An analysis of food loss and waste along
fresh food supply chains
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What is Food Waste?
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What is Food Waste?

Post-harvest/ Publi
: ublic and
Pre-harvest/ Agriculture Post-slaughter W\ Processing
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Storage

Distribution Household
consumption

MOStly IOSS (and some waste) MOStly Waste (and some loss)
Source: FAO, 2017. |
FAO (2013) defines:

Food Loss — a decrease in mass or nutritional value of food originally intended for human
consumption, usually caused by inefficiencies in the Food Supply Chain.

Food Waste — food appropriate for human consumption being discarded for being kept beyond its
expiry date or left to spoil.

Vanessa Magalhdes | Seminario | Engenharia Mecéanica e Gestdo Industrial | 11.12.2021



UNIVERSIDADE B FACULDADE
U COIMBRA s,
Why Does It Matter?
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The 2030 Agenda for Sustainable Development was established in 2015 by UN and adopted by all Member
States.

The aim of SDG 12 is to “ensure sustainable consumption and production patterns” and goal 12.3 specifically
calls for “halving per capita global food waste at retail and consumer levels and reducing food loss along
production and supply chains, including post-harvest loss, by 2030” (UN General Assembly, 2015).
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Why Does It Matter? — Twitter Feed

China Daily & @ChinaDailyUSA - 5 h
f,'&'.’{# New way to handle #foodwaste: A farm in China raises larvaes of black soldier

flies to devour double their weight of garbage every day.
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WASTE PROBLEM
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Reducing food waste is 1 way to save water.
We consume most water indirectly through
food we eat. #JourneyofWater
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Why Does It Matter? — Twitter Feed

FEBA [ . ]
@EuroFoodBanks = Seguir _

Portugal is taking food waste seriously!

Portugal creates commission to tackle food waste
Portugal has launched a national commission to combat food

T waste that will take what the government called "an integrated
= and multidisciplinary approach" to promoting activities aimed at
just-food.com
CURTIDA
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'Q REFRESH Food Waste

§- i
@EUrefresh ‘ <" Seguir ‘

REFRESH pilot project "Gastrofira" in Spain
quantifies food waste as first activity eu-
refresh.org/first-activity ... #foodwaste
@CREDA _UPC_IRTA
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Why Does It Matter? — Twitter Feed

B3 TweetFixado

g EUFood Safety® @Food EU - 15 de mar - R e i
—__  New #OfficalControls rules covering #foodsafety & quality, feed, #plantheaith, ESl Better understanding and use of date marking on #food can prevent and reduce
TR S sfoodwaste in the #EU europa.eu/lyh64CX #EUGreenWeek

#animalhealth & #food imports in #EU europa.eu/1QB73wb

New Official Controls rules
adopted today to prevent,
eliminate or reduce the
level of risk to humans,
animals and plants,

along the agri-food chain.

KNOW YOUR DATES!

“USE BY" == “BEST BEFORE”

- European | informs you about informs you about
o FOOD SAFETY FOOD QUALITY

Vytenis Andriukaitis, EU Food Safety, European Parliament e 2 outros EU Food Safety, EU Agriculture & RD, EUScience&Innovation e EU Environment
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Food Loss and Waste in Europe
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Source: FUSIONS, 2016.
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Food Loss and Waste in Europe

Total food loss and waste in the EU (kg per capita) <100
Source: Technology options for feeding 10 billion people, STOA, 2013| M From 100 to 149
B From 150t0 199
B From 200 to 250

FOOD LOSS FROM POST-HARVEST TO DISTRIBUTION IN 2016, PERCENTAGES GLOBALLY AND BY REGIO

WORLD
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NOTE: Percentage of food loss refers to the physical quantity lost for different commodities divided by the omount produced. An economic weight is used to oggregute percentages at
regional or commodity growp levels, so that higher-value commodities corry more weight in loss estimotion than lower-value ones.

