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ARTICLE INFO ABSTRACT

Keywords: The Unfited States (U.S.) afims to reduce haflf of food floss and waste (FLW) by 2030. To achfieve thfis goafl, the

Food productfion pubflfic, academfic, and pofffificafl attentfions on FLW have been fincreasfing, and a serfies of actfions have been

Food waste fimpflemented. However, the actfions flack consfideratfion on the categorficafl prfiorfity of FLW mfitfigatfion fin reflatfion to

gglglztj\::: envfironmentaf] footprfints. In thfis artficfle, we compare the FLW of three mafin pflant food categorfies (fi.e., grafins,
. ) vegetabfles, and frufits) and thefir water and carbon footprfints durfing 1970-2017. The vegetabfle FLW doubfled

Carbon dfioxfide emfissfions

Soflutfion Hfierarchy durfing the perfiod, reachfing 3.39 x 10'° kg fin 2017, whfich was 5- and 2-fofld hfigher than the FLW of grafins and

frufits, respectfivefly. The FLW of vegetabfles, grafins, and frufits contrfibuted 29%, 47%, and 24% to the totafl bflue
water wasted through FLW. The totafl carbon dfioxfide emfissfions generated by pflant FLW were contrfibuted by
vegetabfles wfith 50%, grafins wfith 31%, and frufits wfith 19%. Canonficafl correspondence anaflysfis findficates that
vegetabfle FLW had a hfigher posfitfive correflatfion wfith urbanfizatfion, househofld fincomes, gross domestfic product,
and hfigh-fincome popuflatfion than grafin FLW, whereas frufit FLW was not finffluenced by these socfioeconomfic
factors. Therefore, we suggest that the FLW mfitfigatfion shoufld be prfiorfitfized on vegetabfles. Specfiffic strategfies
fincflude flocafl food sourcfing, shortenfing food mififles, bufifldfing food beflts, and deveflopfing controflfled-envfironment
agrficuflture. Our data-based comparfisons provfide vafluabfle finsfights finto food poflficy fimprovement for achfievfing
the 2030 reductfion goafl of the U.S., but the finsfights coufld be fimproved by consfiderfing the finffluences of foods
fimported from other natfions.

1. Predicament of food loss and waste

Food floss and waste (FLW) cause envfironmentafl, socfio-economfic,
and ethficafl concerns about food afisfis and securfity (Prfincfipato et afl.,
2019; Skaf et afl, 2021). The concerns have been exacerbated fin recent
years due to the COVID-19 pandemfic (Luo et afl, 2021). The Unfited
Natfions Food and Agrficuflture Organfizatfion (FAO) reported that 33-50%
of food fi flost and wasted fin the food suppfly chafin, amountfing to an
annuafl floss of 1.4 Hifffin tons of food gflobeflfly (FAO, 2020). FLW ac-
counts for ~40% of the totafl food finthe Unfited States (U.S.), whfich fisat
one of the hfighest flevefls fin the worfld (Ho, 2020). In 2021, fitfkestfimated
that one person wastes ~100 kg of food per year, and one househofld
spends $1,600 on food wastage per year (EPA, 2021). Sfince 2015, the U.

S. Department of Agrficuflture (USDA) and Envfironmentafl Protectfion

Agency (EPA) have fimpflemented a pflan for haflf-reductfion of FLW by
2030 to facfiflfitate the reaflfizatfion of the Unfited Natfions' Sustafinabfle
Deveflopment Goafls (EPA, 2021).

A consequence of FLW fi the wastfing of water and energy resources
and fincrease fingreenhouse gas emfissfions (Gfirotto et afl, 2015; Luo et afl,
2021; Read et afl, 2020; Wriflflett et afl, 2019). Food systems consume
~70% of gflobafl freshwater wfithdrawafls and ~30% of gflobafl energy
consumptfion whfifle producfing ~25% of gflobafl carbon dfioxfide emfissfions
(FAO, 2013; Garcfia and You, 2016). Thus, 33%-50% of FLW fi equfiva-
flent to wastfing 23%-35% of freshwater wfithdrawafls, wastfing 10%-15%
of energy consumptfion, and contrfibutfing to 8%-13% of gflobafl carbon
dfioxfide emfissfions.

