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Overview

Food Loss and Waste in U.S. Food Supply Chain

Energy Use & GHG Emissions of the U.S. FSC

Household FLW & Packaging

Current IDEO StA/ORNL/UT-K Research
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Food Loss & Waste in the U.S. Food Supply Chain

* The entire U.S. FSC is large and
complex
— Import/Export
— Non-food use
_ Stock LTI

e Food is lost or wasted at all
stfages

- However - alot of itis “recycled” E,,
— Except at consumer-facing - g
stages... I B
. o
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FLW in the U.S. FSC

« Some disposal pathways are
better than others

 FLW at production stages tend
more toward “recycle”

— Anaerobic digestion & animal
feed

« Consumption stage has a
large amount that is truly
wasted

— Landfill, Incineration, Wastewater
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https://www.epa.gov/land-research/field-bin-environmental-impacts-us-food-waste-
management-pathways




Energy & GHG Emissions of the U.S. FSC

.
o FSC takes a lot of energy & emits a lot of GHGs
— 4660 TBTU site-energy, 7120 TBTU primary energy, 273 MMT CO,
L] e L] . . L] L] L] L]
 Farm - equipment, fertilizer/pesticides, animal feed, crop & animal direct emissions
. L] L]
« Consumer — cooking & refrigeration
55%
® Renewable Energy 1 MMT (<1%) 20% 26%
| -I- . .-I- -I-. . | —e Other Fuels 5 MMT (<1%) 1;':: 3% S0
» Electricity — generation & grid losses . "
3% 20%
21% e 50% 31%
1% it 60% 98% ansportatio 0% 18%
o ol Animal Feed 650 TBTU g 23% 66 ¢
- Q 9% Ny 5%
1% L 2% 34% Petroleum 3% N 2% 20%
1% 23% & 108 MMT (11%) 2% 4%
o O 19% % %
70% L O 9% ;
R Chemical 170T8TU T T 19
14% ~~ 7%
o 50% . 3% 1%
Transportation 880 TBTU Q — . 76% 4% 100% Sk
O 20% 61%
17% 9% <1%
12% 5%
10% 2%
49% <1% A eed
49% <1% 09.6
2% <1
Petroleum % Z 5 Distribution 170 TBTU (4%) <1% <1%
1480 TBTU (21%) % 100%
WE&R 360 TBTU (8%) 4%
56%
Consumption
Coal ) 1130 TBTU (24%) “%_ o
1510 TBTU (21%)
Site Energy Use
4660 TBTU -0 .'. 350 62% D
0 2 28%
47% 2%
Other ‘ 27% o 4% <1%
960 TBTU (13%) 15% 11% <1%
2% 1% 18% 76% 0
Source Energy Use EI;::;';"/L(S;;Z:M o 22% 15%
7120TBTY 2460 TBTU (60%) Primary Emission Source o 4% e End Source Emissions
973 MMT CO,e Skl 1% 973 MMT CO,e
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Energy & GHG of FLW

e Disposing of waste also takes
energy & emits GHGs

 Reducing FLW can

- Reduce energy need / GHG
emissions of FLW management

- Increase food availability /
decrease food production need

- Reduce energy need / GHG
emissions of FSC
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Why is household food wasted®e

Someone thought it wentbad = = = = = & o @

e Food diary research BQZJZZ-] i ! N I - IR

« Food “went bad” is one of the iii’:lll I
major causes of food being il BN N )
thrown out O =

household food waste.

Opened too long
Label Date

Looked/smelt off
Bought too much

Table 6
Percentage of articles for which the respective reasons could be observed (% of the net mass of the food loss per assortment group), multiple reasons were possible.

Reason Fruit & vegetables (%) Dairy products (%) Bread & pastry (%) Others/unspecified (%) 5~ All assortment groups (%)
Mo_apoarent cascon 1 1 2 2 1

Best before/use-by/sell-by date 18 73 98 57 34

Apparent flaws of the product 89 [1] 3 34 67

Part of the product is lacking 4 0 0 1 3

Damaged packaging 7 3 0 2 5

Breakage 0 18 0 9 3

Lebesorger, S., Schneider, F., (2014) Food loss rates at the food retail, influencing factors and reasons as a basis for waste prevention measures

%OAK RIDGE

National Laboratory

Food category

Lyndhurst, B. (2011) Determining consumer understanding and use of date labels and storage guidance in order to reduce

Table 2

Main reasons for food waste in the green and Blue groups, how often waste occurs
and the total amount of waste per week The blue group displays a higher numbser
for all of the three ‘prepared too much- e asons. The total amount of food waste from
both groups during the week amounted to 104 kg

Reasons for waste from storage Green group Blue group
Mumber  Amount Number  Amount
(kg) (kg)

Food item gone bad 126 19 108 4 |

Passed “Best before date” 20 3.6 30 7.9

Padkaging 63 [t} 30 31
(oo bie, difficult to emptv)

Bought too much 8 1.7 4 1.3

Reasons for waste from meals

Prepared too much 2% 26 52 6.2
(not possible to save leftovers)

Prepared too much 17 22 37 5.3
{do not want to save leftovers )

Prepared too much 2 1.5 30 2.4
Laapne Fiall sl

Saved leftovers not used in time 17 3 20 2.3

CrITErEn il Tt Want o s mear 50 FA 38 EX

Mistakes, other 10 [1%:] 12 0.6

Williams, H., Wikstrom, F., Otterbring, T., Lofgren, M., Gustafsson, A. (2012).
Reasons for household food waste with special attention to packaging



Role of Packaging

e Food is packaged 1o protect it against the environment,
extend its shelf life, guaranty quality, improve safety, and
provide easy handling, storage, and transportation

« Common materials: plastics (mostly PP and PET), glass, metal,
and paper - all considered part of Energy Intensive sectors!