Source: FAO, 2019 26
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Environmental Impact of Food Loss and Waste

Total GHGs emissions excluding LULUCF
Top 20 of countries (year 2011) vs. Food wastage
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Food Loss and Waste in Portugal

Cerca de 17% das partes comestiveis dos alimentos produzidos para consumo

humano, sao perdidas ou desperdicadas em Portugal

o A Cerca de 97
) ) ) ﬁ ke/capitz
M 0 O
332 mil t + 77 mil t + 298 mil t + 24milt = 1031 mil t

PERDAS ALIMENTARES EM PORTUGAL

Source: Batista et al., 2012.
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Food Loss and Waste in Portugal
Food Waste generation, Portugal, 2016
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Food Loss and Waste in Portugal
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Source: Batista et al., 2012.
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Funded Projects and Initiatives
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Main Causes of Food Loss and Waste

Processors/Distributors D Wa Sted

B Wholesalers/Retailers

Processing
Food Service FOOd

Harvesting

Transporting | Packaging

Overstocking

. : Consumers
Storing Improper Large portion
rotation sizes .
Buying too
Quality Food much food

preparation

Confusion
about dates
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Main Causes of Food Loss and Waste

No campo e armazenamento: — Danos no embalamento — Mau manuseio e — Passagem do prazo
Culturas deixadas no campo - Perdas de processo armazenamento — Armazenamento inadequado
Danos mecanicos na colheita — Danos mecanicos durante o Falta de refrigeracao — Perdas no prato
e manuseamento processamento — Gestdo do stock (prazos de — Qutras perdas
Quebras devido a doencgas, — Arranques e fins de validade, produtos frescos e
ataques de pragas e animais produgdo, limpezas, e do dia)
Pecuaria: testes de novos produtos — Produtos nao vendidos

— Mortalidade dos animais

— Doengas (e.g. quebras no
leite devido a mastite)

— Transporte para matadouro

Pescas:

— Devolugdes ao mar
Pescado sem valor
comercial que é

encaminhado para farinhas Source: Batista et al., 2012.
s
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Main Causes of Food Loss and Waste

Europeans think that “use by” means:

The food can be consumed
after this date but it may
no longer be at its best

28%

Don't know

1%

None of these

The food will be safe to
eat up to this date but
should not be eaten

past this date v
40%

It depends onthe
type of food

28%

Europeans think that “best before” means:

The food can be consumed
after this date but it may
no longer be at its best

quality
47% v

None of these
3%

Don't know

The food will be safe to
eat up to this date but
should not be eaten
past this date

It depends on
the type of food

24% 25%

“USE BY" £ "BEST BEFORE"
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Main Causes of Food Loss and Waste
DIRECT DRIVERS INDIRECT DRIVERS

TECHNOLOGY AND
INFRASTRUCTURE
\ - Harvest and post-harvest
v technologies
- Storage, containers
BIOLOGICAL AND + packaging MARKET STRUCTU
ENVIRONMENTAL -l Ry GOVERANCE, INVESTMENT
FACTORS + connectiogn market AND FAIR TRADE
- Pests and diseases - Market structure

- Environmental factors - Regulations + standards

> AGRONOMY, ANIMAL
HUSBANDRY AND

FISHING PRACTICES Source: WWEF-UK, 2021.
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~ood Waste Hierarchy

Reduce {»\ Prevention of food waste generation
” \ Redistribution for human consumption
"
3 .
()
@ \ Animal feed Most preferred
- options
\ Extraction of compounds of interest P
. Industrial uses
>
§ Anaerobic digestion
§ Composting
8 Thermal treatment with
energy recovery
Landspreading
-
o fThermal lreatment without energy recovery, Least plreferred
S i options
& ;
O » .

