided.

Methodology based on on-site measurements

If a wholesale company does not have an electronic system where the necessary

information is stored, they could use the registration of their waste from the

wholesaler’s waste management company and conduct waste sorting analyses to

deter mine composition and calculate amounts or eventually use waste factors available in
literature. Figure 10.3 VKRZV D VFKHPH RI TXDQWLI\LQJ 3IRRG ZDVWH" DW ZKROH
existing waste management data and additional waste compositi on analyses. The
available waste management data, which usually is available in mass or volume of waste

is obtained from the external waste management company that is in charge of disposal of

the wholesaler’s waste. If the waste management data are already available mass -
based, they can be used directly. If waste management data are only available in volume

(not available bin volume but real waste volume), a conversion factor (bulk density) has

to be determined to calculate mass from volume recordings toget her with the
composition analyses.

Figure 10.3 6FKHPH RI TXDQWLI\LQJ 3IRRG ZDVWH™ DW ZKROHVDOH EDVHG RC
management data and further on - site measurements

In addition, the composition of the generated waste is measured by separate waste
composition analyses, which have to be planned according to the information given in
Appendix 1. Of course, conversion factors to consider packaging mass, inedible parts etc.
have to be applied also within the present methodology similar to the approach described
in IRU FRPSDQLHVT .GnxovttasEtd ttiedmethodology described for on -site
measurements , the product categories have to be determined according to Appendix 3.2
before conducting the sorting analysis as a detailed analysis per single article is not
feasible and there is less option for a changed classification at a later point of time.

There is also a difference to the previous described method with respect to food products

which are donated to redistribution organisations. In order to register those donation

DFWLYLWLHY ZKLFK FDQ EH DFFRXQWHG DV 3IRRG ZDVWH" SUHYHQWLRQ
should be implemented on regular basis in order to also track potential internal

optimisation optio  ns on the one hand and to prove the level of existing prevention on the

other hand.
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Along the approach of the previous described methodology, the process steps of logistics
have to be recorded separately.

3URV DUH WKDW D GDWD EDVLV UHBRYWHEG BAHRSURNG ZHD/ WKW FRQV DU
approach is very time consuming, needs proper planning in order to consider all data

requirements and therefore is expensive. This should be considered particularly with

relation to along -term approach (to provide regular data for a longer period).

Another downside with using data from waste management companies is that it probably

ZLOO QRW UHIOHFW DOO :*IRRG ZDVWH" JHQHUDWHG SDUWV RI WKH 3]
biogas plants and farms (used as animal feed) an d this waste will not be included in the

data from waste management companies.

10.5.2 Recommendations for data collection and survey

The best approach for the forthcoming decades seems to implement a national system

where branch related data are already provided by the branch itself, as this should

ensure data consistency in a proper way. In case, that single data from wholesale

compani es are collected, there should be a standard approach suggestion for companies

provided from authority or authorised research organisations (see section 10.5.1 ). If this
system can be implemented, an extrapolation should include a weighing method
according to the market share of the respective company.

The pros of this approach are that a branch estimation is also possible in case not all

FRPSDQLHY GHFODUH WKHLU 3IRRG ZDVWH" ,I LW LV QRW SRVVLEOH \
standar d approach on company level, e.g. as there is no consideration of inedible parts,

this issues could also be added on a national assumption, if appropriate information is

available. The cons of the suggested approach are that the extrapolation is very rough if

the characteristics of outlets, characteristics of assortment etc. cannot be considered.

Also, if only aggregated values are available for specific companies, the calculation of

statistical factors such as margin of deviation is not possible. This mean s that it is not

possible to estimate the error of the total result. Furthermore, the consideration of

LQHGLEOH SDUWV ZLWKRXW NQRZOHGJH RQ UHSUHVHQWDWLYH FRPSF
wholesale and logistics is not meaningful (single measurements seem t 0 be not

representative).

10.5.3 Summary of presented and recommended approaches

The following section summarises the previous described approaches for wholesale,
discusses the pros and cons and also evaluate the matureness of the method. The results
are summaris edin Table 10.1.

Interviews of key personnel (e.g. Kranert et al., 2012) could be used for collection of

additional information valuable for further calculations of data achieved by application of

other approaches. Literature review showed that in most cases interviews were combined

ZLWK RWKHU DSSURDFKHYV IRU TXDQWLILFDWLRQ RI 3IRRG ZDVWH" 7K
FRXOG JLYH D GHHSHU LQVLJKW RQ FRQGLWLRQV RI 3IRRG ZDVWH" JH
incentives for prevention and theref ore could be valuable for deeper studies and

VWDNHKROGHU 3VHOI DVVHVVPHQW" ,Q FRPELQDWLRQ ZLWK FRPSDQ\:
help to achieve the suggested indicators even if not all relevant information is available

as the experts could give an estimate . The accurateness of estimation on product level

Standard approach on quantitative techniques to be used to estimate
food waste levels | 53



VHHPVY WR EH ORZHU WKDQ WRWDO 3IRRG ZDVWH" ,Q FRQWUDVW LW LV D
could have a good quality estimation of the share of edible and inedible parts of their

FRPSDQ\*V 3IRRG ZDV Wdpéct tar¥piesentativeness related to time, it is

expected that interviewed experts could give a good estimation on changes or trends

over a certain time period. Nevertheless, conducting in -depth interviews is time

consuming and therefore it is assumed that the covered number of stakeholders is in

most cases not representative for the branch (except if market concentration is high).

The uncertainty of the achieved results from interviews of key personnel was already

mentioned above and depends on the spe cific issue. The method is already applied in a

ODUJH VFDOH DQG FRXOG EH XVHG WR JHW DQ RYHUYLHZ RQ WRWDO 3IRR
between edible and inedible parts.

The scanning method as used e.g. by Hanssen and Schakenda (2010, 2011) results i n

very detailed information on article level and is therefore suitable for both deeper studies

DV ZHOO DV VWDNHKROGHU 3VHOI DVVHVVPHQW" 5HODWLQJ WKH ZDVWHG
SURGXFW GDWDEDVH RI WKH FRPSDQ\ DOORZV D GHHBRG POPWAIKW LQWR
analyses. In case it is possible to convert the economic data to mass data, the

requirements of the suggested indicators can be achieved. As the method is based on

article level, also a detailed assessment of product categories (level of aggreg ation can

be changed after data collection easily) and a calculation of edible and inedible fractions

are possible. Nevertheless, the literature review indicates that either this method is not

XVHG WR D ODUJHU H[WHQW IRU TXDQW LI laFdd WelcB@Qudred 3tuRiBsG ZDVWH™ VR |
are not published due to confidential issues. This means that at present the method is

only used in small -scale projects and cannot fulfil representativeness with respect to time

period or sample size. If conducted on regular ba sis, this method is very promising to

SURYLGH GHWDLOHG GDWD RQ 3IRRG ZDVWH"™ 7KH XQFHUWDLQW\ RI WKH "
preliminary restricted on the sample size and the quality of the underlying product

database. It is assumed that not only packed products can be scanned using the bar code

displayed on the packaging but also unpacked products could be registered by using a

separate bar code for identification (e.g. used for ordering system). As it is assumed that

bar code and scanning system is already esta blished at wholesale companies, the method

LYV GLUHFWO\ DSSOLFDEOH IRU ERWK WRWDO 3IRRG ZDVWH" DQG GLIIHUHC

The method to use (inter)national statistics and/or aggregated statistics from umbrella

branch organisations as e.g. conducted by BIOIS (2010), Kranert et al. (2012) or Beretta
(2012) could be used in general for rough estimations on member state level or EU -28
level. The advantage is that the effort for the user is limited and a general overview on

the situation can be achieved. As important information such as composition of the waste
related to food and non  -food components and in most cases also the coverage of the

market share is missing, the method does not even fulfil the basic requirements of the
LQGLFDWRU 3S\WRWDOSHRRE8MDVWHH WR WKLY ODFN DOVR RWKHU UHODWH
suggested for wholesale cannot be calculated. With respect to the level of detail, meaning
composition of the waste stream related to edible and inedible fraction or specific product
categoriest here is also no information available. Usually, the time span of data recording

of (inter)national statistics and aggregated statistics from umbrella branch organisations

is one year and could be available on a long -term period. The sample size (coverage o f
branch) is often uncertain, especially for (inter)national statistics as due to the

aggregated level, specific stakeholders of the food supply chain (or processes) cannot be

tracked separately. In total, many uncertainties occur with this method. With re spect to
the suitability of the method, it needs to be developed further to track edible and inedible

fraction as in most cases the share of other organic (non -food) waste cannot be
determined.
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The method of using information already available at company level (stock -keeping/book

keeping tools, see section @ is a modification of the above mentioned scanning method.

Here, the recording of the unsold products is conducted on a regular basis and

automatically processed within the stock -keeping/book keeping tool. This leads to a very

GHWDLOHG LQIRUPDWLRQ EDVLYV RQ 3IRRG ZDVWH"™ SULPDU\ UHODWHG
the conversion into mass data is possible, the method fits perfectly for the required

indicators. If implemented on a branch scale, the method provides data for all levels *

EU- 28, member state as well as in -GHSWKVWXGLHY DQG VWDNHKROGHU 3VHOI D\
data can be assessed related to product cat egories, edible and inedible fraction can be

calculated, it can be used for a long -term recording for the whole company or branch. Of

course some uncertainties may occur due to conversion of economic value in mass data,

problems with booking inconsistency etc. but by far those errors are much smaller than

those resulting from other quantification methods. On the one hand, the technology of

electronic stock -keeping/book -keeping tools is well established and allows a detailed
GLIIHUHQWLDWLRQ RIZDYVWANHBSHRRBQG LV GLUHFWO\ DSSOLFDEOH
due to confidentiality issues it will take a lot of effort in future in order to implement this

method on a large scale.

In case where stock -keeping/book keeping tools are not available due to sm all company

size or confidentiality, on  -site measurements (with or without scanning ) described for on -

site measurements  can be conducted. With proper planning, they can provide deep

LQVLIKWY LQWR 3IRRG ZDVWH™ FKDUDFWHULVWLFW-deh.StldieBDNH WKHF
DV ZHOO DV VWDNHKROGHU 3VHOI DVVHVVPHQW" ™ 7KH\ PD\ IXOILO WK
indicators for retail and markets also on detailed level of product categories and

edible/inedible fractions. The main problem approaching with the meth od is

representativeness in time and for the company or branch, which includes the

uncertainty that if extrapolated, the data do not represent the average. This

disadvantage could be decreasing with an increasing number of available literature data

as incr easing knowledge on influencing factors could enhance proper planning. The

method is already widely used, and is directly applicable.

Data from direct measurement of waste could be used to better estimate conversion
factors to be used for calculation of d etailed data from national statistics in future. The
UHFRPPHQGHG DSSURDFKHY DOVR DSSO\ WR WKH TXDQWLILFDWLRQ R

Table 10.1 Summary of presented and recommended approaches for quantification and
data collection of wasted food

o . EU- 28 Basic studies for Internal prevention
Suitability to use in: . . o
statistics improved insight* approaches**
Interviews of key personnel (Kranert « «
et al., 2012)
Scanning (Hanssen and Schakenda, « «
2010, 2011)
(Inter)national statistics, aggregated
statistics from umbrella branch «
organisations (Monier et al., 2010;
Kranert et al., 2012; Beretta, 2012)
Stock - keeping tools X X X
On-site measurements X X
* Basic studies for improved insight, as providing b ackground information to calculate conversion factors

and gaining a deeper knowledge of a specific problem

b Internal prevention approaches: approaches aimed for the stakeholders to map the waste and work for

waste prevention internally (good manufacturing practice for reducing wasted food)
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11 Description of approaches
for retail and markets

11.1  Process description

7KH SUHVHQW FKDSWHU GHDOV ZLWK 3UHWDLO DQG PDUNHWYV™ ZKLFK LV C
different types of stakeholders:
large in -store retailers
small in -store retailers
retail via market stalls
The large in store retailer has the starting point at the input of products at the gate of
the retail centre of distribution and the end point at act of purchase to end consumer.
The process steps for large in store retailers is slightly different to small in - store retailers
as well as retail via market stalls as for the small retailers and the market retail the
absence of a distribution centre is assumed.

It is assumed that in the case of large i n store retailers the producer, the wholesaler or a
separate haulier delivers the order to the large retailer’s distribution centre. The

SURFHVVHV ZKHUH 3IRRG ZDVWH" PD\ RFFXU DW ODUJH LQ VWRUH UHWDLC
arrival of (food) products at the large retailer’s distribution centre. It includes the
commissioning, the storage at the large retailer’s distribution centre, the handling and

transport processes to the large retailer’s outlets, the (short -time) storage at the outlets
and the display at the shelf. The relevant processes for large in store retail ends with the

act of purchase to end consumer. The commissioning step could lead to a refusal of

products which in some cases are wasted on site or which are transported back to origin.

In bot h cases a registration of the returned products at the large retailer is not common

as the financial burden has to be paid by the supplier (this means producer/processor).

Therefore, information on amount and further fate of the refused products can be fou nd
at producer/processor level.

In case of small scale retailers (e.g. freelance retailer with one outlet) as well as in case

of retail via market stalls the food waste related processes start with the act of purchase

at the wholesaler and includes the tr ansport, the (short  -time) storage, the display at the
market and ends also with the act of purchase by the final consumer. It is assumed that

due to the small scale of the business there is no distribution centre.

