Commission for Environmental Cooperation (

Technical Report

Quantifying Food Loss and Waste
and Its Impacts




Please cite as:

CEC. 2019. Technical Report: Quantifying Food Loss and Waste and Its
Impacts.Montreal, Canada: Commission for Environmental Cooperation.
129 pp.

This publication was prepared by Bojana Bajzeli, Katherine Church, Sam
Gillick-Daniels, Claire Kneller, Tom Quested, Sophie Richards and Tabitha
Stanmore of the Waste and Resources Action Programme (WRAP); and
Austin Clowes and Brian Lipinski of the World Resources Institute (WRI) for
the Secretariat of the Commission for Environmental Cooperation.

The information contained herein is the responsibility of the author and does
not necessarily reflect the views of the CEC, or the governments of Canada,
Mexico or the United States of America.

About the authors:

WRAP works with governments, businesses, individuals and communities to
help them reap the benefits of reducing waste, developing sustainable
products and using resources in an efficient way.

WRI is a global research organization that turns big ideas into action at the
nexus of environment, economic opportunity, and human well-being.

Reproduction of this document in whole or in part and in any form for
educational or non-profit purposes may be made without special permission
from the CEC Secretariat, provided acknowledgment of the source is made.
The CEC would appreciate receiving a copy of any publication or material
that uses this document as a source.

Except where otherwise noted, this work is protected under a Creative
Commons Attribution Noncommercial-NoDerivative Works License.

@080

© Commission for Environmental Cooperation, 2019

ISBN: 978-2-89700-266-4

Disponible en frangais (sommaire de rapport) i ISBN: 978-2-89700-267-1
Disponible en espariol (resumen ejecutivo) i ISBN: 978-2-89700-268-8
Legal deposit i Bibliothéque et Archives nationales du Québec, 2019
Legal deposit i Library and Archives Canada, 2019

Publication Details
Document categoryProjectpublication
Publication dte: March,2019
Original languageEnglish
Review and qualityssurance proceduse
Final Party reviewDecember, 208
QA337.18
Project:Operational Plan 20X2018Measuring and Mitigating Food
Loss and Waste

For more information:

Commission for Environmental Cooperation
700 de la Gauchetiére St. West, Suite 1620
Montreal (Quebec), H3B 5M2

t514.350.4300 f514.350.4314

info@cec.org / www.cec.org


mailto:info@cec.org

Technical ReportQuantifying Food Loss and Waste and Its Impacts

Table of Contents

List of Abbreviations and ACIrONYMS...........ooiiiiiiiiiiiirre e viii
N 0] 1 = Tod AP PPPUTTR PP X.
EXECULIVE SUMIMAIY....iiiiiiiiiiiiiiiiie ettt e e s amme e e e e e e e e e e smmne e e X
1Yo 0] o S SRSRPPPRN X.
1T LT o PSRRI Xi
Definition of and Reasons for Quantifying FLW.............cccccceiiiicceeeiiiieee Xi
Methods for Quantifying FLW............oouiiiiiiiiem e Xi
Estimating the Environmental, Financial and Social Impacts of ELW....... Xii
Targets, Key Performance Indicators and Metrics..........cccevvvvvvvieeeeeeeennn. Xii

FLW and Food Surplus in North AMEriCa............uuvvvviviiiiimmeeeeieeeeieeeeeeee, Xiii
ACKNOWIEAGMENIS. .......oiiiiiiiiieeeeeeeee e eree s Xiv
I o o 18T ox 1o o PP 1
2 Definitions, Frameworks and Rationale............coveuiiiviiiiieee e 3
2.1 Why Quantify FLW and FOod SUrpluS2............oovieiiiiiiimniiieeeeeee e 3
2.2 Definitions of FLW, Recovery and Surplus.........cccovvvvvviiiiiceeii e, 5.
2.2.1 DESHNALIONS......uiiiiiiiiiiiee e cieeee sttt e e e e e e s enes s eeee e e e e e e s s nnned 6
2.2.2Why Define FLW2......ooo e mmme e 7.

2.2.3 Defining FLW and FOOd SUIPLUS..........ooviiiiiiiiieemniiiiiiieeee e 7

2.3 Frameworks ahBlueprints for Conceptualizing FLW............ccvvvviiiiiiieaceeenn. 9
2.3.1 Circular ECONOMLY..........ccciiiiiiiii e mmme e e e e e e e e e 9

2.3.2 Sustainable Materials Management..................ooe e eevveviiivviiviiiniinns 10

2.3.3 Sustainable Development GQalS..........ccceeeeiieiiiiccceeeieeeeeeeeeeeeeeeeeeee 11

2.4 S2CLON DESCIIPUIONS. ...ttt e e e sttt e e e e e rmmee e e e e e e e e 11
2.4.1 Primary ProdUIBON ..........eeeieeeiiiiiiiesieeesieeeeeee e e e e s s ssinseee s eeenseeeeeeeee s e 11

2.4.2 Processing and ManufaCturing...............oovvvevvvieeeiiiiiiee e 13

2.4.3 Distribution and Wholesale...............oocuviiiiieeeiieiiieee e 15

244 RELAIL.....oueiiieie e eee e e e 17

2.4.5 Food Service and INSHtUtIONS.........coooeeiiieiiii e 18

2.4.6 HOUSERNOIG........oieiiiiiiiieiiii e e 19

2.4.7 Whole Supply Chain............oooiiiiiiiiieeeeeee e 20

2.5 Summary: Definitions, Frameworks and Rationale...................cccceoiiinnnee 21

3 Quantification of FLW and FOOd SUIPIUS .........uuueeiiiiiiiieisiemeeee e 22
3.1 Direct Weighing, Counting or Assessing Volume...................ccoveeeevvvnnnnn 23
3.1.1 Examples of Direct Measurement..........ccooueereeeriiccceeeeeeeeeeeeeeeeeeeeee 23

3.1.2 Summary: Direct MeasuremMent.......ccooeeeeiiviviiiiiieecie e e ee e 28



Techncal Report: Quantifying Footdoss and Waste and Its Impacts

3.2 Waste CompositioN ANAIYSIS.........uuuuurriiiiiiiiiimrrreeeeeeeeeeeeeeeeeeeeeeeseeesennerennne 29
3.2.1 Examples of Waste Composition Analysis...............ccceeeieeecivviinnnnns 30
3.2.2 Summary: Waste Composition ANalySiS...........coocuvriirieemiiieeeeeennne 34

G TR T L= o0 ] {0 36
3.3.1 EXamples Of RECOIS..........covvvviiiiiiiiiieeee e 36
3.3.2 SUMMAIY: RECOIUS. .. uuuuuiiiuiiiiiiiimmme e e e et aeees e 37

T B - 1 RSOOSR 37
3.4.1 EXamPpPIEeSs Of DIAIES......cuviiiiiiiiiiiiiiieeniieee e 38
3.4.2 SUMMATY: DIANES. .....eeiiiiiiieiiiiiieee e 40

3.5 QUESTHIONNAIIE SUIVEYS. .. .uuuuueeiiiiiei i e e ettt e reees s e a s e e s e e aaaana 41
3.5.1 Examples of Questionnaire SUIVEYS..........ccovvvvvvevieeeieiiie e 41
3.5.2 Summary: QUESLIONNAINE SUIVEYS........ccovviiiiiieiiieeeececeeee e 43

3.6 Inference by CalCulatiQn.............oooviiiiiiiiimmniiee e 45
3.6.1 Examples of Inference by Calculation..............cccceeiviicceeiiiiiiiiiien 46
3.6.2 Summary: Inference by Calculation............cccoeeeiieiiiccceeiiieiiieeeeee, 51

3.7 Quantification Methods Specific to Sewer WaS............coovvvvvviviiieenneeeeennn) 52

38Met hods I ntegrated..i.nt.o...a..fAChang® Processo
Primary ProdUCTION. ........coiiiiiiiiiiiiii et 54
Manufacturing and ProCESSING .........couiiuuuiiiiiiieeeiieeeee e e e eeeee e 54
[ [ T EST= o] [0 £ 3EE ST SRP 55
Whole SUPPIY ChaiN.......covvviiiiiiiiiiiiiieeee e 55

3.9 ReCONCIHING DALA..........eeiiiiiiiiiee e eeee e e e 56

3.10Summary of Quanfication Methods.............oooiiiiiiii e 57

4 Estimating Environmental, Social and Financial Impacts and Benefits............ 59

4.1 Environmental IMPaCLES...........ooooiiiiiiii e 59
4.1.1 Overarching ThEMES.........ooiiiiiiiii e 59
4.1.2 Greenhouse Gas Emissions (Carbon Footprint)............ccceevvvvvieennee. 63
4.1.3 Water FOOTPINT......uueiiiiiieiiiiiiiiiimeeiie e ereren e e e 65
4.1.4 Land Use (Direct and INdirect)............cooeeeiiiiiiiiccecee 66
4.1.5 Chemical INPULS.......coooiiii e a e 6.7
4.1.6 ENEIgY USE.. .o 68
4.1.7 BIiOQIVEISITY LOSS.. ..ot rmeee st me e 68
4.1.8 Other Impat Catgories That Could Be Applicable to FLW.............. 69
4.1.9 Summary: Environmental ImpactS.........ccooeeiooiiiiiiccceieeeeeeeeeeeeeeee 69

Vo 1= T (o = I [ ] = (o 71
4.2.1 Market Value of FLW Across Segments of the FoodySQpgn............ 71
4.2.2 Using Retail Prices to Estimate the Cost of Household. ELW........... 72
4.2.3 Using Retail Price® Estimate the Cost of FLW Across the Supply Ci#ain
4.2.4 MarketvValueof FLW for Individual Businesses...........ccccccceeeeeiicceee . 45
4.2.5 EconomyVide Approaches..........oooooeeiiiiiiiiicceeeeeeee e A 1
4.2.6 Summary: Financial IMPaCLS..........cc.uvveiiiiiiiieeee e 79

Commission for Environmental Cooperation iv



Techncal Report: Quantifying Footdoss and Waste and Its Impacts

4.3 Social and Other IMPACIS.......uuiuiiiiiiiemme e re e 80
4.3.1Estimating Nutritional Content of FLW and Food Surplus................. 80
4.3.2 IMPACES ON JODS......iiiiiiiiiieee et 382

4.4 Summary of EStimating IMPaCIS.........cceeeiiiiiiiiimemiieeeee e 83

5 Targets, Key Performance Indicators and MetiCS...............uuvvveiiviiiiimnnneeeeneennn. 85

5.1 Weighthased MELICS.........cevviiiiiieiiiiiieees et 85
5.1.1 Primary ProdUCHON..........cooiiiiiiiiiiii e 86
5.1.2 Processing and ManufacCturing............cceeeeeeiiinimmnnniiiiiiiiieeee e 86
5.1.3 Wholesale and DistribDULiON.............uvvviiiieiiiieeee e 87
5.1.4 ReTAIL...oiiiii i 88
5.1.5 Food Service, Hospitality and Institutions...........cccoeeevveeiviemeeeeeeeeee, 38
5.1.6 Households/Residential................ooviiiiiiieeeeieieeeee e 89
5.1.7 Indicators Covering Multiple Supply Chaing8ES.........c..cceevvviiivirnnnns 90
5.1.8 WeightBased MetriCS: SUMMaAIY.......cccoeeeeieieiiieiiicmeeeeeeeeeeeeeeeeeeeeeee Q0

I [0 o= ot a1V 1= 1 o T 91
Primary ProdUCHION............uvviiiiiiiiiiieeee et 91
Wholesale and DIEDULION ..........uueieeiicn e 91
Processing and ManufaCturing............oooouuuiiriiieeeeiie e 91
Retail91
Food Service, Hospitality and INSttULIQNS...........vvvviviiiiiiieeeeeeeeeeeeeeeeeeeee, 91
[ (o TUEST= o o] o PRSPPI 92
FOOU RESCUE.....coii i rree e e e e e e e e e e e e e e e e e e aeeeeeanansnnnes 92
Indicators Covering Multiple Supply Chain Stages.........ccccccovviiieemniinnnee. 92

5.3 FACIlItatiNg METICS. . uuuuuiiiiiiiiiiiiimmme e eeee e e e 92

5.4 INAIrECE MEIIICS. .. uueiiiiiieeeiiiiiiiiieeeitie et e e e e e s s eenessee e e e e e e e e e e snnnneeeeannnes 93

5.5 Other Considerations Relating to MetriCS...........cooviiiiiiimmmiiiiiiiiieee e 93
5.5.1 NOrmMaliZation.........ccoeeeeeee e 93
5.5.2 Frequency of Measurement and RepOrting..........cccceeevveveemniininnnns 94

5.6 Summary of Targets, Key Performance Indicators and Metrics................. 94

6 Key Conclusions andRecomMENAtiONS........ccuiiiiiiiiiiiii e eae 95
BIblIOgrapny ... e ae e 98

Commission for Environmental Cooperation



Techncal Report: Quantifying Footdoss and Waste and Its Impacts

List of Tables

Table 1: Quantification Method3escribed in this Chapter.............cccvvvviiivieeeneeeenn. 22
Table 2. Factors t€onsidenWhen Using Direct MeasuremermarfFLW Quantificationin

Primary ProduCHION. .........uuiiiiiiiiiiiieeeii e e 24
Table3. Factorsto Consder When Using Direct Measurement Fi'W Quantification in

Processing and ManufacCturing............ccoouooumimmmniinieieee e seeeeneee 25
Table 4. Factors to Considérthen Using Scanning for FLW Quantification in Retall6
Table 5. Fators toConside When Using Smart Bins...........cccoeevvvvvvvieeeiiic e, 26
Table 6. Factors to ComlgrWhen Using Plate Weighing.............coovvvvvivvieeeeeiiennnn. 27
Table 7. Factors to ConsidéthenUsingHouseholdCaddies...............uvvvvvvivvvvinennnn.. 27
Table 8.Factors to Considahen Measuring Foe@®nly Waste Streams................. 28

Table 9. Summary of Diredleasurement Methods as Applied to Different Sector@8
Table 10. Factors to Considéfhen Using a od-Focused Waste Composition Analysis for

FLW QUANTIFICALION. ... iiviiiiiiiiiiiieiiiiiieeee e e e e e eeeeieee e 31
Tale 11. Factors to Considertwn Using a Waste Composition Analysis Focusing on all
Materials in Waste SIrEaIM...........uuvuiiiiiiiiiinnneeeeeeeeeeeeeeeeeee e e e reeeeenennes 32
Table 12. Sumiary of Wase Composition Analysis as Applied to Different Sector85
Table 13. Factors to Considéthen Using Records for FLW Quantificatian............ 36
Table 14. Summary of Records as Applied to DiffieI®ectors............cceeeee e 37
Table 15. Factors to Consider When Using Diaries for FLdr@fication................. 40
Table 16. Summary of @ries as Applied to Different Sectors................................40
Table 17.Using Questionaires Focused on Collating Existing Data....................... 42
Table 18. Questnnaires as a FLW Quantification Tool....................c e 43
Table 19. Summary of Questionnaire Surveys for Collating Exi§iatg as Avplied to
D1 (=T €= 01 B Y= o1 (o ] £ RRPRR 44
Table 20. Summary of Questionnaire Surveys asanfication Tool for Different Sectors
Table 21. Apply Loss and Waste Factors to Food Flows.............ccccovvveeeeecceennnn 47
Table22. Factors to Consid&/hen Using Mass Balance for FLW Quantification..50
Table 23. Synthés MethOds. .........uuiiiiiiiii e 51
Table 24. Summary of Inference by Calculation as a Quartiificdool for Different
YTt (0 PP U PPPPTUURPPPPPTRR 52
Table 25. Quantifying FLW Going t0 the SEWEeT.............oooiiiiiieeeiiiieececeeee 53
Table 26. Summary of Sewgvaste Methods as Applied to Different Sectors......... 54
Table 27. Overall IMPACES.........ooo i e e 60
Table 28. Benefits Of ChanQe.........ooi i errer e 60
Table29. Topdown APPIOACKL. ... .. 61
Table 30. BOttOrUP APPrOACH.......ciii e 62
Table31. Different Types of Environmental Impadssociated with Wasted Food and
Associated Inedible PartS.........ccooooiiiiiiiiiiieeeieeeeeeeeeeeeeeeeee e 63
Table 32. Including Land Use Change IMpactS.........ccceeeviiiiieeeeeee e 65

Commission for Environmental Cooperation Vi



Techncal Report: Quantifying Footdoss and Waste and Its Impacts

Table 33. Summary of Key References Estimating Environmental Impacits.......... 70
Table 34. Approach Taken in a 2014 VCMI Report on Canadian FLW far&egment of
the SUPPIY ChaiN..... ... 72

List of Figures

Figurel. FoodRecovery HIierarChy........ccoooooioioiiiii oo eeeeeeeeeeeeeeeeee e 6
Figure 2. A Circular ECONOMY CYCIE.......ooiiiiiiiiiiie e 9
Figure 3. A Sustainablglaterials Management CycCle..................ccoevivieeeciiiciciccn, 10

Commission for Environmental Cooperation vii



Techncal Report: Quantifying Footdoss and Waste and Its Impacts

List of Abbreviations and Acronyms

APHLIS African postharvest loss information system

CEC Commissiorfor Environmental Cooperation

CO carbon dioxide

COD chemicaloxygen demand

COMCEC Standhg Committee for Economic and Commercial Cooperation of the Organization of

Islamic Cooperation

Defra Department bEnvironment, Food and Rural Affaifs/nited Kingdam)

ECCC Environmentand Climate Change Canada

EPA Environmental Protection Agendéynited Stateg

ERS Economic Research Service (D&partment oAgriculture

FAS Foreign Agricultural Service (UBepartmat of Agriculture

FAO Food and Agriculture Organidan of the UnitedNations

FLW foodloss andvaste

FMI Food Marketing Institut€United Sates)

FUSIONS Food Use for Social Innovation by Optimising waste preverSivategies

GDP gross domestic product

GHG greenhousgas

INEGI Instituto Nacional de Estddticay Geografa (National Institute of Statisticand
Geography)(Mexico)

IUCN Internatonal Union for Conservation of Nature

KFC Kentucky Fried Chicken (until 1991)

KPI key performance indicator

LAFA lossadjusted food availability

LCA life-cycle assesment

NAFTA North American Free Trade Agreement

NBS Network for Business Sustainability

NCC Natural Capital Coalition

NGO nongovernmental organization

NRDC Natural Resources Defense Council

ReFED RethinkFoodwaste through Economics and Data

REFRESH  Resouce Efficient Food and dRink for the Entire Supply cHain

Sagarpa Secretaria de AgriculturaGanaderia, Desarrollo Rural, Pesca y Alimentacion
(Ministry of Agriculture, Livestock, Rural Development, Fisles and Foop(Mexico)

SDG sustainabledevelopmentgoals

Commission for Environmental Cooperation viii



Techncal Report: Quantifying Footdoss and Waste and Its Impacts

Sedesol Secretaria de Desarrollo Soci@Vinistry of Social Development)

Semarnat Secretaria de Medio Ambiente y Recursos Natur@iéisistry of Environment and
Natural ResourcgégMexico)

Semadet Secretaria de Medio Ambiente y Desarrollo Territo(idinistry of Environment and
Land Development)Jalisco,Mexico)

SETAC Society of Enviromental Toxicology and Chemistry

SIAP Servicio de Informacion Agroalimentaria y Pesquékgri-Food and Fisheries
Information Service) (Mexico)

UN United Nations

UNEP United NationsEnvironmentProgramme

USDA United StatesDepartment of Agriculture

VCMI Value Chain Management International

WARM waste reduction model

WCA waste composition analysis

WRAP Waste andResources Action Programme

WRI World Resources Instite

Commission for Environmental Cooperation iX



Techncal Report: Quantifying Footdoss and Waste and Its Impacts

Abstract

Foodloss and waste (FLW) is an important issue in Canada, MariddheUnited State, where almost
170 million tonnes of the food produced for human consumptiestimate to bewasted across théood
supply chaifCEC 2011), while food security and resource efficiency are considered top priorities of the
nationalsocial,environmental and development policiése Operational Plan of the Commission for
EnvironmentalCooperation 201%22016(Operational Pla2015 2016 established thBlorth American
Initiative on Food Waste Reduction and Recowasyart of itgreeneconomyandclimate change
portfolios. This work is a continuation of previous work and is delivered utiaeM easuing and
Mitigating FoodLoss andNVaste priect in theOperational Plan of the Commission for Environmental
Cooperation 201i2018(Operational Plan 2012018. Thistechnicalreport is one of two outputs for
quantifyingFLW andfood surplus theother is a practical guid@he repordiscussethe methodor
qguantifying FLW andfood surplusacross théood supply chairand the appro&esfor estimaing
environmental, financiadnd social impacts caused by FLW dodd surplus.lt includes detailed
information that suppaostthepractical guideallowing the latterto be a more usdriendly document. The
two documentsre designed tbelp governmerd, the food industry, business institutions and nonprofit
organizations better understaRdW andfood surplusmeasurmentat each stage of the foodpgly
chainwithin North America.

Executive Summary

Developedwith support and direction fromme Commssion for Environmentalooperation (CEC)Yhis
technicalreport is about quantifiyg food loss and wasté(W) andfood surplusin the context of
Canada, Mexico anithe United StatesT his work follows theoutputsdelivered under th€EC
OperationaPlan 20152016,which established thBlorth American Initiative on Food Waste Retioo
and Recovergs part of itgreen economy and climate change portfolidssreport is one of two
productg(the other is gracticalguide) delivered under the CEOpeatioral Plan2017 2018 which
continues the works part of itdvleasuring and Migating Food Loss and &¥teprojed.

Addressinghese issues through trilateral cooperatiopports governmentefood indusry,
businesss institutionsand nongovernmental organizatiomishin the three nations to work towaad
common goal of food waste prevention. neductsof this project offeia consistencyn approactihat
addresesscommon challengeshile being sufficiently flexible taccommodatéhe differer contexts
within each couatry.

This report discugsthe methods by which FLW aridod surplus arguantified and the approaches used
to estimate the environmental, social @dnomic impactsause by FLW andfood surplus.Working
trilaterally draws expertise and cooperatiomiracrossNorth Americaand includes examples from all
three countrieand from arond theworld.

Thepracticalguidethataccompaniethis reportis designed tassisthational and locajovernmerd, the
food industry, business, institutions and nonprafifanizations in better understanding wioatneasure,
and how to measuyéo idenify FLW andfood surplusat each stage of the food supphainfor Canada,
Mexico and tle United States This technical report contains detailed information and discustsigned
to underpin theracticalguide, allowing the latter to be a concise arskrfriendly document.

Scope

For consistencythis reportuses the FLW definitiofrom the Food Loss and Waste Accounting and
Reporting Standar@~LW Protocol2016) and preious CEC report§CEC 2018aCEC 2018bCEC
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2018c) FLW referisto food loss and watethat isdisposed oby landfill andincineration or treatedy
anaerobic digestion, dustrial compostingor similarmethodsincluding norregulated waysExcluded
from the definitionis food surplus, a term uséor material available forecovery ad redistribution to
humansThe use ofFLW in this report should not be taken as implitiorsement of any particular
definition or terminology. SeSection 2.2for more details.

Findings
A number of useful finding about quantification of FLW are reped here.

Definition of and Reasons for Quantifying FLW

A numberof definitions and termareused to describELW andfood surplus and a number oferms are
used to describe the saififtowo of food. Sandardizatiorwould be helpful in this regaiflenough
flexibility remainedo allowdifferent organizaons to focuson different aspects of the issigfferences
in terminology coulde resolved by bringinigadingorganizations in this field togethén the absere
of suchstandardization, the key recommendation is that organizdigeeplicit and ckar about the
definitions and terms that they are using.

There are many reasonsgoantify FLW. An organization shouldefineits objectives so that hasa
clearunderstandingboutwhatit wanisto achieve

Methods for Quantifying FLW

Thereis a rangeof quantification methodavailable including:

1 Direct weighing

1 Waste compositioanalysis
1 Recorg;,

1 Diaries

1 Questionnaire surveyand
1 Inference by calculation

Eachmethodhas bothstrengths and weaknessés example, accuratgantificationmethods are often
moreexpensivewhile more dfordable methodgend to be lesaccurae. Entities should considehe
variouscompromises and tradsfs of any methodlt is helpful if anorganizatiorhas clear objectives
andknowshow thre informationgatheed from the quantification methadll be used. In many situations,
it is possiblego achieve FLWelated aims with roughsémates or even qualitative informatiore(i
without any FLWquantification).

Businesses and governmeattenhave differat requirements when choosing quantification methods

1 Businessegend to focuontheir own part of the supply chainowever, some companies also
consider their sypiers and customerdlost of the focus on quantifying household FLisV
therefore carriedut by governments angongovernmental organizations (NGOSs)

1 Businesses tend tmawe direct access to their own FLW, whesgmvernmentdNGOsand
academics rely éier on secondary data @n obtaining permission to access these FLW flows.

1 Businesseguantify FLW for business reasoyf®llowed by ongoing monitoring to ensure they
achive the intended savingSovernments quantify FLW to understand which sectors are
nationd, state or provincial priorities,and todevelop policy ananonitorprogress agait
national and international targets.
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Estimating the Environmental, Financial and Social Impacts of FLW

Estimaing the environmental financialor social impactef FLW mosty relieson conversiorfactors that
translatehe weight of FLW taunits usedil in gauginghese otheeffects Environmental impactare
assessed on the basfavell-developed frameworks (mostly based on-tijele analyss) that underpin
cdculations for greenhouse g&SHG) emissions, water footprintnd land useractors anaalculation
tools already exist and reasonable estimedesbe made frorm range benvironmental indicators.
Althoughmethods to estimate the impact of FLW on biedsity, energy use and fertilizer use exist,
these are stibbeing refined.

There isa wide spectrum of methotts estimag thefinancial impacts of FLW and food surplét the
simpler end, calculations involve multiplying the weight of food wastdeyost per univf weight. The
factors use@anaccount fora range of cost&.g, wage managemertosts, cost of the ingredients
embedded costs added i gupplychain stagg The choice of factarshould reflect the reason for
estimating the finacial impact For exampleto assesthe financial impact of FLW prevention, all the
coststhat could be saved if the fo@notwasedshould be includedJsing waste mamggment costs
alonecan greatly underestimate the total cost of wasting &omtdhae a deleterious effect on decision
making.

More complex analyses consider how an econoray adjust in response to changes to FLWstihg
studies analyze the rebound effand interactions between food sectors in the economy. There are
currently few atidies of this typendthe estimates they contain are likely to be approximate.
Neverthelss, they could help inform policy makerssoime of the indirect consequences okliag
FLW, includingeffectson spendinggross domestic produEDP) and jobs.

While estimating these impacts associated with FLW, it is impottatstudies describerhat is being
guantified. Usuallythis is he gap between the current situatiod arcounterfactual (i.ea hypothetical
situation used for comparison purposeisis fecommended that the counterfachehppropriate for the
analysis in question and@icitly described.

Methods have recently been developed to estimatsottial impactsof FLW (e.g, the nutritional content
of FLW) and will likely be further refied.

Targets, Key Performance Indicators and Metrics

A range of key performandedicatoss (KPIs) andmetric$ enable an organization to monitor progress
toward a target toeduce FLW arossthe supply chain. These metrics fall into four categories:

1 Weight-based metricayvhich quantify the amount of FLW, food surplasd so on;

1 Impact metris, which estmate the impastof FLW;

1 Facilitating metricswhichtrack changes nessary to bring about a desired change,(éhg.
proportion of staff trained to pvent FLW, otthefrequency of line failuresand

1 Indirect metricswhich are not direcylrelated to FLW but may correlate with FLW dafar
examplejn primary productia, the amount of a commodity produasdsold per unibf input
(e.qg, fertilizer, acre of landyhould increase as FLW is decreased, all other things being equal.

There ae many examples of weighitased metrics being adopted by businesses, NlB@govenments
in North America. A majority of these focus on diverting FLW away fromfidlné smaller number

11t is commonto usethe termsikey performance indicatomndfimetriad interchangeablyin this reportakey
performance indicator is defined as a measurable value that is used to éhalsaiecess of an organization
against a foodvaste preventioor diversion target and metric isdefined as set ofcriteriathat measure results
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focus on preventing food waste at source. There are a small nhahilmgract and facilitating metrics in
the public domainbutno examples of indiréenetrics explicitly linked to FLW were found.

For only aminority of business KPlare thergublished details of how theyanbe monitored and the
exact scope of the matriin addition, only a small number of metrics appear to be normaifzgohe
effectively,normalizationleads to more appropriate comparisons over time by remtivéngffect of
companies changing in size. The review of KdRiessuggesthatthere is nerit in publishing guidance
on how to develop, monit@nd publistKPIs.

FLW and Food Surplus in North America

The Measuing andMitigating Food LossandWaste projechas highlighted the similarhallenges faced
by businesses, NG@sd gvernments in Canada, Mexico and thaiteld States These include
determining the gpropriate methodr methodgo quantify FLW,usingthis information to estimate ¢h
impacs associated with FLW, anthoosingmetrics to track progress over time. The$ellengesare not
unique to this regigralthough many of the examples of good prasstincluded in this repodome from
North America. For quantification and estimoas of impact especiallyefforts to advancthese fieldsare
truly international.

Differences have emergeétweerthe three nations (as wel within each nation) relatg to the
structure of the food supply chaifihese differencesclude the natureof the FLW generated, the
companies operating in each countamd the policy framework wiin which they operate. For instance,
more FLWoccursin the consumption stages@anada and thenited Statescomparedvith Mexico, so
focus on the aosumption siges igelatively more important in thigrst two countriesinformal disposal
routes are more prevalent in Mexitioan in Canada or thenlded Statesand should be géen special
attention in that contexfhe types of food grown and mdactured ineach country differ substantially.
The countries also differ in the stage of developmeéttier methodology for tracking progressvard
Sustainable Development Goal 12\&netheless, the similarities are sufficient for a sipghetical
guideto be usful and to steebusinessegovernmentaind othes toward relevant information
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Technical Report: Quantifyingood Loss and Waste and Its Impacts

1 Introduction

This report was developed by the Commission for Environmental Catape(CEC) as part of its

Measuring and Mitigating Food Loss and Waste project, afaligy t o t he <Cdn@léted r ecen
North American Initiative on Food Waste Reduntamd Recoveryith a focus on quantifying food

loss and waste (FLW) and foodsurps, t hi s report builds doodt he CE
waste reduction and regeryandorganic waste processing and diversibaims to address gaps in

knowledge and opportities for Canada, Mexico and the United States to benefit fromsstent

approach to measuring FLW. Delivered under the CEC Operation Plan28dB7 thisreport andts

companion piecéNhy and How to Measure Food Loss and Wasteraktical Guide(CEC 2019)

round out sseriesof FLWp u bl i cat i ons iconomylar cligh&«chage partelieon e

The CECwas established by the governments of Canktkxico and the United States through the

North American Agreement on Environmah€ooperationthe environmental side agreement to

NAFTA.? An intergovernmentalrganization, the CEC brings together citizens and experts from
governments, nongovernmehteganizations, academia and the business sector to seek solutions to
protectNoth Amer i cads shared envi r oacom@midcdevwwslbpméne suppor

CEC initiatives are undertaken with the financial support of the Government of Caradghthr
Environment and Climate Change Canada, the Government of the United Shd&scofthrough
the Secretaria de Medio Ambiente y RecursatuMiles and the Goveiment of the United States of
America through the Environmental Protection Agency

Working on these issues through tritalecooperation expands and broadens experience, creates
broader potential market opportties for technologal solutions, expands theidience for the CEC
findingsand felps to combine resourcé&his projectidentifies commonaliesacross North Ameca
while recognizing the specific nature of the issue within eamcntry. As a result othis unique
collaboration, the contents withihis report and accompanyipgactical guideare relevant and
applicable to albf thosewishing to carry ouFLW measuementregardless of their location

The project seeks to achieve the followoigectives

1 Improve measurement of FLWtross the foodupply chain, including approaches to
correlate foodoss and waste prevention, recovand recycling with associated
environmental and socieconomic impactsand

1 Practicalactionsand activities that facties, organizationand governments can tate
prevent, recoveand recycle FLWAcross specific segments of the food supply chain.

