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6 locations in 5 Member States
3 000 total staff

83% of core research staff with
PhDs

42 large scale research facilities,
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More than 100 economic, bio-
physical and nuclear models
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Workshop
Food waste accounting: methodologies,
challenges and opportunities

* Share experiences and perspectives on food waste quantification at
the European scale, highlighting opportunities and challenges in
order to improve food waste quantification and ensure better
decision support in relation to food waste reduction and valorization

*  Food waste quantification from the macro scale down to single
stages of the food waste generation as basis for discussing a way to
improve estimations.
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The policy context

Waste Directive 2008/98/EC amend proposal (2015), obligatory
monitoring and reporting on food waste

EU Circular economy action plan (2015), food waste one of the priority
areas

‘The bioeconomy]...] encompasses the
production of renewable biological
resources and the conversion of these
resources and waste streams into
value-added products, such as food, feed,
bio-based products and bioenergy’

'....the bioeconomy strategy supports the
development of an agreed methodology for
the calculation of environmental footprints,
e.g. using life cycle assessments (LCAs)’

EU Bioeconomy strategy 2012
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Life Cycle Thinking and Assessment

core concept for Sustainability Assessment of Goods,
Services, Organisations and Regions

e Assess the performance

of good, services, systems,
technologies, innovations,

Transportation

infrastructures, waste management Manufacturing, o Retail, use
options, regions @

RESOURCES EMISSIONS
Help identifying the most important
burdens e
and the most relevant life cycle processing
stages contributing to environmental _
impacts (material extraction, Design enerdy recovery

manufacturing, use phase etc.)

Joint
Research
Centre
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LCA for environmental integrated assessment

Avoiding burden shifting

over impact categories (increasing impact in an impact
category while reducing the impact on another)

over life cycles stages (e.g. increasing impact in the end of life
while reducing the impact in the use phase)

LCI - Life Cycle Inventory

LCIA - Life Cycle Impact Assessment

Goal and scope

rSulirs )
e.g. LCA of a car

of typology X,
assuming a use for
Y years, produced
in country Z, ect.

For each stage of a product life
cycle (e.g. resource extraction,
manufacturing, use, etc.) data on
emissions into the environment
(e.g. CO,, benzene, organic
chemicals) and resources used
(e.g. metals, crude oil) are collected
in an inventory.

Each emission in the environment
and resource used are then
characterised in term of potential
impact in the LCIA, covering

a number of impact categories.
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Bioeconomy and circular economy

Commission

JRC Science for Policy Report

Bioeconomy Report 2016

O

*  36% of biomass produced in EU is used for bio-based material

and bioenergy

* Most important sectors (with turnover increase between 2008
and 2014):
- liquid biofules (+25% turnover),
- bio-based chemicals, pharmaceuticals, plastics and
rubber (+22%),
- forestry sector (+ 21%)

* Bio-based by-products and waste from agricultural, forestry
and food (e.g. 20 % of the total food produced is food waste
(FUSIONS,2016))

* Several options for valorisation of bio-based by-products and
waste, still little exploited

* Bioeconomy Knowledge Centre https://biobs.jrc.ec.europa.eu/

Joint
Research
Centre 9




The biomass mandate

Mandate to JRC on global and Approved (2015) by 12
EU biomass supply and demand policy DGs at Directors level

on a long term basis

RTD, SG, AGRI, CLIMA, DEVCO,

. ENER, ENV, GROW, MARE,
Overarching JRC study on MOVE. REGIO and TRADE

biomass

ISG Biomass chaired by RTD
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Scope of the JRC biomass study

Assessment of EU and global Scenarios and projections
biomass supply, demand, for biomass supply and
flows and sustainability demand and their respective

(incl. gaps and uncertainties) impacts (2020-2030-2050)

Addressing impacts linked with
production and use of biomass,
competition and synergies
between sectors for biomass
resources

Covering all sources of
biomass and all uses

Long-term institutional commitment
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Bioeconomy and circular economy
Focus on food waste

Key area of Bioeconomy
EU Circular economy action plan: food waste one of the priority areas
Huge potential for prevention and valorisation (as energy and materials)

Environmental
benefits and
burdens of the

Technical and
economic

Review possible
prevention and

Assessment of
available
quantities

current scenario
compared to
alternative
options

assessment of
the process

valorisation
pathways

Joint
Research

Centre 12
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Food waste related definitions

FAO
Non edible, not part of fOOd /OSS fOOd
. the 1_’ruit, Pomace ’
Not included in FL possibly’ waste
avoidable FL
WRAP
Peel, . .
possibly avoidable FL avoidable, possibly
avoidable and
unavoidable food
Non edible part, waste

Core, unavoidable FL
possibly avoidable FL

Corrado S, Ardente F., Sala S, Saouter E (2017) Modelling of food loss within life cycle assessment:
From current practice towards a systematization. Journal of Cleaner Production, 140(2): 847-859

Joint
Research

Centre 1 3
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Food waste related to different aspects..

Physical /
* edible/unedible e 7 4

Cultural

South East Asia, banana peels are often used
to make delicious curries and chutneys

Behavioral

What type of “apple eater” are you?

« avoidable/unavoidable

14
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Food waste quantification

Review of existing studies

eographical

European

National/
regional

Represent
ative case
(producer,
retailer...)