The activities which should be considere G IRU TXDQWLI\LQJ 3IRRG ZDVWH’™ IURP UHWDL
markets are displayed in Figure 11.1.
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Figure 11.1: Process description for large and small in store retail (top) and markets
(bottom)

According to the Statistical Classification of Economic Activities in the European
Community, Rev. 2 (2008) retail activities are listed within group 47 and includes food
retailing within subgroups

47.1 Retail sale innon  -specialised stores,

47.2 Retail sale of food, beverages and tobacco in specialised stores,

47.8 Retail sale via stalls and markets and presumably

47.9 Retail trade not in stores, stalls or markets.
7R FODULI\ WKH OHYHO RI GHWDLO ZKLFK VKRXOG EH FRQVLGHUHG Z
PDUNHWY" RQH VKRXOG KDYH D ORRN WR RSWLRQV IRU FODVVLILFDW
structure of the classification uses in a first level of distinction the ind icator if retail takes
SODFH 3LQ VWRUH" RU 3QRW LQ VWRUH" LQ D VHFRYSHFHDPPBOVIHGVSHI
DQG LQ D WKLUG OHYHO LI 3IRRG SUHGRPLQDWLQJ" RU S RWKHU" 7KLV

Figure 11.2) could be valuable for an extrapolation of micro level based information

towards NACE classification scheme but seems to be not the best option with respect to
basic development of a quantification methodolo ay.
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Figure 11.2: Retail classification structure according to Statistical Classification of
Economic Activities in the European Community, Rev. 2 (2008)

7KHUHIRUH DQRWKHU FODVVLILFDWLRQ VKRXOG EH XVHG ZKLFK LV UHOD
Unfortunately, no established classification of retail stores could be found in literature as

many different schemes are used depending on the scope of classification . One popular

indicator for a classification is sales area which is e.g. used by researchers (cf. Guy,

1998), by market research companies (cf. ACNielsen, 2013) and whose wording is also

applied by professional journals (cf. Cash, s.a.; Handelszeitung, 201 3). The problem is

that different class sizes are used for the classification and in addition size -independent

terms are used. |[Figure 11.3|compares the retail classif  ication mentioned by Guy (1998)

with that used by ACNielsen (2013) for Austria. In addition to sales area, ACNielsen

GHILQHV 3GLVFRXQWHU" VHSDUDWHO\ ZLWKRXW UHODWLRQ*WR VL]H EXW
In many cases the business model at retailers als o includes food service activities, e.g.

cafés or restaurants, which have to be considered separately (see chapter 13).

Assuming that there is + beside other influencing factors - a relation between the sales
DUHD DQG WKH 3IRRG ZDVWH’" G HéduaiDnith iRciedsinig Sales@rda, cf.
Schneider et al., 2013), an agreed classification of retail outlets could help with

extrapolation of micro level results to overall sector.

3Um‘ortunately,éZ E Jev} o & (]v]lsS]}v }(8zZ 3§ EBu " ]-offpredadicles) wayoX C vpu &E
display products etc.

58 | FUSIONS Reducing food waste through social innovation



Figure 11.3: Comparison of different retail classification systems based on sales area

Addressing retail via market stalls there is the no suggestion to distinguish between
different types of markets.

11.2 Indicators and data requirements

,Q RUGHU WR FRPSDUWMHTRPRORQADWEKH IRRG VXSSO\ FKDLQ DEVROXWH
using the same units. According to the FUSIONS point of view, a mass based approach is
UHFRPPHQGHG DOVR IRU WKLV LVVXH 7KLV PHDQV WKDW DYDLODEOH
should be converted intom  ass.
,Q RUGHU WR SURYLGH FRPSDUDEOH 3IRRG ZDVWH" LQGLFDWRUV WKH
WRWDO "IRRG ZDVWH" JHQHUDWHG SHU \HDU
rejected amounts during commission activities per year
conversion factor to calculate mass out of economic value (coming from
packaging, product description, estimation)
food amounts donated to redistribution per year
conversion factor for calculating non -edible parts from the entire product, e.g. the
share of the banana that is peel
turnover in economic value mass

The informat ion on donated food is important to distinguish between economic loss and

UHDO *IRRG ZDVWH" $V IRU WKH UHWDLO WKH GRQDWHG SURGXFWYV [
as economic loss and are registered within the stock - keeping tools and/or book keeping

tool s. From a waste management point of view, food donated for human consumption is

not waste but waste prevention and therefore has to be subtracted from the wasted

amounts (see also chapter 11.3).
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7KH WRWDO 3IRRG ZDV Wrhk'ths biadis) wiicb furihér can be converted into
related indicators. The following indicators should be used for retail and markets:
WRWDO "IRRG ZDVWH™ JHQHUDWHG SHU \HDU
"IRRG ZDVWH™ TXRWD XVLQJ WXUQRYHU DV GHQRPLQDWRU
WRWDO "IRRG ZDVWH’ L QtoRdiaVispuBdi (fodd) [pdducts in mass per
\HDU NJ "IRRG ZDVWH" SHU NJ LQSXW
7KH LQGLFDWRU "WRWDO IRRG ZDVWH SHU WRWDO LQSXW"™ FRXOG QRW RC(
between companies but also other stakeholders along the food supply chain.

Asplitof 3IRRG ZDVWH" GDWD LQWR SURGXFW FDWHJRULHV LV SUHIHUDEOH
for designing appropriate prevention measures, disposal options and environmental

impact. Further information on recommended product category classification is provided

in App endix 3.2.

Further information with respect to representativeness, uncertainty etc. are summarised
in Appendix on data quality.

11.3  Quantification of wasted food

Literature research conducted within FUSIONS indicated that there is a lack of public
DYDLODEOH 3IRRG ZDVWH™ GDWD IURP UHWDLO DQG PDUNHWY VHH UHSRL
market activities are rarely mentioned in literature.

11.3.1 Interviews

The literature revi  ew indicated that interviews among key persons in the retail sector or

in specific retail shops accounts for an important qualitative approach, giving indications

DERXW KRZ PXFK 3|RRG ZDVWH" LV JHQHUDWHG LQ UHWDLO FRPSDQLHV 7
giveth HLU HVWLPDWHYV RQ 3IRRG ZDVWH™ DV SHUFHQWDJH LQWHUYDOV LQ U
product categories (e.g. Mena et al., 2011; WRAP, 2011c; WRAP, 2011d). In most

reports, it is not described in detail how the interviews have been carried out and how

the reta il representatives have prepared themselves for the interviews or questionnaires

to estimate food loss from the outlets.

Pros and cons of the method:

The interviews based on company’s level could be seen as useful input in order to clarify

general conditi ons, how assumptions could be chosen, which detailed data could be

provided by the company as basis for further calculations etc. An advantage of expert

LOQWHUYLHZV LV WKDW WKH\ PD\ HYWLPDWH TXDQWLWLHY RU VKDUHV RI 3
company at higher qu  ality level than others. The disadvantage of interviews is that often

the outputs represent estimates or qualitative information on food rather than measured

TXDQWLWDWLYH ILIXUHV RQ *IRRG ZDVWH" 7KHUHIRUH FDOFXODWLRQ R
of pr ovided data is not possible. In addition, in -depth interviews are time consuming and

expensive and therefore, often the results do not represent the sector in a proper way

which has a negative impact on extrapolation on a region or nation.
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11.3.2 Scanning

In orde r to conduct a quantitative measurement of food waste, most of the reviewed
literature quantified the food waste in a smaller number of retail shops (Hanssen & Olsen
2008 ; Hanssen & Schakenda 2010 and 2011; Jensen et al., 2011; Buzby et al. 2011;
Beretta, 2012) and in some cases also characterized the data with respect to specific
product categories (Hanssen & Olsen 2008 ; Hanssen & Schakenda, 2010 and 2011;
Buzby et al., 2011; Venkat et al., 2012). In most reviewed reports, the detailed data
collection meth od is not described in detail. Hanssen & Schakenda (2010) as well as
Eriksson et al. (2012) scanning method where each food item was scanned by the outlets
and the data on food waste were compared with turnover data for each product group.
Using establishe d modern stocking and logistic systems, such data are available from a
number of retail companies, both from each shop and more aggregated data. As
mentioned by Stenmarck et al. (2011) the access to the described data is often difficult
due to strict confi  dentiality issues.

Pros and cons of the method:

In contrast to interviews, the scanning method represents an accurate approach to

UHJLVWHU 3IRRG ZDVWH" RQ D GHWDLOHG OHYHO 5HODWLQJ WKH zZD\
product database of the company, al lows a deeper insight and many analyses.

Nevertheless, the literature review indicate that up to date this method is not used for

ZKROH UHWDLO FRPSDQLHY DV TXDQWLILFDWLRQ PHWKRG IRU 3IRRG 7
studies are not published due to confidentia lity issues.

The reviewed approaches had no detailed information on which processes have been

LQFOXGHG LQWR WKH IRRG VXSSO\ FKDLQ VWHS 3UHWDLO" 7KHUHIRU!
processes could be covered by the used approaches. For example, it is assum ed that the

scanning method at the retail could only include products, which are already owned by

the companies, and therefore products wasted during external transports and

commissioning processes are not included and would have to be tracked by using oth er

approaches. Furthermore, investigation methods for retail via market stalls is not

represented in reviewed literature.

11.4  Data collection and survey

/ILWHUDWXUH UHVHDUFK RQ UHWDLO DQG PDUNHWYV VKRZHG WKDW WK
ZDVWH"~ GDWD Diy fdtifitsEarHinter)national authorities or retail umbrella

organisations as well as scientific literature. Therefore, authors from literature use up -

scaling factors such as economic turnover (e.g. Hanssen and Schakenda, 2011) or

indicators based o n amount of waste per employee (Jensen et al., 2011) calculated at

detailed micro level investigations.

Pros and cons:

The usage of (inter)national statistics or statistics from retail umbrella organisations is

not very common and in most cases data from small - scale investigations were used for

an extrapolation. This approach includes the risk of uncertainty as a small -scale sample

size runs the risk not to represent the typical variation of the main unit. There are

several influencing factors that have an LPSDFW RQ 3IRRG ZDVWH™ RI D UHWDLO R>
PHDVXUHPHQW RI 3IRRG ZDVWH"™ TXDQWLW\ ZKLFK LV UHVWULFWHG W
or selected outlets may not represent the average value.
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11.5 Methodological recommendations

115.1 Recommendation for quantif  ication of wasted food

The following methodology, which is suggested as the standard approach for retail, is

based on existing data found at the retail and markets with integration of further details

to keep the additional effort as low as possible while generating useful data. Besides the
suggested two methodologies, also others are possible (e.g. diaries) but seem not to

have the required effectiveness with respect to the requirements mentioned in Appendix

1.

In general, two approaches could be implemen WHG WR VHW XS D 3IRRG ZDVWH™ GDWD E|
retail and markets:
based on existing company data or
based on on -site measurements, if company data are not available or confidential.
In general, most of the organic waste, which is generated at retail and mark ets, is
DVVXPHG WR EHORQJ WR HGLEOH 3IRRG ZDVWH" ORVW RI WKH SURGXFWYV
mostly in case of fresh fruits and fresh vegetables it might occur that inedible parts such
as leaves have to be removed during/after storing, fall out of the box es or have to be
removed during display.

Methodology based on existing retail company’s data base

It is assumed that accurate data are only available at larger retail companies and

therefore small -scale retailers and market retailers are more likely to ap ply the

methodology described IRU FRPSDQLHVY RZQEdding EoniplBry Hata coming

from electronic stock -keeping tools and/or book keeping systems can be used as basis

LQIRUPDWLRQ DQG DGMXVWHG ZLWK QHZ LQIRUPDWLRQ IiRddsel XDQWLILFDW
the data from the centre of distribution activities are separated from the activities located

DW WKH RXWOHWY RI D UHWDLOHU WKH LQIRUPDWLRQ RI WKH 3IRRG ZDV\
has to be treated separately according to the approach describ ed at chapter 10

(wholesale) as the centre of distribution of a retailer is quiet similar. Similar approach as

in wholesale is also applicable for the logistic process between distribution centre and

retailer’s outlets.

I TXDQWLILFDWLRQ RIrémRHe Gtail Bectdf i to lbe recorded honestly,
guantities which are sent back to suppliers (edible products not commissioned by retail
as not meeting required standards) should also be considered. As in most cases there is
no tracking of those amounts a t the retailer (as not entering the retailer’s gate from a
book - keeping perspective), the implementation of a diary at the retailer or recordings of
supplier should be taken into consideration. Alternatively, the products rejected by retalil
shoud be record ed by the wholesaler, producer or whoever takes care of the rejected
food, since they know better the ultimate fate of the rejected food.

Basic information from retailer’s electronic book keeping system which holds information

about general product detai Is, sales of the product and non -sold products (information

that come from scanning of non -sold products at time of removal) is normally available

at least in economic terms (level of detail varying but mostly available on single product

level). This infor mation source often also includes breakage as well which belongs also to

3IRRG ZDVWH" DFFRUGLQJ WR WKH )86,216 GHILQLWLRQ ,Q FRQWUDVW WF
outlets also other influences on the amount of non -sold food products have to be

considered as e.g. stolen products. As it is not known what happened to those food
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SURGXFWYV LW LY DVVXPHG WKDW LW GRHV QRW EHORQJ WR 3IRRG ZC
be considered in detalil.

Economic information should be converted to mass based amounts by using information
from logistics (needed for truck load calculation), packaging (information printed on
product’s packaging or included partly in products specification) or estimation of product

experts in case of unpacked products or if no other information is available (e.g. 1 piece
of mango equals to 350 g on average). This leads to information of non -sold products in
mass units.

,W KDV WR EH FRQVLGHUHG WKDW "IRRG ZDVWH" DV GHILQHG E\ )86,2.
based waste and not economic based amounts. Ther efore, there is a difference between

non -sold products in general which mean an economic loss for a company and those non -

sold products, which are donated to redistribution sector. If there is a cooperation with

food banks or other organisations which redi stribute (parts) of the non -sold food

products for human consumption, these amounts should be subtracted from the overall

3IRRG zDVWH" GDWD 6RPH FRPSDQLHY DOUHDG\ UHFRUG WKHVH DPRX
systems, others should implement a scanning and rec ording approach or conduct a diary

for extrapolation for one year.