This technicalreport summarigsand discusssFLW-related issuem the context of Canada, Mexico
and the Wited States drawing on examples from these three counagewell as relevant examples
from aound the worldThereporb s chapters follow this structure:

1 Background: definitions,frameworks andrationale (Chapter 2 This chapteincludes
how terminology is used in practice, frameworks for concezinglFLW andfood surplus
and how these both link &ctionto tackle the assodid issues.

1 Quantifying the amount of FLW and food surplus (Chapter 3. This chapterdiscusesa
range of quantification methodscluding emerging methodwjth example®f these
methodseing used in practicaxoss theood supply chain

2 CurrentlyUSMCA.
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1 Estimating environmental, social andfinancial impacts andbenrefits (Chapter 4. This
chapte outlines the approaches that have been used and discusses the decidienstthat
be made when estimating these impacts.

I Metrics used fortracking FLW and food surplus (Chapter . This chapter outlines key
performancendicators and other metrics usedech supplghain stage. This section
contairs a discussion about how indicators link to the differentabibjes of organizations
(e.g, prevention, diversion from landfill).

1 Key conclusions andrecommendationgChapter &. This chaptersummarizeshe state of
affairs relating to quantification dfLW andfood surplus in Canada, Mexico and thaitéd
Statesand summazes the findings from the previous chapters.

In each of the chaters, the strengths and weaknessesrahge ohpproacksare discusseds are
the circumstances in whictiney are appropriate teploy.

Accompanyinghis report is aeparateproduct a practicalguidethat isdesigned to assist
governments, the fodddustry, busine&s institutionsand nonpréit organizationdo better
understad FLW measuremerdt each stage of the food supply chai€anada, Mexico and the
United States This technicalreport contains detailed information and discussion dedigmanderpin
the practicalguide, allowing the latter to be a conciared useifriendlydocument.

Both pieces of work build on recent publicatipmest notablyonthese

I TheFood Loss and Waste Accounting and Reporting Stan@and/ Standarylpublishedby
the FLW Protocol (FLW Protocol 2016) his multistakeholder initiativeenables
organizations€g., companies, countriegycal governmentand othersto quantify and
report onFLW so they can develop targeted reduction strategies and realizendfioeom
tackling this inefficiency.

1 A foundational reporandWhite Paper both published by the CEC in 20Bhdentitled
Characterization and Management of Food Loss ®aste in North Ameridg@CEC 20173,
CEC 20T b). Thesepublicationspropose comprednsive strategies to address source
reduction of FLW, food rescue and recoverylastages of the food supply chaand
reduced disposal of FLW.

This project has begrepared forthe CEChy a consortium of two organizatiortsie World

Resources Instita (WRI) andthe Waste and Resources ActiBnogrammdWRAP). Thetechnical
reportand thepracticalguide have been developed with input from a group of experts convened fo
this project(seeAcknowledgemenis TheFood Loss and Waste Measurement Ex@dup

comprises people with expertiseFLW measuremerdacross théood supply chain actingpgetherto
tackle the associategsues. There igpresentation from Canada, Mexead the Wited States as

well as experts from outside North America
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2 Definitions, Frameworks and Rationale

This chapter discusses the backgrountbtm loss and waste (FLVuantification and estimati its
impact. The chapter starts with an exploration of why organizations in &avladico and the

United Statesnight want to track the amount of FLW they geneeatd where it ends uséction

2.1). The following setion (Section 2.21looks at the range of fimitions currently used in North
America and around the world, highlighting th&fetiences that exist and stressing the importance of
aligningthe definition used angnor gani z at i o Bedti®n2.8 dspuses frameveks

within which FLW is discussed in a wider contgetg, sustainablenaterialsmanagement and the
circular economy Finally, Section 2.4lescribes the sectors within tfeed supply chain and

provides descriptions of these sector€amada, Mexico and thenlifed States

2.1 Why Quantify FLW and Food Surplus?

There arananyreasongo quantify FLWand foal surplusThis section discusses these reasons,
which arehighly relevant when déding what to quantify and the approach to use.

The list belowgivessome of the mia reasongor quantifying FLW(or food surfus). These are not
mutually exclusive, anthere isusually more than one reasbehind a decision to quantify FLW.
The quantifyng organization may want to:

1 Developan understanding of the issueThis involvesobtaining an estimate of the total
amount ofFLW and its associated valwmgtheringnformation on the types of food involved
and understanding wtiiie foodis being losbr wasted or has become surplus. This
information can be used deciding whetherdion is required, building the case for action
(e.g, a business casapd developing dotions.

9 Prioritiz e action. Closely linked taodeveloping an understanding of FL¥&is may involve
identifying the hotspots of FLW(i.e.,where here is a substaatisocial, environmentadr
financialimpac). This can help imecidingwhereand howto starttackling the issu¢e.g.,
decidingon which commoditiesproductsor sectorgo focug.

9 Evaluate a solution or initiative. This is the process whicha comiination of quantitative
information (e.g.amounts oFFLW) and qualitative information (@, observation) is
obtainedo understand if a proposed solution is having atipesimpact. This may be during
the piloting or testng phase of th@roposedsoluton, or duringt h e s oflllestale o n 6 s
deployment This type of activity goes by manymas including program evaluation and
policy evaluation. In addition sémates oFLW may be used in a ceBenefit analysis to se
if regulatory actio would makesconomic sense.

9 Monitor targets. This involvesrepeated quantification LW of a particlar scope to
determine trends over time. This information may be used to deteifrtangets €.9.,
national,social,environmentalfinancial) have been met and ntaglpin understanitg
whether all the solutions, initiativesd policiecurrently depbyedhave had sufficient
effect

There are severatell-knowntargets relating t&LW. Thesustainabledevelopmengoals (SDGS)
formally adopted by th&lnited Natiorsin 2015includeTarget12.3, whichcalls for foodwasteto be

cut by halfby 2030. Manybusinesses operating in North America have aligned their own targets to
SDG 12.3or to the USgoalannounced jointly byhte US EnvironmentalProtection Agency (BA)
andtheUS Department oAgriculture(USDA) (seeChapter 5. There is a need to quantify FLW
ensure that progress is being made agairstdhget and ultimatelyhether the taget has been
achievedlf this processs to succed, thetargetsshouldbe appropriateandclosely aligned to the
impacts that an oemization is trying to achieve.
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Generally, quantification for monitoring agaispecific targets requireaccuracy in specific areas

For instanceif sampling of EW is usedsuccessfullynonitoring targets requires larger sample sizes
comparedvith the quantificationused todevelop ageneral understanding of FLW (e .fpr

prioritizing action). Monitoring also requires consistency of definition@rsistencyf the
guantification approach. These requirements are particularly important where thegjarggents a
relatively smallpercenage change in the quantity being measurediistance, ithetargetis a
reduction of 15% in the amount BEW, the confidene intervals willhaveto be much narrower than
this to assess whether the target has besn

Evaluatiors usually involvesome form of measuremeivaluationsalsogathe other information to
assess the effectiveness of the initiative. The exact natttines additional information will depend
on the nature of thimitiative butcould incude interviews with those involdeor thetracking of other
metrics(e.g, salesor purchasing datayr attitudes of the public in the case of campaighany
acaderts call for agreater focus on evaluation of interventions and policies designed te Fadhl,
especially in the hom@arpino 2016 Stockli et al. 2018

Monitoring a taget gives informatiomboutthe general trend of FLW. However, it rarely provides
informationaboutwhich initiatives, programer external influences led to any changseed. This
is where evaluation of an initiative can play an important role.rispamce, a company matarta
program to reduce the amount of food surplus geeéiiatits operations. This may have been tolle
out across the company at the same timepastrained supplgf and high prices for key ingredients
occurred Evaluation othe initiative would helpn understanehg the effectiveness of éhange
program, a well as the role of these other factorsiifuiencing the amount of surplus generated.

In contrast, when developing a general understanding of FLW or prioritizing dttiooften

possible to make good decisions with less accurate information. Apjarexestimates of the amount
of FLW arising in different parts of theod supply chain, or going to different destinations, can be
sufficient to undersind where the hot spots occur. These hot spots are often associated with food
prodwcts or commodities with high volumes, ratheaut those with a high percentage being whste
For examplepotatoes and tomatoesntribute the most to FLW in US retail stem@espite having
lower loss rates (as a percentage of the amount of food comingfames) thaturnip greenswhich
have higHoss rates (Buzby et al. 2015).

Monitoring and evaluation provide useful information, but usuatlystbe supplemented with ath
types of knowledgéo design interventions and make rational decisions to t&tRI¢. It is important

to understanavhy food gown to feed peoplends ugoinginto animd food, industrial uses,
compostinganaerobic digestighandfill or incineration It is also important to understand why food
is sent to a disposal option lewonthe foodrecovery hierarchyinstead oto amore preferable
disposal option such amaeobic digestioror compostinglt is important to understand the
immediate reasofor wastge.g, food being thrown away because it has passed the date mark) as
well asits root causes (e.gnismanagement of food in the supply chairhome a precautioary
approach to date lababsimproperpackaging. Without this information, theasign of potential
solutions may be suboptimal and unlikely to tackle the underiyinoblem.

Finally, quantificiion can be used to assess broader issues related to FLNstaoce, many of the
environmental benefits associated with fogakte preventio relate taheembeddednputs of the
food production system&.g, embeddedGHGs chemical inputs such as fiéigers and herbicides,
land required for food productionrigation water) This is because when food is wasté, inputs
associate with that food ae effectively wasted asell.
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2.2 Definitions of FLW, Recovery and Surplus

Many termsareused to refeto food that is not ultimately consumed by humans, lethesfood
supply chain, or represents a financial loss to one or more companiss.ifitiade food loss, food
waste, wasted food, surplus food, shrink, shrinkagelag bycatch, byproduct, pe- and post
harvest losses, plow back, egradesand so onSome of these are used interchangeably, many
overlap and sometimes the same tdeused to refer to food going to different destinations.

There is nauniversallyagreedon definition for any of these key ternighe EuropeanJniond Eood
Use for Socialnnovation ly Optimisng Waste Prevention Strategi€sJSIONS organizatiorhas
identifiedmorethark 0 0 def i ni ti ons of AAUSIONS 206p Neitheer thisn d
technical report nor the accompanying practical gaidgusively endorses amarticular definition

of food loss and waste. Instedldese documentay out a famework of key variables to be adjusted
to fit arange ofscenarig. Anorganizat n 6s def i ni ti onsitseeasondor d b e
guantifying food loss and wastedashouldbetied directly toits desired outcomes.

Definitions can (and arguablyhasuld) differ everbetweerdifferent agencies of the same
government, depending @na ¢ h  a fpaised iptdiest in food loss and waste quantification. For
example, in th&Jnited States, the USDA focuses largely on food aviithalvhile the EPA focuses
largely on the environmental impacts of food disposal and its implications foahasources and
climate change.

It is important to understand the definitiarsed in ach study and care should be taken when
comparing datand information across st@di. Not only are there different definitions of the
measured variabdde.g., shrikkage food lossand food waste) but studies may also use different
reference bases (e.galume of salesr food supply valuesr quantities oweight delivered; edible
or non-edible food), and different areas of coverage (e.g., stages in théoféork chain, such as at
the farm,storeor householgor the specific fruits, vegetablasd mixtures covered) in the analyses
(Buzby et al2015, 62648).

No definition diseissed isiniversally usedbut each is appropriate in a particular context and to
achieve a given set of objectivédor the sake oflear communic#bn, this reportuses language
consistent with th&LW Standard

For this reportFLW is used as a genetarm to refer to food lossndwastebeing disposed of
includingvia landfill andincineration or treated via anaerobic digestion, industrial compasting
similar acivities.Food surplus is excluded from thimrking definition of FLW a term usé for
material available for redistributidior human consumptiof he relationship beteen FLW and
overconsumption (i.epopulations consuming, on average, a greater nuailmalories than required
to maintain a healthy body weight) has been discussed ac#uemic literature. For example, the
effect of overconsumption alongside FLW @®en assessedth respect tdood security andhe
environmental impacts kabeen anaized(Smil 2004 Alexander et al. 200)70Overconsumptioris
not considered to keeform of FLW in this report The use of FLWANnd other termm this report
should no be taken aanimplicit endorsement of any definition or terminology.

When diect quotesrom other work appearthe original terminology from that studyused
However whensuchstudiesare discussedhe terminology described abolvas been used &void
confusion especially when comparing studies using different terminatoglefiniions

In addition,fiquantificatiom is usedn this reporto refer to estimatinghe weight or volume of FLW.
This is used in preference to the tdimeasuremerg,as not all the methods mentioned involve
measuremenimany are based on calcudats to irfer the amount of FLW (se®ection 3.6.

Therefore fimeasurementis a subset dfiquantificationd Quantification methodsr quantification
approachediscussed in detail i@hapter 3refer to specific techniques arcollection of techniques
of directly measuringr indirectlycalculating the amount &fiLW.

Commission for Environmental Cooperation 5
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2.2.1 Destinations

Foodor associated inedible parts that leave the humanysappln go to a variety of destiians.
These destinations include disposal (landiiltl incineratiorf)and treatmet (e.g, by industrial
composting or anaerobic digestioB)jsposal to sewers ids®d recognized in this report as a disposal
destination.

Thefoodrecoveryhierarchy (Figue 1) developed by thEPA is a clear way to visualizbe relative
merit of ushg each of thesdestinationslt is similar to other food recovery/waste hieraeshin
existence. Th&PA hierarchy focuses on the proses used to convert material exgithe food
supply chain rather than on the ultimate output.

Figure 1. Food Recovery Hierarchy®

Feed Animals
Divert food scaps to animal feed

. _ Industrial Uses .
Provide waste oils for rendering and fuel conversion
and food scraps for digestion to recover energy

composting
Create a nutrient-rich soil amendment

Landfill/Incineration /Sewer
Last resort to disposal

Source:Adapted fromEPA 2016,

This tecical report and the accompanying practical glidin aim to be consistent withish
hierarchy. The highest priority is to help organizations prevent the generation of #lis\(jsually
confers the greatest positive environmental and financial impacts.

Far too often, organizations focus only on divensirom landfill and fail to address rocdauses of
FLW generation and implement meaningful change to prevent FLW at sblawever, in cases
where FLW is still generatethe Measuring and Mitigating Foddoss and Wastproject aims to

help orgaizations moveé-LW upin the hierarchyaway from disposal desations (e.g.landfill)

41n the case of Mexico, this includes both formal (i.e., managed)nformal (i.e., nomegulated) dumping
sites.
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toward treatment destinatis(e.g, anaerobic digestionjeeding animal®r redistributioninto

feeding people. The outcomes and destinations higtae hierarchy of disposal destinations (e.g.
feeding animals) have greateloaomic, environmentand social benefits than those lower in the
hierarchy (e.g.landfill or incineration).

2.2.2 Why Define FLW?

Defining FLW is a necessary step intsg goals or objectives. Additionally, the quantification

methodology should be osistent with the definition used. This ensures that what is measured is

appropria¢ to theissue being tackled. For example, if one is interested in the effects of FLY@an f

security, resource efficeneyr economi cs, oneds hedelbggshdueide def i ni t
tailored to these issa¢Chaboud and Daviron 2@). If food searity is the primary objective of a

policy, the definition of FLW should primarily focuséhe wasted food.é., edible parts) of FLW

andthe inedible parts should eithee of secondary importance or excluded altogether. In cornitrast,

resoure efficiency is the motivation behind a poligheinedible partof FLW may beroughly as

important asthe wasted food.

These frameworks are still evolving to ensure that thejirmomto be useful. Alongside thigork on
quantification ofFLW in North America,for example, a framework to support action across the
whole food supply chain in CanadecigrentlybeingdevelopedVCMI 2018).

2.2.3 Defining FLW and Food Surplus

The folowing organizations have established differdefinitionsof food losswaste, reovery and
surplus. These provide good signposts for an organization getting starteshiifying FLW and its
impacts, and each applies to a different framing of theaatessues for each organization.

Prominent examples of definitions BEW include:

I UN Sustainable Development Goal Target 12.3
o0 By 2030, halve per capita global food waat the retail and consumer levels and
reduce food losses along production ancpuphains, including podtarvest lossés
(United Nations no daté.

I Champions 123 developedsuidance on Interpreting SDG TardgE2.3 This definition is
tailored to the global nature of target SD@get 12.3 ad its place under SDG 1&hich
focuses onesponsible consumption and productiblanson2017):

o0 Food loss and wastas defined with theLW StandardFLW Protocol2016) are
grouped together under the A50% reduction
0 Both food and & associatethedible parts are included
o0 All destinations are included, except animal feed anebbhmd
materials/biochemical processing (where material is converted into industrial
products) This interpretation means the target is effectivdipraveniono target
rather than @diversion from disposatltarget.
1 UN Food and Agriculture Organization (FAO)
0 Developed th®efinitional Framework of Food Los$his cefinition focuses mostly
on the food security dimension of the problem.
o f"Food wpadoffeodiosshoaever not sharply distingu
0 Includes food but excludesitissociated inedible parts.
0 All destinations outside of the human food supply clzaie considered food loss and
waste.
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1 USDA and EPA

0 In September 2015, the EPA and USD#ijty announced a timnal goal to reduce
food loss and waste by 50% by 2030.

o TheUSDAOGs Economic Research Service (ERS)
amount ofpost-harvestfood that is available for human consumption but is not
consumed for any reasolhincludes cookig loss and natural shrinkaged,
moisture loss)loss from nold, pests, or inadequate climate conéotl food wasté

o0 EPA defines food waste sfood such as plate waste (i.e., food that has been served
but not eaten), spoiled fopdr peels and rindsonsidered inedible that is sent to feed
animals, to be compted or anaerobically digested, or to be landfilled or combusted
with energy recoverd’

I FUSIONS (Food Use for Social Innovation by OptimisingVaste Prevention Strategies)
developed th®efinitional Franework for Food Wastél his definition is intended for a
European context and is concerrgtmarily with resource efficiency (as it relates to the
circular economy) and fabsecurity.

o Food removed from the human food supply chain at any stage is rateagdood
waste. Farmtevel losses are not included indtdefinition.

o Both food and itessociated inedible parts are included

o0 All destinationsare includedkexceptanimd feed, biomaterial processingr other
industrial usesThese exempted destinatie ar e generally ter med
conversion. o

Other associated terms are alsodisghis field often with different meanings attached to a given
term

Surplusis a term often used for food products that are intended for sale but n@usplds
sometimes goes to disposal destinations, (eugdill ), or treatment destinatis{e.g., composting),
but can also beedistributed vidood donationgo feed people.

Redistribution. Although most people would not define surplus food redistributgabople as food
waste (i.e., it never leaves the human food supply chaie) itermfrequently applied to food
donated with the intention of feeding peofiieoughfood banks or otherltaritableservices.
Althoughfood redistributiorto peoples socally vital, it can represent an economic loss for the
donating organizatior here are ats environmental impacts associated with food redistribptan
examplemany busiesses only dorafood nedng the end of its life (i.ewith a short shelfife
remaining) In addition, this term is sometimes applied to food that is used to feedsnima

Recoveryis also @erm used in several ways when discussing ELW

9 Itis sometines used to desbe food diverted frondisposallandfills or another disposal
option) to any other destinations (e.fpeding people, feeding anima#saerobic digestign

9 Iltis also used in a narrower way, including only diversion from disposalnspibofeed
peopleor animals (excluding diversion from disposal to treatment methoch asinaerobic
digestior).

Careshouldbe taken when using terms and eslsbuldbe carefully defined wheit is used. In this
regard, alegree of standardizati@erass North Americand beyondvould be helpful, while

6 Seewww.usda.gov/oce/foodwaste/fags.htmd https://www.ers.usda.gov/daproducts/bod-availability-
percapitadatasystem/lossadjustedfood-availability-documentaon.

7 See www.epa.gov/sustainabl®anagemenfood/sustainablénanagemerfood-basics

Commission for Environmental Cooperation 8


https://www.eu-fusions.org/phocadownload/Publications/FUSIONS%20Definitional%20Framework%20for%20Food%20Waste%202014.pdf
http://www.usda.gov/oce/foodwaste/faqs.htm
https://www.ers.usda.gov/data-products/food-availability-per-capita-data-system/loss-adjusted-food-availability-documentation
https://www.ers.usda.gov/data-products/food-availability-per-capita-data-system/loss-adjusted-food-availability-documentation
http://www.epa.gov/sustainable-management-food/sustainable-management-food-basics

Technical Report: Quantifyingood Loss and Waste and Its Impacts

maintaining flexibilityto allow different organizations to focum different aspects of the issuehis
would help redoe misunderstanding and support prioritization based on thedoodery hierarchy
However, achieving a greater degree of standardizatibmet be straightforwat.

2.3 Frameworks and Blueprints for Conceptualizing FLW

This sectiordescribesiow FLW fits within the context ofelevantsustainability frameworks: the
circular economysustainable materials managemant the SDGs. In keeping with the food
recoveryhierarchy, therimary focusof this discussion i®n howthe preventon of FLW fits within
theseconceptuaframeworkslt also discusses how moving food up the hierafikywithin these
frameworks.

2.3.1 Circular Economy

The circular economycanbed i ned as fAan alternat i(make use a tr ad
dispose) in which wkeep resources in use for as long as possible, extract the maximum value from
themwhilein use, then recover and regenerate products and materials at the efdsefreiae lifé

(WRAP 201&). Similarly, the circular economy model advances economigicthat builds and

rebuilds overall system health rather than just focusingaimizing economic returns (Méathur

Foundation 2018). Figur2shows one simple piwayal of a circular economy approach.

Figure 2. A Circular Economy Cycle

Design/manufa"ufe

circular
economy

Source: WRAR201&.

The circular economy approaphovides an alimative to the typical extractive view of food and
resource use. Rather than emphasiaiisgstem in which food is produced and discarded to laritfill
promotes several of thetermediatesteps in théoodrecoveryhierarchy, such as composting and
industrid uses. Thesmtermediatesteps extract the maximum value from the food produced
situations where it has become FLW this way, the circular economy approach can bgeful way
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of reframing the operations afbusiness toward a more sustainable@gr in which resources are
conserved and reused.

One possible limitation of thercular economy approach is thiat its emphasis on recycling and
reuse, it may inadvertéy encourage reuse and recycling atélRpense of source reductionFLW
prevenion. This is because source reduction is not explicitly included in the basitacieconomy
framework. However, if FLW prevention is included in a circular economy aplpyaacan still align
with thefoodrecovery hierarchy.

2.3.2 Sustainable Materials Management

Sustainable materials managemananothelpproach which emphasizé® need to reduce global
consumption of resourcéEPA 2017). Sustainable materials magragnt includes source reductio

or prevertion and tends to be focused toward enwinental outcomesscompared to the economic
focus of the circular economy apprbaé\n example of a sustainable materials management approach
can be found in Figer3.

Figure 3. A Sustainable Materials Management Cycle

2
MANUFACTURING MOST PREFERRED

o

END-OF-LIFE
MANAGEMENT

LEAST PREFERRED

SourceEPA 2017

Thematerials extraction portion of the cycle can incorporate soudtetien measures and the end
of-life managemenprinciples of thdoodrecoveryhierarchy.Like the circular economgpproach, a
sustainable materials management approaaviges an alternative to an extractive view of food
production.
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2.3.3 Sustainable Development Goals

A third way of thinking about FLW and sustainability comes fromstistanabledevelopmengoals
(SDGs)adopted by the member states of the United Natio2815.There are 17 SDGs, with 169
targets within those goals to be achieved ®B§@some of them as early as 20Z8e strength of the
SDGs is in the bold, ambitious tgats they set for global stainability, which can encourage action
from businesseand governmeniss well as society in general

For FLW, the most relevagbal sSDG12t o fiensure sustainabl e consumg
patt e N msdatg WVithin SDG12 is Target 12.3 B 2030, halve per capita global food waste

at the retaibnd consumer levels and reduce food losses along production and supply chains,
includingposthar vest | osses. 0

Numerous countries and compariese taken goals that arégaled with Target 12,8which has
alsobeen promoted by Champions 12a8palition of high-level representativesom governments,
businesses, international orgaatipns, research institutiorsand civil societyfocused orachieving
Target 12.3 (Champis 12.3 2018).

2.4 Sector Descriptions

Thepracticalguideaccompanyinghis technical reporhas divided the food supply chain into several
stagegsectors) to mvide tailored guidance to each user community. For each sector, a brief
description is gien, followed by informabn for each of the three countries covered by this report

2.4.1 Primary Production

The primary production stage in tfed supply chain Bcompasses agricultural activities,
aguaculture, fisheries, and similar processes reguttinaw food materialshis first stage in the
food supply chain includes all agties related to harvest, handliagd storage of food products
before they movéo processing dio distribution.Examplesof activities within this sector are
farming, fishing, livestock rearig and other production methodsarvest activities are auded
within this sector, as well as pdsarvest handling and storagey kind of processing of these raw
food products wouldot fall within this stage of the suppthan butwould be classified as
processing and manufacturing.

Food losses in primaggroduction can be caused by any number of factors, including pestsnent
weatter, damage incurred during harvest, lack of idéalage infrastructure, cosmetic or size
requirementéncluding retail standardsndeconomicor market variability €.g.,cancellation of
orders, rigid contract terms, or price variability and high lalosts).

The following is a norexhaustive, illugative list of approaches teduceFLW generation within
primary production

1 Working with actors downstream in the foogply chain to increase the share of
seconegrade products that are accepted andrizzdd to some point

9 Improving coldchain managment availabilityand infrastructuréo prevent spoilage or
degradation during storage and transpsamtl

8 See SDG Target 12.3 on Food Loss and Waste: 2018 Progress (@éponpions13 2018 for a list of
countries and companiéisathave adopted FLW rexdtion targets that align with SDG Target 12.3.
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1 Working with acbrs downstream in the food supply chain to expand vadiged
processindo increag the proportion of produced food able to evelhtuze consumed.

2.4.1.1Canada

Canada pyducesearly 35 million tones of food per year. This equivalento 1,050 kilograms of
food per capita (FAO 2018). This sector contrib@®48.7 billion (about 1.% of gross domestic
product [GDP] to the economy every year. Canasla net exporter of food (Agriculture and Agri
Food Canada 2017). Primary prodoatismostly centralized in certain geographic regions and is
dominated by large aipusiness companies. For exampi®mre tharB0% of total farmable area in
Canadas in western Canada (i.e., Sasghewan, Albertand Manitoba) (Veeman and Veeman
2009).

Wheatisthetoppr oduced crop, and Canadaodsdihisseodfivr oduct i
mostproduced foods. These are wheat, rapeseed, maize, dadeayilk.Pork is the mosproduced
meat buis followed closely by beef and poultry (FAOIR) Statistics Canada 20by.

An estimated 3% of all FLW in Canada occurs in tipeimary production stage of the food supply
chain (296 occurring preharvest and 1% occuring postharvest) (FAO 2018). These estimates are
highly approximateind are depemrat an the definitionused for FLW It would be beneficial to have
greater consistey around the world to minimizbe misinterpretation of estimates.

Market fluctuations i relatively drastic in Canada and can make proper forecasting difficult,
especidly when surplus goods from other countries are imported at belarket ratesAlthough
there is generally sound storage infrastructure in Canada sistemt forecastingna market prices
can cause FLW.

Private quality standards anthding standards fdood products are strictly enforced in Canada,
though there is no currentestimatd t hi s pol i cyds effect on FLW gert
2011D).

2.4.1.2Mexico

Mexico produce nearly286 million tonnesof foodin 2017 This sector contributerore thanP$54
billion per year to the econom$IAP 2018) or around 8.5% of BP.

Me x i ¢ o ésportedbf@d products are avocado (of which Meisdbe leading glodaroducer
and exporter), berries (of which Mexico is theglobal exporterpndtomato (of which Mexico is the
leading global exporterpgricultural productions more diverse in Mexico than @anada and the
United States, whemaany commodities angroduced in relatively equal proportions. Poultry meat
dominates the animal prodsainarket, and beef and pork are produced in nearly equal Islaaly.
exports go tmther North American countries. The United States is the top recgfiélexican food
exports, and Canada is the thif@omparedvith Canada and thdnited States24% offood
production inMexicois destined for selfonsumptiorand involvessmallholderfarmers, with about
80% of farms smaller th&ive hectarefOxford Business Group 201BNEGI 2014).

The World Bank estimates that in Mexico, about 20 milliome&speryear of food loss and waste
arise from 79 products, from the farm geidehe poit of food purchase. These 79 products represent
81% of total food purchased by an aver®tgxican householdgepresenting over 35% of total food
produced in the countryn addition, it is estimated (from urban solid waste and waste composition
data from lhree states and thirteen municipalities) that therebeaground 11 million tames peryear

of foodwaste from households and very small businesses. The amount of Firiwiany production
(i.e. before the food leaves the farm premises) is still lgngeknown. Therefore, the estimated scale
of around 30 million tones peryear is the laver boundary of a wide (byetundetermined) range of
FLW generated in MexicPNorld Bank2018 internaldocumenk
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Inadequate storage facilities and isfracture (primarily colgtorage infrastructure and technologies
to manage humidity) cause sproportionate amount of FLW in Mexico when companith

Canada and the Wed StatesThis isespecially true in the tropical and subtropical regions of the
country.

2.4.1.3United States

TheUnited Stateproduces the most food of North American coest witha totalof more thar344
million tonnes produced per year. Thistlse equivalent of 133 kilograms of food per capita (FAO
2018). This sector conbuitesUS$136.7 billion (about % of GDP) per year to the economy
although the Wited Statesis a net importer of fooQUSDA ERS 2017)

Maize is the togoroduced crojin the UnitedStatesmaize productiorfby weight)is nearlyfour

times that of soybeanthe second mogiroduced crop. The top five mgatoduced food products are
maize, soybeans,ilk, wheatand sugar beet. Poultry meat dominates the animal products neanttet
bed and pork are produced in nearly equal levels.

Sever al o f dsthgebusmess domipiarses dreabasgd inthied States including
Cargill, Archer DanielsMi | and, CHS I nc. , Land OadahdalTksens |, Monsan
Foods. Smalfarmersand food producers are numerous across the United States, but large eempani

tend to dominate the market. Agricultural production occurs mostly in the Midwest and/ailéys

of the West Coast.

An estimated 3% of all FLW in the United Statesccurs inthe primary production stage of the food
supply chain (2& occurring preharvest and % occurring posharvest) (FAO 2018). These
estimates are highly approximate, hoeev

Significant amounts of crops are not harvested each year inited States Althoughthe national
average of croplantthat is not harvested around %, this figure can be as high as%@ some
areas in certain years (Gunders 2012).

In the Lhited States grading standards and requiremeetg.(size, shape, color) arepesially strict.