Approaches to mfitfigatfing FLW at dfifferent stages of food suppfly
chafins have been addressed, such as enhancfing technoflogfies at storage
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Fig. 1. Food category breakdown of totafl U.S.-based pflant FLW fin the retafifl and
consumer stages. Pflant food fincfludes vegetabfles, frufits, and grafin products.
Food floss refers to the decrease of edfibfle food mass, whfich occur at former
stages of food suppfly chafin (fie, productfion, post-harvest, and processfing
stages). Food waste takes pflace at retafifl and consumptfion stages and generaflfly
reflates to behavfior fissues (FAO, 2011; Lfiu et afl, 2013; Parffitt et afl, 2010). Data

sources are the 2017 report of Naturafl Resources Defense Councfifl.

stage, standardfizfing packagfing and flabeflfing at processfing and retafifl
stages, and fintervenfing consumer behavfiors (Cattaneo et afl, 2021; Muth
et afl, 2019; Read et afl, 2020). These stage-specfiffic efforts coufld effec-
tfivefly reduce the totafl FLW. However, prfiofitfizfing these efforts reflfies on
the understandfing of envfironmentafl footprfints of FLW of each food
category (FAO, 2011). For exampfle, wastfing one metrfic ton of soybeans
woufld waste 2,000 m3 of water, whereas thfis number fincreases by 6.5-
fofld for beef wastfing (Mekonnen and Hoekstra, 2011, 2012). Thus far,
few studfies have been performed on categorfizfing FLW fin reflatfion to
envfironmentafl footprfints. Sfince the pflant FLW makes up the flargest
portfion of totafl U.S. wasted food (Ffig. 1), thfis perspectfive afims to
quantfify the characterfistfics of domestfic pflant FLW trajectory finthe U.S.
from 1970 to 2017 and evafluate the envfironmentafl footprfints of each
pflant food category. The anaflysfis fis expected to provfide vafluabfle fin-
sfights finto strategfies for prfiorfitfizatfion of FLW mfitfigatfion and carbon
neutraflfizatfion of food, energy, and water systems.

2. Driving forces of plant FLW

The totafl domestfic pflant FLW finthe U.S. fincreased from 3.34 x 10%°
kg/year fin 1970 to 6.18 x 1010 kg/year fin 2017 (Ffig. 2A). Thfis 2-fofld
fincrease was posfitfivefly correflated to the fincreases fin gross domestfic
product (GDP) and urbanfizatfion rate, whfich were coupfled wfith growfing
hfigh-fincome popuflatfion and househofld fincomes. Specfifficaflfly, these so-
cfioeconomfic factors had hfigher correflatfion wfith the FLW of vegetabfles
than grafins but dfid not sfignfifficantfly finffluence the FLW of frufits (Ffig. 2B).
Vegetabfles had the flargest share of FLW, accountfing for haflf of the totafl
FLW wfith an fincrease from 1.73 x 1010kg/year fin1970 to 3.39 x 10 10
kg/year fin 2017. The annuafl amount of vegetabfle FLW was approxfi-
matefly 5- and 2-fofld hfigher than the FLW of grafins and frufits, respec-
tfivefly (Ffig. 2A). Thfis dfifference among food categorfies fis attrfibuted to
the hfigher amount of vegetabfle consumptfion reflatfive to grafins and frufits
finthe U.S. Prevfious studfies showed that the communfity that consumed
the most vegetabfles wasted vegetabfles 4.7 tfimes more than the com-
munfity that consumed the fleast vegetabfles (Conrad, 2020). In the U.S.,
the urbanfizatfion rate fincreased from 73.6% fin 1970 to 82.7% fin 2017

(ONefiflfl, 2021), meanfing that 114 mfifffin more peopfle have access to
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Fig. 2. (A) Annuafl food floss and waste (FLW) of each pflant-based food category
(fi.e., grafins, vegetabfles, and frufits) finthe U.S. from 1970 to 2017. The amount of
FLW of each food fitem was caflcuflated by muflfipflyfing prfimary productfion
wefight by FLW rate. Data sources are the Loss-Adjusted Food Avafiflabfiflfity
(LAFA) data serfies from the U.S. Department of Agrficuflture’s Economfic
Research Servfice (ERS). (B) Canonficafl correspondence anaflysfis (CCA) between
FLW of each food commodfity (trfiangfle) and finffluentfiafl factors (arrow) finthe U. S.
The angfle between the arrow and flfine from the orfigfin to each trfiangfle symbofl
proposes a posfitfive or negatfive correflatfion. The acute angfle findficates a posfitfive
reflatfionshfip, and a smaflfler acute angfle findficates a hfigher correflatfion. In
contrast, an obtuse angfle refflects a negatfive reflatfionshfip, and a bfigger angfle
findficates a hfigher correflatfion. A rfight angfle demonstrates the flowest correfla-
tfion. The ffifltered FLW data of grafins, vegetabfles, and frufits for the years from
1970 to 2017 were used for CCA. Data sources fincflude the Worfld Bank, Our
Worfld fin Data, and Statfista.