,Q RUGHU WR vSOLW WKH WRWDO 3IRRG ZDVWH" LQWR HGLEOH DQG L
factors have to be introduced to subtract the inedible parts (if applicable, e.g. with fresh

produce). To provide comparable data, the time span considered for the calculation of

WRWDO 3IRRG ZDVWH  VKRXOG E fFiu@ HIFQdehe Shheme-hbvsto

calcua WH WKH 3IRRG ZDVWH™ TXDQWLW\ EDVHG RQ H[LVWLQJ GDWD DGD
information. On the left side of the scheme the related process steps are indicated

(commissioning, storage at distribution centre (large retailer), transport to outlets,

storage at o utlet and display) which were also displayed in Figure 11.1. One should keep

in mind that all information should be provided for certain product categories mentioned

in Appendix 3.2.
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Figure 11.4 6FKHPH RI TXDQWLI\LQJ 3IRRG ZDVWH™ DW UHWDLO EDVHG RQ H[
data adapted with further information

,Q RUGHU WR SURYLGH 3IRRG ZDVWH" LQGLFDWRUYV WKH WRWDO HGLEOH
\HDU VKRXOG EH FRQYHUWHG ,Q FDVH RI UHWDLO DQ HGLEOH 3IRRG ZDVYV
(in economic value) as denominator should be used. Consequentially, a compariso n with

RWKHU UHWDLOHUV LV SRVVLEOH $QRWKHU RSWLRQ LV WR UHODWH WRW
SHU \HDU WR WRWDO LQSXW RI IRRG SURGXFWY LQ PDVV SHU \HDU NJ HG
input). This approach would allow also a comparison with other stakeh olders (not only

ZKROHVDOHUV RU RWKHU FRPSDQLHV ZLWK UHVSHFW WR WKH "HIIHFWLYI

The pros of the described approach are that a large number of existing continuous data
(amount and composition) are available if the data base is a n electronic system which is
used for other purposes (e.g. recording for tax purposes, book keeping, controlling) and

that there is no extrapolation from small -scale on -site measures necessary which are
often not representative. In addition, the data are a vailable on article basis and later a
grouping with respect to certain product categories could be conducted easily, if required.
Cons are that there is a conversion from economic data to mass based data necessary,

one has to consider manually the subtract ion of packaging mass and mass of inedible
parts (if not available, the conversion factor of inedible parts could also be considered on

a national basis, if composition data are available). In addition, for the information on

returned amount during commiss ioning process, a separate recording has to be
implemented at wholesalers or delivering producers/processors respectively double

counting with recordings at supplier level should be avoided.
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Methodology based on on-site measurements (small retailers and m arkets)
If a small retail or market company does not have an electronic system where the
mentioned information is stored, they could use the registration of their waste from the

retailer’s waste management company and conduct waste sorting analyses to det ermine

composition and calculate amounts. Figure 11.5 VKRZV D VFKHPH RI TXDQWLI\LQJ 3IR
ZDVWH" DW UHWDLO EDVHG RQ H[LVWLQJ ZDVWH PDQDJHPHQW GDWD |
composition analyses. The available waste management data, which u sually are available

in mass or volume of waste is obtained from the external waste management company

that is in charge of disposal of the retailer’s waste. If the waste management data are

already available mass -based, they can be used directly. If waste management data are
only available in volume (not available bin volume but real waste volume), a conversion

factor (bulk density) has to be determined to calculate mass from of volume recordings

together with the composition analyses.

Figure 11.5 6FKHPH RI TXDQWLI\LQJ 3IRRG ZDVWH™ DW UHWDLO RU PDUNI
waste management data and further on - site measurements

In addition, the composition of the generated waste is measured by separate waste

composition analyses, which have to be planned according to the information given in

Appendix 1. Of course, conversion factors to consider packaging mass, inedible parts etc.

have to be applied also within the present methodology similar to the approach described

IRU FRPSDQLHVY RZQwiidh Wés dxibtivigddata. In contrast to the methodology
described IRU FRPSDQLHVY RZQthe prodixt Ealeydres have to be determ ined
according to Appendix 3.2 before conducting the sorting analysis as a detailed analysis

per single product is not feasible and there is less option for a changed classification at a

later point of time.

There is also a difference to the previous described method with respect to food

products, which are donated to redistribution organisations. In order to register those

GROQDWLRQ DFWLYLWLHV ZKLFK FDQ EH DFFRXQWHG DV 3IRRG ZDVWH
separate diary should be implemented on regular basis in order to track potential internal

optimisation options on the one hand and to prove the level of existing prevention on the

other hand.

3URVY DUH WKDW D GDWD EDVLVY UHODWHG WR 3IRRG ZDVWH"™ FRXOG EI
approach is very ti me consuming, needs proper planning in order to consider all data

requirements and therefore is expensive. This should be considered particularly with

relation to along -term approach (to provide regular data for a longer time period).

Especially, when con sidering the large number of small retailers (e.g. freelance retail)

and retailers based on markets, the effort in comparison to the overall impact of those

companies should be taken into account.

In case of markets, which have an overall organisation of infrastructure, it is assumed
that the small retailers located at this kind of market could also be handled as a whole
facility and not as individual companies. This means that the approach described above
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should not be conducted by each individual market retailer but by responsible market

authority who also has the access to the necessary waste management data. Therefore,

the approach from the present chapter could be applied from authority’s point of view.

In order to get information on the input of the m arket, a survey could be conducted to
VXSSRUW WKH LQGLFDWRU 3IRRG ZDVWH LQ NJ SHU NJ LQSXW~’

11.5.2 Recommendations for data collection and survey

The best approach for the next decades seems to implement a national system where

branch related data are already pr ovided by the branch itself as this should ensure data
consistency in a proper way. In case, that single data from retail and market companies

are collected, there should be a standard approach suggestion for at least the largest

retail companies provided from authority or authorised research organisations (see
PHWKRGRORJ\ IRU FRPSDQLHVT RZQ G|DlW.ID | E DtRisisys@m&&bdS W H U
implemented, an extrap  olation should include a weighing method according to the

market share of the respective company (basis turnover).

The pros of this approach are that a branch estimation is also possible in case not all
FRPSDQLHY GHFODUH WKHLU 3|RR Gosgib&/taitdplement theé descriQe@ W S
standard approach on company level, e.g. as there is no consideration of inedible parts,

this issues could also be added on a national assumption, if appropriate information is

available. The cons of the suggested approac h are that the extrapolation is very rough if

the characteristics of outlets, characteristics of assortment etc. cannot be considered.

Also, if only aggregated values are available for specific companies, the calculation of

statistical factors such as marg in of deviation is not possible. This means that it is not
possible to estimate the error of the total result. Furthermore, the consideration of
LQHGLEOH SDUWV ZLWKRXW NQRZOHGJH RQ UHSUHVHQWDWLYH FRPSRVLV
retail and markets is not m eaningful (single measurements seem to be not

representative).

In case of markets, which could be handled as a whole infrastructure, the approach
described forin -site measuring could be conducted by the market authority.

11.5.3 Summary of presented and recommen ded approaches

The following section summarises the previous described approaches for retail and
markets, discusses the pros and cons and also evaluate the matureness of the method.
The results are summarised in Table 11.1.

Interview s with key personnel (e.g. Mena et al., 2011; Beretta 2012) could be used for

collection of additional information valuable for further calculations of data achieved by

application of other approaches. The results from interviews could give a deeper insigh t

RQ FRQGLWLRQV RI 3IRRG ZDVWH" JHQHUDWLRQ EDUULHUV DQG LQFHQWL
WKHUHIRUH FRXOG EH YDOXDEOH IRU GHHSHU VWXGLHY DQG VWDNHKROG
combination with company’s recording, they could help to achieve the suggested

indic ators even if not all relevant information is available as the experts could give an

estimate. The accurateness of estimation on product level seems to be lower than with

WRWDO 33IRRG ZDVWH" ,Q FRQWUDVW LW LV DVVXPHG WKDW NH\ SHUVRQ¢
gXDOLW\ HVYWLPDWLRQ RI WKH VKDUH RI HGLEOH DQG LQHGLEOH SDUWV R
ZDVWH" :LWK UHVSHFW WR UHSUHVHQWDWLYHQHVVY UHODWHG WR WLPH
interviewed experts could give a good estimation on changes or trends over a certain

time p eriod. Nevertheless, conducting in -depth interviews is time consuming and
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therefore it is assumed that the covered number of stakeholders is in most cases not

representative for the branch (except if market concentration is high). The uncertainty of

the ac hieved results from interviews of key personnel was already mentioned above and

depends on the specific issue. The method is already applied in a large scale and could

EH XVHG WR JHW DQ RYHUYLHZ RQ WRWDO 33IRRG ZDVWH" DV ZHOO DV
inedible parts.

The scanning method as used e.g. by Hanssen and Schakenda (2010; 2011) and

Eriksson et al. (2012) results in very detailed information on article level and is therefore

VXLWDEOH IRU ERWK GHHSHU VWXGLHV DV ZHOB @W VWHOMNWRQ & MK R\
wasted products directly with the product database of the company, allows a deeper

insight into food waste and many analyses. In case it is possible to convert the economic

data to mass data, the requirements of the suggested indicators can be achieved. As the

method is based on article level, also a detailed assessment of product categories (level

of aggregation can be changed after data collection easily) and a calculation of edible and

inedible fractions are possible. Nevertheless, the literature review indicates that either

WKLV PHWKRG LV QRW XVHG WR D ODUJHU H[WHQW IRU TXDQWLILFDW
conducted studies are not published due to confidentiality issues. This means that at

present the method is only used in sm all - scale projects and cannot fulfil

representativeness with respect to time period or sample size. If conducted on regular

EDVLV WKLV PHWKRG LV YHU\ SURPLVLQJ WR SURYLGH GHWDLOHG GLC
uncertainty of the scanning method is preliminary restricted on the sample size and the

quality of the underlying product database. It is assumed that not only packed products

can be scanned using the bar code displayed on the packaging but also unpacked

products could be registered by using a separate b ar code for identification (e.g. used for

ordering system). As it is assumed that bar code and scanning system is already

HVWDEOLVKHG DW ZKROHVDOH FRPSDQLHVY WKH PHWKRG LV GLUHFWC
ZDVWH DQG GLIIHUHQWLDWLRQ RI IUDFWLRQV

The method of using information already available at company’s level (stock -

keeping /book keeping tools, see Chapter &RPSDQLHVY RZQ GiBAVD EDVH
modification of the above mentioned scanning method. Here, the recording of the non -

sold products is conducted on a regular basis and automatically processed wi thin the
stock-NHHSLQJ ERRN NHHSLQJ WRRO 7KLV OHDGV WR D YHU\ GHWDLOH!
ZDVWH" SULPDU\ UHODWHG WR HFRQRPLF YDOXHV ,Q FDVH WKH FRQY
possible, the method fits perfectly for the required indicators. If imple mented on a

branch scale, the method provides data for all levels + EU-28, member state as well as

GHHS VWXGLHY DQG VWDNHKROGHU 3VHOI DVVHVVPHQW"~ 7KH GDWD F
product categories, edible and inedible fraction can be calculated, it ca n be used for a

long -term recording for the whole company or branch. Of course, some uncertainties

may occur due to conversion of economic value in mass data, problems with booking

inconsistency etc. but those errors are much smaller than those resulting f rom other

guantification methods. On the one hand, the technology of electronic stock -

keeping/book -keeping tools is well established and allows a detailed differentiation of

WUDFNHG 3IRRG ZDVWH™ W\SHVY DQG LV GLUHFWO\ DSSOLFDEOH 2Q W
confidentiality issues it will take a lot of effort in future in order to implement this method

on a large scale.

In case the stock -keeping/book keeping tools are not available due to small company

size or confidentiality, on  -site measurements (with or wit hout scanning) described in

Chapter [11.5.2 [forin -site measurement may be conducted. Presumed proper planning,

they can providein - GHSWK LQVLGHV WR 3| R&RtGrisfids Vihdh méki€ trem

VXLWDEOH IRU GHHS VWXGLHYVY DV ZHOO DV VWDNHKROGHU 3VHOI DVV
requirements of suggested indicators for retail and markets also on detailed level of
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product categories and edible/inedible fractions. Th e main problem approaching with the
method is representativeness in time and for the company or branch, which includes the
uncertainty that if extrapolated, the data do not represent the average. This

disadvantage could be decreasing with increasing number of available literature data as
increasing knowledge on influencing factors could enhance proper planning. The method

is already widely used and is directly applicable.

Data from direct measurement of waste could be used to better estimate conversion
factors to be used for calculation of detailed data from national statistics in future. The
UHFRPPHQGHG DSSURDFKHY DOVR DSSO\ WR WKH TXDQWLILFDWLRQ RI "IR

Table 11.1 Summary of presented and recommended approaches for quantification and
data collection of wasted food

Basic studies for Internal prevention

Suitability to use in: EU- 28 statistics _ o
y improved insight* approaches**

Interviews of key personnel (Mena
etal., 2011; WRAP, 2011a)

X X

Scanning method (Hanssen and
Schakenda, 2010; 2011; Eriksson X X
etal., 2012)

Stock - keeping/book keeping tools X

On-site measurements

* Basic studies for improved insight, as providing background information to calculate conversion factors
and gaining a deeper knowledge of a specific problem

* Internal prevention approaches: approaches aimed for the stakeholders to map the waste and work for
waste prevention internally (good manufacturing practice for reducing wasted food)
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12 Description of approaches
for redistribution

12.1  Process description

7KH SUHVHQW FKDSWHU GHDOV ZLWK SUHGLVWULEXWLRQ"™ ZKLFK KDV
the donor and the end point at act of handing over the food to the final consumer. The

process steps for redistributio n var y according to the type and target group of the

organisation. In  Figure 12.1 itis assumed that the redis tribution organisation collects the

donated food products at the gate of the donor, sorts and stores the products and

distributes them to other organisations, which hand over the food to their clients or

directly use them for preparing meals. In case the r edistribution organisation that collects

the products from the donor and directly distribute them to clients, the intermediate

steps are omitted.

Figure 12.1: Process description for redistribution activiti es

The level of detail should be adapted according to the type of redistribution organisation

based on the covered activities (see . In general, the redistribution sector is

similar to other stakeholders along the food supply chain and could be classified

according to those levels. A redistribution organisation which sol ely focusses on

collection, storing and delivery to other redistribution organisations could be compared to

"ZKROHVDOH  DQG DFFR 6 &bathdeszbscRn Ghigpters  [11.5.1 [or[11.5.2 |

should be applied. A redistribution organisation which is delivered with donated products

by other stakeholders and offers a shop for d HSULYHG SHRSOH FRXOG EH FRPSDUHC
DQG PDUNHW  DQG WKHUHIRUH WKH TXDQWLILFDWLRQIDS SAMRDFKHY D
be applied. A redistribution organisation which is delivered with donated products and

usethemfor SUHSDULQJ PHDOV IRU FOLHQWY FRXOG EH FRPSDUHG ZLWK
course, different mixes of types of redistribution organisations are also possible (as in

other levels of the food supply chain, too). One special case is gleaning, which is the

activit y of collecting product left in the field.
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Figure 12.2: Level of detail for different types of redistribution organisations

12.2 Indicators and data requirements

,Q RUGHU WR FRPSDUH "IRRG Zdod/stpply db@nrRaksolutd taklies are needed
using the same units. According to the FUSIONS point of view, a mass based approach is
recommended also for this issue. In the case of redistribution, the most common records

held by organisations include mass a nd not economic value as the products are assumed
to have no further economic value and the organisations do not know the economic

value.