An estimated 1% of produce grown in thenited Statesis wastedbecause ofjrading standards
(ReFED 2016)Surplus food on the farm (most often caubgdnarketfluctuations) is not often
donatedbecause ofarious factorsincludingthereluctanceof growers to have volunteers on their
land andhe accompanyinfiability. Despite he 1996 Bill Emerson Good Samaritan Food Donation
Act, which encourages companiesdaorganizations to donate surplus faodhe Uhited States|ack

of widespeadawarenessf the lawmeans thafoodis disposedf instead of being used feed

people. Evethoughdonations havéew financial benefits for theroducer, they play an imptant

role in food security.

2.4.2 Processing and Manufacturing

Theprocessig andmanufacturing stage in the food supply chain encompasses all processedintende

to transform raw food materials into products suitable for later consumption, caolsag. For the

purposes of tis rert and theaccompanyingracticalguide for measuring food loss and waste

Af ood processingo and nihterchahgealderemfs.abigstiageiinthg 6 ar e
supply chain includes the entire breadth of procassedto turn raw agricultural products into

saleable goods, and thegeodsoften move from this stage in the food supply chain to retail,

wholesale, distributin, or food service institutions. It also includes packaging of said processed
goods.Examplesof organizations within this sector are fruit and fruit juice procesgiarts, cereal

manufacturing facilities, pastry factories, canneries, butchers, brewesieerieand dairy

processing plants.
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FLW in processing andhanufacturing can be causeddoyy number of factors, includingmming

for consistency, misshapenggiucts spillage, degradation during processing, production line
changes, contaminationverproductionjnaccurate demand projectiasrder cancellation, changes in
customer demand @pecifications, or improper labeling.

Food processing represents betw&8% and 234 of the entire manufacturing industry (including
norfood manufacturing) in Nah America (USDA ERS 207, Agriculture and AgriFood Canada
2014; ProMéxico 2015).

The following is a norexhaustive but illustrative list of approachesdduceFLW geneation within
processing and manufacturing

1  Working with actors upstream in the fosdpply chain to increase the share of seagade
products that are accepted and valorizesbtoe point

1 Improving coldchain managemerdvailability, and infrastructueto prevent spoilage or
degradation during storage and transport

1 Working with actes across the food supply chain to expand vallged processirng
increase the proportion pfoduced food able to eventually be consumed

I Standardizing date labels taduee the amount of FLW generated from confusieer food
quality and food safety

1 Implementing packaging adjustments to extend the life of food products and reduce damage
duringstorage or transport

I Optimizing manufacturig lines and production procesde increaseiglds and reduce
inefficiencies; and

I Investing in new technologies ilacrease shelf life of food products.

2.4.2.1Canada

Food processing is the largest segmenhefCanadian manufacturisgctor anaonstiutes 26 of

t he ¢ ount griguuse ar@ BdrFo¢dACanada 2016Lanadiarfood processers are highly
centralizd 75% of all food production facilities (of which there are an estimated 5,700 in the
country) are inOntario, Quebeor British Columbia (Statistics Canada 2014; StiassCanada
20179). The fourmost economically impactful food categories for theaearemeat, dairy,
beverageand grains and oilseeds (Uzea et al. 2014).

FAO estimates thélt1% of all FLW in Canada occurs in tipeocessing andhanufacturing sector,
though others estimate that processing and packaging account$dfof EBW in Canad (FAO

2018; Uzea et al. 2014). These estimates are highly approximate, however. Two oft tbennmosn
causes for FLW generation among Canadian processing fa@oe@sor inventory management and
spoilage (i.e., due to inadequate packaging or ineffiprocessingUzea et al. 2014.

2.4.2.2Mexico

The 2016 value of processed food producttioMexico wasl11.4 billion dollars. The processed

food industry accounteir 23.4% ofthe manufacturingDP and 3.9% of total GDP. Its added value

was 37.4% 54% of the production per industry was concentrated mainly in the categories of bakery

tortillas and meat processing, followedrbik products with 10%(ProMéxico2018. Mexico is also

home to some of the wor |l do sfoddprodgces distribited thrduglp r o c e s <
Latin America. Some of these companies are, for example, @ingm, Femsaand Sigma

Alimentos.

As previously mentioned=LW occurs at all stages of the Mexican food supply ¢haid even if
there are dticient data on FLW in Mexico to identify an indicative baseline of ar@thdillion
tonnes, while alsohighlighting the hotspofthesedataarenot sufficient to aagrately quantify the
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specific amount and types of food lost and wastetifferentparts of the food value chain.
Regarding ranufacturing, processing and packagitng World Bak reports thatdrger
manufacturers have varying quality of production dias tan give estimates of FL{World Bank
2017 internal documety).

FAO esimates that 1% of all FLW in Mexico occurs in thprocessing andanufacturing sector
(FAO 2018. These estimates are highly approximate, howeRent causes of FLW gemation in

other North American countries may apply to the sector in Mexideshautl be considered by a
processing organization in Mexico as well. Common causes of FLW in otheriesustich as
trimming, overproduction, inadequate infrastructure or rimaeeky, inefficient systems design, damage
during packaging, inaccurate forstiag,food safety issues, cotthain deficiencies, andconsistent
quality maycontribute to FLW in the Mxican food processing sector.

2.4.2.3United States

The United Statesi home t o some of the worl dodéds | argest
Someof the largest companies are international brasgish asepsiCo, Dole Food Company, Tyson
Foods,Coca Cola, ConAgra Foods, Kraft Foaisl General Mills (Ocano 2019)hese companies
operate globally in a wide variety of product categoriesthmit standard business practices have
played a pivotal role in shaping American food manufacturing.

Thelargest food categories in thkS food processing sector are meat, dadnyd grains and oilseeds.
Meat represents a disproportionate portion ofvidae d the sector, contributingnore tharlJS$850
billion every year to the economy. By comparison, déig second most valuable food category in
the sector) contributddS$35billion every year (USDA 2017).

The United States features relatively fewrers é processing and manufacturing facilities
considering the amount of output, but these facilitied terbe larger in size. Despite being highly
efficient, facilities in tle United States often produce large absolute volumes of vpastly because
they smply manufacture more food products) and often focus on disposal destinations rather than
preventim. Through targeted measurement, however, many are able to iseagiyhotspots and
opportunities for FLW prevention throughout their processing.

An estmated 1% of all FLW in the United States occurs in firecessing andhanufacturing sector
(FAO 2018). These estimates are highly approximate, however. Some of theowtatauses
contributing to FLW generation in this sector are trimming, owshpetion, damage during
packaging and technical malfunctions.

2.4.3 Distribution and Wholesale

Food distributors and wholesaleest as a key link for food products to make itarket and
consumption. They are subject to supply and demand fluctuations d@desd supplghain and

must balance time sensitivity and cost in their operations and busineisdilita within the

distribution and wholesale sector can also ledelLMy generation downstream, in tf@od service,

retail andhousehold stage&xample of organizations within this sector are wholesale markets, food
distributorsand thirdparty logstics providers involve in food.

FLW in distribution and wholesaleanbe caused by any number of factors, includiaghage and
spoilage, lack of col@dhan infrastructure, delays during trasp(e.g., border inspections),
modification or cancellationfarders,product spedications, variable cost of transport methods,
inaccurate forecastingr purchasingand miscommunication with other entities furtbprand down
the food supply chain.

Commission for Environmental Cooperation 15

f

o



Technical Report: Quantifyingood Loss and Waste and Its Impacts

As the specifics of this sector vary by country, so do theaauses behind the assated FLW.
Generation of FLW and prevention df\W differ from country to country and even organization to
organization, and interméions must be tailored to the context.

The following is a norexhaustive but illustrative list oparoaches toeduceFLW generation within
distribution and wholesaksedors

1 Improving coldchain managemenavailabilityand infrastructuréo prevent poilage or
degradation during storage and transport

1 Working with actors across the food supply cha expand valuaddedprocessingo
increase the proportion of produckood able to eventually be consumeétis could include
the creation of processtasvalorize food that is damaged or deteriorates during transport and
distribution

1 Implementing pekaging adjustments &xtend the life of food products and reduce damag
during storage or transppgnd

1 Rethinking businessiodelsto maintain freshnesand reduce shrink.

2.4.3.1Canada

Around 3% of FLW in Canada occurs during distributi@EC 201B). As is common in most of the

world, most of these losses are perishgoleds such as fruits, vegetables, seafood and(tdeaaet

al. 2014. Mostof Canad 6 s f ood pr oduct i ocegioneaftbeucoustry,iwheret he sout
most of the population aldives. Even along the southern border, however, the vast distances

covaed by food distribution can lead to FLW generation. This is especially true & slystems

with outdated cold chain systemsinfrastructurgPrentice 2016).

Food distribution irterritories or regionsafther to the north is complicated by extremeatier and
distance. Conventional distribution and shipping methods are often imleossid the few reliable
methods for shippg food products tend to be both extremely slow andresipe (Prentice 2016).

2.4.3.2Mexico

According to SIAP (2018), thereeaover 3,000 agifiood storage facilities in Mexico, and 90
wholesale centers. Newbkeless, food distribution and food broikegy in Mexico may hold significant
potential for future EW measurement and reduction. Cold chain infrastructure, known to b one
the largest opportunities for preventing FLW generation, is limited and inaddquaany parts of
Mexico (FAO 2011). Thispaired with inadequate storage and transportatiorsinficture for food,
leads to high levels of FLW during distribution (8ggga 2010). Additionally, further inefficiencies in
the Mexican food supply chainjch as the centralization of food wholessland brokers in urban
centers, can lead to FLW. The tmtization of certain distribution processes requires goods to travel
to city centers for brokering and then their subsequent distribution. This proo&sbegreatly
streamlined and FLW prevemt¢Fundacion UNAM 2013).

2.4.3.3United States

Distribution networks in the United States are more expansive and varied thanadaCand Mexico.
The prevalence of distributors atidrd-party logistics providersalong with good coldhain
infrastructure makes distribution relatively easy for others in thedfeupply chaingnider2018).
However, this sector is subject to inate predictions and market fluctuations that could lead to
surplus foodFLW, or bah.

On average, food travels 1,500 milesni farm to table in the United States (NRDC 2020hough
distribution networks are efficient in the United States, and arenfieg even more so, the distance
between production and consumption creates roompdtntial FLW generation.
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2.4.4 Retall

Because ofheir strongbuying power, retailers can inflnee FLW generation further upstream (i.e.,
in the pimary production,processingandmanufacturingstagey and even withinthe dstribution

stage Also, because otheir typical placeent(right before final consumptioandpreparatiohin the
food supplychain, variability within theetail sector can also lead to FLW getierain thefood
service anchousehold stages.

FLW in retail can be caused by anymiper of factors, including damaged spoilage, lack of cold
chain infrastructure, delays duringrigport (e.g., border inspections), inaccurate customer
forecasting andwerstocking, reliance on inefficient stocking practices or product sizes,
misinterpetation of food safety standardsyd misleading or confusing date labeling.

As the specifics of ik sector vary by country, so do the root causes behind the assotidted F
Generation of FLW and prevention of FLW differ from country to country and esgamization to
organization, anéhterventions must be tailored to the context.

The following is anonexhaustive, but illustrativdist of approaches teeduceFLW geneation
within retait

1  Working with actors upstream in the food supply chain to irser¢lae share of secogdade
products that are accepted and valorized to some ;point

1 Improving coldchain management and infrastructto@revent spoilage or degradation
during storage and transpprt

T Working with actors across the food supply chain tcaexivalueadded processing

increase the proportion of produced food able to eventually be codsume

Identifying products with high consumer demand that also reduce gersteation;

Standardizing date labels to reduce the amount of FLW generated finéusion over food

safetyand foodquality;

1 Implementing packaging adjustments to extend the lifead products and reduce damage
during storage or transppend

1 Rethinkng purchasing modeknd promotion strategiés maintain freshness and reduce
shrink.

= =

2.4.4.1Canada

A majority of economic value in this sector is in supermarkets. Supermarkelargadclub stores
constitutenearly 80% of the food retail market aiee food retailers (Loblaws, Sobeysd Metro)
dominate the sector (USDA FAS 201Fpod sales represent nearly 20% of the entire retail sector in
Canada (USDA FAS 2017).

2.4.4.2Mexco

In Mexico, up to 50% of bod retail is estimated as informal a2¥P6of primary food production is

for selfconsumption (INEGI 2013). The informal seair at each stage of the supply chain represents
a significant gap in data and one that needs teetiertunderstood to addredsW in the longer

term. The informal sectdras different challenges and opportunities than the formal one (World Bank
2018 internal document

2.4.4.3United States

In the United States, the retail sector is dominated byegyastores and supermarkelbese are
geographically dispersed barte overwhelmingly dominated by a few massive companies. Walmart,
Kroger Co., Safeay and Publix together account for nearly 40% of food retail sales in the United
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States (Bells 2015). Tal annual supermarket saleghe United States are neathg$700billion,
and supermarkets alone employ nearly 5 million AmericansdMarketinglnstitute2018).

In the United States, colrhain infrastructure is generally adequate and there isteopaedf
transportation optianfor food products. Thanks to thid,\W generation during distribution is
relatively low. That said, inaccurate forecagtand surplus products stibntribute ta=LW in many
cases.

Because ofhe centralized nature of thetail sector, retailers in the United States have a large impact
on FLW generation in the rest of the food supply chain. For example, quality staaddrdsneral
business operations across the food supply chain are imdllgnced by the most dominant
companies in this sector. This meas$ onlythat inefficienciesn this stage of the supply chain can
affect losses in other stages, but also thahghks in this sector can haveffaaching effects on FLW
generation a@ss the entire supply chain.

2.4.5 Food Service and Institutions

Thefoodservice sector includedlaarieties of institutions that serve prepared food intended for final
consumptionIn this sector, food products are taken from their raw, processechafantured state

and prepared thouse. The final product is most often sold in single portioosigih certain business
models serve food in larger portions.

Examples of organizatierwithin this sector are restaurants, caterers, hotels or venues paaeme
serve food, street vendsy) convenience stores with prepared foodafeteriasas well & public
institutions such as prisons and hospitals

Within this sector, there is amportant distinction to be made between-poasumer and post
consumemwaste. Preconsumer wasteisanya st e t hat occurs before the
plate, angpostconsumer waste is any waste that occurs after that point. Some in the sgatefema

to this as fiback of ohoesepecandedfyront of house

Root causes of FLW generation iodd service tend to apply to most market segments and are not
geogephically specific. These root causes include: inappropriate portion sizes, yrialitianage
demand fluctuations, preparation mistakes, rigid managearehimproper handling and stoeag
(Uzea et al. 2014).

The following is a norexhaustive but illusative list of additional approachesreduceFLW
generation within food service

1 Working with actors upstream in the food supply chain to increase the afhsgcondyrade
products thatre accepted and valorized to some point

9 Improving coldchain mangement and infrastructute prevent spoilage or degradation
during storage and traport

I Reducing overproduction of undeonsumed products or shifting fngproduction models
that routinéy overproduce food (e.qg., buffetgnd

1 Rethinking purchasing motieand promotional strategigsmaintain freshness and reduce
shrink.

2.4.5.1Canac

The Canadian food service industry continues to grow along internlatiends and Canadian food
senice sales rezhedC$61.1 billion in 2015 (Maze 2018; Agricultuaad AgriFood Canada 2017).
AlthoughCanada is home to several franchises and roathe same fadbod-style restaurants as
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the United States greatemproportionof the Canadian foocesvice industry is made ugd small and
mediumsizedenterprises.

2.4.5.2Mexico

Mexico has the higtst proportion of local, independent businesseghe food service industry of all
North American countries. These smaller businesses account for alétrl/foodservice

establishments in the country amdre thanwo-thirdsof the sales in the sect@heytend to have

much lower levels of FLW thalarger restaurants or those found in Canada or the United States. This
is largelybecause dfrequent astomersunchangingnenus and adequate portion sizindpichallow

for highly accurate forecasting. Tdeestablishments may have less cold chaiaggonfrastructure

than their larger counterparts, but regular cycles of purchasing and sales previeoirtlgenerating
significant amounts of FLW (Alatristélendoza2014).

The hospitality and foodervice sector is rapidly growing in Mexico, with soesimates as high as

4.3% per year. Given its growth the sector could have an increasing impact ondHtaf there is

very limited measurement and data on FLW, and |lessesften regarded orpercee d as fAt he co
of doing busi rRES§istérnal(dWomeitd BanKk

Establishments dedicated to the preparation of food and beverages irepel&eP$177.145
billion in 2013, representing 1.1% tfe national GDRINEGI 2014c).

2.4.5.3United States

In the United States, ther@ a continued and steady growth in the food service industry. American
consumers continue increag the proprtion of food they eat away from honthe average

American ow spends more on food consumed outside the lloam®n food consumed at home.

Thegrowth in this sector has been ongoing for several years but is currentlynarésti n t he Af ast
c a s u anmeit of she markewhichemphasizes quick, customizable, tiealbptions at a low price

(Maze 2018).

The food senge industry in the United St is diverse, ranging from multinational compasigsh
asMc Donal dés and Bsuchg®iglidaKlhnragd evewn spdrts stadilins. Fasd
restaurantsnake yp the largest share of any restaurant market segment.

2.4.6 Household

Within the foa supply chain, thousehold sector encompasses all food preparation and
consumption in the hom@lthoughit is uncommon foanindividual household to tradks food
wade, governmental or nongovernmental organizations naay t@ monitor household gemagion of
FLW. For purposesf this report and thaccompanyingracticalguide, this sector includemly food
consumed in the home. Food consumed away from home wolulohéier thefood service stage in
the food supply chain

Household=LW can be causkby any number of factors, includiterk of meal planning,
preparation mistakes, lack of proper storageasifucture or practices, trimming for consistency,
misshapen ducts, spillage during handling, poor portion conttohtaminationpver preparig,
overpurchasingor food safetyand food qualityabellingconcerns.
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2.4.6.1Canada

Canada has a populatioh37 million people, most of wdm live near the southern nabal border
(Gatehouse 2018). In contrast to the dense urban centers along tiegrsbotder, northern
populations are relatively sparse and dispgkrse

Canadians waste an estimated 170 kdogs of food per capita per yeatla consumer level (CEC
2017b). This estimate includes both food@aat home and away from home. This stagthe food
supply chain accounts for more FLW than any other in Canada.

2.4.6.2Mexico

Mexico has a populatioof over 123million people the \ast majority ofwhom (78%)live in urban
areas INEGI 20148). Many Mexican cities act as large metropolitanteenbeyond their borders.
Mexico City, for example, has nearly 9 million citizens in Mexico City propennget thar2l
million arein the city ongetropolitan area. Thimakes Mexico City the most populous metropolitan
area in the Western Hemisphere (Wd?opulation Review 2017or comparison, the entire rural
population of Mexico is aroun®7 million.

Mexicans waste an estimated l@lbgramsof food per capita per yeat theconsumetevel (CEC
201h). This estimateincludes food ea&nat home andway from home. This stage in the food
supply chain accounts ftessFLW than any ther in Mexico

2.4.6.3United States

The United States is thmost populous North Amen country, with 327 million peopl&lore than
half of this population is in suburbareas, followed by urban populations and rural populations (Pew
Research Center 2018).

Americans waste arsgmated 18&ilograms of food pecapita per year at thmnsimerlevel (CEC
201M). Thisestimateincludes food eanat home and away from horaefood service
establishmentée.g., restaurantsafeteria). This stage in the food supply chain accodotsnore
FLW than any other ithe United States

2.4.7 Whole Supply Chain

A whole supply chain approaemcompasses all stages in the food supipiin. Thisncludes all
activities and destinations from production to final consumptiecovery, recyclig or, ultimatdy,
disposal. Arexample user of this approaclould be a national government. A useful application of
this approach would be to dpze flows of specific food products or food categories across the entire
food supply chain. Such an approaem provide insights into matak flows, food availability,
environmental impact, food waste regots and opportunities for prevention, disposathods,
production and consumption trendsd so onA user can also vary the working definition of FLW
(i.e., adjust the scope of themralysis), and in doing so candus the analysis on specific aspects of
the food supply chain.

FLW can be generatddr a variety of reasons throughout the supply chtie user is recommended
to review the relevdrsectorspecific module in th@racticalguide for details at each seg\lthough
awhole supply chain approachuseful for many reasonspecific instiutions will follow different
types of measurement methodologies based on the goals of their respectivatiogaand stage in
the food spply chain.
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2.5 Summary: Definitions, Frameworks and Rationale

This chapter has summarized a range of informakiahunderpins quantification of FLW. The key
points are:

T

It is importantthatan organization understand witys quantifying FLW Thereis a range of
reasons for an orgiation to quantiffFLW (e.g, tracking against targets, evaluating
solutions) aneach has different requiremefits successfutjuantification.

Organizations neetb be clear on the objectistheywould like to achievée.g, minimizing
environmentalmpact, sustagblemanagement of material#n understanding and
articulation of uderlying objectivesllows the organization to set a clear apprapriate
FLW definition that aligns with thee objectives. In addition, it allovilse design of the FLW
guantification to support its aims.

Measuremenof FLW is usuallyinsufficientby itself to take effective actiorBupplementary
information is requied, gatheredhrough other techniqués.g, observations, interviewsnd
site visity. Thisadditionalinformation can be useful for understanding the root causes,
embedded costs and corttexthe issue and creating potential solutions. These additiona
techniques ardescribedn Chapter 3

Preventing food from beg wasted (i.e source reduction) usually yields the greatest
financial gain for anndividual business or household. In addition, prevention lyshat a
much greater environmental benefihguaredwith diversion from landfill to a treatment
destinatione.g, anaerobic digestion).

Commission for Environmental Cooperation 21



Technical Report: Quantifyingood Loss and Waste and Its Impacts

3 Quantification of FLW and Food Surplus

This chaptedescribes a range of methods for quantifying the amourit®dfloss and waste (FLW)
and food surplus. A desption of each method is provided alongside descriptionkedf application
in Canada, Mexico and thenllled States as well as selected examplfrom other countries around

the world.

As outlined inSection 2.1it is often useful tquantifynot only FLW and food surplus, balso the
types of food involved and the reasons fawaste With this addition&information, root causes can
beidentifiedand solutionsreated to prevent or divert that foagste Thischapter also notes the
degree to which each of these methaals provide this additional information. This means that some
of the approaches disssed, especially those S&ction 3.8 go beyond simple quantifitan; they are
procesesto bring about change, with quantditon as one step witheachprocess.

Examples of each methade givenin a rangeof situations across the supply chain, with a particular

focus on Canada, Mexico and thaited States In adlition, references are given to documents that
providemorebackgroundon the quantification methods awt how to put them into operation. Of

noteis theFood Loss and Waste Accounting and Reporting Stdndeferred tchereas theFLW

Standard(FLW Probcol 2016), which contains details of these methods and heyyly themThe

readerin search of a higlevel of detailshould consult these daments To facilitate straightforward
crossreferencing, theections in this chaptare broadly alignedith those in thé=LW Standard

Other useful documents in this spanclude thé-ood Waste Quantification Manuged Monitor Food

Waste Amountand ProgressionFUSIONS 2016), which takes the methods inkh®V Standard

and applies themto each sectorinthegpgspl v chain for governments quan

Table 1 provides an overview of the methods included in this chapter and how theyued.

Table 1: Quantification Methods Described in this Chapter

Section | Methods and Sub-M ethodsIncluded

Dir_ect. . _ Weighing samples of unharvested produce in field

y;:?nr;glg/countmg/asses&ng Sampling FLW inprocessingand manufacturing as it arises
Scanning FLW and food surplus in retail
Smart bins in hospitality/food service settings
Use of FLW caddies in the home

Waste composibn analysis Foodfocused WCA studies

(WCA) WCA focusing on all materials imwaste stream

Records Use of records (e.gwaste transfer receipts, records of chemical oxygen
demang payments to sewerage comparaes warehouse recoid®
quantify FLW or food surplus

Diaries Diaries forrecording FLW

Questionnaire surveys Questionaires to collate existing data
Questionnaires as a quantification tool

Inference by calculation Apply loss and waste factors to food flows
Mass balances
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Section Methods and Sub-M ethodsl ncluded
Synthesis rathods

Sewer waste Includeschemical oxygen demand, biological oxygen dem otz
suspended solids, total dissolved solidsl total organic content

3.1 Direct Weighing, Counting or Assessing Volume

Direct weighing, countingor assessing volume involvége measurement of a matéflaw

containing only food without the need for sortfirgt. For mixed material flows, containing food and
nonfood items, seSection 3.2n waste composition analygl&/CA). Fa the measurement to take
place, direct access to the material flow is requiredtifisrreason, it is usually applied by businesses
on their own food flows, most commonly in primary produciiery, on a farm) andghside

processing, manufacturing, disttion and retail facilities. In addition, academics and other third
parties occasnally use these methods as parts of research studies.

The material for measurement can be intercepted @tuggpoints along its journey. Examples in this
section inclde weigling taking place in the field, direct measurement within a factory, scanning
within a retailer and weighing in the home.

As with WCA, this method can provide information on the total am@f FLW andood surplus and

its variation over time. Hower, itdoes not by itself provide much information on why food is dost
wasted obecomes surplus. For this reason, it is often used in combination with other methods that
can develop this knaedge(e.g, interviews, diariegnd site visits

Direct measuremet can be part of an ongoing monitoring system (agpart of a facilit £system
for key performance indicators) or can be undertaken less frequently, for exasaiderete, time
limited measurements to inform the development of a busiagss thenethods have been tailored
within different supplychain sectors, as outliddelow.

More details ofdirect measuremeictin be found in thannexon quantification methods of tha.W
Standard(Sections 13).

3.1.1 Examples of Direct Measurement

Direct measurement has been used across the food supply chain. A range césizayivein below
to illustrate this breadtiAll supply chain stage®xcept distributiomandwholesale are represented.

Primary Production

Thereis a range ohpproachebased on direct measurement that have been applied to primary
production. These hav®een applied to the many processes that can ocaiffaomto track the
material flows, including those that represent repurposing crops taf@adls to provide nutrients
to soil (e.g, food being composted), tw other uses thatherwisedo not ahievethec r ofplls 6
financial potential.

An example bthis is described in a toolkit to support farmers to assess the amount of marketable
produce remaining in their field to help preventield losses of crops (Johnson 20I8hnson et al.
2018). Ths involves a on¢ime assessment of the crop found with sample area of a field,

involving six steps:

1. Note the row spacing and the acreagtefield. Gather equipment.
2. Mark rows randomly in the field.
3. Harvest rows.
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4. Sort samples into categories.

5. Weigh and record samples in each category.
6. Calculate an estimat# the potential in the field.

The toolkit suggests three categories for sortingketable €.g.,high-quality appearance), edible
(e.g.,cannot meet highest buying specification but stilb&gjiand inedible. The categories cam b
adapted to furthesort the inedible items according to the reasons why they are inedibléngegt
damage, disease, decay, ou@aturity). This additional stage can help farmers to idetttidyroot
causes leding to items being unsuitable for hasvandto find a postble marketin whichto sell

them

In primary production in the hltedKingdom stravberry and lettuce waste was assessed using a mix

of methods (welsurveys, interviewand onrfarm data colletton) to understand the amounts, types
and reasons for wast8VRAP 2017. The study foundhatthe estimate of lettuce waste derived from

the inteviews (17%) was much lower than that estimated from data collection (33%). The authors

suggestdthat farmercommonly underestimate the level of their lettuce wastdtaton-farm data
collection (i.e, direct measurement) is required for accurateredss.

Currently theStewardship Index for Specialty Craogsdthe World Wildlife Fundare deviopinga
foodloss metric for growers to track and report the amountaaf frown to maturity butot used

(McBride 2018).

Table 2. Factors to Consider When Using Direct Measurement for FLW Quantification in Primary

Production

Strengtls Limitations/Points toConsider

Requires time to implement, often at busy times

9 Gives @&curate estimates afmounts
and types of FLW

91 Is aaptable to support a change
program

I Estimates can besed to guide
financial decisions

Manufacturing andProcessing

f

==

the year forfarmers (e.g.harvest)

Financial costs associated with method
Access tdield/farm facilitiesis required
Can be used in combination with other methods

obtain reasons for FLW

The direct measurement of matefialvs in manufacturig andprocessing facilities is part of many

toolkits aimed &identifying and tackling FLW. For instance,tBa o vi si on

@dasd and i

Waste toolk (based on Envirst e wa r d sefuctiorbhased @mprosc described in greater
detail inSection3.8) suggests, among other methods, direct measurement of FLW in manufacturing
and procssing facilities. Thexact details of the measuremshouldbe tailored to the [EW that is
being generated arid where it is being generated. It usually involves finod that is being lost or
wasted being diverted to containers (ebgckets) from wtth it can be weighedrood is collected

for a known amount of time (e,@ne eiglt-hour shift) and themount is the scaled up to provide an
approximate estimatef the amount for a week, month or year. More accurate estimates would
require repeated sailig designed to acemt for fluctuations over timée.g, seasonality,

The toolis designed for manufacturers and processors but could be used by otherAkictargh
designed for Canadian users, most of the tool would work with information from &/axecthe
United States The financial and nutritional calculations would be aateirbut some of the
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environmental information calculated uses factors,(eagbonfactors)thatarespecific to Canadian
provincessowould not be entirely accurate for other countries.

Table 3. Factors to Consider When Using Direct Measurement for FLW Quantification in
Processing and Manufacturing

Strengths ‘ LimitationsPoints toConsider
1 Has hgh level ofaccuracy (for weight 1 Cost of measurement will vary, but can be
and other impacts that are estimated relatively costeffective
usingweighd embedded energy, watel ¢ could lead to change in behavior of staff
product valueand so o undetaking measurement, making baseline
1 Can provide granular data to support measurement less accurate
change programs f Can be used in combination with other methods
91 Data can be used to estimate 0f obtain reasos for FLW

metrics (e.g., financial, environmentad)
support businessase development

1 Can be operated consistgnéicross
many sites (e.g., factories, distribution
centers) ad data combined

Distribution andWholesale

No examples of direct measurement were foumdHis sector. However, methods described under
thedescription of the retail sectoould be implemented ithe distribution and wholesakeector

Retall
The £anning ofpackagedood products is an example difect measurement that applied in a
range of sectors, especialtjeformal retailsector When i tems | eave the

reasons othdhan being sold (e.gandfill, donation), they are scanneuhd this information is
integrated inta database. This database can then be aspantify the amounts and types of food
going to different destinations. It can be used to estimate the ofdlost sales and can provide a
good starting point for prittizing action for preventing food frotmeing wasted. An example of this
being usedcross North America is Spoiler Al@nivhich helpsifood manufacturers, wholesale
distributors, and grocengtailers manage unsold inventory more effectivelyb y vyinglvehere i f
unsold food is currently gognandfacilitatessolutions to manage thisrglus(e.g, food donationgo
food banksr discounted salgs

Items in the categories of frestoduce, bakey and delcatessemre often challenging to capture
becausé¢hey are often not consistently scanrexiperts convened for this project highlightiis as
oneof thebiggest challenges when working with retailers to underdtamdmuch FLW they
produce ad the types of food contained within the FLW

9 A Bostonrbased company; sédtps://www.spoileralert.com
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Table 4. Factors to Consider When Using Scanning for FLW Quantification in Retail

Strengths Limitations /Points toConsider

1 Has hgh level of accuracy for most 1 Requires products to be packaged with baesod
products f  Additional solution may be required for

1 Provides hight granular data to support unpackaged food (e.g., fruit and vegetatdeld
change programs loose)

1 Approach can besed to estimate range 1 Initial cost to develop system can be expensive
of metrics (e.g., financial, environmenta can be based on existing safiega system
to support businessase development f  Requires changes in procedures to ensure wast

1 Can be operated across many sites (e. or lostor sumplus items are scanned

stores, distribution centers) and @ean
be compaedor combined

Hospitality andFood Service

The useof smart binds relatvely common in foodervice kitchens. The smart bin weighs isem
they are placed in the bifthe usercanenter details of the item being added so that the type df foo
being wasted and the reasois wasted can be recorded. This infation is collated in a database
that can be interrogated to prdeiinformation for preventing FLW (or divang it up the waste
hierarchy). It can also dimked to procuement systems to provide financial informati8mart bins
can be deployed as a etime project to facilitate change or provide ongoing monitorimg f
continuous improvemer@nd measurement pérformance data. Examples include LeanPgtiased
in the Urited States Phood Solutiort$ (based in the United Stajeend Winnow Solutiort$ (based

in the United Kingdom Other companies in this sector simpke buckets that are weighed daily
(Sodexono date).