Source: Garcia-Garcia et al., 2017.
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Final Destinations of Food Loss and Waste

¢ Consumo animal

e Venda para
produtos
secundarios

e Doacao para
institui¢des de
solidariedade

® [ncorporag¢ao no
proprio terreno

e Transformag¢do em
subprodutos
(geralmente para
consumo animal)

¢ Encaminhamento
para os servigos de
gestao de residuos

* Venda a precgos
mais baixos dos
produtos a
aproximarem-se do
prazo de validade

e Encaminhamento
para compostagem
e servicos de
gestdo de residuos

* Doagao para
consumo animal

* [Joagao para
instituicoes de
solidariedade

e Encaminhamento
para os servigos de
gestdo de residuos

s Alimentacao de
animais
domeésticos

e Compostagem
doméstica

Source: Batista et al., 2012.

Vanessa Magalhdes | Seminario | Engenharia Mecéanica e Gestdo Industrial | 11.12.2021



UNIVERSIDADE B FACULDADE
U COIMBRA s,

Apps Against Food Loss and Waste

“Mais do que uma simples app, somos um movimento de milhdes de Waste
Warriors e evitamos, todos os dias, que comida de qualidade acabe no lixo. Faz
download da app gratuitamente e salva comida de estabelecimentos ao pé de
ti: restaurantes, hotéis, pastelarias, supermercados... tudo a precos reduzidos.”

Too Good To Go

“Let’s not waste our wonderful world. Join millions of neighbours all over the
world who are using OLIO to share more, care more and waste less. Get free
SHARE MORE - WASTE LESS stuff, borrow things, and shop homemade directly from your neighbours.

“Easily track, organize and manage the food in your home. With lists for your
) freezer, fridge and pantry, you can easily check what food you have left, see
what food you need to use first, create a shopping list, plan your meals, avoid

unnecessary purchases, reduce food waste and save a bunch of money.”
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Other Projects Against Food Loss and Waste

ZERO .
DESPERDICIO

NADA SE PERDE TUDO SE TRANSFORMA

A Zero Desperdicio fomenta a sustentabilidade e a
passagem para uma economia circular e
colaborativa como forma de combater o
desperdicio. A recuperacao de excedentes
alimentares e outros nao sé permite minimizar as
caréncias alimentares e outras, como permite
poupar o investimento financeiro necessario para
apoiar as pessoas em situacao de caréncia.

QQJ

..’\o\ Feu’

Este projeto visa procurar mercados
alternativos para a fruta e hortalicas “feias”
qgue consiga alterar padrbes de consumo.
Um mercado que gere valor para os
agricultores e consumidores e combata
tanto o desperdicio alimentar como o gasto
desnecessario dos recursos utilizados na sua
producao.

Vanessa Magalhdes | Seminario | Engenharia Mecéanica e Gestdo Industrial | 11.12.2021



T UNIVERSIDADE b gfzcalégz(\:[[fs
COIMBRA  Erecvoroc

Other Projects Against Food Loss and Waste

Aproveitar Alimentar

O Movimento REFOOD é independente,

sustentavel, 100% voluntario, democratico, A GoodAftercom é um supermercado
orientado por cidadaos e organizado em online dedicado a venda de produtos que se
comunidades locais. Dedica-se a recuperacao encontram perto do fim do prazo de
de comida em boas condicdes e a alimentacao consumo preferencial, ou mesmo
de pessoas necessitadas através da inclusao da ultrapassado esse prazo.

comunidade local.
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Protection Containment

¢ Prevention of product loss and pollution

* Protection from undesired physical,
chemical and biological changes * Enabling of storage, transport and
distribution throughout the supply chain

* Preservation

* Integrity

Food packaging

Communication

Facilitate handling

* [nnovative containment solutions (e.g. easy- | ¢ Required information (e.g. labelling of
to-open, easy-to-empty) ingredients and allergens, barcodes)

* Unitization/apportionment ¢ Voluntary information (e.g. instructions,
certifications)

¢ Marketing

Packaging improves:
e product protection
* ventilation
* temperature control.

Polymer-based multilayer packaging extends the
shelf life of food while reducing packaging weight.