,Q RUGHU WR SURYLGH FRPSDUDEOH 3IRRG ZDVWH" LQGLFDWRUV WKH IRO
WRWDO "IRRG ZDVWH rygdlQHUDWHG SH
wasted amounts during sorting activities per year
conversion factor to calculate mass out of economic value (coming from
packaging, product description, estimation), if applicable
food amounts shared with other redistribution organisations per year
conversion factor for calculating inedible parts
turnover in economic value , if applicable
total input of food products in mass
7KH WRWDO 3IRRG ZDVWH" SHU \HDU IRUPV WKH EDVLV ZKLFK IXUWKHU FI
related indicators. The following indicator s should be used for redistribution:
WRWDO "IRRG ZDVWH" JHQHUDWHG SHU \HDU
LI DSSOLFDEOH "IRRG ZDVWH™ TXRWD XVLQJ WXUQRYHU LQ HFRQRP
denominator
WRWDO "IRRG ZDVWH” LQ PDVV SHU \HDU WR WRWDO LQSXW RI IRRG
\HDU NJ "IRIRVGWH~ SHU NJ LQSXW
7KH LQGLFDWRU "WRWDO IRRG ZDVWH SHU WRWDO LQSXW™ FRXOG QRW RC
between different redistribution organisations but also other stakeholders including
households.

$ VSOLW RI 3IRRG ZDVWH" GDWD L 3 piteRiBeds e mbst\féeVdt L H V
information for designing appropriate prevention measures, disposal options and

environmental impact. Further information on that issue is provided in Appendix 3.2.

Further information with respect to representativeness , uncertainty etc. are summarised
in Appendix 1 on data quality.
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12.3  Quantification of wasted food

In general, the same approaches as described in the chapters 10.3, 11.3 and 11.3 could

be applied for redistribution organisation adap ted to the fact that in most cases no or

only a marginal economic value or turnover is applicable. Experiences show that the

redistribution organisations often do not have an appropriate electronic information

system providing all required data mentioned a ERYH +HQFH WKH\ FRXOG NHHS 3IRR
ZDVWH" GLDU\ RQ LQSXW UHGLVWULEXWLRQ DQG RZQ ZDVWH DQG H
activities for one year. The pros of this approach are that data from redistribution sector

are available. But the cons include that tho se quantifying activities are time consuming if

results should be representative and that the redistribution organisations themselves

often have not the capacity to raise the necessary work load.

12.4  Data collection and survey

For the redistribution sector, i nterviews at the redistribution organisation could be used

WRIJHWKHU ZLWK ZDVWH FRPSRVLWLRQ DQDO\WHVY WR HVWLPDWH 3IRR
then be performed to cover all products in the sector. However, thedata quality

requirements given in Appendix must be considered when doing such an extrapolation.

The pros of this approach are that a data basis could be developed over years. Cons that

should be keptin m ind is the representativeness of survey in relation to costs and how to

difficulty of extrapolating from direct measurement of waste due to the huge variation of

redistribution activities.

12.5 Methodological recommendations

As the recommended methodologies fr om other chapters of the present report can be
applied to the redistribution sector, there are no further recommendations. The large
redistribution organisations (eg food banks) have information on mass volumes broken
down by sectors (eg processing, retail , food service) and product categories. This
information can be used as a cross -reference when collecting data from these sectors
about redistribution output volumes.
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13 Description of approaches
for food service

13.1  Process description

Within the food service sector, where there is a large variety of outlet types, some
subsectors have similar characteristics that will be used to cluster the approach of
guantification. The food service sector consists of the following subsectors:

Restau rants

Hotels

Workplace canteens

Café, bars, petrol stations

Education

Health care, home for elderly people.

Leisure & entertainment

Other, e.g. home food service for elderly people, festivals, large sports events and
other public events.

The processes for food service activities are in general very similar and are represented

in The figure distinguishes between storage, preparation and se rving.
Display waste is the food that is prepared for consumption but never bought or given to a
consumer or a patient.

X X X X X X X X

Figure 13.1: Process description for food service
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13.2 Indicators and data requirements

Indicators should match the requirements as described in chapter 5.2. Comparison
should be possible on a scale of time, area and step in food supply chain and food
product categories. Therefore these elements should be part of the indicators defined.
For food service the following indicators are proposed:

a) $PRXQW RI WRWDO "IRRG ZDV WdthbrageQ peRdRoGucédHaunguniEfidod in
food services per country
b) $PRXQW RI WRWDO "IRRG ZDV Wgiepdraforn R peGprdddced anfradnt
food in food servic es per country
c) $PRXQW RI WRWDO "IRRG ZDVWH  sérgnd BpRtE leftdvés AridridplaR U
waste) per produced amount food in food services per country
The produced amount is defined as the produced amount that are sold or otherwise
handed over to  destination, such as giving food to redistribution.

Note that these indicators are still on the level of total food. To match the requirement
comparison between product categories more detail is needed, but for reasons of
readability the indicators are n ot presented on this level of detail (the product categories
are described in Appendix 3.2).

Data requirements: For the micro level approach measurements at food service locations
are needed. The measurements should include the following data:

x Amountof "IRRG ZDVWH" SHU SURGXFW FDWHJRU\ VSOLW LQ VWRULI
plate leftovers) per outlet subsector

x Amount of food produced per product category per outlet sub sector

X Number of food service outlets per sub sector in the country (for upscaling)

13.3  Quan tification of wasted food

Based on the previous subgroups the goal is to find suitable micro level methodology to
gquantify the data as needed and described above. These methodologies can be found in

the overview reports. In most studies attention is paid WR 3IRRG ZDVWH  LQ YROXPH D¢
value, rather than indicators, hence additional approaches need to be created for that
purpose.

13.3.1 'HLIJKLQJ "IRRG ZDVWH"™ GLDU\

7KH ZHLJKLQJ DQG ®IRRG ZDVWH" GLDU\ PHWKRGYVY DUH SUHVHQWHG W
cases the kitchenp HUVRQQHO SHUIRUPHG WKH ZHLJKLQJ E\ XVLQJ D 3IRRG .
equivalent questionnaire.

In the UK several in  -dept h studies of the food service sector have been conducted

(WRAP, 2013b -e). Itis easier to achieve a reduction in waste, if the number and

preferences of consumers are known. Therefore, the tendency is that there is more

wastage in restaurants/hotels than in education/healthcare. In addition,

restaurant/hotels usually make food from scratch using raw ingredients, which results in

more waste ( peelingandoff -FXWV 6HYHUDO DFWLRQV WR UHGXFH 3IRRG ZDV)
e.g. menu planning, forecasting, procurement, delivery size and frequency.
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Health care:

This subsector used weighing in several approaches (Barton et al., 2000; Sonnino &
McWil liam, 2011; Supkova, 2011). No food waste is registered for storage and
preparation. For display waste and consumer (patient) plate waste the following data are
collected: food provision, food waste per patient, number of unused trays and number of
patient s (Barton et al., 2000). All studies have weighed on total food waste and only one
study has split on products (Sonnino & McWilliam, 2011).

Workplace canteens:

A Dutch study ( Soethoudt, 2012a) measured displayed (unsold) food on product level in
200 catering locations. No attention was paid to storage, preparation or consumer waste,
since earlier research showed that these waste volumes were relatively small compared

to the display waste. A Fin ~ nish FOODSPILL study weighed all avoidable food waste for
one week study period in five work place canteens, waste was sorted for kitchen waste,
serving waste (overproduction) and plate waste. This study showed the most important
waste category was overpro  duction (Silvennoinen et al 2012).

Restaurants:

All reviewed studies have weighed on total food waste and no studies split on edible and
inedible fractions or food categories. In one study, the food waste is measured for one

day (SRA 2010) and in another for two days (Engstrom & Carlsson -Kanyama, 2004),
except storage loss which was registered for two weeks. In the Finnish study

(Silvennoinen et al., 2012) the kitchen staff and researchers were weighing all avoidable
food waste for one day in 17 cafes and restaurants, the food waste was sorted in kitchen,
serving and plate waste.

Education:

Different combination of weighing in combination with other method has been used to

estimate the volume of the food waste in school canteens, including storage, kitch en,
serving line and plate leftovers (Naturvardsverket, 2009; WRAP, 2011b; Silvennoinen et
al.,, 2012; Engstrém & Carlsson -Kanyama, 2004; Karlsson 2002; Buzby & Guthrie, 2002).

The most used methods are monitoring the waste by weighing and asking informatio n
from restaurants personnel, management or customers (students or pupils). This was

done by interviews, workshops or surveys.

When focus is on nutrition and health, study approaches can vary and very exact
amounts, food types and qualities are needed. Es pecially in schools nutrition is very
important as customers are children having their requirements for daily intake.

Pros and cons of the method:

In this section, the methodologies are evaluated as is (i.e. in the way they are applied in
the study) and at the end the potential of the methodology is described and compared to
other approaches. The difference is that in the literature studies can be carried out with
low sample size or one day measurements and hence data have a high level of
uncertainty, whe reas the method itself can be very useful if these parameters of the
methodology are adjusted.

Most of the reviewed studies in this section used data that match the indicators a -cin
section very well. However, not all studies have sufficient data quality regarding
representativeness in sample size and time. As described above the data

representativeness is a minor problem and in most cases the method can be
recommended and adjusted to fulfil the needs.
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13.3.2 Waste composition analysis

:DVWH FRPSRVLWLRQ LV DSSOLFDEOH LQ IRRG VHUYLFH WR PHDVXUH
The method is usually used in households, but is suitable in all steps in the supp ly chain

ZKHUH 3IRRG ZDVWH" LV FROOHFWHG DQG WKH QXPEHU RI ZDVWDJH S
food service outlets and households). Therefore one of the important issues is to find the

right sample size and representative samples. Another element to be considered when

conducting a waste composition analysis is the waste collection systems used e.g. mixed

waste collection, bio waste collection, energy waste collection.

A composition analysis of mixed waste from 138 businesses across the UK was conduct ed
together with site audits (WRAP, 2011a). Before the analysis was initiated, information

from literature was gathered for input in development of a sampling strategy. One study

was published by WRAP in which larger samples were taken & previous fieldwor k
reassessed (WRAP 2013).

13.3.3 Interviews

This method was used in workplace canteens (Supkova, 2011) based on an online
questionnaire that was answered anonymously by 60 experts. Only plate waste was
evaluated, and the study did not consider edible/inedible f ractions.

13.34 Digital photography

In a study from the USA ( Martin et al, 2007 ) pictures were taken of plate leftovers and
dietitians estimated the weight. The study measures only plate waste, and it was
separated into edible/inedible fractions.

13.4  Data collection and survey

13.4.1 Statistics from authorities

In ( Soethoudt, 2012b),  all waste statistics available in the Netherlands were used to

track down the food waste volume. Based on statistics from companies that compost,

digest or incinerate waste, the Dutch government gained insight into the organic share in

these flows. Moreover, using a coding system the type of supplier of the waste is

classified in subsectors that can be linked to food service entities. In addition, animal

feed (wet and dry) organisation s provide statistics on their sourcing material. Together

ZLWK VWXGLHVY WKDW LQYHVWLJDWH LQ PRUH GHWDLO WKH FRQVXPH!
bDQDO\VLY DW JDUEDJH FROOHFWLQJ FRPSDQLHVY D JRRG SLFWXUH R
Netherlands, based on macro leve | reasoning, is presented.

Pros and cons of the method:

The Dutch study ( Soethoudt, 2012b)  was a very detailed analysis where statistical data
from open sources in combination with direct measurements on the share of organic
materials within certain waste flows gave as a result quantification of the volume of food
waste. In various cases it is not clear what is the actual source/stakeholder generating

the waste. A disadvantage is the dependency on annual statistics, which is already a
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problem in the Nethe rlands. In other  cases, there may be other weaknesses. E.g.,a
Nordic study ( Marthinsen et al., 2012 ) contained no specific description of how the

survey was carried out. This is not a general weakness with the metho d, just a weakness
with this par ticular study. Many different sources were used, and the sources available

varied from country to country.

13.4.2 Data from waste management companies

In a Swedish study, (Jensen et al., 2011) data on weight per employee was based on

data from municipal waste companies recorded for one year. The number of employees
was found in national statistics for different sectors. To calculate national amount of food
waste from restaurants, the indicator was multiplied by the number of employees. In a

Nordic study ( Marthinsen eta |., 2012 ) statistics of waste, number of food service
companies, number of employees, turnover and number of meals served were used. To
calculate total food waste key figures of amount on food waste per meal were used. The
report also contains other key fi gures. Also used was a survey, asking for where food
waste was generated;  food prepared but not sold and plate waste (from the guests).

Pros and cons of the method:

The method (Jensen et al., 2011) requires a separate weighing of food waste from
municipal waste companies, and data have to be available on company level for a
representative number of companies. If that is available, it seems to be manageable and
cost effective compared to other approaches available.

13.5 Methodological recommendations

13.5.1 Recommenda tions for quantification of wasted food

7KH ZHLJKLQJ PHWKRG 3IRRG ZDVWH" GLDU\ DQG ZDVWH FRPSRVLWLRQ D
3]RRG ZDVWH" LQGLFDWRUV 7KH ZHLJKLQJ DQG 3®IRRG ZDVWH™ GLDU\ PHW
one method, since in many cases the weighing was performed by the kitchen personnel

b\ XVLQJ D 3IRRG ZDVWH™ GLDU\ RU HTXLYDOHQW TXHVWLRQQDLUH

In addition, waste composition analysis is a very good and proven method that produces
reliable data. This method can be more costly than weighing/diary, because it must be
performed by waste sort  ing companies, while weighing can be performed by the
company's own kitchen staff. On the other hand, this point can provide better and more
uniform analysis and it also avoids that firms are imposed for large workloads by
weighing.

Both approaches are  directly applicable, but further criteria are needed regarding
samples per outlet type and samples in time, i.e. the length of the weighing period

needed to have a representative amount. The studies presented used a time period from
one day to two weeks, a  nd further examination is needed to find the necessary number
of days for measuring. However, studies have shown that there is more variation

between outlets, than in different time periods for the same outlet. It is therefore

important to use the proposed division into subsectors when organising the data
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collection. National corporate statistics can be used to get an overview of the number of
companies in each subsector as a basis for up -scaling to national figures.

13.5.2 Recommendations for data collection and survey

Statistics from authorities based on corporate statistics can be used to get an overview of

the number of companies in each subsectors as a basis for upscaling to national figures.

As mentioned above, it is important to use the proposed division int 0 subsectors when
organising the data collection.

$QRWKHU PHWKRG LV XVLQJ GDWD IURP PXQLFLSDO ZDVWH FRPSDQLH
data per food service company and upscaling by using the number of employees. This

method requires good data on firm leve I in all countries, which is at present this not

available for use in such studies. It may still be a future possibility, but this method

requires many resources to develop. The method does not provide the possibility of

division into edible/inedible fract ions.