Table 5. Factors to Consider When Using Smart Bins

Strengths ‘ Limitations /Points toConsider

1 Provides highhygranular data to support § Measurement has the potential to change behay
change programs (e.g., stimulate FLW prevention activities), so
Can be used testimate range of metrics accurateaneasurement of baseline may be difficL

(e.g., financial, environmeal) to support { Financial cat and staff time required for installini
businescase development and using smart b and analyzing data

1 Can be operated axss many kitchens 1 Difficult to apply to FLW going down the sewer
and data combined

Hospitality ard Food Service: Plate Weighing

Plate weighinds a metlod for measuring plate leftovers in hospitality anodfi@ervice settings. This
has frequently been used in schamsvell asn a range of other settings. It usually involves two
direct measurementsf a sample of trays containing the food directly radrving to establish the

10 Seewww.leanpath.com/

11 Seehttps://phoodsolutions.com/index.html

12 Seewww.winnowsolutions.com/
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average amount beirsgrvedandof a sample of trays after the diners have eaten, comggthe plate
leftovers. The amount of plate waste is usually expressed as a pgecefhthese two quantities
(BuzbyandGuthrie 2002). Reently there have been some advances in this areadigital
photography (see DiarigSection 3.4 for more details).

Table 6. Factors to Consider When Using Plate Weighing

Strengths LimitationsPoints toConsider

1 Is awell-researched and relatively 1 Only covers plate waste; does not include
accurate method prepaation (i.e., baclof-house) waste
1 Can provide detailed information onthg 9§ Reldively expensive to undertake

types d food wastecbr lost (if recorded) | ¢ can be used in combination with otherthels to
obtain reasons for wasting food

Household

To quanify food waste in the home, collecting food in a caddy (or other container) and¢iigiring
it has been developed part of several projec{e.g, Food Too Good to Wasti@JS EPA 2016
Kitchen Canny in Scotland,nited Kingdom[Changeworks, no dgdde No examplesf similar
pilots/studies with household caddies were folondCanadar Mexico. In theEPA example, food
wastewas collected in a measurement bag or bucket. This was degeymatt of a monttong
challenge aimed at preventing foodssaSome caddyneasurement schemes allow liquid waste
(e.g, from drinks)to be incuded, but many do not include this.

This caddy approach was assessed against a range of etlberérmeasuraent methods (diaries,
photo diaries, questionnaires) in rage led by Wageningen University (van Herpen et al. 2016).
The caddies proded a sinilar estimate of FLW comparegth the diaries and photo diaries. Given
that diaries are known to underestim&LW, it was concluded that caddies are also likely to
undeestimate=LW, to a similar degree. It is not yet known if the degree dienestimabn varies
over time or over the course of an intervention.

Table 7. Factors to Consider When Using Household Caddies

Strengths Limitations /Points toConsider

1 Isasmple, relatively cheap method to 1 Is likely to underestimate amounts of food waste

implement f Little information on the types and reasons for
1 Approach @n be added to obtain wasting food hustbe used in combination with

information on a small number of other methods)

categories (e.g., wasted food, inedible | ¢ | hot canditions, there is the potential for

parts associated witlodd) moisture to be lost, atting FLW estimates

1 Potentially can be applied to all
destinations/discardutes from a home

WholeSupply Chain

Across a range of sectoditect measumaent is frequently applied to foamhly waste streams (e,g.
waste streams destined for anaerobic digesti@omiposting). This is either undertaken by the
company from wich the waste is being removed (getlge retailer), or by the contractor removihg t
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waste Whenthis informationis obtained by those attenipg to tackle FLW issues, it can provide the
scaleof the problemn terms of tonnageHowever, it does not ually supply much information on
the types of food waste or the reasons why it waergéed. Therefore, this type of information
usuallymustbe supplemeragdwith other informatior(e.g, from site visits, interviewsr

observations, to ensure thhe root causes are being tachled

Table 8. Factors to Consider When Measuring Food-Only Waste Streams

Strengths Limitations/Points toConsider

1 Isrelatively costeffective, especially if 1 Islimited to foodonly waste streams

waste management compaalyeady 1 Does not usuall P .
i y provide informatiam the types
ollects data(seeSection3.3) and reasonef wasted fooddoes not provide
9 If data supplied regularly, carelp information on why food items have been waste
inform a performance indicator (need to combine with other methods)

9 Inhot conditions, moistureanbe lost, affecting
FLW estimates

3.1.2 Summary: Direct Measurement

Direct measurememncompasses a range of methods that involve countinghingigr measuring
the volume of all FLWandfood surplus in question, or a sampfélos total. As therés such a wide
range of methodsome using electronic systems (gsgnart bins and scaimy systems) and others
using lowertech solutionsd.g.,a collecting vessel and some scales), there are fewer common
elements to summarizeahfor other sections in this chapter.

However, methods using direct measurement are usually used by orgasizativaccess to the

FLW being quantifiedThis has the adintage thathe wasted itemsan often be placed on scasewl
weighedor its quanity determined in another relatively accurate way. One of the key challenges in
obtaining accurate informationts ensure that any sampling required is undertaken apatelyri

By ensuring that the sample is representative with regard to timgwigtgn a day, across seasons)
and space (e.gsampling within fields, between facilities), data from a relativetgls number of
measurements can be extrapolated more waledlythe uncertainty in the data can be quantified.

Direct methods are applied t& W that has not been mixed with nonfood material, soléss
expensive than methods that require sorting @tiaterial before weighing (e.gvaste composition
analysis.

Table 9. Summary of Direct Measurement Methods as Applied to Different Sectors

Sector | Coverage oMethod

Primary production Preharvest and podtarvest losses usualigeasured by
sampling (i.e.not measuring all FLW)

Proceswmg and manufacturing Applied to intercepted loss/waste emanating from a
process
Also used to quantify foodnly waste streams

Wholesale and distribution Scanningused tarack material flows opackaged
products
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Sector Coverage oMethod

Weighingused forfood-only waste streams

Retalil Scanningusedto track material flows of packaged
products
Weighing used forfood-only waste streams
Food service/institutions/owtf-home Smart binsareregularly used in kchens
consumption Platewaste studiebavewell-developed protocols

Weighingis used forfood-only waste streams

Household Caddybased methodsreused wihin foodwaste
prevention initiatives

Conclusion: Direct Measuremen

Direct measurement encompasses a suite of different approaches tHagdravsed
acrosghe supply chin. It requires physical access to the food flow being quantified ai
the food must be separate from nonfood material (otherwise sorting is required). Thi
method cariorm an important part of a change management procesgspalkits already
exist for ths purpose.

3.2 Waste Composition Analysis

Waste compositioanalysis is a welkstblished method that involves physically separating,

weighingand categorizing waste. There aranyexampés of the method being used to quantify

FLW, generally where tfood is found in mixed waste stres®a.g, mixed commerciabr
municipalresidualwastestreamy WCAgoes by many names, including 0
studyofi wa s t,cefi wsacsrttée aodidbiih kWag been usedchain all se
except primary production.

WCA can be used to determine the total amount @dl feasteandcan also be used to quantify the
amounts of different types of food. For example, it can be tesdifferentiate the wasted fooide(,

the edible parts) fim thewasted nonfood (thimedible pats). It has been used to quantify the waste
as®ciated with different foodategoried fruits, vegetables, baked gooatlsdmeal wastgefor

example In thefollowing discussion, a distinction is made between

1 WCAs that becus on food, characterizing food gps/types, and
1 WCAs that examine all materidigund, with foodbeing one category among many.

The information derived from a WCA study is frequently ugecdhonitorastat® s pravince s
solidwastediversion gobs, assess the impact of landfill lmrand provide information to estimate the
environmental outcomeassociated with FLWMore details a WCA can be found i€hapter4 of
theannexon quantification methods of tiW Standard
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3.2.1 Examples of Waste Composition Analysis

There are a variety of ways of usiCA to quantifyFLW. The examples below illustrate this
variety, with many of the rathods tailored to help support solutions for tackling these issues.

Food-focusedxtudies

Foodfocused WCA studies are designed to difiarL\W in waste streams. To build understanding
of thetypes of food discardeduch studiesften subdivide FLW, sontienes quantifyingnore than
100 categories and subcategories of FISAmeWCA studiesalso provide information on the other
materials fond in the waste streams, but many do not.

One of thehestdocumented examples of this method in North America is @ &@tyby theNatural
Resources Defense Council (NRD@)whichWCAs (or fibin digso as they were termed in that
report) wereused alagwith surveys and diaries to quantify and understanstedafood in three US
cities (NRDC 2017). The WCA method inveld collecting the trash from each participating
household around the time that thegreszcompleting a foedaste diary, removing it toneoffsite
location and sorting into material categoriese food was sorted intt0 categories, one of which
represente inedible parts associated with food. Eight others represented food groups forfaadte
(e.g.,edible parts). The final category wias unidentifiable material. The items classified abkdi
were further classified as either typically edible or qoaesably edible, to reflect theomplexites of
defining edibilityon the basis ofultural preferences and other factors

These two studiearerecent examples of using WCA alongside othegaiesh methods to increase
understanding of wasted food aedsupport campaigns and other interventions to tackle the issue.
The study that is idely cited as the first of this kind Bhe Food We Was{®/RAP 2008),

developed in the hitedKingdom This ha subsequently been updated with an improved
methodology, pubsihed aslousehold Food and Drink Waste in the UK 2Q00RAP 2013a). This
study ugd cetailed WCA to estimate the amounts and types of food thrown away from UK
households. The level of detailrpassed previous studies, with information on not just a sipgée

of food (e.g. apples), but on parts of the item in questiewy, how mary aple cores, how many
whole apples This was supplemented withod diaries and questionnaires to helgove the
reasons for this wasted food ahe characteristics ofduseholds wasting specific foods. Indeed, so
much information was produced thetat further reports were produced to fully exploit these data
(WRAP 2014a and WRAP 2014b). This informattmas been invaluable to the development of
WR A P 06 s -facingfdod veaste prevention campajdrove Food Hate Wasfe and the Courtauld
Commitment (a voluntary agreement focused on food waste).

Many similar studies around the world have adapted thimapp. For instance, some combination
of diaries, surveys and @A has been used in Metro Vancouver, Canada (Cech 2015; few details
published) Austrlia (e.g, Sustainability Victorie2014) New Zealand (WasteMin2015) Saudi
Arabia (unpublished) and Isb(Elimelechet al. 2018). No detailed waste composition gsidiave
been found for Mexico.

In the unpublished Saudi Arabian study, waste eadlected more frequentlye(g.,daily) compared
with the frequency imany other countriéstudiesusingWCA. This overcame the problem of food
decomposing in hot weathdt.also allowed analysis investigating the variation in waste throughout
the weekbutit also increased the cost of collecting and sorting waste from households.

13 Seewww.lovefoodhatewaste.cam

14 Seewww.wrap.org.uk/ategoryl/initiatives/courtauldommitment
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Consequently, the waste frohouseholds was only collected for four daypgeriodshorterthan most
studies.

Elimelechet al. (2018) presented a variant of WCA in whiduseholds presented their waste daily
for collection by the researchers before it was sorted and weighedudlgers/olved 192
households and classified the FLW into avbidaand unavoidable.

Waste compositional analysis has not just been applietusdiold food waste. Studies have also
focused on the food service sector. For example, WRAP (2013c) sampliehresaste streams
(destined for landfill) from samples of tasrantsfiquick-service restaurarigi.e., fastfood outlets),
hotelsand cafs.

Table 10. Factors to Consider When Using a Food-Focused Waste Composition Analysis for FLW
Quantification

Strengths ’ LimitationsPoints toConsider
1 Can provide relatively accurate dataon § Cannot be applied to all destinat®(e.g. FLW in
the total amount of FLW within given sewer waste)
wage dreams f Detailed studiesrelikely to be expensive to
I Can also provide detailed information: performd for detailed information, relatively large
types of food wasted, whether it is sample sizes are required

packaged, whether it wasadnole or part T

: Does not provide much information on yfood
of an item,and so on

items have been wasted

T Detailed information cahe used to § Can be affected by moisture losse hot
estimate cost, environmental impacts a| conditions
nutritional content of FLW

1 Can link information to households in
study, allow demographic analysis, ang
correlation studies with stated befas,
attitudesand so on

WCAFocusing orAll Materials inWasteStream

In contrasto food-focused studies, there are also many studies that focus on quantifying all materials
in a given waste stam. Often food is one of these categories, although sométiimest separately
guantified and forms part @brganic waste Sometimes FWV is subdivided into a small number of
categories (e.gedible parts, inedible parts), but usually these havériass detail than WCA

studiesthat are focused on food

In Carada,Statistics Canadeollectsdata every two years on waste disposeatidinertedfor both
residential anchonresidentialaste(Statistics Canada 201,82018b) The residential data by type
will have originally benobtained byWCA. These dataets prnarily support waste management
analyses but may be leveraged to create natitatasets on food waste.

From 20090 2012 the Government of Mexictaunched a coordinated program of wasevpntion
and management under the NatioRedgrantor Preventon andManagement o$olid Waste
(Programa Nacional para I&revencion y Gestion Irgeal de los ResidudgSemanat 2008) This
was designed to flow through the devolved levels of governmihtstateprograms for the
prevention andomprehensivenanagenent ofwaste(Programas Estatalegara la Prevenciory
Geston Integralde Residus) andmunicipal programs for the prevention and comprehensive
management of was(@rogramas Minicipales Parda Prevenciory Gestion Integratle Residuds
There are alsmmtermunicipality programs for the prevention and compreliemaanagement of
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waste(Programas Intermunicipalede Prevenciory Gestion Integratle Residugs Using the
Framework of National liormation for theComprehensive Management of Waéstema de
Informacion Nacional para la Gestidntegral de los Residupsthe programsvere inendedo
implement a systematic approach to waste management across Mexico.

Underthis programthe stateand municipalities shouldaveanalyzedhree waste streams:ham
solid waste, speciddandling wate (e.g.,business waste) and hazardous wadtes@analyss vay
by state and municipality but there are some that have conducted and published oes\W€A. A
review of available online sources shows nine ditel studies and 20 municipalel dudies
conductedrom 2009 2016that includel waste composition and repeda separate food fraction.
Others includd WCA but stopedat the level of organ waste andid not include a subfraction for
food.

The diffelent studies conducted ved in theirsampling locations and methods. Some studies
sanpled at the point of generation (e.gtthe household) and otheaftercollection (e.g.ata waste
trarsfer station). Some studies explicitly mention nationally aeckegtandarg for example NMX-
AA-022 Quantification of Suproducts(Cuantificacionde Subproductdsothers provide little
information on their methodology.

Despite the interthatthe progran be coordinated and countrywide, the different delegated
authaities are acting on different timescales avith different levels of investment ithis project.
For example, Jalisco is the only state to publish a recent study as part of itsy@angthe period
2016 2022 all the other available publisheeportsfrom siateprograms for thgrevention and
comprehensivenanagement ofvasteare appoaching 10 years old.

Other examples of WCA in Mexico are discussed @EC report on characieation and
management of FLWCEC 2017b). The report includeiy-basedNCAs conductedargely by(or in
collaboration with academiainput into the landfilgas modefor Mexico (Stege and Davila 20Q9)
and a WCA conducted for tt&#913 Mexico Low Emissns DevelpmentProgram forthe Central de
Abasto of thdederaldistrict (Romero 2013)These examples do not specifically fall under the
national, state anchunicipal programs described above.

There are other examples of WCA focusing on all matefialisdan beised to inform estimates of

food waste. Examplesinclude MeWwoa ncouver 6s waste comp@eshi ti on mon
2015 , Or ®otidomagiesCaracterization and Composition Stu@epartment of Environmental

Quality 2017), examples from ¢hUK (Defra2009 Defra 2013), as well as the study by Zero Waste
Scotlanddiscussed later in this sectionefd WasteScotland2017).

It is more straightforard to combine information from multiple WCAs if they formed part of a
standardizeghrogram, using similar aterial categories, definitions, sampling strategies, sorting
methodsand analysis reporting. It is not impossible to combine data from V@Aexhibit
differences, but more camustbe taken and some studies nhayeto be excluded.

Table 11. Factors to Consider When Using a Waste Composition Analysis Focusing on all
Materials in Waste Stream

Strengths LimitationgPoints toConsider

1 Can provide relatively aurate data on I Cannot be applied to all destinatiofe.g, FLW in

the total amount of FLW within given sewer waste)

waste strams f  Does not includeletailed information on types of
1 Canbe relatively inexpensive where food required to estimate ag@ate cost or impacts

studiesor programs akady exist of FLW

Commission for Environmental Cooperation 32



Technical Report: Quantifyingood Loss and Waste and Its Impacts

Strengths Limitationg'Points toConsider

1 Can be replicated to monitor progress 1 Does not provide much informatiam why food
items have been wasted

I Can be affected by moisture losses in hot
conditions

GuidanceDocuments

Severalguidance documents des@itow to undertake WCA in a standardized way. €hesp to
ensure that results from multiple WCA studies aremanable. They also allow results from multiple
studies to be combined more easilyithgreasing consistency betweeundies.

In Mexico, there are a series of national standards on measu@meardte. For food, the relevant
standards include:

T NMX-AA-015 methodof quartering municipal solid was{8ecretary oCommerce and
IndustrialDevdopment1985a)

T NMX-AA-019 determining valimetric weight omunicipal stid wastewhen quartering
(Secretary oCommerce andindustrialDevelopment985b)

T NMX-AA-021 determining organic was{&ecretary oCommerce andindustrial
Developmentl985c)

T NMX-AA-022: selection and quantification of waste subproducts, including f®edretary
of Commerce andindustrialDevelgoment1985d)

T NMX-AA-061 determining theyereration ofmunicipal solid wastérom random sampling
(Secretary oCommerce andindustrial Developmentl985e)

T NMX-AA-091 terminology(Secretary oCommerce ad IndustrialDevelopment985f)

These standards provide a stpstep scientific minod and calculabin approach for each purpose
andarelinkedto each other where appropriate. For examplagthod for extracting a sample of

waste by quartering is lamlt in Standard 15It is then referred to iSection 5.1 ofStandard 22 as

the proess for obtaining sample before classifying subproducts. Standard 22 includes a note on the
definition offood as a subproduct of waste but it is limited to specifyliag Wastehatcould have
degraded before sampling should still be included as &mdiwastefi S o foad daste should

include all easily degradableaste such as: viscera, appendages ocasses of animats.

The sampling standar&{andards1) suggsts that a minimum sample of 50 households is required

for a population of between B@nd 500 households to achieve a 20% margin of error. This
corresponds roughl y damce Beerbelow)WEhat gusddanSecsaggelstatheded s g u i
will be a 15% ampling error for the same sample size.

One of the examples of WCA in MexicBemade Jalisco (2017)states thaBtandards 1% 22
(consequently includin§tandardl5) andStandards1 were 8ed to calculate the values presented
there.

In the United Kingdom, Zero Waste Scotland has produced singlladancgZeroWasteScotland
2015) agart of a program of WCA in all municipalitiesr(derlocal authorities). The guidance aims
to ensure condisncy between WCAs, allowing the results from the mipalities to be combined to
producenational estimates for household waste in Scot{Zedo WasteScotland2017).

There are also detailed methodologies for how to undertake more detailed WCAs fmtused
differentiating different types of food. Theselume Lebesorger and Schneider (2011), WRAP
(2013b), NRDC (2017andElimelechet al. (2018).
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In addition, there are a few studies that have detailed how to analyze existing data from multiple
WCA studes (e.g.from municipalities) to produce an estimé&te a wider area (e.ga country). In
some instances, these have combined data from a stemedbprogram of waste compositional
analysis (e.gVan Westerhoven 2013, Hanssen et al. 20&8p WasteScotland2017).

In other studies, existing WCA datain studesthathavenotformed part of a standardized program
have been combinge.g, WRAP 2018h. In such situations, steps need to be taken to ensure that
differences in WCAs are not influencingetresults. Important steps include:

I Rigorousscreening of th®VCAs and exclsion ofstudies that do not meet appropriate
criteria, such as the maia categories used and sampling design;

Regressioftype analysis to determine factors that correlate artlount of food wasteand
Stratificationor weighting of thesample to ensure that, if the sample is not representdtive
an important factor @., one found to correlate with the amount of food waste), this is
corrected for.

1
1

This type of synthesis gpoach is discussed Bection 3.6

In the Lhited States the use of data from waste generation stutieletermine factothat can be
usedto calculate the amount of household food waste generated is 1at waridne above types of
study (EPA2 016 c¢c) . The hsBrdathighlighted that, including material disposed and
diverted €.g.,recycled)food waste made up a small shaf¢he all materials. Howevewhen
disposal was considered alof@d wastewasthe largest component.

3.2.2 Summary: Waste Composition Analysis

Waste composition analysis is appropriate for mixed material flewgs wastestreams containing
both food and nonfood materinlSorting food-only material flowds not necessaryp obtain a
guantification of the tatl; direct weighing can besed instead. However, if the types of food
contained within a fooonly material flav mustbe identified WCA is still an appropriate method.

The main advantage of WCA is that, likeedit weighing, it involves a direct measurement of the
food loss or waste. It therefore overcomes one of theckeylengesssociated with recalusveys

and diaries: underestimation of the quantity of waste. \W@#\be tailored to provide information on
thetypesof food being wasted or lost, which can be invaludtelevising and implementing a
program of change.

If deployed by itself, WCA usulgi only provides a small amount of information about the rootesaus
associated with thimod loss and wastdt is usually possible to infer the root causétoss or wate

for only a minority of foods using WCAIL 0 ensure that the root causes of FLWaddressedVCA
usuallymust besupplemergdwith other methodgée.g., interviews, site visitsfood diarieg.

TheWCA method requires legal and safe access to the mlaflerv or waste streanT.his makes it
appropriate for companies to undert&{€A ontheir own material flows, dior governments to
undertake WCA on omicipal waste streamg/CA is not appropate for some waste streams (g.g.
material poured dowasewej. In hot climates, WCA malgaveto be conducted quickly before the
food degrades ta degree that makes sorting difficult or hazardous to health.

WCA can be more expensive than other metleodht does require specific expertise to conduct.
This may limt the amount of material that can be sampled for a given budgeever, where
progams of existing WCAs are undertaken (usually on a range of alajethis information can be
used, ofterat minimal additional cost. If these programs are repeated;dhi provide data to track
changes over time and monitor targets (&\RAP 2018Db).
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Foodfocused WCAs can provide a wealth of information on tyfgdearl waste This allows other
calculations to be performed using this datecluding estimating therfiancial costthe
environmental impact and the nutrients contained withenFLW (see Chapter 4 for examples of
WCA data being used for such studié®)ere is also the potential to link theaunts and types of
FLW to household characteristics (edgnographics and questionnaire results relating to stated
behaviors and attitudes). Tlaows much deeper understanding of FLW generation and can be
useful in creating and targeting solutions.

Table 12. Summary of Waste Composition Analysis as Applied to Different Sectors

Sector Coverage of Method

Primary produdbn Rardy applied in this sector as waste tends to be
single stream

Processing and manufacturing Mixed wase streams (e.gfood and nonfood
. material going to disposal ereatment

Wholesale and distribution destinations)

Retall

Food service/institions/outof-home consumption

Household Applied to mixed municipal or househetohly
waste streams

Conclusion: Waste Composition Anal ysis

Given that a range of detailed guidance for waste composition analysis exists, the
challenge for mosgovernments applying/CA to municipal, household or commerciall
waste is designing a program that is both cost effective and provides the necessary
insight to tackle the issue. This involves:

Determining if existing WCAs be used instead of commigsg new ones;
Designing an appropriate sampling approach (e.g. sample size, clustering the §
size by cdection round);

Selecting where to intercept waste for the WCA,;

Deciding on the level of detail required (e.g., only determining thedatalnt of
food in a waste stream, or also quantifying the types of food); and

Determining if other research methot=ed to be includkto obtain the necessary
information to act (e.g., to understand why food is wasted).

o oo Io Do
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3.3 Records

Records are data, often collected for otheppses, that can be used to quantify food loss, waste or
surplus. Examples include waste transfer receiptsvanehouse records. This method has the
potential to be usea tquantifyFLW for all stages of theupply chain.

Records can be used as part thfeo approaches. For instance, a mass balance can be undertaken
using records relating to the receipt of goatla facility (e.g ingredients purchased) and the
outgoingproducts sold from the same facilifjhey can also inform modeling approaches (see
Section 3.5

Using existing information to quantify FLW oftensts less than undertaking new measurements.

The accuracy ote data within the records dependsaily on how the informatiowasmeasured,

estimated or inferred. It also depends on the coverage. In some situations, where records are based on
measuremestand have high coverage of the material stream in questeyniay be more accurate

than otherlternative methods. Conversely, if the recardly cover a small fraction of the waste in
question and are estimated using a range of assumptions, themathaell be weaker than

alternatives.

It may be difficult toassess the accuracy of recordsdaes where the method used to generate the
datais not clear. If records are to be used to quantify FLW or food surplus, the method used to obtain
the data irthe records should be understood, so that the accuracy datebained.

As with other methodguidance on using records can be found inGhapter 5 of thennexto the
FLW Standard

3.3.1 Examples of Records

There are only &ew example of recordsbeing used in the public domain. The previously mentioned
Provision CoalitiorFood Loss and Waste toolkitks the user to input waste management records as
one way of estimating FLW from manufacturing facilities. $toahsks for information from utility
payments for electricity, natural gasd wate. This latter information is used to estimate the amount
of these resources that becomes embedded in thevitiod the facility (and is therefore wasted if

the food becmes waste).

Table 13. Factors to Consider When Using Records for FLW Quantification

Strengths Limitations /Points toConsider

1 Relatively coseffective as records hav 9 Accuracy depends on method used for
already been gathered for other purpos quantification

9 Can provide high agerage of material I May be hard to obtain aetiod for quantification
flow to quantify depending on the type of record dse

1 Suitable for initial investigation into foo¢ { May nothave the desired granularity of dé¢ag,
wage to help build internal business types of wasted food)
case, and can continue as supplement| ¢ ypjikely to include information onoot causes
?ther quantification methods intbe (i.e., reasons why food is thrown away)
uture
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3.3.2 Summary: Records

The use of existiginformatio (i.e., record3 to quantify FLW is one ofite most coséffective
methods and therefore should be one of the first avenues explored. It requires aigpreqords
being available, accessidad well understoodylthe person using them.

Businesses are most likely to benefit from using recasdbexe are likely to be fewer barriers to
them obtaining their own records, in comparison to a third patgirabg them. Despite the potential
benefits of this methodefv examples were found ihd literature or online.

Table 14. Summary of Records as Applied to Different Sectors

Sector ‘ Coverage of Method
Primary production Farmers ray keep records of some pdetrvest losses
Processing and amufacturing Records relating to waste management can be used t

. estimate FLW
Wholesale and distribution

Retail

Food service/institutions/owf-home
consumption

Household No examples foush

Conclusion: Record

Although this is a costffecive method for quantifying FLW and food surplus, few

examples exist in the public domain. The success (or otherwise) of the method rest;
sharingof information witin an organization or between organizations. The informati
also needs to be appropridie., sufficiently accurate and available at a frequency tha
useful and in a timely manner). Clear communication of how the data was measiireq
what it coverss also important.

3.4 Diaries

In this context, diaries involr a person or group of people keepanigg of FLW or food surplus. In
addition to quantities of FLW, a diary can be usedapture other information, such as the type of
food involved, its destinatioand why it became wastedstar surplus. For a diamethod to be

used, the organizationeeds not have direct access itself to the FLW or food surplus, so long as the
diary participants have this access. The technique has been widely used in the home, as well as
examples being uddn other settings, shas commercial kitchens.

As highlighted by the examples below, the item recorded in the diary can be quantifieage @fa
ways: the record could be a weight (with scales sometimes provided to diary parficiganits
(e.g, eight bananas), volur@ased measurement (elgsing measuing cups) or an assessment of
volume (e.g.a handful of grapes). Furthermore, diégrcan be papérasedrecorded through
webpageor anapp or photograpie.
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Two important factors could ledd inaccuracies.g., biases) in the estimates of food l@ssl waste
from diary-based methods:

I Unrecorded instances of FLW:diary participantsnayforget to enter an instance of FLW
into the diary or choose not to include it. This could happen to tegedent where
households have more than one occupanttandiin diary keeper is unaware of some
instances of FLW.

9 Behavioral reactivity: diarist react taheamount of food they discard by changing their
behaviors during the diasgollection perioqusually to reduce the amount of FLW they
generate)

For bothfactors, scial desirability biasnay play an important rolg.e., diarists fill in thediary or
modify their behavior in a way they perceive is socially desijables may involve choosing tomit
certain items, so it appears that they waste less twddaning toward citing particular reasons that
have less guilt associated wittetn €.g, the item was an inedible part).

The extenbf diary underestimation has been estimatedfewastudies. Typically, diaries report

around 60% of the food wasia comparison to the sank&W quantified using waste composition
analysis (Hgj 20LIWRAP 2013b, NDRC 2017). Further work is required to understand what factors
influence the degree of underesating.

More details ofliariescan be found in thannexon quantification methods of tHeLW Standard
(Section 6)

3.4.1 Examples of Diaries

Usingdiaries to quantify FLW has a long histpayscoping study was performed in three locations
within the Uhited Statesas far back as the 1960s (Adelson et al. 1988%ent interest in the topic of
FLW has led to moreomprehensive studié®ing perbrmedin North America One of the largest to
datewas undertaken by NRD@ this study, describeglarlierin the section on waste composition
analysis diaries were usealongwith surveys andbin dig®to understand FLW in households in
three US citie§NRDC 2017). The diary component asked participants to record a range of
information about wasted food:

Date

Time

Meal (e.g., breakfast, lunch, dinner)
Description of fod or beverage being discarded
State of foodor beverage at time of discard
Weight

Packaging material

Discard destination

Loss reason

=4 =8 =8 -8 -8_-8_9_9_-29

The diary was papédyased (prrinted to minimize the timeeeded for each entry). To assist with
the weighing of the wsted food participantavere provided with a digital kitchen scale and two small
plastic containers. A short guidebook was provided ithe@uded details on how to complete the
kitchen diary. Pdicipants were asked only to record details of food wastékilmousehold. For

food wasted outside the household, participants were askeovideor brief daily narrative. The

diary lasted ongveek.

In this NRDC study, the diaries were used to prodelails of the food wasted to increase
understanding of thissue and support action. These details included the types of food thrown away,
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thediscard destination, the reasons gif@ndiscarding the materiahnd whether the material was
wasted food oassociated inedible parts. For a quantitative estimate ahtibent of food wasted, the
diaries were adjusted to account for underreportinggusifactor derived from a comparison of the
diaries and the waste composition analysis.