Suitable for modified atmosphere packaging (MAP).
Can contain a modified gas composition, mainly
nitrogen, carbon dioxide, or oxygen, which aims to
reduce microbial growth and chemical deterioration
of the packaged food and therefore increase its
shelf life.

Downside: it is usually landfilled or incinerated due
to poor recyclability.
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Packaging Improvements

The smart packaging market was valued at USD
38.16 billion in 2020, and is expected to reach USD
48.72 billion by 2026, registering a CAGR of 4.15%

over the forecast period of 2021-2026.

 Le

Active, Smart and Intelligent Packaging Market

Active and intelligent packaging contains deliberately incorporated

= ——— components intended to release or absorb substances into or from the
i Mid by ShockWatch® 10°C INDEX/INDICE/M“ 10°C 34°C

Lo )

ggi WarmMark® m packaged food or from the environment surrounding the food.
12 D

Zﬁ - 1 2 3 4

{
| www.warmmark.com

— It extends the shelf life of food, since it comprises materials and articles
| mid by ShockWatch® 10°C INDEXINDICE/E: 10°C 34°C

T ke m that monitor the condition of packaged food or the environment
Ewwwwa?nl::rkoom : , . - surrounding the food, being able to reduce FLW by abandoning the

A . ~  system of a fixed best before data, by providing dynamic information
about the actual condition of the food.
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Focus of my PhD

Stages of the FSC

Conditioning the selection
and the design of mitigation
strategies to reduce FLW for

different contexts

Both causes and
mitigation strategies Level of economic development
vary with

Food products

Identifying the causes of FLW is not enough

It is crucial to study which causes are the most influential of FLW

Mitigation strategies for FLW

e

Where should they How should they be How effective are
be implemented? prioritized? they?
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( Literatur 1 B '} ¢ {:
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e v N FSC ¥
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A, Deternmming roo . . ) F5C performance
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MCDM tool academic experts
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Inadequate Overproduction Pricing strategies
demand and excessive [ and promotion | expired products
forecasting (1) stocks (2) management (11) (8)

Short shelf life or

Retail
related
causes

Non-conformance

Sensorial or
microbial

to retail
specifications (6)

deterioration (7)

\‘x

A

Climate change

Poor handling
L?; clil?tt; s;c}%%e and operational
performance (3)
A
Inadequate or
defective
packaging (5)
A
Logistic Inadequate
related transportation
causes systems (13)

Storage at wrong
and weather
temperature (4) variability (9)
A ]
Quality
Lack of Inefficient related
coordination and in-store causes
information
sharing (12) management (14)

= Root causes of FLW

UNIVERSIDADE b
U COIMBRA

Interrelationships between the

FACULDADE
DE CIENCIAS
E TECNOLOGIA

causes of FLW in the Portuguese
Fruit and Vegetable Supply Chain
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Ranking of Mitigation Strategies of Food Loss and Waste

Share and maintain information regarding the @ @ Invest in more and regularly maintain storage

remaining shelf life facilities

o Develop new packaging and preservation
techniques to enhance the product's shelf life

Implement integrated IT systems through the
FSC

Training staff on handling practices

Ensure communication among FSC stages

Implement automated demand forecasting

Improve cooling methods
systems

Develop and use intelligent packaging to

. . : Ensure adherence to standard procedures
monitor products' safety and quality

Improve visibility along the FSC through

- Improve transport infrastructures
traceability systems

Correct date marking to avoid confusion Improve the means of transportation

Find new markets for overproduction or
products sorted out due to industry’s quality
standards

Adjust packaging size

OOOOOOO
EEEEBOE

O Information related © Technology related

O Quality related O Transport and Infrastructures related
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Main Recommendations

Forecasts based on
automated and
integrated systems

Decisions based on
real time Information
and common goals

R - -ﬁ‘

.\ i |
3)))

M Carbon dioxide

Level (%)

= ——
January February

Information T
sharing along the Good communication .
food supply chain between members of Smart packaging

the food supply chain based on RFID/TTI
traceability
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