13.5.3 Summary of presented and recommended approaches

Table 13.1 shows the recommended approaches for quantification of wasted food and
WKH\ DOVR DSSO\ WR WKH TXDQWLILFDWLRQ RI "IRRG ZDVWH~

Table 13.1 Summar y of recommended approaches for quantification and data collection
of wasted food

Suitability to use in: EU- 28 statistics _BaSiC Stu.d ie.s for Internal prevention
improved insight* approaches**
"HLIJKLQJ "IRRG ZDVWH’ X X
Waste composition analysis X
Interviews X
Statistics combined with X
ZHLJKLQJ "IRRG ZDVWH"’
Statistics combined with waste X
composition analysis
Data from munipal waste X X
companies
* Basic studies for improved insight, as providing background information to calculate conversion factors
and gaining a deeper knowledge of a specific problem
*x Internal prevention approaches: approaches aimed for the stakeholders to map the waste and work for

ZDVWH SUHYHQWLRQ LQWHUQDOO\ 3*JRRG PDQXIDFWXULQJ SUDFWLFH IRU UHGXF
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14 Description of approaches
for households

14.1  Process description

7KH SURFHVVHV ZKHUH 3IRRG ZDVWH" PLIJKW RFFXU DUH GHVFULEHG YLVX
figure 14.1:

Figure 14 .1: Process description for households

The process description for households is quite similar to food service. Typical examples

RI 3IRRG ZzDVWH™ DW KRPH FDQ EH OLQNHG HBYIryQlatt\IRiny KHVH SURFHVVHV
storage, cutting parts of vegetables during preparation and leftovers from eating are

H[DPSOHV RI 3IRRG ZDVWH" JHQHUDWHG IURP WKH WKUHH VWHSYV

14.2 Indicators and data requirements

Indicators should match the requirements as described in chap ter 5.2. Comparison
should be possible on a scale of time, area, step in food supply chain and food product
categories. Therefore these elements should be part of the indicators defined.

For households the following indicators are proposed:

a) Amountof total "IRRG ZDVWH LQ KRXVHKROG SHU FDSLWD
b) Amount of edible food waste in household per capita
c) Amountof total "IRRG ZDVWH  LQ KRXVHKROG SHU SXUFKDVHG DPRXQW R
household per country
The produced amount of food is defined as the bought or acquired am ount, such as
bought in retail or given from redistribution, growing of own vegetables etc. Note that
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indicator a) is proposed in chapter 5,2, and is in fact the most common indicator for
households.

Note that these indicators are still on the level of to tal food. To match the requirement
comparison between product categories more details are needed, but for reasons of
readability, the indicators are not presented on this level of detail. (The product

categories are described in Appendix 3 ).

Inordertog HW WKH LQGLFDWRU D GDWD RQ DPRXQW RI 3IRRG ZDVWH’

inhabitants is needed. To calculate indicator c), the amount of bought food for
households is needed. It will require a major effort to calculate the amount of food in
households and to do th  is the receipts for food purchases must be used (see further
description in section .

14.3  Quantification of wasted food

Based on the previous subgroups the goal is to find suitable methodologies to quantify
the data need as described above. These methodologies can be found in the overview
reports D1.3 Report on review of (food) waste reporting methodology and practice.

14.3.1 Waste composition analysis

Waste co mposition analysis is used in several studies (WRAP, 2011; WRAP 2013a;
Jensen et al., 2011; Katajajuuri et al., 2012) where the components of the different
fractions of the food waste are weighed and analysed with regards to food categories or
edible/inedi ble fractions etc. A sample is separated by hand in to different fractions. The
method is described in for example (Lebersorger & Schneider, 2011).

D

:DVWH FRPSRVLWLRQ DQDO\VLYVY FDQ EH XVHG IRU PHDVXULQJ 3IRRG Z

times and for differ  ent levels of detail. Often the waste composition analyses are used in

FRPELQDWLRQ ZLWK WRWDO PL[HG ZDVWH DPRXQWV WR ILQG WKH SU|
ZDVWH” WR DFKLHYH WKH SURSRUWLRQDO FRPSRVLWLRQ RI WKH ZDV\

,/ 3IRRG ZDVWH"™ W\SHD R BWHKMHZMHQ HGLEOH RI HGLEOH DQG LQHGLEO
UHTXLUHG ZDVWH FRPSRVLWLRQ DQDO\VLV LV QHFHVVDU\ )RU OLTXL

to have households to weigh and to note down the amounts for a certain time (see
further below).

Pros and cons of the method:

Waste composition analysis can be done in a statistic way (e.g. by robust sampling made
possible by selecting households appropriately) getting a good grip of the composition of

waste. 7KH VKDUH RI 3IRRG ZDVWH’" LQ PL][HGI WX QdpEldBiipd tFeD VW H
level of source sorting, the type of housing and also between developed and developing

countries. However, it can still give accurate data if a large sample is investigated.

For waste composition analysis, there are things tha t differ more or less. For example
many studies show that the share of food waste in mixed municipal waste is more or less

the same in many countries (WRAP, 2011e, Jensen et al, 2011). But the same studies

also show that the share of edible/ inedible somet imes differs (WRAP, 2011e), Jensen et
al, 2011).
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14.3.2 3)RRG ZDVWH" GLDU\

Food waste diary (WRAP, 2009; Katajajuuri et al., 2012) can compile both qualitative

and/or quantitative data from households and enable researchers to determine

guantities, disposal rout  es (what is poured into the kitchen sink, home composted or fed

WR DQLPDOV HWF DQG UHDVRQV IRU GLVSRVDO ,Q RUGHU WR ILQG RXW
that is normally thrown in the drain the only way is to engage households in weighing

and keeping note  (diary) of the amounts thrown away. This can be done for a limited

amount of time (normally 4 -7 days) and will give a waste factor for a household.

Depending on the level of detail wanted the household can of course write down reasons

and atwhatst ep the 3IRRG ZDVWH"™ WKURZQ DZD\ ,Q VWXGLHVY FDUULHG RXW IR
(WRAP, 2009) the households noted amounts and reasons for liquid food waste.

:KHQ SHUIRUPLQJ D VWXG\ XVLQJ D 3IRRG ZDVWH” GLDU\ WKH DQDO\VLV |
to map the amount of food pro duced, i.e. bought amount (see section 14.2 ). It is easier

to organize when it anyway has been established contacts with households. This

approach has been used in Finland (Katajajuuri et al., 2012).

7KH PHWKRG ZLOO JLYH WKH WRWDO DPRXQW RI 3IRRG ZDVWH" IURP D VS|
KRXVHKROGY DQG FDQ WKHQ EH XVHG WR FDOFXODWH WKH WRWDO DPRX(
country/region etc if assumed that the amounts/ househo Id is the same.

9HU\ RIWHQ D 3IRRG ZDVWH GLDU\" LV XVHG LQ FRQMXQFWLRQ ZLWK D IRF
analyses, These analyses complements each other well.

Pros and cons of the method:

7KH EHQHILW RI 3IRRG ZDVWH"™ GLDU\ LV W koDH& wasté dourcE.Odld HG RXW FORV
the most accurate method to find liquid waste (it has been used in UK and is now tested

in Sweden). The drawback is that the households know they are being monitored and

WKH\ PLIKW FKDQJH WKH EHKDYLRXU DQGWHIERHNFHMKBLQIBRBE ZM.JKL QJ
DOO }IRRG ZDVWH"~ $QRWKHU GUDZEDFN LV XQGHUUHSRUWLQJ E\ WKH FR

14.4  Data collection and survey

14.4.1 Statistics from authorities or waste management companies

In UK (WRAP, 2009 and 2011) and Sweden (Jensen et al., 2011) almost t he same

approach of using statistics from waste management companies is applied. The main

LGHD LV WKDW 3IRRG ZDVWH" LV RFFXUULQJ LQ GLIITHUHQWZDVWH VWUHD
most common the mixed waste and source sorted organic waste. The proportion of 3IRRG

ZDVWH" LQ ERWK WKRVH WZR ZDVWH VWUHDPV LV QRUPDOO\ NQRZQ IURP
analysis and a waste factor for each steam can be calculated. The amount of waste in

each waste stream can be gathered differently either from the waste collector or from the

treatment plant. By assuming that the waste factors are representative also for other

UHJLRQV WKH WRWDO DPRXQW RI 3IRRG ZDVWH™ FDQ EH HVWLPDWHG EDV
waste measured. If the share of edible/ in -HGLEOH 3IRRG ZDVWH" ™ LwsBd@R&Z Q WKLV LV
waste factor in the same way.

Pros and cons of the method:
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The benefit of this method is that it is robust, because the amount of waste is known and
controlled by the waste management company. If weight based waste fees are used the
data is ve ry exact.

,QGLFDWRUY FDQ EH FDOFXODWHG E\ GLYLGLQJ IUDFWLRQ RI 3IRRG Z
composition analysis by the total weight of a certain waste fraction ,as described in

FKDSWHU 7KH LQGLFDWRUVY FDQ EH XVHG WR FDFAX®DWH 3IRRG .
where only the amount of mixed waste is known. This is a fairly accurate method. An

important assumption is that all households sampled have, on average ,the same

behaviour as those not sampled, which is most likely close to reality.

Thedrawbac N LV WKDW DOO VRUWYV RI 3IRRG ZDVWH" DUH PHDVXUHG DQG
LPSRVVLEOH WR VHSDUDWH HGLEOH LQHGLEOH 3IRRG ZDVWH" 7R EH |
waste composition analysis would be necessary.

14.4.2 Questionnaire and interview

A survey uses interviews of a randomly selected sample of respondents to map the
attitudes or behavior of a population. A survey can be used to obtain an estimate of how
often households throw away food, which food product categories becomes most often
foo d waste and the major causes of food waste (Hanssen & Schakenda, 2010/2011).

A survey will most likely underestimate the amount of food waste, but can be used to see
trends by repeating the same survey for more than one year. The underestimation might
decrease over time as information campaigns and other awareness raising efforts take
effect in the gener al population.

14.5 Methodological recommendations

For households the following methodologies are recommended (depending on the level of
detail needed).

145.1 Recommendations for quantification of wasted food

Waste compostion analysis is recommended as a very good and proven method that
produces reliable data. It can be relatively costly, but if establishing an appropriate level
for implementation and updating it wi Il be less resource demanding.

$ 3IRRG ZDVWH™ GLDU\ LV D YHU\ XVHIXO VXSSOHPHQW WR ZDVWH FRP
captures information not possible to obtain through such analyses, e.qg. liquid waste or

ZDVWH JLYHQ WR SHWV RU FRPSRRR/GIZDWWHKRBHDW\ 3IFDQ DOVR EH HJ
to map the amount of food produced, i.e. bought amount when contact is established

ZLWK KRXVHKROGY 7KDW ZLOO EH D JRRG KHOS LI DLPLQJ IRU LQGLF
produced amount of food in household). There are other ways of getting information on

amount food bought per household e.g. as national statistics on food purchases.

Both waste composition analysis and diary will also give some input in why the food is
thrown away.
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14.5.2 Recommendations for data collection and survey

Using statistical data is recommended in combination with waste composition analysis for

FDOFXODWLQJ 3IRRG ZDVWH" LQGLFDWRU HJ WRWDO "IRRG ZDVWH" SHU
Waste factors are calculated by using waste data from statistics /waste management

FRPSDQLHV FRPELQHG ZLWK LQIRUPDWLRQ IURP ZDVWH FRPSRVLWLRQ DQ
amount in mixed waste. The method will give a robust answer on the total amounts of

3IRRG ZDVWH™ IURP KRXVHKROGY LQ D FRXQWU\

In order to get an indicat RU RQ WKH HGLEOH DPRXQW RI 3IRRG ZDVWH" LQGLFDW
different food categories it is necessary to have detailed data from waste composition
analysis on the share of edible/ in -HGLEOH 3IRRG ZDVWH’

In order to get the indicator c, including th e bought (produced) amount of food in the
denominator, the results from waste composition analysis needs to be combined with

data on food bought in the country. The latter can either be found in national statistics or
E\ XVLQJ D 3IRRG ZDVWH  @dn146.1MHH VHF

14.5.3 Summary of presented and recommended approaches

Table 14.1 shows the recommended approaches for quantification of wasted food and
which also applyto  WKH TXDQWLILFDWLRQ RI "IRRG ZDVWH’

Table 14.1 Summary of recommended approaches for quantification and data collection
of wasted food

Suitability to use in: EU- 28 statistics ) Basic swdi_es_for Internal prevention
improved insight* approaches**
Waste composition analysis
3IRRG ZDVWH"™ GLDU\
Statistics combined with waste « «
composition analysis
* Basic studies for improved insight, as providing background information to calculate conversion factors

and gaining a deeper knowledge of a specific problem. Such studies also give important insight into
liquid loss going  to the sewers, waste fed to pe ts or treated in home composting
ki Internal prevention approaches: approaches aimed for the st akeholders to map the waste and work for
ZDVWH SUHYHQWLRQ LQWHUQDOO\ 3JRRG PDQXIDFWXULQJ SUDFWLFH IRU UHGXFLQJ -
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15 Recommendation s and
conclusion

Chapter 8 -14 provide a detailed presentation of available and recommended approaches
for each st ep in the supply chain. This chapter gives an overview for all the steps in the
supply chain.

An overall quantification method consists of several parts. If no measurements have

been made. the quantity (mass, volume) must be measured or assessed, the results
must then be registered, registered data must be collected and finally quantification must

be made based on collected data. In some cases one or several steps may be omitted,
depending on the circumstances in the studied system. Estimates or extrap olations of
waste from data  is how national statistics can be used in combination with indicators

from the direct measurement of waste to adjust the number and get data that are more

specific.