In Oregon (Wited State9, diaries are an important element of the ong@ng e ¢ dVasted Food
Measurement Stugly alongside qualitative interviews, a statewide synfocused surveys and
WCA. More detaildrom this research will bavailablewhen this research is published.

Paperbased thries have also been used in Vancouver, Careglwas done ithe NRDC study,
Metro Vancouver used a combination of diaries awdste tipé (waste composition analysis) to
undersand the amounts, types and reasons for food waste (CeBh Blolvever, few details of this
research have been published

No FLW diaries from Mexico were found during this project.

Further afield, foodvaste diaries have been successfidéiployed in a few countries. In thaited
Kingdom WRAP has undertaken geral diaries relating to food waste. These have included two
kitchen diaries (see WRAP 2013a and WRAP 2013&) weresimilar to the NRDC studglescribed
above. The key differenaeas that participants in the WRAP study could provide the quantity of
FLW by weight, by volume, as a number of items (dvgo slicesof bread), oiby approximate
volume (e.g.a handful of rice). This has the advamtdlgat it reduces the burden on diary
participants: they should be able to complete the diary more quicklyedny, this should decrease
the effect of some of the biaseentioned above (e,ginrecorded instances of FLW). It has the
disadvantage of degasing the accuracy of quantificatjahe use of scales in the NRDC study will
ensure quantitiesrecordedan® r e accurate. To the bedemicof t
study has been performed to assess the relative magnitude of these two effects

In addition, WRAP has undertakerary research focusing on the food and drink disposed to the
sewer in thdhome (WRAP 2009). This reseanebedmethoddike thosedescibed above. It provided
diary keepers with a range of items for measuring volumasuoréng jugs, cups and spoons. This
research exercise demonstrated thatevels of food and drinkhat werediscarded to the sewand
recorded in a sewdocused diaryere much higher thdevelsmeasured through other diary
researcl{research wherees/er discard was one of a range astdetions being recorded by research
participant¥. Subsequent analysigggests that the research design was the most likely catrgs of
discrepancythe estimate was greatly affected by whether the diary keepersked to focus on one
destination €.g.,the sewer) or all destinations (see Section 2.3 of WRAP 2013b)illlikisates the
main weakness of diary research: bias imessiies.

Additional examples includeaperbased diaries deployed in households irr&wn (Williams et al.
2012) and Finlad (Silvennoinenet al.2014).

An interesting recent developmearbundFLW diaries is the use of photography to quantify food as
partt of a digital diary US researchefisave developed and testedeaw method to recdrfood intake
and plate wast@.e., a subset of FLW in the consumption stages of the supply&haithe home

and out othehome& comprising leftovers on the platéroe ¢ al. 2018). This study involved
collecting platewaste data at the foatem levelfrom 50 adults using the Remote Fd@laotography
Method®. This included consumption within the home and othi@home. The estimates of food
intake have been comparetth estimates using doublgbeled water (an accurate but expensive

15 Seewww.oregon.gov/deg/mm/food/Pages/Wasksbd Study.aspx
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method); the twoige similar resultsThis couldpotentiallybe used to estimate FLWowever it is
unclear whethetesting was done for this.

Table 15. Factors to Consider When Using Diaries for FLW Quantification

Strengths LimitationsPoints toConsider

1 Provides information on the types of 1 Can be relatively expsive,especially if diary
food wasted and the reasons behind thi participants are given an incentive
waste f Canunderestimatéhe amount of wasteecause of
1 Cangather data on otherwise difficut aspirationabiases
measure material flowe(g, food waste § Can be coupled with interviews or ethnaghic
going down the sewer athome methods to further understand why food gets
composting wasted

3.4.2 Summary: Diaries

Diaries can provida rich wealth of information, includinigighly granular information about the
amounts and tygeof FLW, alongside information on why food is thrown awalisTis usually the
immediate reason given by the diary keeper, but it can oéiesdd to infer some information about
the root causes.

Diaries have been deployed most frequently in houselttitigs. They are frequently used in
combination with other ethods to give anore complete picture of FLW in the home. The

information comingrom these studies has been used to develop solutions to tackle FLW in the home
and inform policy development.

Although fewdiary studies were found for nemousehold partsf the supply chain, they have the
potential to be used in any setting and cdad@specially useful where more technical solutions are
unaffordable. One key strength is that they can quaniti¥y §oing to destinations that are otherwise
difficult to measire: FLW from households going down the sewer, fed to anionalesmposted in &
backyard.

Despite all these advantages, diaries generally underestimate the amount of FLW generated. Current
research is exploring this underreporting and seeking to uadersvhat factors affect the degree of
underestimation.

Table 16. Summary of Diaries as Applied to Different Sectors

Sector | Coverage of Method

Primary production Rarelyused

Processing and manufacturing

Wholesale and distributn

Retail

Food service/institutions/owf-home Used as aalternatve to smart bins
consumption

Household Multiple examples using a range of methods
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Conclusion: Diaries

Diaries can prowe highly granular information about the amounts and types of fo
being wasted or lost. Arength is that thy can provide information about why an
item was thrown away, and there are numerous examples of information from di
underpinning intervendin and policy development. They can also be used on matq
flows that are otherwise diffitito measure (e.gFLW to sewer). However, diary
based estimates can be inaccurate, generally underestimating the amount of FL

3.5 Questionnaire Surveys

Questionnaies, commonly referred to as surveys, involve the quesiienrspondent answering
structured questions that have been written down in adv@heg can be administered using a range
of modeqe.g, faceto-face, over the telephone, on papedancreamgly, througha digital

interface.

They have been usedanfew different ways to gather information relating to FLW foudi surplus

1 Questonnaireghat ask respondents to provide existing quantification of FLW, gsking
businesses taipply estinates of food waste from their facilities, measured in adstalized
way),

1 Questionnaires that ask for other information allowing the resaalestimate FLW (e.g.
enquiring about FLW containersuch asheir size, fullnesand frequencyf collection, or
the inputs and outputs of a facility for a massarce approach).

1 Questionnairethat ask the participant to recall the amounts or tgpésod waste, loss or
surplus

The last of these three types of questionsagréundamentally dferent fromthe first two. For this
reason, this section is split inwo parts, with the first considering questionnaires that collate existing
data andhe second looking at questionnaires as a quantificationMaook details ofjuestionnaire
surveyscan be foud in theannexon quantification methods of tl-W StandardSection?).

3.5.1 Examples of Questionnaire Surveys

Questionnaires t&ollate Existing Data

Using questionnaires, or more generally, standardized forms to obtain datafeosom or
organizaion is a relatively cosffective and straightforward way obtaining existing information. It
has commonly been used to collate informatramf businesses across the supply chaimagstbeen
less widely used for households.

Alongside supporting chamg collecting data via questionnail@sSorms is an importat part of many
voluntary agreements, in which the coordinating organization magsegformation on the
quantities of a range of types of FLW. This information is often tsé@ck progresagainst a
target. In addition, it can be used to benchmarkmanies supplying data, identify regtots and
develop a strategy for achievingettargets.
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Examples span primary producticdd@MCEC2016, Delgado et al. 2017, WRAP 2017a),
manufacturing andetail and whole supply chain approachEsdd Waste Reductn Alliance2014,
VCMI 2018, Statistics Canada 2018).

There are several points torsider when obtaining information using this method:

T

How have FLW and food surplus been quatified? The qualiy of the data being supplied

will be partly determined by it was collectedlf high-quality dataarerequired,
understanding how the datanww obtained is an important verification step.

Ensuring common understandingof definitionsand information soght. This often requires
additional activitiessuch agocus groups to refine the survayorkshops explaining the data
required, ondgo-one dscussions angbotentially site visits.

Specific yet flexible it is usually important fothe information oldined from these surveys

to beficompatibléd that is,allowing data to be added up or compared. However, there may
be instances where it is aptable for there to be differerglbetween what companies report
(e.g, if some companiesanreporta higher lgel of detail, it would be useful to obtain this,
even if al companies camt match that detailBuilding in flexibility to the questionnairis
useful.

Burden on respondents:as responding to a questionnaire takes time, minimizing the burden
oncompanis (ideally giving something back for taking pastich as #espoke analysis) can
increase the response rate.

Commercial sensitivities many @mpanies will require that theformation supplied only

be used and reported in certain ways. For instances golantary agreements only report
information from a sectadn totat no information from individual companies is discloskd.

is important tdouild up trust between the repiog companies and the organization receiving
the information andthis may tak many years.

Table 17. Using Questionnaires Focused on Collating Existing Data

Strengths ’ Limitations /Points toConsider
1 Is a osteffective method of collating 1 Relies on third parties
information § Can be challenging to exirt the exact type of
I Can standardize the information information needeccan be difficult to ensure that
requested from each enwiewee collated hformationhas the same definition and

scope of FLW

1 Questionnaire malraveto be flexible to
accommodate differe levels of information (e.g.
granularityof datg

I Can belimited by mmmercial sensitivities and
confidentiality

1 Is wnlikely to includeinformation on root causes
(i.e., the reasons why food is thrown away)

Questionnaires as QuantificationTool

Quedionnaires as a quantification tool have largely been deplaythe home and in cof-home
consumption settings (e,gestaurants)A rangeof question typelasbeen used. These include:

I Absolute amounts:asks participant® report on the amount &LW in their home, without
the use of diaries or other instnents Can be asked to report in weight, volume (e.g.
numbe of cups) or number afems (for certain categories).
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1 Proportional waste measurementparticipantsare askedo report thepercenage or
proportion of food brought into the household tisadiscarded Can be applied to total food,
categories of foodse(g, fruit) or individual foods (e.g.banana).

1 Frequency measuresasking participants to report on how frequently a given foceboay
is discarded.

1 Qualitative categories:using qualitatie descriptions of amounts discardedy, none,
hardly anya small amount, some Jarge amount

9 Pictorial representation of amounts/use of imageghis variant uses visual prompts to aid
the lesponse given.

A table listing relevant studies can be fdun Annex 1 of van Herpen et al. (2016). Only one
questionnae-based study from Nth America is listed: Parizeau et §2015. The papeby van
Herpen et alalsonotesthe most detailed studyomparing results from questionnaixeish other
measuremdmmethods. This compared two different questionnaire var@ortgside diaries, pho
diaries andheuse of caddies to quantify food discarded in the home.

The results indicated that both typdsjuestionnaire substantially underestimated the amoudabdf
discarded in the home. However, one of the questicmnagthodologiesr{ which, a week before the
questionnaire was administered, householeie alertedo the fact they would be askedoaib their
FLW) had a high degree of correlation with otherasurement methods. This suggésasit may be
suitable for classifying householdscording to the amount of food they waste, even if it still
provides an underestimate of the absolute amdurt\. It is not known whether questionnaires
underestimat&LW by a similar amount over time orrass cultures. Therefore, it is not known
whether a questionnaire is a reliable quantification measure for tracking purposes or monitoring
intervention studs.

Table 18. Questionnaires as a FLW Quantification Tool

Strengths ’ Limitations /Points toConsider

1 Relatively cosEffective to administer 1 Respondents tend to underestimate the atmmfun

1 Can provide data by food group or food wastedue to aspirational biases
preparation stage 9 Itis not yet known how this underestimation

{ Can provide information by demograph yaries over time,.betweegroups and during
group or other characteristics intervention studies

I Can provide data on rootuses of waste
and help identifjnotspots

3.5.2 Summary: Questionnaire Surveys

Questionnak surveys are an inexpensive way to collate existatg. They benefit from good
relationships between the organizations collating and providing the informatmreéase
participation in the survey and overcome any s$emitses around providing data.

The accuracy of estimates derived from this infdiomawill depend on the quality dhe data
collected. When obtaining an estimate of FLW from information pexvigly questionnaire, it is
important to ens@rthatthe useof the data is aware of how tR&W was originally quantified and
the definitions/lbundaries used.

A range of examplesan befound across the supply chain, in a range of settings includingmaéad
studies, reporting with voluntary agreememtsd wholesupplychain initiatives.
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Table 19. Summary of Questionnaire Surveys for Collating Existing Data as Applied to Different
Sectors

Sector Coverage of Method

Primary prodation Examples of questionnaires for all sectors

Processig and manufacturing

Wholesale and distribution

Retail

Food service / institutins / outof-home
consumption

Household None known

Questionnaires as a quantification toovdheen used figuently for household FLW and
occasionally for oubf-home @nsumption FLW (e.gfront-of-house restaurant FLW). However, it
comes withone sigificant pitfalld a high degree of bidsecause ofystematic underreporting.
Questionnairesan beused to giveapproximate information, suitable in some circumstaifme
understanding the approximate scale of the problem and identifying problem food=/didhe
methodrequires significant development before it can be used to track targets edderusther
purposes that require accurate data.

Table 20. Summary of Questionnaire Surveys as a Quantification Tool for Different Sectors

Sector Coverage of Method

Primary production None known

Processing anthanufacturing

Wholesale andidtribution

Retail

Food service/institutions/owtf-home
consumption

Household Numerous variantssed
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Conclusion: Questionnaire Surveys

Questionnaire survesyhave been used in two distinct ways.

In the supply chain, &y are often used to collate existing data on food loss, waste ar
surplus. This is often to obtain a national or subnational (e.g., provincial, state) estir
often by a ggernment or tradassociation. The estimates generated from this informg
canonly be as strong as the data itself, so the questionnaire process should be des
information on quantification methods and scope/boundaries is also captured. nad]
commercial sesitivity of the data can hinder this approach.

In the home, tlre are numerous examples of questionnaires being used to estimate
amount and type of foods being wasted. These examples suffer greatly from
underreporting and should bsad with cautionHowever, the results from some varian
correlate well with otr methods, so they may have a role in identifying households
high or low levels of wasted food.

3.6 Inference by Calculation

This sectiordescribegjuantification methds where the amount of FLW or food surplus has not been
measued directly. Insteadhe methods described inféretamount of FLW by some form of

calculation, including masbalance, modeling and use of proxy data. These have been combined into
a single setion as there is much overlap between thenaddition, manyexamples use two or more

of these methods in a giie quantification study. The methods discussed below heee applied to

all the supply chain stages, including households.

The massbhalanceapproach infers food loss, waste or surplus by comparing inputs (e.g., products
entering a grocery store) andtputs (e.g., products sold to customers) alongside chamtmeels of
stock. In some sectors, changes to the weight of food during procéssgingvaporation of water
during cookinghaveto be considered too. This method can be applied to individuaulltiple

stages of the food supply chaiiore details bthis methodcan be found in thannexon

guantification methods of tHeLW Standad (Section8).

Modelsinfer the amount of food loss, waste or surplus using calculations. A model is a satiptific
of the realworld. A quantitative model uses a mathatioal approach to estimate food within material
flows based on the interaction ofittiple factors that influence the generation of FLW (e.g., grain
storage practices and weather conditiol&re details ofthis methodcan be found in thannexon
quantfication methods of thELW StandardSection9).

Proxydataarefood-related datahat is from a geography, company, facility or time other than that for
which the quantification is required. Pyodata is often used if other quantification methods are no
feasible (e.g.because of lck of access to the food waste to be quantiiealimited budget) More
details ofthis methodtan be found in thannexof the FLW Standardn quantification mgnods
(Section10).

The main advantage of these methodseiserally cost. They usually rely on existing data that can be
reanalyzed or repurged to estimate FLW or food surplus much more cost effectively than
undertaking a new program of fieldwork. Hoveeythere may still be a large cost associated with the
organization that does collect the origimi@ta. ThdJS federalgovernmentfor exampk, provides
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considerable resourcés collect and maintain the underlying dédathe lossadjusted food
availahlity (LAFA) data set each year.

When existing datareused, the methods doot necessitate physical access to the FLW or food
surplus leing quantified. For these reasons, they are often used by governments, intergovernmental
organizations, academics aNGOs(i.e., organizations that do not have direct acceskad-LW or

food surplu¥. Many examples of inference by calculation suffenirlowaccuracy, which is often
compounded by difficulties in quantifying the degree of accuracy.

Specific examples argiven belowOneimportant point is that a program of ¢lyg cannot be
monitored using proxy data, as this proxy data will refer teragle@raphy, facilities or time.

3.6.1 Examples of Inference by Calculation

ApplyLoss andNasteFactors toFood Flows

The mosttommonly citecestimate of global food waste cemfrom a 2011 report published e

Food and Agriculture Organization ofethunited Nations (FAQ)Global Food Losses and Food

Waste: Extent, Causes and Preven{ibAO 2011 detailedmethodolog publishedater [FAO

2013). This study uses a modeling@oach based on secondary (existing) data to estimate the food
losses and wées by:

T Commodity group (e.gcerealsrootsandtubers adlseeds pulse$

1 Region of the world (e.gNorth Americaand Oceania, Latin Americaub-Saharan Africa)

1 Supplychainstage (e.gagricultural production, pogtarvest handling arstorage
consumptio)

The fundamentals of this method were to take the amount of each commodity group produced and
apply los andwaste factors describing the percentage of that food praxtutttat was lost or wasted

at each supply chain stage. Food putitun data is takefrom the FAO Statistical YearbooR009

and FAO Food Balance She@EnO 2009, 2018)

The lossandwaste factorsaried by commaodity group and by region of the world. Vélees used
were informed by an extensive literature review asdussions with exgrts. Many of the values
came from published sources, but missing values were based on assumptions and estimation

The definitions of FLW used in this study included stidiction between loss and waste consistent
with the FAO definition (se&ection 2.). The methodology aims to quantify only the wasted food;
inedible parts associated with food are excluded flwrettimate. Furthermore, it categorizes food
fed to animad as either a food loss or waste (depending on the supply chain stage), asitiendefin
used is food not consumed by humans.

The information inGlobal Food Losses and Food Waste: Extent, Causédi@ventionhas been

used by many others to estimate fdogs and waste for a specific country or region. Most relevant to
this report is te use of this information i@haracterization and Management of Food Waste in North
America A FoundationaRepott (CEC 201D). This presents estimates for Canada, Mexicbtae
United Statesbased on the loss factors found in 288 1FAO report (North AnericaandOceania
factors were used for Canada and timétéd States;Latin America factors were used for Mexjco

These were applied to food balance sheet data for 2007.

An approach similar tthat ofthe FAO 2011 report has been used in Israel (Lek&BR Thisstudy
usedoss and waste factors calculated from a natiageacultural waste survey and from theder
literature. These factors are applied to informatiopmuuction, importeandexports and
consumption patterné-ull methodological deils were not presentgd
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A similar approach was also adopted in Saii@nd(Beretta et al. 2013). This reseaunitained loss
and waste factors from the literature, retsoof businesses in the supply chain and proxy data (e.qg.
data from households ihe United Kingdonwereusedas a proxy for Swiss households). Thisgrap
focused on the (edible) food and did attempt to quantify the inedible fraction associated faitiu.
The research used energy as the quantification metric.

Another method in thigein was developed for tHexcess Food Opportunities Mapthe Uhited

States This involved a datdriven modeto estimate the generation of excess faad, FLW and
foodsurplus food)y industrial, commercial and institutional soureeslto idenify potential
recipients othis surplus (EPA 2018stablishments witthe potential to generate surplus food aver
grouped into fod manufacturers and processéosd whoksalers and distributorsgducational
institutions the hospitality industry, corréonal facilities, healthcare facilitieend the food services
sector Estimates oexcesdood were generated/ltombiningstatisticson the number and nature of
businesss in these sectors widguations that correlate business statistics with exceds fo
generation

TheAfrican postharvest loss information systg@PHLIS) focuses on the food losses that oceour i
sub-Saharan Africa in the pesiarvest stages of the supphain,that is,on-farm processingnd
distribution (Hodges et al. 2014). APHLiiSelf is a databasgystem that allows local experts for
each country to suppliandcheck forquality) posthawest loss data in a standardized way. This
information carthen be used to support formulation of agricultural policy, identify opportunities t
reduce posharves losses, tackle food insecurignd monitor activities designed to reduce losses.

APHLIS differs from the other approachéescribed herm two ways.Ong the estimates of poest
harvest loss are calculated from two data sets: thehpogest loss profds and the seasonal data. A
postharvest losprofile is asetof figures there isonefigure for each link in the podtarvest chain
for each commodyt These are obtaindtbom a detailed search of the literature followedaby
screenmg processandarelargely unvaryingover time The seasonal datae contributed by local
expertsandrepresentactors thatan affect posharvest loss that can varytbeenseasosandfrom
year to year.

Secondly, APHLIS is an ongoing project, rattien asinglepieceof researchlnformation from
programghatmeasue the amount of podtarvest loss is uséd update th@ostharvest losprofiles
so that changes evtime araeflected in the resultant estimates.

The description of the resultamstimates of podtarvest loss derived from APHLIS is careful to
stressthatthesedi®@ not intendedicsbbal 6 bDoagh they are co
availabke evidencethey give an understanding of the scale of pastest o s sestuahnsBgaaedt ¢
method of calculatiaim(Hodges 2014).

The APHLIS website includes a number of useful resourcestigonarratives, in which country
experts can post a comntary on posharvest losses; interactive maps to explore the data
calculatorto enable people to tailor calculations for platvest losses to particular geographic
boundaries or to modeipothetical scenarios.

Table 21. Apply Loss and Waste Factors to Food Flows

Strengths Limitations/ponts to consider

A s relatively cost effective to produce A Loss factors irmodel have varying degrees of
estimates accuracy and consistenaoyd., theymayuse

A Uses best available secondary data differentdefinitions of FLW)

A In most situations, a relatively high proportion of
datais missing using proxy data intduces
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Strengths Limitations/ponts to consider

A Provides information by regn, (potentially large) inaccuracies, the magnitude ¢
commaodity group and suppbhain stage which is difficult to estimate

MassBalances

Thereare several examples of mass batmused to quantify FLW. Those reviewed below generally
consider mass balance at a natidevel there are exaples from Mexico and thenited States No
exampledrom Canadavere foundMass balance could also be applied at a facility or company level
using records of input (e,gngredients) and outpute.@.,products), but few examples exist in the
public donain.

In Mexico, a yetunpublishedeportwritten in2017for theWorld Bankpresented to the CE@odels
of FLW between the primary productiatage (farm gate) and the point of food purchase by
consumergAguilar Gutiérrez 2017). It covered the 79 moatsumed products in the countwhich
amount to approximalg80% of total bod consumptiorBecause ofhe restrictions imposed by the
modelirg method, results were calculaiedaggregaterather than presenting data for each sector
individually.

On theinput side, this report takes commodity production datanfthe Mexican Ag-food and
Fisheries Information Servid&ervicio de Informaci6oAgroalimentaria y PesqueyaTlhe production
data excludepostharvest losses. Imports were added to these ptiodutata and exporisere
subtracted from them, leavindigure for food aailability from production in Mexico before losses
occur. The autbr took production information only on products that could be traced all the way to an
equivalent in the consuniph data he use®n the output side, the report takes infation from a
regular Mexican National Institute of Statistics and Geogrdjrtsgituto Nacional de Estadistica 'y
Geografia[INEGI]) survey. This is a biennial national survey of household incamde
expendituré® The survey micralata allowed the authtw find thereported weight of products
bought by a sample of Mexican households @odsreferencehe weightswith the production data
from the Agri-Food and Fisheries Information Servi&e(vcio de InformaciorAgroalimentaria y
Pesquera(Mexico). This includes purchases made outside of the housé¢hgldat a restauraht

The mas balancealatain the World Bank repomvere reachedon a produeby-product basishy
subtracting the food punased by citizenandconsumers in Mexico from the food #edle in the
supply chain after primary production, leaving an estimate of loss/asig for each product. The
supply chain stages includedtrestorage, processing and distribution, retail ahdlesale, and
hosptality and food service (befoimnsumeplate waste

The World Bank report was designed to give an indication of the s€&LW in Mexicq and

therefore does not attemptdall down into specific destinations for food leaving thenan supply

chanFor exampl e, Me x ionddarghsafsod bahkenetwork arld tbddsedistribution

done by the Mexican Food Bailssociationis avery significantpart of the foodecoveryflow in

the countryand this nuance is not perfectye f | ect ed by t he r efdleemasés quan
balance method used counts any fduat leaveshe supply chain before purchasdass or waste

when, by many definitions, food redistributed to feed peapl®od used to make animal feed @& n

considered a loss or a waste.

The USDA has used masddnace for a subset of its foddss estimates that form part of th&FA
data serie$Buzby, WellsandHyman 2014)The primaryaim of the LAFA dataserieds to estimate

16 Seewww.beta.inegi.org.mx/proyectos/enchoggrequlares/enigh/nc/2016/default.html
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food intakefor the US poplation per capita. However, in calculating this data segstimates of
food loss are also generated, which are reported separately. Miosta$s estimates in the LAFA
are based on the method that applies loss and waste factors to food flows\sge ab

The foundation ofthe LAFA data seriess thefood-availability data seriesyhich are food balance

sheets. These are referred tdiapyp | v and useodo or fAsuppl yThesaed di s ap
are part othe UDAS Bood Availability(Per Cafta) Data System, which also provides separate

documentatin for each of its data seri€s

However, for the food that is lost in the home, a$ndalance approach is used. This involves
subtracting the amount of food and drink consumed, as measuagddayl survey (National Health
and Nutrition Examination Suey) from the amount of food and drink purchas€kde latter dtaare
provided bya salesdatacompany Nielsen Homesca(Muth et al. 2011).

The LAFA data stsalsousea mass balance to obtdass factors for fresh fruits and vegétes at

the retail leel. The loss factors are estimated by subtractingith@unt of these commoditiesdat

retail from the inbound shipments to the retailers (Buzby et al. 20091J$bA6 ERS updated this
retail loss study using the same approdghzby et al. 2013Buzhby et al. 2015 These estimates

were reviewed by an expert panel in 202018 thatrecommended the adoption of these estimates for
fresh fruits and vegetablestime LAFA data seriesThe LAFAdatawereupdated with these

estimates and posted on the ER®sii in fall 2018.

In 2016, an article was published looking at the lessonsdgfnom estimating food loss at the retalil
and consumption stages of the supply cli@irzby and Bently, 2016). 8eral challenges were
describedincluding:

1 It wasdifficult to compae food-purchaselataandintake datdor multi-ingredient foods that
areprepared in the home.g, wheat flour entering the home that is used to make a range of
itemssuch adread, ookies,rolls).

9 Calculation of accurate loss factors was possibl€or some commodit(e.g., rye flour,
cornstarchbecause ofamplesize limitations

1 There is ndistinction in the LAFA data between loss associated wittoateconsumption
andaway-from-homeconsumption

1 The current method does not alloansumedevel food losgo be assessdry demographic
or regional groups (e.g.,Mel of educationrural or urban age).

Another example of mass balance, again applied in tlited)States is astudy by Hall et al. (2009).
This presents a mass balaaoeoss a range of suppihain stages, estimating food loss as the
difference betweefood consumption and foadipply. Unlike most of the calculations presented in
this section, the FLW estimategsented in this paparasbased on energy content, rathi@non
weight. Food consumption was estimated from the weight distribution ofSh@opulationusinga
mathenatical model of metabolism, which relatée amount of food eaten to body weighto&o
supply isestimated fronfood-availability data that fan part of thebalance sheefublished bythe
FAO.

17 See www.ers.usda.gov/dataroducts/foodavailability-per-capitadatasystem.aspx
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Table 22. Factors to Consider When Using Mass Balance for FLW Quantification

Strengths LimitationsPoints toConsider

91 If input/output data already exist, canb| { Can have large inaacacies depending on the typ

relatively coseffective; otherwise can b of data available
costly  Difficult to estimate uncertaintie

T Can obtain estimates of FLW where no. ¢ requires quantification of all major flows of food
direct dataexist (e.g., estimate FLW (e.g., food going to feed animals)

from food supply and consumption
PPY ption) 9 Difficult to apply if thereis substantial addition or

T Depending on how data is collected, m removal of water (e.g., evapdien of water during
help identify vaste hospots (e.g., food cooking)

categories - .
d ) 1 May be difficult to determine root causes

SynthesidMethods

One important method for calculating FLW contained within mixed waste streams is the synthesis
method. Tks involves combining data on the total amount of wastéagoed within a waste stream
with estimates of the proportion of that wastatis food. These estimates of the proportion often
come from waste composition analysse¢tion 3.2

A recent academic paper mlved such a study, collating and analyzing data from Ontario, Canada
(vander Werfet al. 2018)Househatl waste data arecollected from 28 waste composition analysis
studies, spanning nine murpalities in Ontaricandrelating tosinglefamily (i.e., cetached or
semidetachéchomes These studies included a singleod wased categoy andused a common

waste composition study methodology, whiabilitated combining the information into a siagl
synthesigype analysis. This allowed an estimate of Flithe garbage (residual) waste stream to be
quantified and confidence #nvals tobe calculated.

There are several examples of synthesis studies outside North America. JoewWKr n ment 6 s
Departnent of Environment, Food and Rural Affairs (Defra) hassutatten a couple of synthesis
studies for municipal waste streams (witpa@te dat for the subset of municipal waste coming

from households). These focus on all materials found, including éssirfta the food within these
waste streams (Defra 2009, f2e2013).

This type of approach was adopted in three flmmtised synthas studis applied to household FLW

by WRAP WRAP 2011,WRAP 2013, WRAP 2014a). These studies refined the method devalope
by Defra. Investigation of factors that correlated with amount of FLW found in the relevant waste
streams was undertaken in these studibgs led to the waste composition analyses used in the study
that was stratified according to the type of calten targeting food waste, to improve the calculations
andincrease the accuracy of the resultensistent application of this methbds ber used to track
household FLW in the kitedKingdomover a decade. Thiallowed identification of a substantial
reduction between 2007 and 2010, followed by a period wiwrsehold FLW levels per person
remained broadly similar. These results allowedonati policy relating to FLW prevention to be
developed and refined.

At the time of writing, the Canadiaggovernnent is undertaking a synthesis study similar to that
descrbed above. This method has also been applied in Mexico for a World Bank projesmt{gur
unpublished) to establish a provisional estimate of FLW in onpali waste streams. Thenlted
Statesuses an alternative (but similar) method using waste composéitalysis to determine
generation rates for residential properties (EPA 2016c).
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Table 23. Synthesis Methods

SynthesidMethods: &engths Limitations /Points toConsider

A Relatively coseffective A Dependent on the quality of underlyingtd

A Can be highly accurate (depenglion the| A  Usually not possible to obtain information on the
quality of data sources and the number food types contained within FLW or the reasons
waste composition studies) for discard

A Has ben used successfully for tracking
household and municipal FLW natiohal

3.6.2 Summary: Inference by Calculation

A modelis only as good as the data it is based on. This is as important foréiad studies an
any other areaVhen inferring the amount of FLW or foodrplus using calculations, it is important
to assess the quality and appropriateédise underlyinglata. A short checklist is provided below
to helpin this exercise (adapted from FUSIONS 2016):

1 Timeframe and geography:do the data come from the timedgplace in question?

1 Quantification method: how werethe data measured or inferreshd is this accurate enough
for the purposes for whidhe data aréeing used?

9 Definitions: is the definitionof what is measured (e,food waste) close enough to thodt
the current study?

1 Sampling: where sampling oceted, was its design and exdoutgood enough to provide
an estimate representative of the wRole

In many cases, there are data gaps in nsoHstimates and assumptions used to fill these gaps should
be tested. At the very least, the sensitivity offthal estimates to the valuesed should be tested

and documentedand & a minimum, this should involve varying the assumed values withlistiea
bounds and observing the impact on the resultscémplex calculationsn which important

decisions wil be based methods such as MtanCarlo simulation should be considered.