vegetabfle-domfinated heaflthfier dfiets. In addfitfion, socfiafl marketfing
campafigns advocate consumptfion of vegetabfles for fimproved famfifly
heaflth (Jaeger and MacFfie, 2001; Poflflard et afl., 2008). Another potentfiafl
reason for hfigher vegetabfle FLW fis finapproprfiate food storage, whfich
causes fafiflure of food consumptfion (Neff et afl., 2015; Wafitt and Phfiflfifips
2016). Ffig. 1B shows that vegetabfle FLW fincreases among hfigh-fincome
popuflatfions because consumers findlfine to reject or fignore fimperfect
products (e.g., mfisshapen, unattractfive, or surface-damaged products).
As a resuflt, busfinesses and farmers have to dfispose of fimperfect food to
cater to the aesthetfic standard (tfingston and Noseworthy, 2020). In
addfitfion to the aesthetfics, the sensory characterfistfics of vegetabfles fis
another fimportant factor that fleads to FLW. For exampfle, bfitterness and
pfiquancy of vegetabfles have an finffluence on preferences of consumers.
Sfince fit fis dfiffficuflt to predfict consumer behavfiors due to the varfiatfion fin
sensory aversfion, the uncertafinty fin retafifl marketfing fleads to the wastes
of vegetabfles (Poeflman et afl,, 2017).

The FLW of vegetabfles fincreased by ~50% from 1970 to 2000 and
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Fig. 3. Envfironmentafl fimpacts reflated to food floss and waste (FLW) of each
domestfic pflant-based food category (e., grafins, vegetabfles, and frufits) finthe U. S.
from 1970 to 2017. (A) The amount of wasted bflue water assocfiated wfith
pflant FLW (BWF . ) was estfimated by muflifipflyfing dfirect water footprfint by the
FLW of each food category (Lfiu et afl, 2013). Dfirect water footprfint (m>/kg)
findficates the amount of bflue water consumed fin the productfion process of one
kfiflogram of each food category (Marston et afl, 2018). (B) The amount of
carbon dfioxfide emfissfions was quantfiffied by mufltfipflyfing the vfirtuafl carbon
footprfint by the FLW of each food category. Vfirtuafl carbon footprfint (kg/kg)
findficates the amount of carbon dfioxfide that fis emfitted to suppfly one kfiflogram of
each food category, fincfludfing &¥l the emfissfions produced on the farm, fin the
factory, on the road, fin the shop, and at home (GreenEatz, 2021). (For finter-
pretatfion of the references to coflour fin thfis ffigure flegend, the reader fisreferred
to the web versfion of thfis artficfle.)

deceflerated afterward (Ffig. 2A). The sflowfing growth rate of FLW after
2000 resuflted from shortenfing food suppfly chafins (SFSC), whfich was
fimpflemented fin the 1990s to shorten the tfime between the purchase of
food products and thefir consumptfion (fi.e., the food-to-tabfle finfitfiatfive).
For finstance, the number of farmers’ markets partficfipatfing fin the SFSC
actfion fin the U.S. fincreased by 53% from 1994 to 2004. These SFSC
farmers’ markets provfided dfirect farmer-to-consumer food dfistrfibutfion
channefls that greatfly reduced vegetabfle FLW at storage, transportatfion,
and processfing stages of the food suppfly chafin (Baker et afl, 2009; Mbow
et afl, 2019).