Table 15.1 Recommended approaches

e . . Data collection and u -scalin
Quantification and registration P 9

for EU -28
Primary p roduction On-site measurements of mass Statistical data (Possible tools:
or volume Eurostat, F ADN)
3IRRG ZDVWH" GLDU\ Mass- balances
Interviews and questionnaires Interviews and questionnaires
Processing & On-site measurements of mass PRODCOM data (developed)
manufacturing or volume European production statistics

Eurostat waste statistics
Mass-balances
Combining data source

Wholesale Scanning/Stock -keeping tools (Inter)national statistics,
On-site measurements of mass aggregated statistics from
Interviews of key personnel umbrella branch organisations
Retail and market, Scanning/Stock -keeping tools Aggregated data from stock -
redistribution On-site measureme nts of mass keeping tools used in national
Interviews of key personnel statistics
Food service Waste composition analysis Statistics combined with
On-site measurements of ZHLIJKLQJ "IRRGdAl VW H
mass "IRRG ZDVWH’  GLD| Statistics combined with waste
Interviews composition analysis
Data from muni cipal waste
companies
Household Waste composition analysis Statistics combined with waste

3|IRRG ZDVWH" GLDU\ composition analysis

7KH UHFRPPHQGHG PHWKRGV IRU TXDWHhV Ipkiia€yJ profuRtiGn Z&é/on -
VLWH PHDVXUHPHQWY DQG 33IRRG ZDVWH" PRQLWRULQJ E\ GLDU\ )RU
recommended to use interviews/questionnaires, statistical data and mass -balances. The
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first two are applicable to calculate conversion factor s while mass -balances can provide

the total figures. Not one specific approach is recommended, but a combination of

approaches will probably give a more complete picture, provide better background

LQIRUPDWLRQ DQG KHOS WR 3FDOLEUDW Hatiehtd\diKeReGtVnetBaddt QJ D FRPELQ
gives the possibility to validate and add additional information from other sources to see

if the assumptions or calculations are correct.

Inthe primary production step, there have been little or no efforts to standardize data

collection and calculation methodologies. The methods used to calculate waste will be

different depending on the level of progress of knowledge, so there is need for a

roadmap. To estimate the levels today, when insufficient data is available, on-site

measurements should be made to examine waste levels and the reasons behind the

ZDVWH 7KH UHVXOWYV FDQ EH XVHG WR FDOFXODWH LQGLFDWRUV IRU DPI
sub -sector. In the future, when these approaches have been established and the data are

incorporated in national statistics, the on -site measurement can be done at regular

intervals to update the key factors.

7KH UHFRPPHQGHG DSSURDFK IRU TXDQW prbces3idg 3 KRnRagufZchiihg/ H™ L Q

is weighing in combination with Lean Six Sigma (Gunnerfalk 2006; Svenberg 2007). The

PHWKRG LV IRUHPRVW VXLWDEOH IRU PRQLWRULQJ 3IRRG ZDVWH"™ ZLWKLQ
industries and for supporting working company -LQWHUQDOO\ ZLWK 3IRRG ZDVWH" SUHYH
the production system. The method can be applied in all types of food processing

industries. For the macro level approach, a method using PRODCOM data is suggested.
7KH PHWKRG LV VXLWDEOH IRU SURGXFLQJ 3IRRG ZDVWH" VWDWLVWLFV IF
industry on a sectorial, national or Europe an level.

In wholesale , scanning or the equivalent stock - keeping tools is recommended. The

scanning method results in very detailed information on article level and is therefore

VXLWDEOH IRU ERWK GHHSHU VWXGLHV DV ZHOO D W cdrwetddbK ROGHU 3VHOI
UHJXODU EDVLV WKLV PHWKRG LV YHU\ SURPLVLQJ WR SURYLGH GHWDLO
The method of using stock  -keeping/book keeping tools uses information already available

at company level. The approach is a modification of the above men tioned scanning

method. Other available approaches are on -site measurements and interviews of key

personnel. These approaches could be used for collection of additional information

valuable for further calculations of data achieved by application of other approaches. The

method to use (inter)national statistics and/or aggregated statistics from umbrella

branch organisations could be used in general for rough estimations. if already available

for some countries, it could be used for other countries who have no such information.

All approaches applicable for wholesale and logistic may also be used for retail,

marke ting and redistribution , except for the aggregated statistics from umbrella branch
organisations. Instead of this, the aggregated data from stock  -keeping tools can be used
in national statistics.

In food service WKH ZDVWH FRPSRVLWLRQ DQDO\VLYV ZHLJKLQJ "IRRG ZDVWH’
DOO PDWFK WKH 3IRRG ZDVWH" LQGLFDWRUV :DVWH FRPSRVLWLRQ DQDO!
proven method that produces relia ble data. This method can be more costly than

weighing/diary, but can provide better and uniform data. Both approaches are directly

applicable, but further criteria are needed regarding samples per outlet type and samples

in time, i.e. the length of the we ighing period needed to reach a representative result.

Statistics from authorities can be used to get an overview of the number of companies in

each subsector as a basis for upscaling to national figures. Another method is using data
from municipal waste FRPSDQLHV IRU DQQXDO *IRRG ZDVWH™ GDWD SHU IRRG VH
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and up -scaling by using the number of employees. This method requires good data on
firm level in all countries, and at present, this is not made available for use in such
studies.

Inthe household step, waste composition analysis is recommended as a very good and

proven method that produces reliable data. It can be relatively costly, but if establishing

an appropriate level for implementation and updating it will be less resource demanding.

Statistical data in combination with waste composition analysis is recommended for

calculating national figures. Waste factors is calculated by using waste data from

statistics/waste management companies combined with information from waste

compositionana O\VLV RQ 3IRRG ZDVWH™ DPRXQW LQ PL[HG ZDVWH 7KH PH\
UREXVW DQVZHU RQ WKH WRWDO DPRXQWYV RI 3IRRG ZDVWH " IURP KRX

Some approaches are recommended in several steps in the food supply chain. For

quantifying data, on  -site m easurement by mass or volume is applicable for all steps in

WKH IRRG VXSSO\ FKDLQ H[FHSW IRU KRXVHKROG 7KH VDPH DSSOLH\
prevention method based on weighing in combination with Lean Six Sigma. However,

these approaches are not recommen ded through the whole food supply chain, since other

methods are considered more useful or more tested.

,Q JHQHUDO WKH TXDQWLILFDWLRQ RI 3IRRG ZDVWH" LV DQ DUHD WKI
research nor in practical application. When the area has rea ched a more mature stage, it

is recommended that estimates or extrapolations of waste from data can be supported by

harmonized micro level data. In the meantime, it is important to develop the

recommended approaches for better knowledge and insight in mapp ing of the quantity of

"IRRG ZDVWH" DQG UHJXODUO\ HYDOXDWH DQG DGMXVW WR JHW WKH
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1 Appendix - Data quality

This appendix highlights the most important issues that should be considered and more
information can be found in specific references.

1.1 Definition of quality

%RWK VLQJOH PHDVXUHY DQG VSHFLILF SROLFLHY UHJDUGLQJ 3IRRG ZDV\V
based on sound and accurate analyses. The analyses themselves require data and

information to be as sound and accurate as needed for the purpose. At the same time it

is not recommended to wait for many years until detailed data is available until taking

actions. A balance must be found between the need for detailed data and the urgency of

the problem. This means that particular attention should be paid on the quality issues

GXULQJ DQG DIWHU D TXDQWLILFDWLRQIfpassistditdol e v | RaRi@@e ZDVWH’

the quality level of the quantification process and data collection should be developed.

+RZHYHU 3IRRG ZDVWH" LV RQ VXFK D VFDOH WKDW ZH FDQQRW ZDLW IRU
in many instances, as the benefits of action may be self -evident.

The concept of quality isnot easy to define. Many interpretations are possible. Often in

the technical and industrial areas , the ISO ( International Organization for

Standardization ) definition is the most utilized .1SO defines quality as the SGHJUHH WR

which LQKHUHQW FKDUDFWHULVWLFV IXOILOOV UHTXLUHPHQW~’

This definition takes care of the needs of each stakeholder involved in the different steps

of producing a product. However, it has also received much criticism especially for the
limitations that it impos es talking about inherent (which interpreted as permanent )
characteristics and requirements. Critics pointed out  that quality may also depend on
temporary attributes and can exist also without any requirements.

Considering the goal of the report and the g uantitative and statistical dimension of this
WRSLF D PRUH DSSURSULDWH GHILQLWLRQ LV SURYLGHG E\ (XURVWDW 3

characteristics of a product or service that bear on its ability to satisfy stated or implied
QHHGV ™ (XURVW ukstat, 2008a). It was included inthe  European Statistics Code
of Practice - promulgated in 2005 and revised in 2011 +and then in the legal framework

of the EU regulation n. 223/2009 of the European Parliament and of the Council on the
production of European statistics.
In this section the concept is applied both to process and product (data) level.

1.2 Quality of data measuring in micro level methods

The methods identified as specific micro level methods aremeasurements (mass or
YROXPH VFDQQLQJ HOHFWURQLFDOO\ UHFRUGLQJ FRPSRVLWLRQ ZDVW
diary. Some m ethods can be used both in micro level and macro level methods, e.g.
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VXUYH\V TXHVWLRQQDLUHYV LQWHUYLHZY DQG PDVV EDODQFHV ,I Wl
VFDOH" WKH\ DUH 3PLFUR OHYHO " PHWKRGYV

These methods are not  equally applicable to all segments of the food supply chain

because each of them has specific properties. However, each of them requires attention

to achieve a good quality level.

Measurements: The direct measurements, mass or volume, allow the collection of

primary data. Therefore, with a good procedure setting, there is the possibility to obtain

relevant and consistent information. However, it is necessary to find representative
samples and plan measurements at an appr opriate level of detail , at an appropriate time
of the year . Furthermore ,toreach an acceptablelevel of data accuracy ( the closeness of
measure to the true values) high precision of the instruments  and knowledge on how to
use these instruments  are requir ed. One complicating factor is the difficulty of finding
representativity given an often high number of units involved (companies, people, etc)

and the high variability by season, geographical area, day of the week, consumer

preferences, etc. Direct meas urements allows the estimation of uncertainty, however a
SUREOHP RI XVLQJ HIWHUQDO GDWD IRU 3IRRG ZDVWH™ TXDQWLW\ LV
often not known.

Scanning: The quality of the scanning method depends on the type of conversion needed

to trace back the information, because these data are often based on economic data
Therefore, it could be necessary to start from the economic value to reach the amount of
3IRRBDVWH” LQ PDVV

Waste composition analysis: This is another method that requires additional information
to calculate the amount of wasted food. As in the previous cases, sample size and
representativeness are key elements for a good quality level. Crossche cks with literature

information and with other measurements can validate data.

3)RRG ZDVW H:"A@cétbod to quantify amount of wasted food that require particular
attention and education by the person who has to measure and note the amount
detected. Unc ertainties, underreporting, seasonal variations and sampling are factors
affecting the quality level. Furthermore, the completion of a diary can however introduce
a bias in the behaviour of the participants.

Questionnaires:

The quality of data from questi onnaires depends to a large degree on how the questions
are expressed. The

Interviews:

Interviews are similar in many ways to questionnaires, but allows for more details to be

added and more quality control performed. The resource use is high, which seve rely

limits the number of study objects.

1.3 Quality of data collection in macro level methods

MacrR OHYHO PHWKRGV PD\ DOVRREA FDOMWHHOMW RE8H UDWLRQDOH EHKL
methods is to use data from a few sources of data on an aggregated level (e.g. data on

ZDVWH DPRXQWYV IURP ZDVWH KDQGOLQJ FRPSDQLHYVY UDWKHU WKDQ
e.g. individual producers.

These methods refer to statistics, interviews, surveys, mass balances and questionnaires.
They can be used as both macro level and micro level methods. When used to collect
existing data at the macro level, they are macro level methods.
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In order to maximize data quality and reduce the costs data collection techniques should

be selected considering the objectives of the collection and the characteristics of the

target population, the entire set of units for which the survey data is to be used to make
inferences. The selection should take into account many factors. For example, when

collecting data on sensitive topics a self -administered mode (without the presence of any
interviewer) should be preferred. Also telephone interviews, in which the interviewer is
present but may feel less intrusive for the interviewee, may be used, if convenient.

The best technologies available should be utilized. If possible, computer -assisted
technigues should be preferred, as they ensure: efficiency, rapid checks with opportunity
to verify responses during the interview, overall cost reduction and reduced use of paper.

Finally, mixed methods should be preferred when they help in meeting multiple needs.

1.3.1 Surveys, interviews and questionnaires

The first issue to achieve a high level of quality in a process to collect data and
information is the clarity of the basic items such as objectives, information needs to be
met, content, concepts, periodicity, quality targets etc. These basic items should be
clearl y specified during the planning phase of a survey.

Response burden

An enterprise could receive only one or several questionnaires for different surveys in a
year. However, from its perspective these requests sometimes appear as nuisances that
can cause ¢ ost increasing without receiving any benefits. This can negatively impact on
how or if it responds (Jones 2012).

As a consequence, a key aspect that requires attention and influences the quality  of the
collection process isthe response burden , which is often defined as the effort required to
answer a questionnaire. In a more general way, it could be considered as all

circumstances and factors negatively affecting the quality and cost of collecting data

directly from respondents (Haraldsen et al 2013).

It is usually quantified in terms of how long the survey takes to fill out . An excessive
duration of the interview (or of the length of the questionnaire) could discourage

respondents to answer or  alternatively could pushthemto give precipitate and
incomplete responses. Thus, the minimization of this factor is a priority effort to achieve

a satisfying quality level of data and information. For this purpose, an evaluation system

is a good custom.  Furthermore, notonly  the number of questions,  but espe cially their
level of complexity contributes to determine the response burden. The complexity
depends on how difficult it is to provide the information, and how sensitive the

respondent is about providing the information.

In light of these  elements, itis possible distinguish between perceived response burden
and actual response burden (Hedlin et al 2005) . The first one is the subjective burden

that differs from an individual to another one involved in completing the survey. It is

difficult to be measured b  ecause itis affected by factors connected to the UHVSRQGHQWYV
attitude to the survey, such as the interest in the topic  , the competence and the
availability . The second one (actual) can be measured considering the time required to fill
in the questionnaire . This means the time needed to perform any necessary activity such

as investigations, calculations, compiling etc. Moreover, the actual response burden is
affected by a combination of factors, such as: the survey organization  (usually, survey s
conducted by government, agencies of official statistic bureaus inspire greater confidence

than others); the  publicity , (social attitudes to surveys promote a motivation to

respond); the implementation strategy (which refers to the clarity of the questio nnaire
and the costs of return of information); the guestionnaire length  (which is usually
correlated with the level of non -response); the  question comprehension  (difficult or easy
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questions); the  mode of data collection (e.g. online questionnaire, e -mail, or automated
phone, paper forms etc.) (Willenborg et al 2014).

From an economic perspective, the response burden is a time (resource) consuming

factor. Thus, it is usually measured in terms of cost, giving an economic value to the time

taken to perform the aforementioned tasks. However, the time required *measured in
minutes or hours  *allows comparisons among enterprises, surveys, etc. over time and

among different countries.