 Improved labeling & O
extending shelf-life
(agnostic of method)
can have a profound
Impact on food waste
generation

Food Loss & Waste (MMT)
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Types of Food Packaging

e Passive Packaging:

— Puts product in sealed environment, can be optimized environment
for increased life

- M O y b e .b e n O/less n eW p O C kO g i n g O d d e d I4 b U -I- m O y re q U i re m O re https://commons._wikimedia.org/wiki/FiIe:KeIIogg_Company._Wom
p r O C e S S | n g 2lr;_rl_rggz(;tg;%_slggi?Fi;Boxes_of_Cereal_before_Boxes_Go_to_Se

* Active Packaging:

— Continues controlling poc,kogincf:; environment AFTER left facility
(absorbers, scrubbers, emitters, femperature conftrol, anti-microbial)

— Current research focuses on expanding MAP, better
emitters/scrubbers, active CO2, Intelligent Packaging (tells
consumer if there is an issue with foool%l

— Usually adds things that need to be made and thrown away, plus
may need more processing
e Edible Coating:
— Nothing to throw away
— New research emphasizing use of waste materials >
- Requires additional processing to apply coating ana abei ot pecaas

https://link.springer.com/article/10.1007/s
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IEDO StA / ORNL / UT-K Analysis

%FLW Reduction with shelf-life extension
MMT) |% Perishable 1-Da 2-Da 50-Da

7.88 100% 13-31% 25-63% 100%

Grain

 Calculafion methodology for oL e B
impacts of shelf-life increase T IR B RN NAIEC T W M MM

. eat oult . 00% 40 - 100% 64 - 100% 00%

- Understanding how much food Soofood 0B ' B-6% 511008 100
could be wasted due to spoilage oo O I e R T N T

1.97 0-66% 3-6% 6-13% 61 - 69%

— Conversion of “shelf-life increase”
to "% FLW Reduction”

— “Trickle Up" Impact
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EDO StA / ORNL / UT-K Analysi
Food Loss & Waste Reduction Estimation {2 of FL'W reduced) _ Site Source GHG
On-Farri On-Farm Distributior Manufacturing Distribobion Wl Food Services Househald FLw Dernand = Ernergy Erergy  Emissions
Grain 0 0 0% (14 0 0 0 Will update automaticly i Absolute Change b AT PeAbAT TETU TETU pedbAT
il 0 0 0 (IF4 0 17 T "Updating” is set to Active. On-Farrn .86 209 368 115
Siigar 0 0 0% (14 0 0 14 I set tofrozen, button m "Apply® On-Farrn Distribticl 016 A 0. 0.0z
Fruit 0 0 0 (IF4 0 1322 13%] | appears and will wait to set data Fanufacturing 272 [.8g 127 0.07
Yegetables 0 0 0% (14 0 135 13%2] | until all applied Diztribution 029 B.48 B.48 .50
Feat&Paultry 0 0 0 (IF4 0 225 227 WikR 054 10.25 26.25 187
Seafood 0 0 0% (14 0 229 227 Food Services 325 15.54 34.89 185
Muts 0 0 0 (IF4 0 0 0 Houzehold 175 16.61 20,58 185
Diairy 0 0 0% (14 0 T 1122 Total 956 10,20 53.05 103.75 7.0
Eaggs 03 0 03 (14 03 25 27
. Wiew Full Bﬁnﬁev’la_Shelf—ﬁfe
Advanced Contralz - Change Intenzity Reduction Thls b”m'_-' will take you m_"'he sf-'E”'
life extension caloulator which will
then hawve a similar button to fill out
F5 & Hvalues

ORNL/UT-K has developed a calculator where users can enter
data regarding shelf-life extension for different food commodities
and receive estimations on %FLW, food demand (yield), energy,
and GHG emission reductions
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IEDO StA / ORNL / UT-K Analysis

e Literature review of studies

between 2015 - 2023 - : e oo
- . Edible Coating { ®
regarding food packaging to : :
increase shelt-life N .
— Some studies date 2007 — 2014 rosesanscnance; . 3 t .
to find higher TRL ®
— High focus on grains, dairy, : 5 .. e
eggs, several high TRL options St IO K S
— MOny pOTeﬂTiCﬂ pOCkOQiﬂg 5‘ éTech.Readimis-s|_ex,=e| (TRL]SI
optionsin TRL 6 — 7 » mat + Eose + omne o umm

- Advanced options (TRL 9) are
more processing; Low TRL are
more packaging
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IEDO StA / ORNL / UT-K Analysis

« Quantifying impact of packaging:

What needs to be understoo e A | s | ey
when you analyze a new food — ===h/ ... =" —

packaging fechnology/ process? - F - F g
» Utilizing LCA methodology on o — =
larger system boundary

— Include impacts of packaging AND
chonges’rcg)FSC P INY

— Introducing to Food scientists

. mmm) Conven tional Energy Flow :;efrfzta:(t;ive
® ConSTrO [nTS On LCA Of fOOd ﬂNewandConventionaLMassFlow
pockoglng: Assessment criteria (safisfy any of these two):
— Clear description of new materials - Save more energy than it consumed
requ|red - Cost less energy than conventional tech

- New materials without LCI
— No clear impact on shelf-life
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Recommendations

« Promotion of mid-range TRL packaging options

« When exploring new packaging options —
— Introduce LCA 1o food scientists / packaging studies
— Clear impacts on shelf-life extension are useful to LCA studies

- Expand system boundaries to include BOTH impact on FSC and of
packaging

- Understand the changes to processing and new materials introduced
— Better LCA data for new materials
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Questions?e

If you have additional questions, please email me at
armstrongko@ornl.gov
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