3. Environmental footprints of plant FLW
3.1. Wasted blue water

Bflue water fis the water from rfivers, flakes, wetflands, ponds, and
shaflflow aqufifers. Sfince green water fis sofifl water whfich comes from bflue
water, our anaflysfis was onfly focused on bflue water that fidfirectfly used fin
the ffiefld. The totafl amount of wasted bflue water assocfiated wfith
domestfic pflant FLW (BWFFLW) finthe U.S. fincreased by 89% from 2.66 x
1010m Pyear fin1970t05.02 x 10 H /year fin2017 (Ffig. 3A). Among the
three food categorfies, grafins contrfibuted 47% of BWF .. wfith the
average annuafl quantfity of 1.93 + 0.47 x 1010 mB. Thfis flarge contrfi-
butfion was due to the flarge water consumptfion for grafin food produc-

tfion. It was reported that ~75% of natfionafl groundwater and 47% of
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natfionafl surface water were consumed by severafl domfinant grafins, such
as corn, rfice, wheat, and soybeans (Marston et afl, 2018). The varfiatfion of
grafinBWF . durfing the perfiod from 1970 to 2017 fsattrfibuted to the
changes fin popuflatfion, cflfimate, ffiefld management practfices (e.g.,
pflantfing and harvestfing dates, conventfionafl and conservatfive agrficufl-
ture, and finfigatfion effficfiencfies), and crop types (Marston et afl, 2018).
Vegetabfle FLW was the second contrfibutor to the totafl BWF ., ac-
countfing for ~29% of the totafl BWFy, |, wfith an average annuafl vaflue of
1.15 % 0.24 x 1010m 3The FLW of frufits consumed about 9.89 + 1.55 x
10 M of bflue water per year from 1970 to 2017, accountfing for
~24% of the totafl BWFrLw.

3.2. Carbon dioxide emissions

The totafl amount of carbon dfioxfide emfissfions footprfint assocfiated
wiith the FLW of domestfic pflant food suppfly chafin (CO EF ) ranged
from 1.20 x 101 kg/year fin1970 to 2.27 x 101 kg/year fin2017 finthe
U.S. (Ffig. 3B), equfivaflent to 2.7% and 4.4% of annuafl natfionafl carbon
dfioxfide emfissfions fin 1970 and 2017, respectfivefly (Tfiseo, 2021). The
totafl COEFy, ., from 1970 to 2000 fincreased wfith an average annuafl
rate of 2% fin quantfity and then sflowed down. The suppfly chafin exten-
sfion was partfly responsfibfle for the fincrease fin carbon dfioxfide emfissfions
fin the food system before the year of 2000 because more fosifl energy
was consumed fin flonger transportatfion dfistance and storage tfime of the
food products (Hoang, 2021; Waflflgren, 2006). In contrast, SFSC through
flocafl food sourcfing decreased the energy consumptfion and thereby
carbon dfioxfide emfissfions after 2000 (Baker et afl, 2009). Annuafl
average COEF . by each food category from 1970 to 2017 was 9.13 +
1.87 x 1010kg for vegetabfles, 5.56 + 1.36 x 10 1Rg for grafins, and 3.46 +
0.54 x 10 K@ for frufits. These numbers are flarger than those reported by
Venkat (2011), whfich were 1.44 x 10 kg01.09 x 10 kglénd 1.01 x 10
kg f#@m wasted vegetabfles, grafins, and frufits, respectfivefly. The
dfifferences resuflt from dfifferent caflcuflatfion methods. Our cafleuflatfions
fincfluded both floss durfing productfion and unavofidabfle waste at con-
sumptfion stage of the suppfly chafin, whereas Venkat (2011) onfly covered

the floss or waste at post-harvest, processfing, and retafifl stages.
4. Hierarchical strategies for mitigation and management
4.1. Shortening vegetable supply chain