In addition to data quality, the modeling method itself can influéme@ccuracy of the estimate. In
the example of mass balandhe fact that the method relies on subtractiomsdaat the relative
accuracy éxpressed as a percentage of the valfitje resultant estimate is much lower than the
accuracy of the data uséo create the estimate.

Estimates of FLW and food surglinferred by calculation are generally good enoogbrovide a
ballpark estimatefahe total quantity and, in some cases, more granular information below this total.
This relatively low level ohccuracy may be sufficient for many decisions to be nfaateinstance,

in a country, it may be sufficient teetérmine which are the priorigectors (i.e.those generating the
most food loss and waste) or the priority food groups.

However, most exigtg calculatiorbased methods, with the exception of thelsgsis method, are
not currently accurate enough tadk progress against a targetmonitor a program of interventions.
Specifically, the data underlying the modegénot usually updated freqatty enough to support
tracking. This need not be the casall circumstancege.qg, if the modeling method we supported
by a program of mesurement designed to providetopdate data Such a measurement program
usually increases the cost of quangfion substantially, which negates one of the key advesitaig
these methodsheir relatively low cost.
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Table 24. Summary of Inference by Calculation as a Quantification Tool for Different Sectors

Sector Coverage of Method

Primary production Factors applied to food flow
Processing ahmanufacturing Factors applied to food flow
Wholesale and distribution Factors apled to food flow
Retalil Factors applied to food flo
Food serv_ice/institutions/omtf-home Factorsapplied to food flow
consumption

Household Factors applied to fooddiv

Mass balance applied
Synthesis approach

Multiple supply chain stages Mass bahnce applied to primary production through to
retail

Mass balance applied
Synthesis approach applied to munitipaste streams

Conclusion: Inference by Calculation

Inference by calculation is often used as it t@steffective method that makes use of
existing data. The accuracy of the ensuing estimates depends heavily on the accurag
the underlyng data. For calilations that apply wastage factors to food flows, there is g
need for more accurate and recenadatsupport these studies. With calculations using
mass balance approach, the method magnifies inaccuyasmesll inaccuracies in the

input data can leatb large inaccuracies in the FLW estimates. It is important for users
these methods to understiaime approximate magnitude of uncertainties in the estimatq
assess whether an estimate is good enough for a given purpose.

3.7 Quantification Methods Specific to Sewer Waste

This section provides informatian the methods currently used for Flitdat goes into aewer.Lost

or wasted foodhat is discarded through the sewer network is often overlooked during quantification
studies butfor somebusinesss,the sewers the sigle largest destination for foodaste(Taylor

2018) Sewer waste can be particularly important in ceitigyes of maufacturing and processing
sites(especially dairy, juice manufactuseand other facilitieshat usehe seweto dispose of FLW).

It can also be important in commerdkgtichens where there is a sink disposal unit that macerates
waste before sendingiitto the sewer systenit can also be important for populatiasfshouseholds

that have a high propooin of theg disposal unitfor example, an EPA study estimated tatund

25% of consumelevel food loss is disposed of via the sewer system (EP&)20herefore, omitting
FLW thatgoesinto the sewer can substantially influence decisions madanlead to
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underestimation of the total amount of FLW atahcause théocus to fall on FLW found in other
waste streamandmaterial flows (e.glandfill).

In business settings, wheféW is discareédto the sewer network or to an-site treatment faciy,

a flow meter can be used to measure the total volume of ligihid.volume can be converted to
weight using theppropriatedensity value for theduid. However, in many cases the FLW passes
down the pipes mixed with other liquidsr example, withwastewate. There are a few methods of
estimating the quantity ofLRV. These involve measuring one or more metrics linked to the
compodion of the liquid in the pipeand using a conversion factor to estimate the FLW.

Chemical oxygen demand (COD) is a @@ of tle amount of oxygen needed to oxidize the organic
compoundsn effluent using a chemical oxidant (expressed iltigrams perliter). It is frequently
measured as, in many countries, facilities are charged according to the COD associated with what
they distiarge to the sewer network. For examplériels often tak the total COD in their liquid

waste and estimate the amount of raw milk thatishejuivalent to, which gives an estimatéofv
muchFLW is goinginto thesewer from a range of daipyoducts.

Other potential metrics for estimating FLWasewemetwvork include biological oxygen demand
total suspended solids, total dissolved sddidd total organic content.

If afacility hasanonsite treatment plant for sludgedsewer waste, the moniiog point to estimate
FLW mustbe prior to this tratment plant, as the treatment process will &ted being wasted (e.g.
by removing or destroying it), influencinthe values meased.

Further information on measuring FLW in sewer waste caoulred in Chapter 3 and Appendix A of
the quantification methods annéx theFLW Standard

In household settings, diaries have beseduto estimate the amounts and types of food and drink
waste going to the sewer (sBection 3.4for more detaills

Table 25. Quantifying FLW Going to the Sewer

Strengths ‘ Limitations/Points toConsider

A Often already measured fbilling A Requirednfrastructure for measurement and
purposes sampling (e.g.flow meters, COD testig)

A Where singleproductis being discarded,/ A  Works best whera single produt(or asmall
estimates can be relatively accurate range ofproducts)s in flow; can be difficult

A Conversion factorfor many products where multiple products are mixed
already exist
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Table 26. Summary of Sewer Waste Methods as Applied to Different Sectors

Sector Coverage of Mdtod

Primary production No studies known

Processing anthanufacturing A range of methods usglittle published
information

Wholesaleanddistribution No studies known

Retalil No studies known

Food service/institutions/owtf-home consumption No studiesknown

Household Diaries used (seBection 3.4

Conclusion: Methods Spedcific to Sewer Waste

Despite a lack of published information, there are a few methods for estimating the a
of FLW going into the sewer. These are based on a range a¢sr{etig., COD, biological
oxygen demand, suspended solids) and have generally been appliedrotéssipg and
manufacturing sectors, where such measurements are already routine becatieaf
regulations.

3.8 Methods Integrated into a i @ange Processo

There are many examples of quartfion methods integrated intdieghange procesgi.e., a

program aimed at preveng or diverting FLW where quantification is one of several steps designed
to bring about chandeThis section ouithes some examples ass the supply chain; some are aime
at businessesndsome are aimed at governments and NGOs.

Primary Production

A few methodologiestave recently beetteveloped for creating change in primary production with
regard to FLWThecomnodity systemassessment methodoloigydesigned to ideifiy weaknesses
in agriculturalsupplychains thahave the potential to cause FLWis alsodesigned tadentify
solutionsfor improving the efftiencyof these supply chains (La Gra et al. 2016)

Manufacturing and Processing

TheProvisionCoal i ti onds Food (Hased® Eavingdt eWaasrt deseduatsnol ukri ct e
based approaglis a good exaple of an appoach in whichquantification is one impaant step in a

process to help companies to prevent their food loss and waste ol{ieitwolves estimating the

amount of FLW being generated in a process or facility and using a range of dsiiaabeeits

impact: the cost to the busine&hIG emissims, electricity, gas and water used in the facility that are
wasted and the numbef meals this is equivalent to (estimated using energy content of the food).

The toolkit splits the costs and enwiroental impact into three:
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Embedded in incoming ingreslts

Added within the facility itself (e.gwater, electricity and natural gasedsin the
manufacturing processand

9 Disposalor treatment

1
1

This ensures that the focus is not narrowly cormstidhio the cdasand environmental impact of
disposal andreatment, whrethe cost and impact acéten much smaller than the other two
categries.

The toolkit also guides the user to understand the reasons why the FLW is generated and supports
developmenof solutionsand their implementation. The toolkit cdudlso be deployed in other
sectors, such as retail.

Similar in scopetothe Provison Coal i ti onds tool kit is the US
involves foodwaste quantification as part of ader assessmeto tackle food waste. Quantification
caninvolve direct measurement (g.gounting, weighing), supplementby site auditsa help

understand the root causes of waste generation.

Households

Various tools are available for households tamify their own food waste to allow them to prevent
food waste in their own home. The US EPA has produced a-ffage document taking houseds
through this process (EPA 2016b). The tool encourages hddsebaneasure their food waste by
collecting itin small garbage bags and weighing it. It asks houssltoldo two weeks of baseline
measurement and then implement one or more strategieduce wastehile continuing to measure
food waste for four mar weeks.

Diary-based methods have also been tigel for households (e,@n Australia Victoria State
Government no dafe Not only do they allow households to quantify their food wdsiethey can
also record the reasons why they throw food awéiystastep in helping households to create
soluions. An example frorBanyule City Australig uses diags as a way of engaging householders
in a process of chang¥drgheseet al., 2014).

Whole Supply Chain
There are a few examples of whole supply clagiproaches to tackling food loss and waste.

Value Chain Management Internatiofat. (VCMI) regularly @nducs work to prevent food from
being wasted, taking a whaeipplychain perspete. Thefirm uses a range ofliagnostic tools to
uncoverwhere wake occursquantify it andparticipate in implenenting the solutiorExamples of
this approach can beund in case studies (VCMI 2017).

The United Nations Environment Programme (UNERdpced guidance for governments, local

EP

authorities, businessesamd her or gani zat i on shefworld bystating provene act i
methodologies for food wastepe vent i ono ( UNEP 201 4ourmodilése gui danc

measurement was an impent part of all of them, including quantification to help underdtthe
nature of the problem, and quantificatias an important part of monitoring and evaluation.

In the UhitedKingdom the Institute of Grocery Distribution and WRAP developeésaurces guide
to support businesses in taking actiorf@od waste prevention and diversion. It covierd
production, manufacture, distritoon, retail, and hospitality arfdod service The document outlines
a set of principles for measurement and tglantionandhassignpostdor the reader to appropriate
guidance elsewhere. Of particular interestasir Business Is Foo suite of resources to guide
bushnesses through the process of acting, including quamdityieir waste and building a business
casefor reducing it
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In addition, there isnetype of research that is useful across the supply chain to develop the deep
understanding required to generstdutions and create changghnographidased method3hese
involve observing and talking to people about the activities related to Flsiwlus generation,
redistribution, diversion or disposal. This could involve ssmictured interviews, accompad
shopping trips, andasking people to talk throughettontents of their fridge. These have mainly been
applied in householdsfor examplein Oregonin theUnited States(Moreno et al. 2017) and in the
UnitedKingdomby Evans (2012) and WatsandMeah(2013). It has also been applied to food
service in hospals in New Zealand (Goonan et al. 2014).

Conclusion: - AOET AO )1 OACOAOAA

There are numerous examplef quantification embedded within a change process. Thq
key advantage of these is that people involved understand why they are quantifying,
narrows the gap between quantification and acting to tackle the issues. The linking o
guantification to chnge is likely to influence some measurements (e.g., people may
change what they are doing, even during a baseline measurement), so care should
about how estimates obtained in this way are .used

3.9 Reconciling Data

Sections 3.1 to 3.5 of this chapter discussed a range of methods for measuring FLW. As mentioned in
Section 36, if dataalready exist that can be used for quantification purposes, it is often more cost
effective to use this information rather thacollect new data. However, the existing data may not

be comprehensiveln Secfon 3.2 advice is given on how to reconciléCA data that hee not been
collectedas part of a standardized program. This current section gives general advice on reconciling
data. This is useful whesomparing or combining estimates of FL(&/g, using data from different
municipalities to obtain a national estimate

When reconcilinglata, it is easiest to use consistent data. Below is a checklist, specific to FLW, that
can help determine the lev& consistency between estimates:

1 Timeframe: Whattimeframe did the estimate aim to represent and when did sampling take
place?

I Geography: What geographical area was being represented and what were the sampling
location®

1 Destinations: What destinationsranaterial flows were quantified (e,glid it only cover
material bound for landfill, owere other destinations includéd)

I Boundaries What types of organization, facilitiesxdpremisesareincluded For example,
was a waste composition analysis fatjbouseholds or did it include nbwwusehold waste
too? If for retail, what types of store were included and were distribution centkrdddc
too?

I Materials included: Did the estimate cover wasted fomadinedible parts? Which food

categories were ingtled? For food in its packaging, was the weight of agiclg included in

the estimate?

Measurement methodsWhat method was used and howasnit deployed?

Sampling (f applicable):How was the sample detemsid?

Units: Is the estimate per capita, per hetusld, per store?

= =4 =9
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1 Weighting/stratification of the sample (if applicable) What are the details of any weighting
and stratification used talculate the total from the sample data
I Seasonality:Was seasonaji considered in the sampling or any subseqaaltulation®

If there are differences in any of thisowe, it may still be possible to reconcile the data, but extra care
is needed. Fanstance, it is possible to reconcile data through comparing a sidilbsetdata. If there

are differences in the tagories of food included, it may be possible to ma&eraparison on a

subset of the categories (j.#hose included in both).

If different quantification methods have been used, this is more probleAsm#o. example,
reconciling data from householdwasured by questionnaire surveys, diaries and wasigosition
analyses is difficult because differences in the design of the surveg&asied can influence the
level of bias in the results. Some studasst that have compared specific surveys aades (e.g.
van Herpen 2016), but other surveys aialids may underestimate FLW to a different extent.

Depending on the data held, ther analysis can help reconcile the dRegression analysis wasaas
on waste composition data to understand hiffgrdnces in methodology were affecting the results
(WRAP 2018b) For instance, waste composition analysis that includpackaged foodlcategory
(rather than separating all packaged food into the foodhenpackaging) had higher estimates of
food wase comparedvith those without. This allows correctidactors to be developed and applied
to studies to allow them to be compared or addgdther.

Whether reconciling data is advisable also depends orthimimformation is going to be usethe
more &curate that a comparison needs to be, the more chiaketine reconciliation process.

In summary, it is best to collect and collate dat is entirely consistent. In practjdhis is rarely
the case ahit is sometimes possible to reconcile incamsisdata. However, this process requires
attention tadetail A list of factors tdbe considereds providedto avoid the numerous pitfalbf
reconciling data

3.10 Summary of Quantification Methods

This chaptehasdiscussd a wide range of quantificatiomethods and how they have been deployed.
Many of thesare either welkstablished or have been usddnenough for the strengths and
weaknesses to be reasonably well understood in a rangeatiits.Some of the method®quire
further workbeforehow they operate, their accuracy and the biases inherdr@mcan be assessed

Despite knowledge of the methddsrengths and weaknesséhe choice of methad not always

easy. In many situatns, the approach that is most accurate or provides egoaghlar data to
understand the issue may be prohiity expensive. This means that suboptimal methods also need
to be considered, reqing comparison of different compromises and traffse. Ths process is more
straightforward if the organization guestion is clear about whiaitvould like to achieverbm
quantifying FLW and how this information will be used. In many situationspib$sible to achieve
FLW-related aims with rough estimataswithout quantification at all (e.gusing qualitative
information).

This chapter has largely focused on mdghthat have been in existence for many years, if not many
decades. However, thereeaa few new innovations that could alleviate common dilamrelating to
cost and accuracy. For instanceSection 3.4the use of digital pttography to quantify FLWhat is

left over after meals was discuss#us isa vel recent advancement. There have also been
discussions abauhe use of blockchain and artificial intelligence tomjifg and manage food (and
FLW) in the supply chain. Athe time of writing, there is little information in the public domain on
how thesdechnologies are being used, but this is likely to be @a @i change in the next few years.
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This chapter has hidjghted different types of approaches being used bggouents and businesses.
This reflects the fact that businesses usually focus ana¥we part of the supply chain, have access

to their own EW and often need to gather information to inform the mess case, followed by

ongoing monitoring to ensure thachieve the intended savings. In contrast, governments and NGOs
often require infamation on a range of stages of the supply chain. Exceptdaicipal solid waste,

they often danot have direct acess to the material flows and waste streams they akageo

guantify. They are often the organizations that quantify FLW in the homaly they are looking to
collect information to developolicies and track changes for national and internatitangéts. These
differences between the two groups Wi reflected in the practical guide, suggesting methods to
each group that work befstr the different situations they find themselves in.
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4 Estimating Environmental, Social and Financial Impacts and
Benefits

This chaptepresents methods used for estim@ta range oimpactsand benefits relating tmod
loss and wastd=LW) andfood suplus. These are arranged into three sectiemgronmental
(Section 41), financial or direct market impactSdction 4.2, and social and other impac&e€tion
4.3). In each setion, current methods are discussed alongside their strengths ddabgses in
different situations.

4.1 Environmental Impacts

Food productiorand all its associated proces§esluding processingnanufaturing, packaging,
distribution refrigeratiorandcooking) requirgesources, such as arable and pasture land,iizsh,
fuel and chemical input®.q, fertilizer, hebicides and pesticidesind cause environmental damage,
such as air and water pdilon, soil erosion, emissions of greenhouseegasd biodiversity loss.

This is true whether food is consumed byglemranimals oiis lost or wasted frorthefood suppy
chain.

Depending omow wasted food is manageatican cause additional environnt@nmpacts that would
not have occurred hadealiood been consumed. Thesgactsare associated with transportatiafh
waste, further land use in the form of landfilldeadditional methane emissions from landfill.
Although the effects are typically lethanthoseassociated with production, theanstill be
significant.

The main environmental impact categories tdeal in the literature are:

greenhouse gaamissiongoftencalledthe carbonfootprint)
water use

landuse

energy use

fertilizer use

biodiversity

E N

The methodologie® assess these differamvironmental impacts are generally simildihe next
sectioncontains a discussion tife overarching themes thdltisnpact categories have in common.

4.1.1 Overarching Themes

Environmental impact assessnts can be done using diffat theoretical and methodological
approacheghey will alsodiffer depending on boundaand scope.

TheoreticalApproaches

Two theoretical gproaches are commonly used:

9 Assessing the overall environmental impacts of Fan
i Estimating the environmentaknefits of changes related to FLW (includswgircereduction
or prevention.

The firstapproachdssessing theverall impacty highlights the total environmental impacts of FLW,

based on théactthat wastedood did not fulfll its primary intended purpos@hereforethe use of
resourceso produce this foodndthe associateimnpact on he environment have been largely in
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vain.| t d o as@der any specific counterfactual scenario or the alternative uses of food.
Therefae, it carries an implicit assumption thiaé foodthatis ultimately wasted would not have
been produced in the $ir place and none of the environmentgbacis associat with wasted food
production and other upstream stages of the supply chain wavgddecurred. This kind of analysis
alsousuallydoes not extend into what would happen to replace the productioodfe.g, forests
planted orwhat had kenagricultual land, or more food being available for exports), or how the
reduction of waste wdd change prices or supply and demand dynamics.

Table 27. Overall Impacts

Strengths Limitations/points to consider

A Gives an approxiate (firstorder) A Boundaries and assumptioaseoften not clear
estimate of the impact of FLW A Gives no information about how much of this
A Can be comparedith other highlevel impact could realistically beeduced
issues
The second approacassessinthebenefitsofchange f | i ps t he question: AHow

produce f ood ntthoatA Hosw wmuscthe dvdpoavended L’ §Sirmilare i f  we
guestions are sometimes asked for moving food up therémodery hierarchy Ynder the second
appoach,studiesend to assume only a set percentage of food waste can realistically be prevented
and alsotend to be more specific about the counterfactual scen@hiessecalled rebound effect

might also be condered®

Table 28. Benefits of Change

Strengths ‘ Limitations / points to consider

A Conceptually clearer if counterfa@l is A Results are only valid for selected counterfactue
well defined

A Often seeks to answer a research
question of practical importance

A Allows investigation of relai issues
and effects, such as different scenarios
and ebound effect assumptions

18 |n the context of food aste prevention, the rebound effdescribes the effethat may occuwhen a

househal avoids food wastehe household then hasore money available that may be spent theioproducts

and services, which may generate additional emissions or resoarddegnvironmental benefits of

preventing food waste would be smaller if the reboeffdct is taken into consideration. Salemdeeb et al.

(2017) have estimated that thetwam benefits of FLW prevention would be%3059% lower when the

rebound effects taken into consideration (but thenefits are still substantialfhe ebound effects debated

because spending money on something other than food that goes unused mayans e t he qual ity of
lives more. It is also possible to imagine (anydto design through policies) a cortén which the rebound

effect itself is reduceil for examplethrough decarbonization of other sectors such as energy and transport, or

taxation of unhealthy and higbnvironmentaimpact foods.
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Methadological Approaches

In addition to the two different theoretical approaches, there are also two commonly used
methoablogicalapproaches:

I Top-downapproachnational sectamased)
1 Bottomup approachusing productife-cycleassessmerarbonfootprintasthe impact
factors)

Studies using theop-down approaclased on national statistics on, for exam@ldG emissions ad
water use by economic sector. They take economtorsaelated to food production (g.g.
agriculture) and allocate sornéthe sectorddampacts to FLW in proportion ttheamount that is lds

or wastecdat that stage dhe supply chain and lateThetop-down approaches are relatively simple to
calculateprovided sectoral emission statistics are available, but do not address theatferen
between different types of food (for example thatieély higher impacts associated with waste of
animalbasedood products).

Table 29. Top-down Approach

Strengths Limitations/points to consider

A Simple calculation A Not veryaccurate

A Data publcly available in many A Does not allow prioritization between food types
countries

The bottorup agproachis based orthe multiplication ofthe weight ofFLW (in environmental
accountingknown as activity data) and speci@®HG, waterand land impact factar Typically, these
AFLW timesimpacd pairings are done by food category (sometilmegeograplcal location), and
thensummed togetheo arrive at carbon, wateror land footprintsThe impact factors themselves are
calculated usintjfe-cycle assessmentCA). LCA is a methodologyisedto assess the
environmental impacts of a product, procesaaiivity throughout its life cycldrom the extraction

of raw materials to processing amnsport However, because the primary prodoiatis

predominant in tens of land and water use, other stages are oftetooked and are focused on less
(WRAP 2011; FAO 2013) Thisapproachallows for prioritizing betveen different types of food. The
main downsides are the data gaps for specific fmoducts produced in spific locations and using
specific practicedProxy dataareoften used to fill in gaps.

Conbining product carbon footprints with food waste voludsa requires cafid analysis This is
because the two types of information arewofcalculated witffor different purpose For example, it
would be incorrect to apply impact factors relating dolthe edible fractiorof FLW to total FLW
that include edible and inedible parts.

It is also important to work with impact factors cdéted for the correct stage of the supply chain,
matching the exit point of the material frahefood supply chainfFor example, if food is wasted at
the manufacturing sge, it is incorrect to multiplyhis weight of FLWby the full life-cycle impact
factor that also includes the use phase (ea@pking and refrigeration at home), because the food
material wasted bthe manufacturer had not undergone cooking and refriigerat home. Care
should alsde taken with thendof-life stagethatcan be a p&of food LCA the LCA study could
have taken different assumptions that do not match the sitwl#tthe FLW impact study is
investigating. This is less problematic feater and land, as the impdattors typically only include
primary production.
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In summary, the components that contribute to the impact factstito be understog@ndprobably
adjustedso thatthey are validor wasted foodnot for consumed food.

Table 30. Bottom-up Approach

Strengths Limitations/points taconsider

A Allows prioritization between food types A  Depends omlata availabiliy for impact factors y
A Relativelydetailed and disaggregated A Issues with matching activity drimpact data

Types ofmpact Scope)

i Embedded impacts
1 Direct impacts
1 Waste manageent impacts

Embedded impactare, from the perspective of one actor in the food supply chain, those that
happenedipstream For examplefor a food processor, these wolld impactassociated with
primary production, such as chemical use and water wsgriculture.

Direct (or added) impactre, again from the perspective of an actor in the supply chain, those added
by that actor themseds. Forthe exampleof the foodprocessarthese includé&sHG emissionsind
energy and water use associated with hagdood in the facility.

Waste management impaeis, for exampleassociated with transportationfeif\W, furtherland use
in the form oflandfills, and additional metin@ emissions from landfill.

Wasted foodi.e., the edible fractionis typically assciated with all these impacts: the embedded
impacts(thosethat occurred upstream in the food supply chalimgctimpacts and those associated
with waste management. &linedible parts associated with food (also known as unavoidable food
waste), suchspeelings and bones, are typically associated with wastagemenimpacts only,
unless the inedible parts also ban economic value (e.g@range peel used as catted, bones

used for bone meal). In those cases, some of the impacts would alkwatedlto the inedible parts,
relative totheir economic value.

For example, a bakery can calculate the impactscaded with the bread wiasl fromits facility by
estimating:

1. The embedded impacts associated with the flour and other ingredientsd gt leeing
wasted as parts of wasted products
2. The impacts associated with energy and water use within their oilityfadlocated for
breadthat is wastedand
3. The volune of waste being sent away and the associated impacts relating to its management.
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Table 31. Different Types of Environmental Impacts Associated with Wasted Food and Associated
Inedible Parts

Embedded Added impacts WESE

impacts management
impacts

Wasted food \/ \/ \/

(avoidable FW)

Inedible parts x x \/

associated wit food
(unavoidable FW)

4.1.2 Greenhouse Gas Emissions (Carbon Footprint)

Different carbon footprint studidsave akendifferent theoretical and methodological apprasch

GHG emission studies exist that estimate eitherabsolute impact of food waslir the benefits of a
real or hypothetical changdse ofboth the topdown and bottorup approachesan be foundh the
literature.

The topdown approachises the natiai sectoral emission accounts, which most countries tend to
collect and report. The an shortfall of this approach is that it misses onlythe nuances coming
from the differences in wastage ratesnmen different types of productsyt alsodifferences in

carbon footprints between prodsdtor examplewasting one tome of beef meahas much lager
implications than wasting ortenne of whed, butthetop-down approachssumes the same
environmenthimpacts for each. It also doast provide granuladata for, sayprioritization between
different food categories.

The ottomup appro&h (using produc BCA carbon footpring as the impact factor@volves

taking the weight of wasted foddr a setof different food categorigs.e., activity data) and
multipliesthis with producs éarbon footprintsi(e.,impact factors) sourced frothe literature.
Because oflata constrainfsnost studieassumehat theGHG emissions associated with growing the
same crop in different countriasesimilar.

Carbonfootprint is one component of LCA, which accounts for emissiol@@HEs(in additionto
carbon dioxidethere arenethanenitrous oxideandhydrofluorocarbons) expressed typicallytiie
100year gloal warming potential equivalent orbon dioxideFormore information on the general
carbon footprint methodology, please refer to thewing:

1 ISO/TS 4067:2013 Greenhouse gas&arbon footprint of products
1 PAS 2050:2011 Specification for the assasnt of the lifecycle greenhouse gas emissions
of goods and services

As has been mentiongdmissions of greenhouse gases can be glitden the embedd impacts
(e.g, thosethatoccurred in primary production) and waste management impemtsthe
perspective of an actor in a supply chéere are lsothe direct impacts they themselves add. In
GHG protocolterminology embedded andaste managemeimpacts are both Scope Ill impacts,
whereas thedded impacts are either Scope | (related to owhuse) or Scope Il (related to
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electricity use). Somstudies, such as the FASBudy on global food losses and food waste (FAO
2013) include the embedded@dHG emissions but not thveastemanagement ones.

Those studies that focus on waste management tsnpkso tend to include an estimate of production
impacts asarepresentation of the reduction optidior examplethe wastereductionmodel

(WARM), creatél by the US PA, is a tool that estimat&aHG reductions from several different
waste management ptaces WARM is also available as a tool based ont@loase developed in
openLCA softwargand version 14 aiches the corresponding Exgelsion ol WARM. The

WARM model also includeupstreanGHG factors, which can be revealed by exploring source
reducton as an alternative scenario.

All the published studsusea few representative products, rather than attempt to provide separate
estimaes for hudreds of food products available to consumerf®od markets.

Emissions added by individual actors in twgply chain (Scope | and Il) can be estimated fifoen t
energy use in the facilityhat is, bycalculating the energy use per volume lbfaod processed by
the facility and then calculiaig the share that is associated with wasted material. Energndse
other potential sources of GHG (emgfrigeranieakage) can be converted to GHG using publicly
available emission factors.

Sources blmpactFactors
There are a few types of sources for GHG impact fadtockiding

9 Individual product LCA studiedor example, fom study on the synthesis of food wedata,
theauthors performed a comprehensive review and quality check of pubtisitdt LCAs
(WRAP 2011);

1 Metastudieghathave also collected the factdos a wide range of food produdgs.g.,
Clune et al. 207) andfor livestock productéDeVriesand DeBoeR010; and

1 Commercial databases such as Ecoinvent, GaiidCarbonScapdata(CleanMetricano
date, World Food LCA Database and Agtobotprint and

I TheUSDA National Agricultural Librar§ ECA Commons

If the study is using an LCA tool, shias OpenLCA, GaBi or Simapro, using the factors embedded in
those wil be the easi, as buying commercial datats can save time. These can also be separated
by supply chain stage, which may be eszary depending on the chosen methodology. Using the
factors published in academic papers has the benefit of having noidiraurtlay bu requires time to
collate the relevant information and access to the academic journals.

ThePr ovi si on Coal i ti on 6 sconkimonGHGdcrs fer several foodlgyzes e t ool
specific to Canada. These are split between three categories: embedded in ingagldiedtduring

processing irafacility, and downstream/aste management. These are applied to the estimates of

FLW.

IncludingLand Use Chage Impacts

One component of lifeycle carbon footprints is langse change emissionsaihduse changesuch

as the tearing of forests for use in agricultyman greathaffect the exchange of greenhouse gases
between terrestriacosystems and the atrpbgre In many situations, wasting food contributes to
clearing of the forest, but it is difficult to estimate by hamch and what assumptions to use. The
land-use changeomponent has often been excluded from the carbon foolyewaise ofack of data
or uncertainty around the valU&RAP (2011) estimate that theinclusian of emissions associated
with landusechang would increase the average carbon footprint of ambédfood wasten the
UnitedKingdomby about 2@%, but otherfood and biofuel systesrstudies indicate this can be much
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higher if considering both direct and indirect lamgk change. Given the aboiteyould be good
practice to report figures with andtiwout land use change.

Table 32. Including Land Use Change Impacts

Strengths Limitations/points to consider
1 More comprehensive and complete 9 Data availability and irerpretation
assessment

I Comparability with other studies thaddnot
include landuse change

4.1.3 Water Footprint

There are fewer analyses of water fwotts than GHG emissions of food waste. Most are done for
the overall FLW and tend to use the bottomapproach.

There are two methods used to assess the bafpowate footprint of products and services:

I The older water footprint method proposed by\Water Footprint Networkommunity

1 A newerwaterscarcity weightedavater usemethod proposed ke LCA community.The
newer method is also a subjecttbe International Omn i zat i on f or wér andar di
footprint standardSO 14046:2014Environmental manageméntWater footprin®
Principles, requirements and guidets

The two methods are broadly similar and encomplas computation of water use and its impacts
The main differences are that the WateotprintNetwork methodology distinguishes between
fiblug, dgreem andiigrayd water footpring 1° whereas the 1ISO ethod usesnly direct water use
(equivalent to blusvatel) butmultiplies it witha geographical water scarcity factor.

TheWater Footpmt Networkprovides countnspecific blue, green and gey-waterimpact factors
for crop and animal products.

The cauntry scarcity factors faihe SO method can be fodronthe website ofVater Use in Life
Cycle Assessment (WULCA), a working group of thid EnvironmentalProgrammé Society of
Environmental Toxicologyrad Chemistry Life Cycle InitiativeGreen and gray &ter are not
included in water impacts as, in the L@#ethodology, they are already included in the other more
specialized indicators sue@ls land use, toxicity or eutrophication impacts.