In order to lessen the negative effect of the response burden, some techniques as for
example the support provided by interviewers to the interviewee in filling in the form or

the availability of a free call number can be adopted. These techniques are often effective

and used also to encourage people to take part to the su rvey, decreasing the number of
non -responses (Istat 2012).

Sample design

To survey the totality of a group + generally named population *to be studied is
extremely costly, for this reason a sample (a subset of the population) is used to

represent and dra w inferences about that group. Sampling is the selection of a subset of
individuals/ units within a statistical population. A sample design is the framework that
serves as the basis for the selection of a survey sample.

Sample selection should be carried out according to probabilistic criteria in order to
guarantee an adequate accuracy of the estimates for the main variables / indicators of
amount of wasted food and in order to draw correct inferences. Statistical inference
makes use of information from a sample to draw conclusions (inferences) about the
population from which the sample was taken. Every probability sampling design is
characterized by two common e lements:each unit of the population has a chance to be

included in the sample; a random selection is required. Variou s types of sampling
designs exist. The model at the base of them is the Simple Random Sampling  (SRS)
which is a method not very different from winning a lottery. A single number is assigned

to each unit/element in the sampling frame. Then, a random selection allows to choose
elements to put into the sample.

Other methods introduce changes while maintaining the basic characteristics of the SRS.

The Systematic Sampling  arranges all elements in the population in order and after the
first random selection, other elements are selected (systematically) applying an interval

calculated as the ratio between population size and sample size. Stratifie d Sampling is
method useful when population includes a number of distinct categories. In this case, the

frame can be organized by these categories, each of them represents a sub - population
(stratum), out of which elements can be randomly selected. The adva ntage is the

guaranteed representativeness in some important characteristics when groups are very
different in size.  Cluster sampling is a technique where the entire population is divided

into groups (or clusters), and a random sample of these clusters is selected. It is used
when it is not possible to obtain an exhaustive list of the elements of a population or

when these elements are so widely scattered that surveying them would be too

expensive. Cluster is desirable from an economic point of view because it saves money,
but lowering the quality of data. Finally, the choice of sample design depends on many
(economic, environmental, technical ... ) factors that should be carefully evaluated.
Obviously, the sample design and the sample size should be adequate with respect to
population size and survey objectives. If a substantial reduction of the sample size is

expected due to a high number of ineligible units or unit non -response, it may be useful
to increase the number of the selected sample units (Istat 201 2).
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The use of non -probabilistic methods for sample selection should be justified. This could

be the case when a large number of e.g. farmers/ food industries are not willing to

collaborate in the survey and the investigator has to choose the units of th e population
not agreeing to the probabilistic rules but according to the availability. However,
inferences on the target population based on a non - probability sample increase the risk
that estimates could be biased. In these cases, it is necessary to illu strate the
assumptions justifying the sample representativeness and to calculate the related

sampling errors.

The first step in establishing a statistically representative sample is to investigate which
factors are crucial. The following are relevant crit eria for production:

X Amount of producers in sample in relation to total amount of producers [also the
representativeness can be calculated by any quantifying indicator (i.e. product
sold) of the sample and compare it to total amount of product sold].

Geographic area: e.g. climate conditions like temperature and rainfall

Farm size

Farmer practices (e.g. crop rotation, used cultivars etc.)

Regional characteristics

Farming type (e.g. organic /conventional/integrated production (IP) farming etc.)
Technology, equipment, infrastructure (for example type of harvesting machine
etc.)

X The yields can vary dramatically from year to year, especially with plant
production. The temporal representativeness can be ensured by collecting a
minimum of 3 years. In cases where there has been an extreme year, e.g. when
harvests have been very low, a longer sampling period might be needed.

Questionnaire

The questionnaire is one instrument used to ask and gather information from
respondents. Then, its conception is a key issue.

In the design phase, questionnaires have to be framed so that they:

x Effectively collect the information of interest;

x Contain only the necessary questions, avoiding to increase the response burden;

x Facilitate the fluency of understanding;

x Concern to standard  definitions and concepts, explained for example in the
opening pages;

x Can facilitate the data processing.

X X X X X X

In addition, also the way how to manage the questions (or the questionnaire
administrative mode) can have effects on the data quality (Bowling 2005). The most
commonly used modes of administration are:
X Face-to-face administration , where an interviewer presents the items orally;
x Paper administration, where the items are presented on paper;
Computerized administration, where the items are presented on the computer.

If paper questionnaires are chosen, the graphical layout should express positive

perceptions and help the user orienting among the different sections. If electronic
guestionnaires are adopted, they should be developed exploiti ng the technological
potential for routing management and on -line quality control, without unduly burdening
the interview (Istat 2012).

In order to ensure adequate response rates and a high quality level of the information
collected, participation of respo ndents should be encouraged, and measures on the
collection phase should be produced and evaluated.

Confidentiality

Confidentiality concerns the treatment of information that an individual has disclosed in a
relationship of trust. Participants in data collection initiatives - to quantify amount of
wasted food or any other type of topic - expect that identifying information will not be
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divulged to others without their permi ssion . Researchers and collectors have to inform
participants about the degree of confidentiality that can be maintained.

The easiest way to protect confidentiality is to collect anonymous data, to avoid that data
collection participants could be identifie d. Collectors can implement practices that
increase the level of confidentiality. Examples for this are to use codes instead of
recording identifying information and keeping a separate document with this information
locked in a separate location; encryptio n of identifiable data; removing name, addresses
etc. from the survey tool (questionnaire); closing answers in a sealed envelope or using

the method of randomized responses (if these strategies can be used according to the
objectives of the survey); limiti ng access to identifiable information.

1.3.2 Statistics and mass -balances

In some cases, direct amount of wasted food and/or indirect statistics published by

authorities , administrations or  statistical offices , could be used.

In order to achieve a good level of quality, it would be useful to understand the context

in which available data on wasted food are generated and managed, for example the

inherent legislation - especially if comparisons among different Countries are required -
the goals with producing th e data and the current usage of the data. Obviously, the

evaluation of the quality of these statistics should be performed before starting their use.

This evaluation can be made taking into account, for instance, coverage, content,

concepts and definitions  used, frequency and timeliness of records, stability over time.

However, all phases of acquisition and processing of statistics should be documented

(Istat 2012).

In order to improve the quality of both the collection process and the data, good

relationsh LSV ZLWK WKH DJHQFLHY SURYLGLQJ 3IRRG ZDVWH™ VWDWLVWL
formal agreements. Key elements such as procedures and timing for data transmission,

required quality level etc. should be included in these agreements (Istat 2012).

1.4 Quality o fthe data

In the previous sections good practices to achieve a satisfying level of quality in methods

to quantify (or estimate) the amount of wasted food have been disclosed. However,

planning for high quality in how to collect data does not remove the re guirement of
giving attention to the quality of the statistics produced or data found. This section lists

the criteria used to measure the data quality.

According to the definition given by Eurostat, the quality of data can be measured with
respect to the  following criteria (Eurostat, 2003a; 2003b):

Relevance refers to the degree to which statistics meet current and potential needs of the

users .

The accuracy refers to the closeness of estimates to the unknown true values .The level of
accuracy is related to  the amount of errors that may occur in the production process of

survey estimates; the greater the number of errors, the lower the accuracy.

Timeliness refers to the period between the availability of the information and the event

or phenomenon it describ  es.

Punctuality refers to the delay between the date of the release of the data and the target

date (the date by which the data should have been delivered).
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Accessibility and clarity refer to the conditions and modalities by which users can obtain,

use and interpret data.

Comparability _ refers to the measurement of the impact of differences in applied

statistical concepts, measurement tools and procedures where statistics are compared

between geographical areas, sectorial domains or over time.

Coherence refers to the adequacy of the data to be reliably combined in different ways

and for various uses. The coherence depends on the statistical processes by which data

were generated. If in a data collection harmonised methods - methods that refer to the
same concepts such as classifications, definitions, target populations etc. - were used,
outputs are coherent and they can be combined. For example, when statistics are

coherent a researcher  can add the amount of wasted food of Italian farms to waste of
*UHHN 6SDQLVK«IDUPYV WR REWDLQ WKH DJULFXOWXUDO ZDVWH DW WKH
Mediterranean Europe. However, if these national statistics are not coherent, the results

cannot be of agood g uality level.

Measuring the quality of data according to the above mentioned components is not so

easy because it is only possible to obtain direct measures (i.e. numeric values)for a

limited number of components (typically timeliness, accuracy and compar ability) . For the
other components, subjective opinions may be given.

1.5 Identifying, monitoring and correction of errors and

outliers

Usually , a statistic is affected by error when its value does not correspond to the true
value . Obviously, the presence of errors can lead to distortions  in the estimation phase
and in the data  analysis.

The errors in a dataset (data matrix) could occur dueto any of the phases of acquisition
and adjustment of  information such as collection, revision , recording etc. Forthis reason ,
the data check should be as close as possible to the information collection stage , in order
to make it easier to identify and correct conflicting or abnormal situations

There are many classifications of errors. Itis useful to know the mostcommon onesin
order toreach agood level of data quality.

1.5.1 Types of errors

Many types of errors can occur during a quantification and estimation process of the
amount of wasted food. Consequently, different negative effects on estimates and

analyses are possib le. Among the existing error classifications, a very common distinction

is between systematic and random (or stochastic ) errors :

- Systematic errors  are constant in a series of repetitions of the same direct
measurement method (i.e. weighing) or in a data collection using the same model
(questionnaire). They are caused by structural defects  of the measuring
instruments  or by the imperfection of the mo del statistical structure. An example
of systematic error is a scale that, if loaded with a standard mass, provides
readings that are systematically lower than the true mass.

- Random (or stochastic) errors are those errors caused by random factors not
direc tly identifiable . An example of random error is putting the same mass on a

96 | FUSIONS Reducing food waste through social innovation



scale several times and obtaining a result that vary from one measurement to the
next. The differences between these readings and the actual mass correspond to
the random error of t  he scale measurements.

A further and key distinction is made between sampling and non -sampling errors:

- The sampling errors  occur because not the whole population (for example all
farms), but only a part of it (the sample) is considered in the survey. These errors
depend on the probability, the sample design, the sampling technique etc.
- The non-sampling errors  are caused by all possible inaccuracies committed during
D 3IRRG ZDVWH™ HVWLPDWLRQ SURFHVV 7KH\ FDQ EH GXH WR
interviewee who  does not answer or provides incorrect information, the

interviewer who could influence the interviewee, the technique such as face -to-
face, postal, telephone interview, the characteristics of the questionnaire such as
length, complexity, biased questions etc.

Non -sampling errors consist of coverage errors, partial and unit non -response errors, as

well as measurement errors:

- Coverage errors are typical of the sampling frame - lists with the units
constituting the population - used to design and select the sample. They can be:
1. Under coverage errors , units belonging to the target population but not
listed in the sampling frame;
2. Over coverage errors , units included in the sampling frame which do not
belong to the target population;
3. Duplications , units listed several times in the sampling frame.

- Non-response errors result from a failure to collect complete information on all
units in the selected sample. These errors affect survey results in two ways. First,
the decrease in sample size (then the reduction of i nformation collected), second
the increase of variability associated to final bias. They can be distinguished in:

1. Partial non -response that occurs when a statistical unit, for example a farm
included in the sample, gives an incomplete answer to a question or
decides to answer to a part (subset) of the questionnaire;

2. Unitnon -response that occurs when no data are collected for the surveyed
unit, because the unit does not answer to any question of the
questionnaire.

- Measurement errors  may occur during data collection and/or subsequent
treatment phases as revision, registration etc., but also in a direct measurement
of the amount of wasted food at a stage of the food supply chain. As in the
previous cases, the available value does not correspond to the true v alue of the
amount of wasted food.

The mentioned errors can cause at least three types of problems that threaten the data
quality: values out of the domains, outlier and incompatibility of responses (ina
statistical model as a questionnaire).

Considering thata domain is a set of permissible values, a value out of domain does not
belong toa setof allowable values . For example, if the whole production of each farm

included in a sample do not exceed 1000 tonnes per year, the domain - for the a mounts
of wasted food - could be conceptually limited between 0 and 1000 ton ( obviously, the

minimum and maximum extremes are very unlikely in reality .| WKH 3IRRG ZBVWH" RI

unit results in 1500 ton per year, this value is clearly outside the domain,t henitis not
allowable.
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An outlier is an anomalous value of a statistical unit that shows characteristics
significantly different from those of other units. This means that a data set may have one
or more items with unusually large or unusually small valu es, called outliers. They often
arise from some errors in data collection or data recording procedures. Statistical

techniques able to identify outliers exist, but they are not sufficient to decide, simply

based on the numbers, that a value is false. In ot her terms, an outlier is an extreme

point, but not necessarily wrong . Finally, incompatibilities exist if the values of one or
more variables contradict the logical and/ or mathematical rules.

An outlier is different from a value out of domain in that the latter is an impossible value
whereas the former is a value that is possible but probably a result of an error.

1.5.2 Strategy to identify and correct errors

To determine the impact of errors on dat a is not simple, because often information

external to the quantifying process (other data to do comparisons) is needed, but may

not even be available. For this reason, bias prevention is recommended, but when it is

not enough methods to reduce errors have to be adopted.

The overall procedure for error detection and treatment should be based on a

transparent, reproducible and documented system. Moreover, this procedure should be

organised in phases according to the different error types and to the proper me thods for
correcting them.

Here, the discussion of these issues cannot be exhaustive but it will try to outline in a

concise manner the key points.

The identification of the errors in a data set is based on different types of controls:

- Consistency checks. They refer to incompatibility rules, as a set of non -conflicting
constraints that must be simultaneously satisfied by each statistical unit so that
the corresponding information can be considered correct. These rules are both
formal/logical and mat  hematical;

- Validity checks. They verify that the values of a given variable are internal to a
range that is according to the definition of the variable.
- Statistical checks. They are used to isolate variables with values that differ

significantly from o ther variables in the rest of the sample or from previous
surveys. With high probability, these values are incorrect; more tests are needed
to establish it.

Since sampling errors  tend to decrease by increasing sample size, methods to reduce
them are increasing the sample size and ensuring that the sample adequately represents
the entire population.

From a practical standpoint, systematic errors  are usually much more serious nuisa nce
factors than random errors - because their magnitude cannot be reduced by simple

repetition of the measurement procedure several times. By contrast, the effect of the

random errors  may be reduced by repetition of the experiment or observation and

avera ging the outcomes.

Over coverage and multiple listings  will result in an increase of sampling error and cost

but no significant biases and this can be handled by statistical method.