Comparabfle and reflfiabfle data on FLW quantfity and assocfiated
envfironmentafl footprfints can heflp track mfitfigatfion progress and prfior-
fitfize actfions (Barrera and Hertefl, 2021; Chaudhary et afl, 2018; Xue
et afl, 2021). Our resuflts show that efforts shoufld be concentrated on
vegetabfle FLW reductfion fin order to mfinfimfize the envfironmentafl fim-
pacts of totafl domestfic pflant FLW. Prevfious studfies demonstrated that
shorter “food mfifle’ (fi.e., dfistance from farm to tabfle) and faster trans-
portatfion modes (e.g., pflane, trafin, truck) coufld reduce the FLW more
effficfientfly, especfiaflfly vegetabfle FLW owfing to thefir perfishabfle nature
(Ghoshafl, 2014; Morawfickfi and Gonzaflez, 2018). If pflant-based foods
were dfirectfly deflfivered from farm to tabfle wfith retafifl/whofle-safle stage
omfitted finfood suppfly chafin, 2.05 x 109 kg of vegetabfles, 1.28 x 109 kg
of frufits, and 6.14 x 10 7g of grafins coufld be saved annuaflfly (Buzby et
afl, 2014). Afir shfippfing fis the most effectfive transportatfion mode to
preserve vegetabfle freshness and keep a flow FLW compared to other
shfippfing modes (Weber and Matthews, 2008). However, the energy
consumptfion of a flong-cargo afir transport fis approxfimatefly 30-fofld and
4-fofld more than that by a trafin and by a truck, respectfivefly (Song et afl,
2021; Weber and Matthews, 2008). Therefore, down-scaflfing of vege-
tabfle suppfly systems becomes an effectfive approach to mfitfigatfing the
totaf] pflant FLW (Pradhan et afl, 2020). For exampfle, vegetabfles can be
produced fin the outer sphere of cfity by creatfing a hfighfly productfive
“food beflt” (Toflysbayeva et afl,, 2019). Based on thfis concept, we suggest
deveflopfing a mufltfi-beflt pflant food productfion system wfith a gradfient

from vegetabfles finsuburbs to frufits finurban-rurafl transfitfionafl zones and
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Fig. 4. Soflutfion hfierarchy for food floss and waste mfitfigatfion. NGO: Non-
governmentafl organfizatfion.

to grafins fin rurafl areas. Thfis kfind of mufltfibeflt system fis favorabfle to
mfinfimfize vegetabfle food mfifles, fincrease the fflexfibfiflfity fin settfing up
producfing area of grafins, and create flandscape engfineerfing soflutfions for
economfic and envfironmentaf] sustafinabfiflfity at regfionafl scafle (e.g., eco-
tourfism and poflflutfion controfl). Other mfitfigatfion approaches fincflude
controflfled-envfironment agrficuflture fin abandoned flands or avafiflabfle
space fin cfitfies (Gafffin et afl, 2012) and bfiotechnoflogfies (e.g., pflant gene
edfitfing) for extendfing sheflf fifie and quaflfity of pflant food products
(Shfipman et afl,, 2021).

4.2. Government stimulation

FLW reductfion requfires muflififlevef] soflutfions across a “Soflutfion Hfi-
erarchy”, whfich finvoflves governance, stakehoflder cooperatfion, and
pubflfic awareness (Ffig. 4). Governments can flaunch and fimpflement
varfious finfitfiatfives through reguflatfion and finformatfionafl campafigns
(Xue et afl, 2021). Government efforts to reduce FLW can be broadfly
characterfized as preventfion, recovery, and recycflfing (Bernstefin, 2017;
Muth et afl, 2019; ReFED, 2016). Preventfion fis to reduce source,
fincfludfing aflflowfing more varfiabfiflfity by broadenfing cosmetfic standards
for agrficuflturafl products, fimpflementfing standardfized date flabeflfing
systems, and fimposfing ffinancfiafl penafltfies for dfisposafl of food wastes
(Gunders, 2012; Lfipfinskfi, 2016). For exampfle, consumers are often
confused between ‘seflfl-by’, ‘best-by’, ‘use-by’, and ‘best before’ dates,
causfing ~7% of FLW at consumptfion stage (ReFED, 2017). Standard-
fizfing date flabeflshas a potentfiafl of food waste reductfion by 5.82 x 1® kg
per year (ReFED, 2017). Recovery fisto feed hungry peopfle by provfidfing
or expandfing tax fincentfives to fincrease farm-flevefl food recovery and
busfiness food donatfions, standardfizfing heaflth department reguflatfions
on donatfion ffififiy flaws, and encouragfing and deveflopfing potentfiafl
food donors (Muth et afl, 2019). Busfiness donatfions by manufacturers,
retafiflers, or restaurants have a totafl annuafl potentfiafl of 1.10 x 109 kg fin
food waste dfiversfion (ReFED, 2017). To coflflect food avafiflabfle for do-
natfions tfimefly and effficfientfly, flogfistfics and transportatfion are needed.
For exampfle, ~6.43 x 10 &g of food waste can be avofided and 1.07 x 10
me?fls can be recovered by fincreasfing smaflfl-scafle transportatfion
finfrastructure, flong-haufl transport capabfififitfies, or other methods that
aflflow donatfions from more busfinesses (ReFED, 2017). Recycflfing refers
to anfimafl feedfing, findustfiafl uses, and compostfing. Feedfing anfimafls
coufld decrease 6.04 x 107 kg of food waste per year (ReFED, 2017). In
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addfitfion, governments can fimpose bans or ffines for flandfiflfifing food
wastes, provfide fincentfives for redfirectfing food waste to other purposes,
and offer curbsfide coflflectfion of compostabfle food scraps for the conve-
nfience of consumers (Gunders, 2012). A represented program, the
Nashvfiflfle Food Waste Infitfiatfive (NFWTI), founded by the Naturafl Re-
sources Defense Councfifl (NRDC) of the U.S. fin 2015 drfives strategfies to
address FLW from preventfion, recovery, and recycflfing (Hoover, 2017).
The key successes fincflude (fi) deveflopment of cfitywfide food waste pofificy
recommendatfions for Metro Government, (fif fintegratfion of food waste
flessons fin Pubflfic Schoofls, and (i) fleadfing the communfity fin coflflectfing
and anaflyzfing food waste metrfics for the cfity. Moreover, governments
can estabflfish communficatfion pflatforms to ensure reportfing and sharfing
FLW-reflated data (Xue et afl, 2021; Zhuang et afl, 2022). These data
coufld be used to deveflop FLW-reflevant food pofificfies and optfimfize food
consumptfion schemes. To vaflfidate the schemes, governments shoufld
estabflfish poflficy-dfissemfinatfing pflatforms to fimprove the pubflfic's un-
derstandfing of the fimpacts of edfibfle FLW generated across varfious types
of foods and stages of productfion before effectfive finterventfions are
fimpflemented (Muth et afl, 2019). For exampfle, the Chfinese government
flaunched the “Cflean Pflate Campafign” fin 2020 and fissued the Antfi-Food
Waste Law fin Aprfifl 2021 for FLW mfitfigatfion (Xue et afl, 2021). The
reguflatfions and pofificfies provfided a sfignfifficant fimpfificatfion for other