Moreinformation on the general water footprint methodolzggvalable in a number of publications
(MekonnenandHoekgra 2013 (MekonnemandHoekstra 201p(Boulayet al.2013 (Boulay2016
and in stadardISO 140462014

19 Blue water is water whdrawn from ground or surface water sources (e.g., irrigation water). Green water is
water evaporated from soil moisture (e.g., rainfall). Gray water is the volume ofreqined to dilute
polluted water before it can be safedturned into environmme (Hoekstra et al. 2011).
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Summary oMethodologiedJsed inExisting Sudies

All the reviewed food waste studies that cédted water impacts used the older Water Footprint
Network methodKummuet al.2012, FAO 2013, WRAP 20}1Water footprint was calculated
similarly to carbon footprint, taking the weightfobd waste and multiplying witanimpact factor.

The studies iffer in their choice of blue and green water foatprstudies by FAO (2013) and
Kummu (2012) only includetheblue water footprint. Thetudy by WRAP (2011) included botihe
blue andhegreen water footprint.

Inclusion of green water (water from pigtation that stays in the field as soil moistuirewater
impactsis debated. Green water may also be scarce, and in the context wfafstedt may represent
an opportunity cost.g., it could be used for an alternative ctbptmight have significat economic
or nutritional value)Howevert if agricutural land were tobe replaced by natural vegetatigneen
water would evaporate natlly anyway If food werenot grown, green water widd not necessarily
be available for another human use or tgpsupecological flows in rives (it would however

support natural vegetation growth). The decisibwbether to use green or blue watenuld

normally depend on which one of these issues pvadominantand thisis different at every location
or catchnent. Food waste studidsowever typically cover muiiple locationstherefore it is difficult
to decide whichthe blue or the green veatfootprint, is more appropriate to use.

The gay waer footprint is not accounted for in any studys more coneptual and lacks datfr
example about the assindtion capacity of freshwater ecosystems.

PossibleLimitations andPitfalls

The main Imitation of the water footprint methodologies relates to the importance of the location
where water use occuthetiming of water use (e.gdry or rainy season) and aicities at those
locations and times of the year, but it is difficult titain dataon water scarcity thasthis specific.

There is to date no consensus on whether it is best practice to inclggeghevater footprint
alongsidehebluewater footpint. Similarly, whether to use the Water Footprint Network method or
the nev LCA scardty-based approach is an open question. The advantage of the Water Footprint
Network is the free availability of thdata. The LCAbased approach also publishes scafeitjors,

but water use by the crop is not as easily obtainable (althowgbood usehe blue water footprint
from Water Footprint Network for this purpose).

Whichever method is chosen, it should EB®dy communicated alongith any impact result. Thkiis
challenging members othe public have an interest in issues suclwaseruse hut would are often
not familiar with concepts such as blue and green water use.

4.1.4 Land Use (Direct and Indirect)

It is useful to understandghatamount of lands associatd with the production of food that is

ultimately wasted. This land use isually domhated by agricultural production and it can be

calculated using yield statistics. Some livestock production sgsised for animal food products use
both pasture and dke land area (to grow livestock feed). One aspect to be careful abaultiden
cropping (where several crops are harvested from a particular area of land in a year), and crops that
have multipleyearcycles (e.g.sugar cane).

Two studies irthis review included land use impaot$ food wastea study of global food losses @n
food wase (FAO 2013) anch studyof food supply chain losses and their effects on freshwater,
croplandand fertilizer useKummu et al. 2012)The later studyincludedonly cropland (not
pastureland).
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The most commonly used sousder landuse arecrop- and coutry-specific harvested areas or
yields (in bnneper hectargfromthe FAOSTAT databasé~AO 2018). For livestockthe main
source isapublishedstudy(DeVrieset al. 2010.

No studies were found to estimate the land use associatedndfhl Ispacerequired or saved, which
is a shortfall given that the scarcity of landfill capacity can be a strong local drivedfation in
food wasteandis also a concept welhderstood by the public.

The other limitatioris thattheland useametric alone doesot indicate the quality of the land that is
occupied the land could benarginal and therefore iafew alternative ses orcould bevery
productive and hae many alternive uses. Theraresome examples where this has been done for
foodin generglfor example one studyshows global agricultural land distribution according to land
suitability and the natural climax getation displaced by agricultuf® a | gtall 204).

Theecologicalfootprint (Global Footprint Network 2018) methotigy also takes aimteresting
approach by converting a land area in hectares or aciigktal hectaresor figlobal acredd that
is, to units of land of global average productivigid, using one hectare of land of double than
average productivity wdd count as usingvo global hectaresoting that the baseline productivity
equivalence factor of cropland is 2.51). Another altevedat using land useategoriess usingnet
primary productivity (the economical productivity of land) as a proxy Bag ¢es al. 2014and
Alexander et al2017 for global assessments). Thiede both land area and its productivity into
account buare less readily understandable outside ecologyestudi

Land use as a metric does not indicate if the land occupati@médicial or negative for the

environment, particularly regarding impacts on soil quality. Conversion from natural vegetation to
arable land typically results in loss of soil in genarad loss of soil organic carbon (which is a good
indicator of soil gality) in particular. This process often continues under conventional farming, while
some specific practices such as conservation agricultus@l(agriculture), organic farming and
well-managed grasslands (@att et al. 2017) careverse this processd improve soil quantity and
quality. No study has been found that would consider how FLW relates to this, or what would happen
if the quantity or management of FLWereto change signi¢antly.

Land usemetrics along withthe biodiversity metrics coved later, are in the process of being
developed so that they best represent land as a resource in all its complexity. Land use is inherently
interlinked withtheland-use change componeuitcarbon footprint, greewater footprintand
biodiversitystudies and there is no consensus yet on which methods to use.

4.1.5 Chemical Inputs

Only one of the reviewed studies estimated chemical inputs (fertilizer use) associated with wasted
food Kummuet d., 2012) There are no studies looking at j@de, herbicide andther chemical
use.

In the one reviewed study, researchers calcuketgitizer use related to FLWsng regionspecific
food wastages for basic food commodities and cotsypecific ferilizer use fromthe FAOSTAT
databas¢Kummu etal. 2012) They summe the use ohitrogen,diphosphorus pentoxidend
potassium oxid@s total fertilizer. However, dgures onfertilizer useareonly available per country,
they assume that the fertilizanereequally distributed over the entire hasted cropland (tegown
approach).

An alternative approach that could also potentially allow inclusion of other chemicals would be to
look at data collected on chemical use as a pdifieefycle inventories for some representative crops
and use a botto-up approach (LCA dabasesirelisted inSection 4.1.Zreenhouse Gas Emissions
(Carbon Footprini)
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4.1.6 Energy Use

Energy is used throughout the food supply chi@inexampleit is used indiesetpowered tractors,
electric irrigaton pumpsandfertilizers and pesticidgsroductionactivitiesusingnatural gas and
petroleum Webber (2012) asserts that for each unit of food energy produced, 10 units ofaeaergy
generally spento grow and pocesst.

From the reviewed studies, grone considered the energy embedddelLiv/ (Cuellar and Webber,
2010). The study combined the bottoim and topdown approaadsto match the energy intensity of
different types of foods ith the total energy used/ldlifferent stages ahefood supply chim in the
United Statesand the food wastage rates data. The analysis suggested that energy embedded in
wasted food (at the consumer stage) represents approximatelytB&anhual energgonsumption

of the Lhited States which is more thathe energysavng potential of many popular efficiency
strategies.

Outside FLW impact studiesnergyuse and GHG emissions are often analyzed togbdtwause
energy is such an important contributmiGHG emissions. Calculatis of embedded energy follow
similar stejg and data sourcése calculation of aembedded carbon footprint.

From the point of view of a food busineiksnay be more interesting to track energy use associated
with wasted food gmarately, including that vibh is added by the facilitiesuch busirsse®perate
themselves in the form of energy use and naturallgaskits such as that provided by the Provision
Coalition can support this in a udeendly way.

4.1.7 Biodiversity Loss

Theloss of biodiversity is happening at unprecedenagels ands oneof thekey threats to global
sustainability. Food production is the numibee driver of biodiversity loss througionversion of
natural habitats to farmlanohtensificationof farming, creation ofpollution andin the case of fish,
overexploitation (Rokstom et al. 2009)For exampleagricultureis estimated to be the proximate
driver for between 6% and80% of deforestation worldwidd({ssinger et al. 2012 By extension,
some ofthis biodiversity loss occurs to produce fdbdtis wasted.

Biodiversity loss is a complex concept that encompasssgeclines of many individual species and
ecosystems. Thus fahere is neatisfactory single metric (impact factor) that would engas this
complexity.

Only one of the reviewed studies (FAO 2013) apitad to assess the impact of food waste on
biodiversity. It deployed qualitative and semiquantitative approaches, working through several of the
following proxies:

9 Effect on @forestaibn (and therefore landse; this is a good proxy for lattdised
biodiversity loss)

1 Impact m thelnternational Union for Conservation of Natfftd CN) Red Listof critically
endangered, endangered and vulnergpéeies of mammals, birds and amphibi@dCN
2018).

1 Impact on the Marine Trophic IndéBiodiversity Indicatorgartnership 2018which
measures the decline in abundance and diversity of fish high in the food chain (important for
assessing impacts of fish waste, sucthagy-catch on fisherig).

Land use and land productivity (e.get primary productivity) canalso be used as proxies for

biodiversity impacts of food productipfor example clearing natural habitats, notably forests, is
seen as the primary vector of food produdii@ifectson biodiversity.
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The field of assessing the impacts of food produnatio biodiversity is rapidly evolving. Some recent
studies, such as that Bhaudharya and Kastner (20,16ifer modeledorojected species loss per
tonneof food producedor 170 cropsn 184 countries

4.1.8 Other Impact Categories That Could Be Applicable to FLW

There are other categories of impdot example eutrophication and acidification potentials are
sometimes included in (fullife-cycle asessments of food products, lanenot yet calculated
specifically for FLW.

A few existing methodologies amg/iing to combine several impacts into one metric. These could also
be applied to FLW, buto studies that would do dwave yet been foundNaturalcapitalaccounting

for example, is gaing much traction with large food businesdeis possible @ estimate FLW costs
usingnaturalcapital accountingby following the same steps as for carbontevase, water pollution,
land useand waste managemeand then adding step assign a meefary value taall impacts and
resource dependenci@datural CapitalCoalition 2016). This can help with communicating and
presenting the business case for food loss and waste reduction.

Another combined metric not yet applied specifically to food wiastee eologicalfootprint Global
Footprint Network 2018). ieecologcal footprint measures the ecological assetgiired to support
human consumptiorncluding plantbased food and fiber products, livestock and fish products,
timber and other forest pilacts, space for urban infrastructaredfor absorption ofts wasg,
especially carbon emissior@ne could therefore calculate what paranfeological footprint is
caused by wasted food

4.1.9 Summary: Environmental impacts

For environmental metrics such earbon and the water footprint, the impact of FLW has been
estimaed numerous times and is underpinned by-delleloped frameworks (e, dife-cycle

analysis). There remain some important questions when making such estimates that can materially
influenae the results. In the case®HG emissions, these questions inclugeetherto includethe
emissions associated with the change in land¢cassed byood production. For water footprints,
whether to include green water alonigh blue water ormove toa scarcityweighted method is still

being discussed.

Other environmetal indicator® land use, chemical use, energy use and biodiversit§ loage
been emated less frequently for FLW. Examples are given where they exist, but these emergent
areas of reswch are likely to develop over the next few years.

For all enviromental impacts, appropriate calculation boundaries should be used, reflectingthe typ

of information being sought. It is good practice to describe the nature of any comparisons being made
and the implicit assumptions being made in the calculations, ingltide counterfactual

assumptionsThis helps to ensure that the information is usedt appropriately when important

decisions are being made.

No environmental impact assessment mettadarrive at onétrued value. The methqadnd

therefore resultglepend on the intended purpose of the study and framing of the research question.
Environmentalinformation estimated by these methodsdgedto make clains of positiveimpactby
organizaions to benchmark, to identify hapots and priorize efforts or simplyto highlight the

magnitude of the issue. For the interpretation of the results, it is important to be aware of the assumed
counterfactual scenario anflwhich types of waste arife-cycle stages are includdéithere are
differencesin those, mdividual stidies will come to different figures for the same food item even if
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the material and processes involved are similar. However, current methods are deemed to be
sufficiently accuate for most decisiemaking purposes.

Table33 summarzes the FLWenvironmenal impact studies reviewed for this technical report,
according to the impacts covered and the theoretical and methodological apptioacheseaken.
No existing studies we found that would cover Mexico.

Table 33. Summary of Key References for Estimating Environmental Impacts

Geography| Author, Theoretical | Methodological | Impacts
year approach approach included
Canada Provision Provision | Benefits of Bottomup (LCA) Carbon footprint
Coalition Food Loss and Waste | change
toolkit
United Venkat Climatechange and Overall impacts | Bottomup (LCA) Carbon footprint
States 2012 economic impacts of
food waste in
the United States
United EPA WARM tool Benefis of Bottomup (LCA) Carbon footprint
States change
United Cuellarand | Wastedfood, wasted Overall mpacts | Combinationof Embedded
States Webber enery: the embedded bottomup and energy
2010 energy in food wasti top-down
the United States approachs
Global Jan et al. Foodwastage Overall impacts | Bottomup (LCA) Carbon footpint
2013 footprintd impact on Waterfootprint
natural resources (blue)
Land use
Biodiversity
Global Kummuet Lost food, wasted Overall impacts | Bottomup (LCA), | Water footprint
al. 2012 resourcesglobal food Top down for (blue)
supply chain losses ani fertili Land
their impacts on ertilizer use and use
freshwater, crpland (cropland)
and fertiliser use Fertilizers
European FUSIONS | Criteria for and Overall inpacts | Bottom up and tog Carbon footprint
Union baseline assessment o down
environmental and
sociceconomic
impacts of food waste
United WRAPand | Thewaterand arbon Overallimpacts | Bottom up and tog Carbon footprint
Kingdom WWEF, footprint of household down Water footprint
2011 food and drink wastén (green andlue)
(Ashok theUK
Chapagain
and Keith
James)
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http://www.fao.org/docrep/018/i3347e/i3347e.pdf
https://www.sciencedirect.com/science/article/pii/S0048969712011862
https://www.sciencedirect.com/science/article/pii/S0048969712011862
https://www.sciencedirect.com/science/article/pii/S0048969712011862
https://www.sciencedirect.com/science/article/pii/S0048969712011862
https://www.sciencedirect.com/science/article/pii/S0048969712011862
https://www.sciencedirect.com/science/article/pii/S0048969712011862
https://www.eu-fusions.org/index.php/download?download=182:criteria-for-and-baseline-assessment-of-environmental-and-socio-economic-impacts-of-food-waste
https://www.eu-fusions.org/index.php/download?download=182:criteria-for-and-baseline-assessment-of-environmental-and-socio-economic-impacts-of-food-waste
https://www.eu-fusions.org/index.php/download?download=182:criteria-for-and-baseline-assessment-of-environmental-and-socio-economic-impacts-of-food-waste
https://www.eu-fusions.org/index.php/download?download=182:criteria-for-and-baseline-assessment-of-environmental-and-socio-economic-impacts-of-food-waste
https://www.eu-fusions.org/index.php/download?download=182:criteria-for-and-baseline-assessment-of-environmental-and-socio-economic-impacts-of-food-waste
http://www.wrap.org.uk/sites/files/wrap/Water%20and%20Carbon%20Footprint%20report%20Final,%20Nov%202011_0.pdf
http://www.wrap.org.uk/sites/files/wrap/Water%20and%20Carbon%20Footprint%20report%20Final,%20Nov%202011_0.pdf
http://www.wrap.org.uk/sites/files/wrap/Water%20and%20Carbon%20Footprint%20report%20Final,%20Nov%202011_0.pdf
http://www.wrap.org.uk/sites/files/wrap/Water%20and%20Carbon%20Footprint%20report%20Final,%20Nov%202011_0.pdf
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Geography| Author, Theoretical | Methodological | Impacts
year approach approach included
United Salemdeeb| A holistic approach to | Benefits of Bottom up Carbon footprint
Kingdom etal. 2017 | the environmental change
evaluation éfood (including
waste Qreventlon rebound eﬂtect)
United Moult et Greenhouseas Benefits of Bottom up Carbon footprint
Kingdom al., 2018 emissionsf food change

wastedisposaloptions
for UK retaileis

Japa Matsuda et| Life-cycle greenhouse | Benefits of Bottom up Carbon footprint
al. 2012 gas inventory analysis | change
of household waste
management and food
waste

reduction activities in
Kyoto, Japan

4.2 Financial Impacts

A key aspect to coider is the financial impact of FLW on businesakmg the supply chain, as well
asonpeople as consumers of food. How to assess the cost of FLW varies depending on the aims of

the orgaization. This includes decisions on the level of detail to go witigh costs to include, and

the specific calculations and data sources. For instareee, the qui r ement s f or a govV e
assessment of the financial impacts of FLW on society will berdifit from those of a business

deciding whetheFLW-reduction interentionswill yield a positive return on investment.

This section examines:

1 How to assesthe market value of FLW for segments of the food supply chainr@ajler
supply chain, restaants)

The use of retail prices to assess the market value of, FLW

How to assess the market value of FLW at an individual business level

The disposal costof FLW at an individual levehnd

The costs of FLW more widely

== =8 -8 =9

Some studies go beyond the quiacdition of market value and disposal co3tsis section
additionaly highlights a few examples, including the approach from the FAQg gsscial
accounting matrices and marginal cost abatement curves to Borsodiscussion of rebound
impacts, se&ection 4.1

4.2.1 Market Value of FLW Across Segments of the Food Supply Chain

Error! Reference source not found34 summarizeshe approach taken inracentreportin Canada
FLW (VCMI 2018) for each segment of the supply chain. The report notes that it is important to
identify dl the rdevant sectors and all relevant areas for which FLW needs to be quantified and
valued, includingfor instance FLW for the international hospii&f sector, such as airlines and
cruisesand FLW for institutions such as hospitals, schools astpsi asvell as, say, seafopd
including catch and processing.

Commission for Environmental Cooperation 71


https://www.sciencedirect.com/science/article/pii/S0956053X16305463
https://www.sciencedirect.com/science/article/pii/S0956053X16305463
https://www.sciencedirect.com/science/article/pii/S0956053X16305463
https://www.sciencedirect.com/science/article/pii/S0956053X16305463
http://www.research.lancs.ac.uk/portal/en/publications/greenhouse-gas-emissions-of-food-waste-disposal-options-for-uk-retailers(fccfbac4-72fc-4c8e-9dd8-75b29aa3876a).html
http://www.research.lancs.ac.uk/portal/en/publications/greenhouse-gas-emissions-of-food-waste-disposal-options-for-uk-retailers(fccfbac4-72fc-4c8e-9dd8-75b29aa3876a).html
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The valuation of food waste can require a pragmatic approach to maiesthese of thdata
available and that the appropriateness of simplifying assumditmsdbe assessed relativettee
degre of precision needed.

Table 34. Approach Taken in a 2014 VCMI Report on Canadian FLW for Each Segment of the
Supply Chain

Value chain segment‘ Methodology to estimate the cost of FLW

From field to retailers 1 % FLW * sales of agricultural and seafood products

(includingfield, kadi 1 Works by considering the waste at thedd, processing/packaging stac
gtrggcgzsr']gg/ packaging and transportation/distribution stages as lost sales. Industisedchn

the (unrecovered) % of FLW across these stages.

1 Average % FLW * billions of Canadiardollarsof sales of agricultural
products +billions of dollarsof sales of seafood products)

1 Sales data sourced from Statistics Canada®gnidulture and Agri
Food Canada

transportation/distribution

Restaurants 1 % FLW * spend on food at restaurants
1 The report estimates 10% FLW at restaurants.

1 Average householéxpenditure®n food purchasefiom restaurants in
Canada (from official statistics) * number of households in Canada
*10% (of FLW) = C$ of FLW at restaurants

International catering 1 Not enouglseparatelata for airlines. Numlyeof wasted meals * cost o

(airlines, cruise ships, each meal

medrchant ships, yachts, | ¢ The number of wasted meals was calculated from the number of

and so oj passengers (23.@illion) and by making assumptioaboutthe number
of meals served per passengero] and the percentage that could be
saved (10%)then multiplying by the assumed cost of eatleal and
service C$10), yielding an estimate of the valuevedsted meals on
international flights ofC$47 million.

In the home 1 FLW weight* cheapestetail price for food and drink

9 This has been estimated in Canagtanultiplying estimates of the

quantity of solid food and liquids wasted per person Ki&yramsand
84.6liters) by the price perilogram or literof the cheapest solid food
and liquid C$2 per kg and $0.5 perdit* the population (35.5nillion)
= an estimate of the minimum valoé FLW from retail to plate
(C$14.5billion)

In institutions (hospals, T Not included in the calculation but believed to be signifi¢@uoizby

schools, care facilities, and Guthrie2002

prisons,and so oh

Retail 1 Confidential industry statistics

4.2.2 Using Retail Prices to Estimate the Cost of Household FLW

The approeh above usethelowest retail price perilogramof food to estimate the minimum value
of FLW (in the home). Other approaches are possible to estineataltie of consumer food waste,
depending on data availability and the desired degree of precisiba e§timates. In therlited
Kingdom,for instance, WRAP (2013d) estimdtie cost of household food waste by multiplying
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detailed estimates of avoidalfteod waste at the product leus) detailed estimates of retail prices.
This requirel detailed infomation about the types of food wasted, and a method for linking these
categories of waste to information about food purchases.

A common source for retgilrices might be supermarket websior grocercomparison websites
alternatively it is possiblgo purchase proprietary data, such as Nielsen Homettanor data from
the IRl Consumer NetworkThere are idadvantaget doing this. WRAP (2013d) not#sat:

€ the average pricassed do not take into account the market share of different products
within a food type. As a simple example, a product range may include standard (cheaper) and
premium (more expensive) versions of a product; if one of thesprivduicts is sold in much
higher quantities than the other, then taking a simple average of theice®Ipads to a

distortion in the price of the waste. Specific sales data to take a weighted average based on
sales would be very expensive to purchasktame-consuming to perforrthe analysis.

In some countries, an alternative source would be govetAmeduced household food purchase

statistics. These often include the weight and price of a range of food purchases by households. These
allow (weightedlaverage prices by product type to be clal@d, reflecting the different mix of (say,
standard versipremium) products within a food type.

Prices taken from supermarket websites can be used to supplement the government survey data, or as
an alternativen their absence. Food price inflationdigs (using the consumer price index from the

office for ndional statistics) can be used to inflate the latest survey data to the same period as the
waste estimates.

This yields a price per unit weight of prodietg, per klogram), which is then mulplied by the
corresponding weight of food waste to yieltireates of the value of the food waste.

Strengths ’ Limitations/points to consider
1 Relatively costeffective way of 1 Requireggovernment estimates of food purchases
obtaining financial cost information exist

1 Provides information for differenttypes| f Requires detailed food waste statistics

of food, useful for prioritization and in | ¢ Requires matching of foedraste and foogurchase
campaigns. categories

9 Only as strong as the government ds¢d e.g,
methodological issues pertaining to diaries or
surveys maynfluence results

If there is nadetailed information on the types of food wasted, an alternative approach is to estimate
the average cost of food purcies across all foods. This can be achidwetaking government foed
purchase data and dividing tlwel monetary value of food purchased by the weight of purchases.
This will give an average cost per unit weight (edgllars peikilogram, dollars per pund, taking

into account the differenbbds purchased and the different costs within a food a3t¢gq,

reflecting standard versus premium). This method is much simpler and quicker than that mentioned
above, but less accurate with less granular.data

Strengths Limitations/points to consider
1 Costeffective method 1 No data by differentypes of food
1 Quick to apply 1 Less accurate, especially if average cost of foods

wasted differ from average cost of foods purchas
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4.2.3 Using Retail Prices to Estimate the Cost of FLW Across the Supply Chain

Retail prices are used to estimate the cost of FLW, nbfgusouseholds but also other segments of
the supply chainFor instance, a 2011 paper in theéernational Journabf Food System Dynamics
(Venkat 2011pestimates the economic cost of waste across various stages of the supply chain using
retail pricesRetail pricesvereused because

€ the retail price of a commodity reflects all the value added throughout the valué chain
including agriculure, processig, packaging, distribution and reéaiand provides a very good
measure of the total economic valusbedded in the commodity as delivered to consumers.
Therefore, retail prices are used to uniformly calculag¢eeconomic impact of all avatle
food wase occurring after the production/processing stdgg=ecifically waste at the
distribution, retail andonsumer levels.

In this case, the paper sources prices for food commaodities from the USDA, filling data gaps with
prices from a major onleretailer. Tle quantity of avoidable food waste is estimated at the
distribution, retail and consumer lesélising the lossadusted food availability datfrom the

USDA) and multiplied by the corresponding retail prices.

Another example is thapproach from the USDMBuzby et al. 2014)which estimates the value of
FLW by quantifying the edible amount wasted guatvest (not including farm and fasto-retail

waste) and multiplying by the value of foods as purchased at retail,facesme 20 individual

foods. Tlke USDA valuation includes identifying individual food commoditesdefined in théoss
adjusted fod availability data from the USDA Economic Research Seréstimating national

average retail prices for each individual commo¢htyd inflating priceso the correct year where

only older prices were availabjearrying out some data validaticendthenmultiplying the

estimated price by the food loss estimates (available as amounts per capita, multifled Dy
population to yield total food wagtéor each type of commodity. Here, the retail prices are calculated
from scaleeup consumer panel tta(Nielsen Homescan), where members of the panel report the
quantity of each food they buy and the prices they pay for food consumed afliisrmaethodf
estimating the price for each food is described in a 2012 reysden intricate and timeonsuning
process, particularly because we had to identify and select products to price that were representative
of typical consumption by Americads ( B u 4. B012, 61570 The Homescan dataeused
together with projection factors to caclulate estimatdbe tdal amount spent on and the total
quantity bought of each food by all US households. For each food, thartaiahtspert in a year is

then divded by the quantity sold to give an average pHoe.examplethe data showed that
Americans spert)S$4.074billion in 2008 on 9.89ibio n pounds of unflavored 2% refrigerated fluid
milk, yielding a price ofJS$0.41 per pound. Some foods, such as cafigledrequire conversion

from canned solids to a drained weight. A 2011 refunther explaiedtha afew products were

poorly represented in the 2008 Homescan data and required supplementary data and calculations
(Buzby et al. 2011, 49515).

The WorldBank (internal documeng017) estimates the economic cost of food waste by taking the
perspectivef lost income(i.e., capturing the value of the FLW if retailers had been able to sell the
wasted food at market prices).

Strengths Limitations/points taconsider

1 Costeffective method 1 Requires matching dbod-waste and fooghurchase

§ Data publicly available in many categories
countries I Only as strong as the data ussgime inaccuracies
will be present in most datets
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4.2.4 Market Value of FLW for Individual Businesses

Quantifying the costs for businesses might typically involve working out:

1 The purdasing costs of the incoming food or ingredients
I The costs added to the food within the business (elgting to laboor utilities); and
I The costs asgiated with the disposal, treatment or redistribution of Finlbod surplus.

There are tds in the public domain as well as many private organizatibatoffer services to

quantify and value FLW. The above three categories reflect those foundHntleev i si on Coal it
Food Waste Reduction and Best Practices To(dkiveloped in partnerghwith Enviro-Stewards)

This tool, aimed at manufactureasdprocessors, uses financial information provided by the user

(e.g, on the cost of ingredients antbpgucts), the destinations to which the wasted food goes, and

estimates bthe quantities ofood wased in different stages within a manufacturing process. The

toolkit also estimates environmental impacts, again divided between these three cost types.

In addition, the US EPA provides a food waste managementE®él 201®) thatcan be used to

value FLWfor businesses based on the purchasing cost of the food that ends up wasted. This tool can
also be used to calculate, based on company specific inputtdatasts of disposal as well as the

cost of alternatives (donating, compostirigking irto accout any additional costs (e,dghe costs

involved in separating the FLW, such as liner bags and staff training).

Depending on data availability and thesided degree of precision, it is worth considering how well
the purchasing cost used in tlaazllation can reflect the composition of the food waste. For instance,
if a business buys a mix of expensive meats and cheaper bread to make sandwiches abictatbstly
is wasted, the purchasing cost used to estimate the value of FLW should idealtytheflém

average purchasing costeighted bythe respective amounts wasteauld provide a more
representative estimate than a simple average.

For an even mercomprehensive estimate, it may be possible to include the costs incurred (labor,
utilities and so 0) across the entire organization, whettherse costs adirectly or indirectly
associated with the actual handling of the food. A repoi€anadhn FLW (VCMI 2014)notes that

Businesses cannot experience food waste without incurring associateCap#ts.

investments in infrastructure and inventory, labor across the entire organization (not just in the
processing facility, store, oigdribution ceter), energy, financial charges and reconciling
accounts, disposal fees, price markdowns, repackatyargportation, equipment wear and

tea® these are just some of the supplementary costs associated with food waste that impact
business prittability.

Forexamplejn arecent reporby WRAP and WRITheBusinesase forReducingFoodLoss and
Waste(Harson and MitchelR017) the authors werable to access and to anadyfinancial cost and
benefit data for nearly 1,200 business sites act@scountrieand more than 700 companies in
various food sectorthat had undertaken FLW prevention initiativébey found that the median
benefii cost ratiofor these initiativesvas 14:1(i.e, i f o r USHL éor other relevant currency)
invested inFLW reduction the median company site realizetd8$ 1 4 r)dHe benefits of
reducingFLW included optimized fod or raw material purchased, lower waste collection and waste
management costs, reduced disposal fees, more revenue from greater fomuadsadese. Thisvas
balanced against the costs of taking action (staff costs, consultants, equipment, procgssardesi
S0 01).

Businesses may also take account of the nonfinancial impact of their FLW management. For instance,
members othe board mayiew as impora nt t h escdnuitsutiom te sosiedy (e.ghelping to
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feed the hungry, doingopmethinggoodor t he environment) i f dt is ¢
purposemission and values, or if they see it as valuable from a brand poiievaf v

Spoiler Aert offers aStrategic Guide for Using Data drive food loss and waste reducti§g8goiler

Alert 2017). Spoiler Alert is a software company that helps food businesses manage unsold inventory
and pr ovi -Oased reportifigahd@ntls platform éigned to the FLW Standard, enabling

the realtime trackingofundod i nvent or y &Spoier Alert g0aMKeepinguack bfe 0
the value of amounts landfilledpnated or diverted to animal feed can help to maximize the return on
investment of éod waste reduction initiatives, in particular the choice of how to handle unsold
inventory. Comparig options might reveal opportunities to improve profitabitys part of the

guide focuses on how to reduce financial losses from uisaddtory and @ does not include waste
prevention in the comparisarjor instance, in the hited States donationf unsold food inventory

to qualified orgaizations entitles businesses to tax deductions. This méarastancethatthe

financial saings from donahg the food surplus can be larger than the revenue from selling at a
discount.