Under coverage cannot be detected in the measurement process and is the m ost serious
type of coverage error. It will always result in biases, large or small, which are difficult to

detect and evaluate. There are methods to detect under coverage and assess its effects.
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Non-response errors  are determined by collecting any or all of the following: unit
response rate, weighted unit response rate, item coverage rate, distribution of reason for
non -response, comparison of data across contacts etc.

The localization of outliers is done by the determination  of acceptance intervals. If a
statistical unit  is outside of this interval, it is considered abnormal , checked and, if
necessary , to be fixed.

After identifying  the outliers, there are two possible  alternatives : exclude them from the
subsequent processing  and the final estimates ; or checking whether outliers identified
are due to wrong situations  or whether it corresponds to the actual situations.

Furthermore, seasonal adjustment procedures should be aimed at removing the seasonal
component of time series (if data on the amount of wasted food are collected every year
and even in the same period). The approach used to seasonal adjustment of data should

be based on sound and generally accepted methodologies.

With regard to the data validation, some actions are required:

- Priortot he dissemination, results should be evaluated together with subject
experts in order to detect the presence of anomalies.

- Where practicable, results should be compared with the same results obtained on
previous occasions or with similar results obtained by other processes.

- Moreover, quality indicators of the process should be calculated and analysed to
assess the possible introduction of improvement actions on subsequent survey
occasions. A d hoc analysis, as well as calculation of quality indicators, are ai med,
in the first place, at ensuring the quality of the disseminated estimates and,
secondly, at assessing the opportunity to adopt improvement actions for
subsequent survey occasions.
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2 Appendix Prevention
methodologies and waste
treatment

2.1 Food waste prevention in companies

Waste minimization is generally a concept and a strategy that was developed and

described by the US EPA in the late 1980s, with both general and more branch specific

guidelines for waste minimization assessments (US EPA, 1992). In m ost parts of Europe,

waste minimization and pollution prevention programmes were implemented as

strategies for coping with environmental challenges in the society, and with large

programs with funding and capacity building. However, the programs that suppo rt the
FRPSDQLHV IRU SUHYHQWLQJ 3IRRG ZDVWH" DUH QR ORQJHU IXQGHG

BUHYHQWLRQ RI 3IRRG ZDVWH" LV RQO\ D VSHFLDO FDVH ZLWKLQ WKLV IU
build on all experiences and results that have been described from waste minimization

over the last \HDUV 6RPH LPSRUWDQW FKDUDFWHULVWLFV RI D 3IRRG ZDVW
methodology within a company are described in the following:

In the Norwegian ForMat project (Hanssen & Schakenda, 2011) , a methodology termed
DV WKH 3MRXNJH" PRGHO IRU | RReGtichbas\hedn 8eveloped for how
companies can work systematically with food waste prevention in their own factories
. After having commitment from th e company management, a cross
functional team should be established to do the work in Stage 1 -3. The starting point is
to get an overview about how much food is wasted in each of the main parts of the

process. A good starting point is to make a coarse flow diagram of the main processes in
the factory, from input and storage of raw materials and ingredients, to the final storage

of finished products. Methods for quantifying any waste of resources from the process

step are described in detail in Chapter 9.
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Figure 2.1 Four Stage model for food waste prevention in companies

3)RRG ZDVWH™ SUHYHQWLRQ VWUDWHJ\ SiRakemEntidgRattiVitiexXwitthK HU WK D Q
one’s own unit but can also involve suppliers and clients.

7KH LVVXH RI 3IRRG ZDVWH" SUHYHQWLRQ LV VHSDUDWH IURP WKDW F
calculation of indicators and using the indicators to calculate final amounts. Howe ver, it

JXLGHV \RX LQ ZKHUH WR VWDUW ZRUNLQJ ZLWK ZDVWH SUHYHQWLRQ
DPRXQWVY RI ZDVWHYV SURGXFHG™™ DQG WR VHH SURJUHVYV LQ UHGXFW
PHDVXUHY KDYH DQ\ HIITHFW™" 7KH TXHVWLRQQDLUHV LQWHUYLHZV
platforms for data collection can also contain advice on waste prevention strategies. If

PRUH 3IRRG ZDVWH™ GDWD LV FROOHFWHG LW FDQ LQFUHDVH YDOXH F
also important to give the indicator results back to informants as feedback so t hat they

FDQ FKHFN WKHLU ZDVWH UDWH FRPSDUHG WR WKH DYHUDJH UDWH 7
prevention measures, the companies should have internal benchmarks and assess the

differences between outlets more in detail considering individual outlet character istics.

The measuring and mapping method (Gunnerfalk, 2006; Svenberg, 2007) can be

generalised and used on other steps in the supply chain than processing. To summarize,

WKH 3IRRG ZDVWH™ SUHYHQWLRQ SURJUDP VKRXOG IROORZ WKH IROO|

1. Establish ani nternal cross -functional assessment team to describe the problem,
identify and evaluate solutions. There should be a clear statement of the
PDQDJHPHQW WKDW 3IRRG ZDVWH" SUHYHQWLRQ LV DQ LP§Y

2. Map the process, by making a flow diagram describing the most important process
steps within the unit to be studied, with material and waste flows included

3. OHDVXUH WKH 3IRRG ZDVWH" E\ ZHLJKLQJ DQG ILQG 3URRW
operations and management, planning etc., and not only focusing on symptoms.

4. Define the problem and look for solutions that can prevent waste generation
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5. Evaluate, discuss and prioritize the most important solutions to root causes in the
process, and make a plan for implementing measures for prevention

6. Follow up with indicators docum enting trends in reductions (municipal, company or
household)

7. Perform measurements frequently enough and evaluate the effects of measures
implemented, and make eventually a new plan for the next period

22 3)RRG ZDVWH™ BUHYHQWLRQ LQ WKH )RRG 9

In m any cases food is wasted not due to situations in one specific company in the food

chain, but to causes related to larger parts of the food supply chain. This has been

documented in several studies both in UK by WRAP and in Sweden and Norway through

the Fo rMat project. Companies must thus often look both upstream and downstream of

WKHLU RZQ SRVLWLRQ ZKHQ ZRUNLQJ ZLWK SUHYHQWLRQ RI 3IRRG ZDVWH
collaboration with both suppliers (e. g. production) and customers (retail) in projects with

focus o n specific products. The methodologies presented in Appendix 2.1.can be used as

a basis for prevention projects also in a value chain, where the first point of action can be

WR TXDQWLI\ KRZ PXFK 3IRRG ZDVWH" LV JHQHUDWHG LQchdiKkH GLIITHUHQW
This should be done based on absolute figures and not percentage of production or

turnover, to focus on the products with high potential for prevention.

$Q LPSRUWDQW SRLQW LQ WKH YDOXH FKDLQ DSSURDFK LV WR VHDUFK IR
Z DV W kit id\a result of the interaction between companies, i.e. lack of information can

EH D UHDVRQ IRU 3IRRG ZDVWH"’ ,PSURYHG LQIRUPDWLRQ VKDULQJ LQ SC
URXWLQHV LV WASLFDOO\ D PHDVXUH WR SUHYHQW 3IRRG ZDReWH” ERWK L
retail sector. Choice of secondary packaging with the right size and the right number of

units of consumer packaging is another example on improvement measure.

The most important point is that actors along specific food supply chains should work

to gether based on the methodologies for quantifying waste and defining root causes, and

LGHQWLI\ PHDVXUH WR SUHYHQW ZDVWH WKURXJK MRLQW DFWLRQV 5HJL
statistics should still be done separately based on the NACE codes and categories of 3IRRG

ZDVWH" DV GHVFULEHG LQ $SSHQGL]

2.3 Handling of food waste

According to regular waste hierarchies, prevention has highest priority and if not possible

then recycling should take place.  [Figure 2.2]VKRZV D ZDVWH KLHUDUFK\ IRU 3IRRG ZDVV
According to this hierarchy when waste prevention in the food supply chain is not

possible the waste should be utilized in some other way, preferably as food for human

being, e .g. through redistribution. If this is not possible, the best option is to use the

food in animal feed, then follows biogas or compost production and finally incineration as

the last option. Landfilling is the least desirable option. Treatment is not reg arded to be

SDUW RI WKH )86,216 PHWKRGRORJ\ GLUHFWO\ DV WKH PDLQ IRFXV LV WF
that should and could be used as food.
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Waste that is sent to treatment is of interest due to
the fact that it is often an important source for
LQIRUPDWLRQ DQG GDWD DERXW 3IRRG ZDV
food supply chain. Mixed wastefor treatment should
thus be separated at source and registered
- \ | according ly to get a good basis for estimating the
t S % E A VS part that consists of food waste. Furthermore, a

- | | VHSDUDWH FROOHFWLRQ RI 3IRRG ZDVWH" V
( v ) execution of waste composition analyses and offers
v S]tvel]vP & VHYHUDO GLVSRVDO SDWKV 7KH VHSDUDW!

L L% EY u éOJ could be used for animal feed if applicable to
I | anaerobic treatment for production of biogas or to

f FRPSRVWLQJ $YDLODEOH LQIRUPDWLRQ RQ
viu o ( ZDVWH" WUHDWPHQW LV HVVHQWLDO IRU D\
] ] environmental impact and comparison of different

available options.

1}IP ¢« v }u%o}
| |
/v 1v E Sltv

L |

Figure 2.2 Waste hierachy
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3 Appendix Economic sectors
and food classification

3.1 Economic sectors

The definition of the supply steps is described by activities (when crops are mature for

harvest and when animals are ready for slaughter). The definitions of the steps are

differing from NACE  +codes (NACE - Nomenclature statistique des activités économiq ues
dans la Communauté européenne). One important reason for making the updated

Guidance on waste statistics was the new version of the economic sector classification to

the NACE Rev 2 (Eurostat, 2008) from reference year 2008 and the connections to the

WStatR system with reference year 2010 (EU Comm, 2010). According to NACE Rev 2

WKH IROORZLQJ 1%$&( FDWHJRULHY DUH UHOHYDQW IRU "IRRG ZDVWH’

reported from Member States, with the following subcategories being most relevant for
the food supply chain (see more detailed overview in NACE Rev 2 from 2008; Eurostat,
2008).

x Agriculture and fishery (farm and fishing) (NACE 01 -03)

01.1 Growing of non - perennial crops

01.2 Growing of perennial crops

01.3 Plant propagation

01.4 Animal product ion

01.5 Mixed farming

01.6 Support activities to agriculture and post -harvest crop activities
01.7 Hunting, trapping and related service activities

03.1 Fishing

03.2 Aquaculture

O O 0O OO0 oo o o

xFood manufacturing (NACE 10, 11)
o 10.1 Processing and preserving of meat and production of meat products
10.2 Processing and preserving of fish, crustaceans and molluscs
10.3 Processing and preserving of fruit and vegetables
10.4 Manufacture of vegetable and animal oils and fats
10.5 Manufacture of dairy products
10.6 Manufacture  of grain mill products, starches and starch products
10.7 Manufacture of bakery and farinaceous products
10.8 Manufacture of other food products
10.9 Manufacture of prepared animal feeds
11.0 Manufacture of beverages

O O O OO0 Oo o o

xRetail and wholesale (NACE 46 and 47)

46.17 Agents involved in the sale of food, beverages and tobacco
46.2 Wholesale of agricultural raw materials and live animals
46.3 Wholesale of food, beverages and tobacco

47.1 Retail sale in non  -specialised stores

O O O O
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0 47.2 Retall sale of food, beverages and tobacco in specialised stores

xFood and beverage service sector (NACE 56)

o0 55.1 Hotels and similar accommodation
55.2 Holiday and other short -stay accommodation
55.9 Other accommodation
56.1 Restaurants and mobile food service activities
56.2 Event cat ering and other food service activities
56.3 Beverage serving activities

O O O O o

xHouseholds

National data collection and reporting of waste statistics must be connected to different
economic sectors in accordance with the NACEZ2 classification. The categories for
processing, wholesale, retail and food service are easy to connect to the food chain,

which is the basis for the FUSIONS project. For production, the NACE categories that are

used also contain large economic sectors that are not related to the food sec tor,
especially the forestry sector. In up -scaling from smaller samples of units to economic
sectors, it is thus important to exclude those su bsectors that are not producing food, and
which thus should not be part of the up -scaling. This will be further de scribed in chapter
8.

3.2 Classification of food

7KHUH DUH D QXPEHU RI GLITHUHQW DSSURDFKHYVY WR FODVVLI\ 3IRRG
categories, and the literature review showed a number of different classification systems.

In Norway, the ForMat project ( Hanssen & Schakenda, 2011) used nine main categories

RI SURGXFWYV UHODWHG WR "IRRG ZDVWH™ PRVWO\ VROLG ZDVWH Z L\
Similar classifications have been made by WRAP in their studies of food waste from

households as well as from the food supply chain (WRAP, 2013). It would make

comparisons between different studies as well as reporting to Eurostat and other

RUJDQLVDWLRQV HDVLHU LI LW ZzDV DJUHHG RQ RQH FODVVLILFDWLRQC
to products, and which is quite easy to connect to the NACE codes of the business sector

internationally. One list that seems to be internationally accepted is the one used by FAO

in their Code of Conduct for food classification (FAO 2004), with 16 main types of food

products as a basis for FODVVLILFDWLRQ RI "IRRG ZDVWH™ DQG ZDVWHG IRRG

01. Dairy products

02. Fats and oils, oil based products

03. Ice cream, sorbets etc.

04. Fruits and vegetables, including nuts and seeds

05. Confectionery

06. Cereals and cereal products

07. Bakery wares

08. Meat and meat products, includi ng game

09. Fish and fish products, including molluscs and crustaceans
10. Eggs and egg products

11. Sweeteners, including honey

12. Salt, spices, soups etc.

13. Food stuff intended for particular nutritional use

14. Beverages, excluding dairy products

15. Ready to eat food

16. Composit e food not possible to include in other groups.
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The list can be shorter and more aggregated by combining some food categories into
higher classes, see recommendations below:

l. Dairy products, ice cream and sorbets (01, 03)
. Fats, oils and oil based produ¢@®)
Il. Fruits and vegetables (04)

V. Confectionery and sweeteners (05, 11)

V. Cereal products and bakery wares (06, 07)

VI. Meat and meat products (08)

ViII. Fish and other types of seafood (09)

VIII. Eggs and egg product (10)

IX. Food stuff, ingredients, spices, dry products (I2),

X. Beverages excluding dairy products (14)

XI. Ready to eat food (15)

XII. Composite food (16)

XIII. Prepared and mixed food from food service and households
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