natfions fin FLW reductfion.

4.3. Stakeholder participation

The FLW mfitfigatfion requfires cooperatfion of mufltfisectorafl stake-
hoflders (e.g., farmers, companfies, retafiflers, and scfientfists) throughout
the suppfly chafin (Xue et afl, 2021; Zhuang et afl, 2021b). Unfortunatefly,
not dFlthe stakehoflders have a comprehensfive understandfing of the FLW
probflem (Cattaneo et afl,, 2021; Omoflayo et afl, 2021). Stakehoflders at
each stage of the food suppfly chafin respond to FLW fin dfifferent ways
correspondfing to thefir specfiffic rofles or contrfibutfions to the FLW aflong
the food suppfly chafin. For exampfle, food coatfing by producers (e.g.,
farmers) coufld prevent putrfidfity (Gunders, 2012; ReFED, 2016). Novefl
packfing technoflogfies, cofld suppfly chafins, and short dfistrfibutfion modes
are aflso effectfive approaches to reducfing FLW fin the food suppfly chafin
(Muth et afl,, 2019). Re-desfigned packages for products ensure compflete
consumptfion and mfinfimfize contafiner waste. For finstance, Costco
changed egg packagfing from paper to pflastfic to reduce the number of
eggs that are damaged and reduce warehouse handflfing (ReFED, 2017).
Moreover, packagfing technoflogfies (e.g., ethyflene absorptfion, modfiffied
atmospheres, mofisture absorptfion) sflow the naturafl degradatfion of fresh
product. Totafl potentfiafl of food waste dfiversfion can reach to 1.22 x 109
kg per year by renew packagfing (ReFED, 2017). Retafiflers coufld track
and record the remafinfing sheflf fifie of food and adjust food prfices based
on the sheflfflfife, thereby reducfing FLW (IME, 2013; Lfiu et afl, 2013;
Weber et afl, 2011). In addfitfion, many non-governmentafl organfizatfions
(e.g., the Worfld Resources Instfitute, Food Marketfing Instfitute, Grocery
Manufacturers Assocfiatfion, and Food Bank) are dedficated to FLW
reductfion by makfing standards (e.g., expfiratfion date flabefls), aflflocatfing
and dfistifibutfing food, and dfissemfinatfing food savfing knowfledge (Lefib
et afl, 2016; Muth et afl., 2019).