The profit margin (&er tax) can then be compared across optidhe disposal option generates a
disposal cost and offers no tax relief and no income. Thationoption dspenses with the disposal
cost and offers tax relief but no income. The liquidation ogfiien seling surplus to a closeout
buyer)dispenses with the disposal cost and offers income but no tax relief (and taxable income is
higher). It ispossible themo work out the tippingpoint liquidation pricethat is,the price at which

the value from liquidatin is the same as the value from donating. Beyond that price, there is an
incentive for the company to liquidaite surplus foodThis appoachhasto corsiderany additional
costs associated with the various options (transport, sepaatiisp oh

A 2016 ReFEDreportnotedthatin 2015the USCongress signed a téxeak package that extended
the eligibility for foodinventoryenhancedax deductions pxéously only available to large
corporationdo a wider array of businesses:

Under the previous stdard food donation deduction, a business could only claim the cost
basis of donated inventory. An enhanced deduction passeig Iedislation allows busesses

to claim both the cost basis and half of potential profits if the inventory could be said at f
market valueé . Tax incentives, whether in the form of credits or deductions, induce farms,
retailers, restaurants, and feeavice providers to undeke the behavioral and operational
changes needed to donate additional food instead of sendirdisptsal. It is expected that
the tax benefits will roughly equal the incremental costs of donation, leading to a net breakeven
financial impact for busireses® There is a lack of data regarding the portion of food donors
that receive tax incentives today [However,] anecdotal evidence from ReFED interviews
suggests that a large portion of businesses may not go through thefatfaining small tax
bendits after donating, which could significantly reduce the net cost of this solution.

A 2016 Harvard Bod Law and Policy Clinic repo(Broad et al. 20lghasa | so poi nt ed out
of liability often drives reticence to dateasafe, wholesome food. &@ donatio is a voluntary act

and wouldbe donors will usually opt for disposal or composting inféoe of uncertainty about their

| i abi | Thergis aprogiskon to that effect in the 1996 Bill Emerson Good Samaritah Fo

Donation Act, which prodes some liability protection for food donations made in good faith.

Whencalculatingestimates oFLW for the wider economy, disposal costs are not always included.
For instance, a 2011 pap®fenkat 2011431 446) estimates lhe economic cost of FLW ardcludes
the market value (based on retail prices) but not disposal Tbstsationale is that

€ most of the food waste is generally landfilled, as assumed in this study. The typical cost
structure for municipal solid wasteltection and disposal in®th America is a flat rate for a
fixed volume of waste (Rosenberg 1996), which makes it difficiduemtify the real disposal
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cost of a marginal increase or decrease in the quantity disposed. Therefore, disposal cost is
excluced from our calculation dhe economic impact of food waste. It should also be noted
that disposal costs are likely to be ngtjlie compared to the retail prices of the wasted
quantities.

Depending orthedata available, in particular on the breakdowthe disposal routes foobd waste
(e.g. landfill, composting, incineration) and the cost (gate fee) for each route, it vesthetess be
possible to derive econonwide estimates for the cost of disposal of FLIWSs indeed possibjend
perhaps likly, that this impact may béwarfed at the economyvide leve| by the market value
impact, given the level of retail prices.

4.2.5 Economy-Wide Approaches

In some cases, for instance when considering the noerittherwiseof government intervention, a
wider set of costs and bdiis can be taken into consideration, such as social and environmental
impacts. Some of these will hbave a market price and cdrerefore be more difficult to value in
monetaryterms butit can nevertheless be important to asessiasaccuratelyaspossible.

For instance, once tlieHG emissions impact has been calculdated common unjtsuch as
equivalent tonnes of carboipaide (seeSection 4.}, the monetary valuef the environmental
impactcan beestimated using so-calledsocialcost of carbonNational government appraisal
guidelinesmay indiatewhich value to ge for tle cost of carbon (e.graded anchontraded
domestic emissions ambn-domestic emissionsgimilarly, national governmemippraisal guidelines
may provide guidance on which benefits and costs to include. For instanck¢asisiand benefits
can in ®me cases be assessed (&ijingness to pay, time savexnt spent) but guidelines may help
draw the line at what is not feiéale or not practical or not proportional to value. Even then, it may be
possible (and advisable)laastto describe the impagcivho s affecied, possibly the direction of the
impact and so onlt is worth noting that these broader approaches might glifferent estimates and
different conclusions from approaches that focus on a narrower set @t$mpa

There are several examples of different types of approaches to do this. The boundeliefsdétsil
and effort requirednustbe assessed in rdlat to the purpose at hand.

A report by the FAQ2014) put a valuein US dollarspna range of envonmental impacts from

FLW including GHG emissions, increased water scarcity, biodiversity riskalth effectsaused by

pesticide exposure, and soibsion and its corollari@sanincreased risk of conflict and loss of
livelihood. The FAQOwascarefulb hi ghl i ght that the results fAmust
as the calculation of nemarket environmental and social costs of food wastagegtobal scale

requires a number of strong assumptjons a | titkalsoypgirtedout that the lack ofuitable

methodologies most likely means that the findings constitute an underestirbatians many

impacts cannot be included. The methodology isdasefull-cost accounting dFLW. Ideally this

might be done in a general equilibrium model withftilecostsof FLWc al cul at ed as ft he
bet ween the aggregateiwvetd Wwelofmatdei cusoeinet y od dc
aggregate netelfare from a hypothetical food system with less food wagtagevhi ch t akes i n
account that & zrddodveastage world is not socially optimal in economic terms, while a

lower but posive level of food wastage.tsHowever, crucial dataremissing to be able to do that,

so the FAO approach provides a (linear) approximation across a wigkeghimpacts.

Natural capital accounting, which puté@ancialvalue to the benefits receivédm natural assets
such as geology, soil, air, water divihg organisms, has gained traction in recent years in some
countries and various measurement roéghare emerging, both at country level and for fifRas.
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instance, the Cambridge Institute fBustainability Leadershipis developing a framework for
businesseto factor natural capital considerations into their business strategies. The proposed metri
takes account of biodiversigndsoil and water impacts.

A different take on this is tlmok at the economic value created when food waste is divieoiadthe

waste streanA 2016 EPA repor2016a)developed avasteinput output model to estimate the

impact on jobs, wagemnd tax revenues of the recovery and recycling of a range of materials such as
paper, metals, glass and food. In the case of fisedyclingd means the delivery of food to people in

need, as well as t h eprotessecanimal fegubnderthguiand animal byi ni mal | y
product processing, biofuels manufacturing, anaerobic digestion, compost manufacturing and
landscape matetiapplicationdo For each of these, the model wuses

volumes, recyclingtatistics, recyclablerpportions, distribution of recyclables), employment and
wage dataand corporate tax data to work out the different impacts.

Another tool involves using social accounting matri@@ampoyMufioz et al. 2017)This study
highlightedthat FLW studies focusnostly on the measurementRIfW itself, to a lesser extent on
estimating the monetary value of the food wasted and, to an evendgsmnt, on putting a value to
the social and environmental costs associated witRlthe. In manycasesFLW is mainly vdued
based on how much it cost to produce and how much it cost to buy.

Some studies might extend the analysisdtimate how muchogiety might be prepared to pay to

avoid the social and environmental cost&b¥ (and the missed @ortunity to make sombking else

with the resources used on the ultimately wasted food). However, the paper argues that this analysis
needstotaketoacc ount At he interactions between actors
entire economy

The approacly CampoyMufiozetali nvol ves a fiénudeav elldoped modiedg a
accounting matriXSAM) with highly disaggregated agriculturalchfood industryaccountdata

(AgroSAMs)d0 whi ch the paper ar gues tpatherdatabsgseda r i cher
other comparative general equilibrium models. The sratiticsand the tools proposed to do this are

arguably more complex thaamr be usefully described hebait it is worth considering some of the

concluding remarks from the wio

The proposed modely approach, instead ofly calculating the monetary value BEW in
production value or retail value terms, can be used to absegspact that a reduction FLW might
have on production, GD&d employmentonsidering the aticture of the economyt can alsde
used to compare impaacross countries, which mighe useful for policy desigio tailor measures
to the speific structure of the economy.

Strengths Limitations/points to consider

1 Provides information on a rangé 1 Requires specialist calculations
important macroeconomic factors

1 Underpins business case at national or
state/provincedvel

20 University of Cambridge Institute for Sustainability Leestép. Healthy ecosystem metric framework:
biodiversity impactAvailable online:<https://www.cisl.cam.ac.uk/resources/publicatfmifs/healthy
ecystemmetricframework.pd#é.
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Another tool that comespun assessing the financial impact of FLW, or more precisely the impact of
FLW interventions, is thenarginal abatement cost curve

A reportby ReFED (2016)ses a marginal food waste abatent cost curve to rank potential
interventions by economic valaad landfill diversion potential and takes account of profit potential
and nonfinancial impacts. Thearginal abatement cost curapproach produces a visual
representation, across intervems, of how much FLW might be diverted compared with the
economicvalue of each interventiopmwhere an interventiomight be for example standardized date
labelingor donation matchingoftware.

An economic model calculates the potential to reduce food waste by stakeholder and by product, the
costs of making changege cost savings from reducing food waste and the new revenue
opportunities. Based on this, the modstimates several metrics, linding the economic value of

each intervention, the business profit potenéialj so on

The paper finds that the valueringrevention and recovery is much higher than the value from
recycling food scraps: edible food puasied at retail is valued @S$1.34perkilogram

(US$5,143.® per tonng, whereas the value has droppetess tharJS$90.72per tomewhen the

food is ready to be thrown away as scraps (where the value represents the avoided disposal fee and
the sale oEnergy and compost).

The repor notes that some interventions create benefits directly for businessggsd@ess dining
which reduces food purchasests). Others have wider benefits but may not present profit
opportunities for businesses. For im&te, tax incentives are typically necessary to stimulate food
donationgincluding through food bankshatbenefit consumer®©thers still have benefitef both
businesses and consumers (espoilage prevention packaging).

Strengths Limitations/pointsto consider

1 Marginal abatement cost curapproach | {1 Requiredetailed information, including the

allows different policies and effectiveness of interventionfew studies have
interventions to be compared measured thesenpacs, so the MACC approach
Supports pridtization exercises relies on many assumptions ahebends othe

appropriateness of these assumptions.

4.2.6 Summary: Financial Impacts

This setion describea wide spectrum of complexity that can be used to estimate the financial
impacts ofFLW andfood surplus.This section also highlights that the financial calculations
undertaken by individual businesses mayadiffom organizations focugjron the wider economy
(e.g, governments, NGOSs).

At the simpler end of the spectrum, calculationslve multiplying the weight dFLW by the cost

per unit weight (e.gMexican pesoger tane). The factors used can takeédraccount a range of
costs,waste management costs, cost of the ingredients, embedded costs added in that supply chain
stage (e.gelectricity, natural gas, labor). In some analyses, wider (less direct costs) have been
included, such as the cost of emyge time relating to food ites being returned from a retailer to a
manufacturer.

The choice of the type of factor to use is vienportant and should reflect the reason for estimating

the financial impact. For example, if the financial impadtlo¥V prewvention is being assessedisit

i mportant to include all the costs thaltowaoul d
better comparison with the costs of preventing that waste ifeigstment in equipment, increased

staff costs)Usingonly waste management costn greatly underestimate the total cost to a
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company of wasting foodnd disguise the potentially whumore lucrative opportunities of waste
preventionupstream of waste management cost saving.

It is also important for businesses to tak® accounthe cost ofactingand, where relevant, to
compare options. Options include upstream waste preventigallaas waste management options.
Various toolsareavailable for free (somare mentionech this report) and there are compartiest
provide these calolations as agid serviceSome businesses may also want to consider taking into
account environmeat and social impacts, drawing from natural capital accounting or other
approaches, as part of their business ethics or as part of sustaining their brand

More complex aalyses exist that examine the impact of diverting or preveRtivg, considering

howan economy may adjust in response to these changes. Existing studies analyze the rebound effect
and interactions between food sectors in the economy. Fhaties are auently few in number and

the estimates they contain are likely to be approximateefifeless, they could help to inform policy
makers of some of the indirect consequences of tackling food waste, including impacts on spending,
GDP and jobseven if the gact scale of these effects is unknown.

For these economyide (or wider) assessmentlere are typically national government guidelines
on impact assessmeahiatmayhaveto be followed to standardize the approach taken. These might
reconmend that allmpacts be considered and that impacts be quantified wherever feasible. Again,
there isan element of proportionality to this. Financial impacts are typically included across all
affected economic agents (citizens, businessesso opandthis report preides a few examples of
avenues to pursue to calculate these. Environmental and isquaaits are now also increasingly
guantified angdwhere possiblanonetized.

4.3 Social and Other Impacts

In addition to environmental and financial imgaof FLW andfoodsurplus, there are social and
other impacts that have been quantified to datesd hee discussed in this section and include
estimating the nutritional content of FLW and the impact on jobs.

4.3.1 Estimating Nutritional Content of FLW and Food Surplus

The link betweemutrition andFLW or food surplus is multifaceted and not straifgintvard. A few
studies have estimated the nutritional conteriLodV/; theseare reviewed below. In addition, there
are nutritional guidelines on food siup being redistributed to people. These are separately
discussed below.

Nutritional Content ofFLW and Food Surplus

Several studies have estimated the energy content of d@scahd wastd.hese calculations give

some indication of scale of the FLW pleim and helps people to visualize the amounts of food being
described. These generally involve takigightbased FLW data by food type and multiplying

the energy content fdhe appropriate food type.

Examples of this approach include Kummu et &1 and Lipinski et al. (2013)heyused data

from FAO (2011) to estimate the energy in FLW by cardity type (Kummu et adid sofor North
AmericaandOceanialLipinski et d. did sofor the whole world). These studies both involved
applyingfactorsfo t he average energy content taken from
different commodif groyps reported by FAQO. Similarly, the energy content of food loss in the retail

and consumption stages in thaited Stateshas been estimated by Buzby, Welisl Hyman (2014).
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This involved taking the estimates in thAREA dataset and applying energy dateriyed from the
USDA National Nutrient Database for Standard Referéhce

In contrast to this approach, the method described by Hall et al. (200Baper 3 undertakes the
guantification of FLW in théJnited Statesusing energy as the primary metric.olther words, FLW
is quantified by subtracting the amount of food consurestitnated in calories, from the food

available, also estimated in caloriesthis case, there is no need to convert the energy of. FLW

A recentstudy by Spiker et al. (201Wpted that, although energy content of FLW is important, it
does not give anynformation on the other nutrients found within food. They argue ticaisfng o
energy mayver represerthe influence of caloetdense foods and underrepresent foods that contai
high levels of micronutrients (e,yegetables, fruits, seafoathd dairy producjs They take
estimated-LW data for retail and consumption phaseghefsupply chain in thenited Statesfrom

t h e U SAFA dasaset and calculate the amount of 2Trimmtsthat go uneateasing the

National Nutrient Database foré®tdard Reference

A similar approach was used to quantify houselfra/@ in the Lhited Kingdom(Cooper et al.
2018). This used WRAPOGs detail ed ahaltatframtheh ous e hc
UK Composition of Fooddataset(UK Compositiorof Foods7th edition).

There are three aspects to assessing the accuracy of theseftgpproaches:

1 Underlying data on FL\Y the accuracy of the nutritional estimate cannot exceedthiaé
FLW data it is based on

1 Nutritional daté given thelengthof time that nutritional data wva been collected and
refined, this will usually be moraccurate than the FLW data, and therefore contribute less to
any inaccuraciesand

1 Matching FLW andhutritional daté@ to perform this type of analysis, nutritional information
mustbe applied to FLW categories. In many cases this is straightforward r lmatnfie food
types it can be more problematic. This is an issue for FLW categories that represgnt food
with a diversgange of nutrients (e.ga category of bread will likely include white bread and
wholemeal bregawith differing levels of fiber and otlemicronutrients).

Metricshave been developed to help understand the amount of nutrients losted.v@&piker etla
(2017) and Cooper et al. (2018) both compare the amount of nutrients inviEthWie recommended
intake for the relevant country. Coopet al. coiredthe termfinutrient days which expressed the
number of days 6 arecontaihed wlith theavdrage aenaunt ofthdusehold food
wasted per person in a year. Previously, a study by the UK Department of Environment, Food and
Rural Affairs compared the amounts of nutrients in UK household food watst¢he amount of
nutrientsin food coming mto UK homes, expressing the ratio as a percerfiagiea 2010) It would

also be possible to compare the amount wastétdwhatis consumed, although no examples of this

have been found.

The choice of comparison (e.gomparingwith recommended intaker with what gets purchased or
consumed) can influence the perceived importance of the FLW of a specific nutrient. For instance, in
the United Kingdom fiber is the most wasted nutrient when compaveed purchases: 22% of fiber
brought inio the homes wasted (Defra 2010). However, fiber is the least wasted nutrient when
comparedvith intake wasted fiber represents 12% of the recommendétent intake. The great
difference between these two results, which could lead to quite diffet@msbeing take, is

21 Seehttps:/catalog.data.gov/daset/usdanationatnutrientdatabasdor-standarereference
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largelybecause ofhe gap between what people purchase (containing relatively low levels of fiber)
and the recommended diet (witlgher levels of fiber), in the kitedKingdomat leastFor this
reasonijt is recommended that nutdnal assessmenbf FLW at the consumption phase compare the
resultswith both purchases and recommended intake to obtain a range of useful metrics.

Theestimates of the nutritional content of FLW can be useful to join up policies, interveatioins
change programs rafed to health and FLW; for instance, creating campaigns around vegetable
consumption could have a doulatifectof reduéng waste and ineasng vegetableconsumption.
However, as noted by Cooper et al.:

With foods that are not associdt@ith suchpositive health outcomes (e.g., sugah foods),

there is a potential conflict between initiatives aimed at reducing waste (e.g., a ssmplisti
approach that asks people to clear their plates) and improving diets. In such cases, initiatives
aimed at helpig people to prepare and serve an appropriate amount of food become important
é.

Neff, Kanter and/andevijvere(2015) discuss at length the nyanteractions between health and

food waste, noting where policies are complementary and situatiartsch they compromise one
another. They conclude that policies aimed at tackling FLW should include voices advocating public
health to ensure these miéis areas work well togeth&imilar, Conrad et al. (2018) analyzed the
amounts of FLW along the pply chain asociated with healthy and less healthy foods. They found

t hat h e alwerh associatetl with gresaterfamounts of food waste and gaeatants of

wasted irrigation water and pesticides, but less cropland waste

In addition to estimatig the nutritional value of FLW, the Greater Vancouver Food Bank has
publishednutritional standards as part of their quality of food guidelinesdt@rv ancouverFood
Bank2016.

Linked to this area is the estimation of the nundfeneals associated Wita given amount of FLW.
Two studies have been found that make this estimation:

T The Provision Coalitionbs Food dntobtefoadn d Wast
to approximate the number of meals: 700 kilocalagiemssumed to constitute a sifgmeal
Althoughit is recognized that the produmingproduced does not necessarily represent a
meal (e.g., sauces or jams), it is intended to brirgy@mess to the calories Igperonal
comnunication Cher MereweatheRrovision Coalition, 2018)
1 WRAP haused the weight of food to approximalbe number of mealsssumindg00 grans
to be a single meal

Both organizations suggest that these appraagive a rough estimate of the number of meals. More
complex methodologies would be required to emshat the FLW in question represented something
recognizable as a meal.

4.3.2 Impacts on Jobs

The relatimship between jobs and FLW, food redistributaom food prevention has been the subject
of a small number of studies.

Onesuch study is the repdoy ReFEDR which includes an estimate of 15,J00s created through
reducing food waste by 20% in the (FSeFED, 2016, 24)These jobs are related toange of
solutions relating to food diversion, the largest two being:

A Jobs in the recycling sector,0®0 jobs)five to 10 permanent employees per facilitguld
berequired for the construction managemeantiection and processing of diverted food
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waste a further 1,600 jobsould be requiredor each milliontonnesof compost relating to
the utilizaton of this materialand

1 Donationstorage andhandling (2,000 jobs)these jobs would be fiood businesseand
within food recovery organizations

The dher job potential is distributed between other solutiomduding centralized anaerobic
digestionand donation transportation.

The ReFED report mentioned that prevention solutions were exdhededise oh lack of data.
Discussion with thé&ood Loss and Waste Measurement Expert Gooupened for this project
suggests that it is very difllt to make a quantitative assessment of the effect of FLW prevention on
jobs and employment. However, some of the experts pointed to the many casadtack

preventing FLW had increased thei@#ncy of a facility, thereby increasing theofitability of that
facility and therefore improving the job security of those employed at that f&éilityis rationale
presentedby the experts is supported the recent studies on the business caserémepting FLW,

which estimate that, for most companiesestment in prevention solutions has a short payback
period (WRAP 2017dianson and Mitchell 2037

The above discussion focuses on the impact of iddalibusinesses taking action to tackle their
FLW. Only one studyassessing the impact on jobs over whole economwas found, the study by
CampoyMufiozet al. (2017) discussed 8ection 4.2 This study assesséte impact of FLW
prevention on jobs in Gemmny, Poland and Spain usiagocial accounting matrixith highly
disaggregated agricultural and food industcgountslata. The results suggest that FLW prevention
will lead to a reduction in employmebécaselower amounts of foowvill be required bythose
sectors that successfully prevent FLW, with aegponding impact on jobs within the sectors that
provide this food to those sectors.

Taking these two perspectives together, this suggests that it imifjeimethe interests of individual
businesss to prevent their own FLW. However, if this occurselgdvithin a country, it will lead to
a reduction in the amount of food required (compavitd a situation where this FLW has not been
prevented). This malead to a shocto the economy that may reie management at a macro level.
It is also clear thahis area would benefit fromoreresearch to understand the implications in a
wider range of scenarios and countries.

4.4  Summary of Estimating Impacts

This chapter has discussed a wide range of methseld to estimate the impaetssociated with

FLW and fad surplus, as well as estimating the benefits or FLW prevention, redistribution of food
surplus and treatment of FLW (rather than disposal). These immpagis from environmental (e,g.
GHG emissions and biodiversity loss), financial (cost to businesseis3ocial (impact on nutrition

and jobs). However, there is a strong interaction between these three interconnectedgdoups
generallya category shdd not be considered in isolation

Many of the methods used for assessing the impact are relaingdie. They involve multiplying
the amount of FLW generated (or the amount of FLW prevengeistributedand so ohby an
impact factor that describdése intensity with which FLW affecthatmetric. Exampledrom the
three categories of impaiciclude carbon factors, which describe tBEIG emissions associatedth

22E.g., those found ahttps://provisioncoalition.com/Resources/FoodWaste/foodlosswastelibrary
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a fixed amount of FLW, the price per twof FLW (to estimate cost) and the nutritiocahtent of
FLW.

At the other endfathe complexity spectrum, models have been developed to expéovarious and
complicated interactions within the food system (and between the food system and other aspects of
the world). These include economic modeélst look at the impact of FLW premtion up and down

the supply chain, as well as modeling phencergurch as the rebound effect.

The chaptehasalso highligheda range of tools that exist that help organizations to estimate these
impacts. Many of thesare freely available; links aregvided in this chapter amdany of the tools
arealso cited in th accompanying practical guide.
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5 Targets,Key Performance Indicatorsand Metrics

Once the baselinfer FLW is quantified, an overarchirtgrgetor objedive can be seby an
organizationKey performance indicato(&PIs) arethenused to determine trsiccess othe
organization in achievintpatobjective or evaluating specific activitiethe use of a welthosen
suite of metrics is important for orgaations wantingd bring about positive changeor example
FLW prevention redistribution or diveiien initiatives.lt is worth noting that the termarget,KPI,
and metric are oftensedinterchangably. Atargetis the goal or overarching objective KPI is
defined as a quani#ble measure used to evaluate performance adghaidargeanda metiic is
defined as a seff criteriathat measure results.

There are aumberof metricsto considerwhichfall into four broad categories:

1 Weight-basedmetrics: the amount of foodoing to a destination, redistributed to people or
prevented, expressed asight and quantified using methods describe@hapter 3

I Impact metrics: expressing the amount of FLW, foodligributed omwasteprevented using
metricsthat describe the impact (e.gnvironmental, sociafinancia) via methods described
in Chapter4.

9 Facilitating metrics: tracking changes that are ne@yggo bring about a desired change.
Examples includéhe proportion of staff trained to prevent FL@,frequency of line
failures.

9 Indirect metrics: Measurement of indirect impacts of preventionjstibution or diversion
activities(e.g, in primaryproduction, the amount of a commaodity produoedold per unit
inputd e.g, fertilizer, acre of land which should increase as FLW is decreasdibther
things being equal

Organizations monitang progress toward their chosen geahmanage this pross (and
communicate success) more effectively if they heavange of appropriate metrics; considerat
should be given to metriéeom all four categories.

This chapter discusses these four typam@tic and provides examples of their us&lorth Ameica

and beyond. In addition to these categories, the chapter also discusses important issudgto cons
when choosing key performance metrics, including those relating scope (what to include)cfrequen
of measurement and normalization.

5.1 Weight-based Metrics

Weightbasedmetrics track the amount of FL\Wf food surpludeing generatedhe amount gaig to
specific destinations or redistributex the amount of FLW being prevented. They are arguakly
single most important type of meti@ssuming tb metric has the right scope and is measured
accurately)as they directly measure the change beingeated. Theysually form the basis for
estimating impact metrig$ection 5.2, so are necessary to derive these

The scope of a weighitased metric is crucial to its appropriateness. As discussed extensively in
Chapter 2and elsewheré&Pls ould bedesigned to align with the desired outcomes of an
organization. Takig a simplistic example, if a manufacturer is targeting source reduction ofté¢-LW
increase its conveion of ingredients to a saleable product, therightbasedargetshouldbe
tracked. That target should ihedethe amount of FLW generated to all nedat destinations and also
includesfood surplus redistributed for animal feed and human consumption.

Weightbased metrics can be tracked at a range of scales. In a business, thelse taaked at a
corporate level (i.efor the whole business), dtd facility level (e.g.for an individual factory) or for
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individual processes (e,@ particular poduction line, or even one stage within that line). The
decision about which levele tmonitor will depend on what a business is trying to achieve:

9 Identifying problems and estimating return: requiresapproximate estimates of amount of
FLW for differenttypes of facilityand processes within facilitieBhis requirementnay not
necessitalong-term monitoring.

1 Monitoring implementation: if a change is nde,for examplea technical change made
to a process dp training to change how people interadth a process, focused monitoring
may be required to assess the effectiveness aféuege. This may require frequent
monitoring (e.g.daily, weekly) @ the process(es) affected over a relatively short period of
time (long enough to assess whetherdésired change has occurred and whether it is stable).

9 Corporate reporting and commurication: this requires collation of information for a whole
businessusuallyquarterly or annuallythat allows the company to understand its overall
progress toward itrgets, report these to other organizations, (i€ gart of a wider
agreement) angotentially,communicate them publicly.

Most of the examples of wght-based metrics in the public domain come from this latter category
corporate targets that agpb a whole organizatiotn addition, there arseverakase studies relating
to specific changes in a facility; while these are not specifically KBIth@y do not represent
ongoing monitoring with targets), they show the results of monitoring iticel change
management.

5.1.1 Primary Production

KPIsrelating solely to primary production are limited. This is partly becauelthand preharves
losses can be difficult to quantify; for instance, foodlegitluring harvest is by definition not
collected and therefore not possible to weigh, althahglamount can be estimated by comparing
averagecrop yieldper hectarand amount harvestgur hectare It is also rarely a produd@rpriority
to develop this metric, with more emphasis insteadga on total crop harvesteah example of an
indirect netric (Section 5.4. Where posharvest KPIs exist for pnary production, they mostly form
a subsection of a wider FLW target.

No weight-basedargets spedit to North America were found in the public dom#n primary
production However, Sustainable Development Gb2l3 includes the aim teduce food loses
along production and supply chains, including gastvest lossedand themethods foiquantifying
this have been proposed in tfadlossindex methodogy. This is an unquantified indicator (i,e.
there is no target for the scale of reduction); éwev, it does provide a directional goal.

The UhitedKingdoni based retailer Tesco does publish daid&bW at each stage @6 supply

chain. This includes a calculation of thefield losses of five priority products (apples, bagged salad,
bakery, banarsandgrapes) (Tesco 2014). This information helpstoinforms c o 6 s br oader
halve food wast@ their supply chains by 2030 (Tesco 2618

5.1.2 Processing and Manufacturing

Food processors and manufacturers have pledged to track a range o ralettileg to FLW. In the

United States these metrics ofteconformto the Food Loss and Waste 2030ampion pledge,

which is a public commitment to reduce food waste and loss by 50% by 2030. There are currently 21
signatoriegknown as the 2030 Champigns i ncl udi n g dhpampabdEonAgdas Soup
Foods. Withn this commitment, these companies halge set KPIs more specific to their own

operations, including:
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T Campbel |l 6s SRedupela@diillnopf@od waste from manufiaing operations by
50%by 2025 (Lillard 2017). Methods to achieve this include néigoring production
equipment to decrsa ingredient waste during processing (food waste prevention), and
diversion to animal feed (reuse) (Qaimell Soup Compang018)

1 ConAgra FoodsReduce wate generated in facilities by one billion pounds by 2020
including preventing food waste in prodwstiand diversion to animal feed (ConAgra Foods
2016)

A similar targethas been set ihe Canadian companylaple Leaf Foods, wbh has committed to
reduchgwaste to landfill in manufacturing facilities by 50% 2925 (2015 baseline yeafurrent
effortsfocus onthediversion of waste food to biodigesters for energy recovery and fertilizer
production (Maple Leaf 20173s well as food waste preventionessnents within selected
manufacturing plantdvieanwhile, he US retailer and producer Publix has smaccommitment to

divert by-products from its dairy and bakery manufacturing plants to animal feed (unquantified target
in publicly available data) (Publi2018. In addition to reducing food loss and waste by s34rall,

the food manufacturer, Kellogglsa aims to reduce total waste in its manufacturing piéby< 5%

per metric tonne of food produaiby 2020 (Kellogg 2017).

As is clear from the above amples, diversion from landfill is the main KPI of the epdes found

for the processing and manufaghg stage. Exceptions to this do exist, including several North
American manufacturers who have engaged thi#®Canadeéb a s ed Pr ovi dFoodbessCoal i t i
and Waste Toolkifbased orEnviroSt e wa r d s 0-baged appreaplandthe KPI1 Dashboard®
Among other actions, the FLW toolkit helps businesses to identify inefficiencies in prodixetion
contribute to food loss and waste (Provision Coaliioh8c) Manufacturers using thedlkit can
guantify FLW by weight, cost (of all resources wasted;sioply disposal cost), electricity and water
use,embedded and added GHG emissiand calorific valueThese values can then be monitored
and tracked osr time in the KPI Dashboaf@rovision Coalition 2018). Manufacturers using the
toolkit can quantifyfFLW not onlyby weight,but alsocost (of all resources wasted; not simply
disposal cost), electricity and water @swl calorific valu€seeSection 5.9.

Several case studiesing this tookxist, including ondrom Fruition Fruit and Fills, a manufacturing
plant owned by Tim Hortonisic. The case study was developed by En@tewardsFruition Fruit

and Fills pioted efficiency initiatives at$ production plant, which successfully reduced food waste
by 80%and GHG emissions by 30%s well as giving a 260% financial return on investment (Clean
502014. Similar metrics were used to quantify FLW prevention aéomanufacturers, including
Campbell Soup Company{2018), Byblos Bakery (2017), Calgary Italian Baké.td. (2017) and

Hans Dairy (2018jProvision Coalition 2018aHans Dairy was able to quantify its potential savings
in raw milk loss (by liter)finandal savingsincluding embedded environmental reductions, energy,
water and GHG reductionandanequivalent number of meals based on calorific content (Provision
Coalition 2018®). Althoughthese metrics have not formed a publiEging target like mangf the
otherKPlIs, these metrics are applicable to other industriescantti be used in this waiNetwork

for BusinessSustainability2014).

5.1.3 Wholesale and Distribution

Distribution is rarely considered in isolatidrecause ofelatively low levelsof FLW in many
countries and the fact that distribution is often managed by another stage of thekapp(e.g.

23 See https://sms.praisioncoalitioncom/tools/kpidashboard
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