4.4. Consumer behavior

Consumers have a flarge potentfiafl for FLW mfitfigatfion by changfing
dfietary habfits (Poore and Nemecek, 2018). Change of consumer’s dfiets
to a dfiet that excfludes anfimaf]l products coufld annuaflfly reduce fland use
area for food productfion by 76%, greenhouse gas emfissfions by 49%,
eutrophficatfion by 49%, and scarcfity-wefighted freshwater wfithdrawafls
by 19% (Poore and Nemecek, 2018; Sprfingmann et afl, 2017). Dfietary
change mfight be reaflfistfic for findfivfiduafls but wfftl be a chaflflenge for
wfidespread communfity acceptance. Communficatfing to consumers the
characterfistfics and envfironmentafl fimpact of each food category fis

favorabfle to prevent FLW. Poflficymakers can deveflop pflatforms to
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Fig. 5. Avofided carbon dfioxfide emfissfions from three wasted food management
practfices (fi.e., combustfion, compostfing, and anaerobfic dfigestfion) compared
wiith flandffiflfl as baseflfine scenarfio. The caflcuflatfion was made wfith the U.S. EPA’s

Waste Reductfion Modefl (WARM) and the data fin 2017 as shown fin Ffig. 2.

consoflfidate vast amounts of mufltfidfiscfipflfinary research and share the
best practfices fin FLW reductfion wfith consumers (Aschemann-Wfitzefl et
afl, 2015; Cufi et afl, 2018; Poore and Nemecek, 2018; Zhuang et afl,
2021a). For exampfle, an app of FLW reductfion coufld be created as a
pflatform for dfissemfinatfing smart FLW mfitfigatfion strategfies among
consumers, flfike the ‘FoodKeeper’ app devefloped by USDA (Bernstefin,
2017). Consumers coufld use the app to determfine the storfing, process-
fing, and cookfing characterfistfics of both the edfibfle and finedfibfle parts of
food. The app coufld further create a “Communfity” sessfion, whfich aflflows
users to communficate wfith each other about dfifferent dafifly tfips for FLW
reductfion. Once the shared tfips recefive a certafin amount of support, the
users coufld become a pubfIficfity ambassador of FLW reductfion to gafin tax
fincentfives and gfift cards. The COVID-19 pandemfic has drastficaflfly
changed consumptfion habfits and househofld food management due to
the flockdown restrfictfions, such as the frequency of food shoppfing, pfick-
up servfices, flocafl or onflfine shoppfing (Jifibfi et afl, 2020; Prfincfipato et afl,
2020). Consumers coufld effectfivefly reduce the pflant FLW g at home by
compfiflfing a shoppfing flfist, pflannfing food purchases and meafls, and

reusfing fleftovers for other recfipes (Prfincfipato et afl, 2020).

4.5. FLW management

The reuse of pflant FLW has the potentfiafl to offset energy and water
by refincorporatfion finto varfious stages of food suppfly chafin (e.g.,
farmfing, food bank) or for other uses (e.g., energy capture) (Ma and Lfiu,
2019). Many management practfices, such as, flandffiflfl, combustfion,
compostfing, anaerobfic dfigestfion have been expflored for energy or
resource recovery from FLW (Sarker et afl, 2016; Wang et afl, 2021a;
Wang et afl, 2022; Wang et afl, 2021b). Our caflcuflatfions on carbon dfi-
oxfide emfissfions under dfifferent FLW treatments usfing the U.S. Envfi-
ronmentaf] Protectfion Agency’s (EPA) Waste Reductfion Modefl (WARM)
findficate that composfitfing and combustfion of vegetabfle and frufit wastes
wfith energy capture can avofid most emfissfions of carbon dfioxfide
compared to flandfiflflfing treatment (Ffig. 5). Consfiderfing that combustfion
fis not convenfient for househofld and communfity, compostfing coufld be
the most scaflabfle and effficfient treatment. It fisreported that smaflfl-scafle
home-based compostfing can gafin 4.87 mfiff¥in doflflars of net ffinancfiafl
beneffit and dfispose at fleast 9.36 x 107kg of food waste per year (ReFED,
2017). Further, the FLW management program can be fimproved by
computer software finteractfing wfith customers, such as The Nashvfiflfle
Waste and Recycflfing App. The App was desfigned to provfide resfidents
wfith detafifled FLW recycflfing finformatfion, fincfludfing reflevant pofificfies,
FLW cflassfifficatfion, and FLW drop-off flocatfions.
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