Breakdown

Total

Qverall FW generation

at global scale

Overall FW generation

at EU scale

Overall FW generation

at national/regional
scale

FSC stage

FW from one or
more FSC stage(s)
at global scale

FW from one or
more FSC stage(s)
at EU scale

FW from one or
more FSC stage(s)
at national/regional

scale

FW from one FSC
stage considering
data from a limited
number of FSC
actors (e.qg.
retailers, canteens)

Commodity group and
FSC stage

FW from one or more food
commodity group(s) per FSC
stage(s) at global scale

FW from one or more food
commodity group(s) per FSC
stage(s) at EU scale

FW from one or more food
commodity group(s) per FSC
stage(s) at national/regional

scale

FW from one or more food
commodity group(s) per a FSC
considering data from a limited

number of FSC actors (e.g.
retailers, canteens)

Product per FSC

FW from one or food
product(s) per FSC
stage(s) at
national/regional scale

FW from one or food
product(s) per FSC
stage(s) considering data
from a limited number of
FSC actors (e.g. retailers,
canteens)

Matrix for food waste accounting, considering the different geographical scales and the level of breakdown in LCA stages in the Food Supply Chain (FSC)

Sala S, Corrado S, (2018) Bioeconomy contribution to circular economy. In: Designing Sustainable Technologies, Products and
Policies. From science to innovation. Eds. Benetto E., Gericke K., Springer, ISBN: 978-3-319-66980-9. (LCM Book upcoming)

Joint

Centre

Research
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Food waste quantification

Approaches adopted

Our objective

Top-down

Detailed estimation of food loss and
waste in EU
Identification of priority sectors
Evaluation of prevention and
valorisation options

300

kafply
P

g v g u
g8 8 8 &

w
o &

and FAQ, 2011; Brai
IZOJDDWEhGLEtssOtl
015

Tis:
| ZDIGHII’EJ et l \ 2017 | 2017
2013

OTatal  @Primary production and post-harvest ~ mManufacturing @ Distribution  ®Consumption

van Holsteijn et al., 2017

Joint
Research
Centre

Bottom-up

16
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Food waste quantification at EU scale

Review of studies on food loss and waste generation in Europe — top down

Different quantification approaches
Direct measurements (first-hand data) vs indirect measurements/secondary data

Types of material included
- Edible/Inedible

Sources of data

Food balance sheets + waste coefficients from literature

Waste statistics

Statistics (FAO, Eurostat...) + literature

National studies scaled up at EU scale

Net primary production + waste coefficients from literature
Multi-regional environmentally extended supply and use table database

Joint
Corrado S. and Sala S. (2017) Food waste accounting along food ss: state of the art and outlook. Submitted to Waste Management
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Food waste quantification at EU scale,

top down

350
298
00 995 289 290 285
250 223
5 200 180 173
S
2150 127
100
50
0
Monier et Pairon and FAO, 2011; Brautigam Porter et Stenmarck, Van Alexander Tisserant et
al., 2010 De Winghe, Gustavsson et al., 2014 al., 2016 et al., 2016 Holsteijn et et al., 2017 al., 2017
2015 2013

al., 2017

Combina
tion of

Based on waste Food balance sheets + waste National

statistics coefficients from literature studies

sources
OTotal @Primary production and post-harvest B Manufacturing m Distribution m Consumption

Joint 18
R h
Corrado S. and Sala S. (2017) Food waste accounting along food

ains: state of the art and outlook. Submitted to Waste Management
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Food waste quantifﬁtion: the
example of tomatoes, bottom-up

Production and trade —ﬂ 7 Scientific literature
EU statistics | W

Agricultural

Production Manufacturing  Distribution =~ Consumption

Import: 318634 t

Import: 480761t Export: 2018411t Export: 401969t

Unconcentrated puree and paste: 1550020t

Food waste

Evaporated water: 6507873t
pss - fresh: 976
bags- fresh 1227320t

- manufactt R

Loss-manufactured products: 54286t

Post-harvest loss: 447473 t



Distribution of food waste along
supply chain of a specific product -
tomato

12%

39%

41%

8%
@ Post-harvest @ Industrial waste
O Distribution B Consumption

20



Food
waste

Food Waste reduction and valorization:

»

a conceptual framework

Is the analyzed

stream avoidable? \
Y

y

Is the waste
prevention
practicable?

S

Can be re-used?

................................................................

N

\YA Is the re-use
practicable?

Can be

recycled?

N

N

\ Is the

recycling
practicable?

N
Can be
recovered?

‘%/Isthe

v *  recovery
practicable?

L__> Waste Prevention
measures
LETR Re-use / Improved waste
/' hierarchy including
practicability
' R i , assessment:
Y Y€ ;?f]’igh - environmentally
\ components preferable
. ‘x‘\AnimaI feed,.... N technically
) f feasible
 economically
Y profitable
Other recovery - legislation
compliant
— Digpésal
Centre N 21




Food Waste reduction and valorization: a

conceptual framework

Is the analysed
stream avoidable™
YE!
NO

Can the material YES
be
re-used?
NO

Is the material
homogeneous?

NO| Ist

A

Is the use nutrient
source in YES
biotechnology
processes
practicable?
ok 4
Is anaerobic YE

digestion
practicable?

4]

NO

Is composting YE
practicable?

[l

Uy

1s liguid biofuels YES
production
practicable?

Is incineration
practicable?

Is the material ‘

Extraction of high
value compounds

Animal feed

Mutrient source in
biotechnology
processes

i Anaerobic
i digestion |

homogeneous?
YES
NO Is the extraction of YES \
valuable i
compounds ]
practicable? y
NO W
Is the use as YES
animal feed
1 rd
“——__u?iﬁcable-
Is the use nutrient
SOUrce in YES
biotechnology
processes
practicable?
NOY
Is anaerobic YES
digestion
practicable?
NOW
Is composting YES
practicable?
I—,_,—‘
_D\s[‘ii:;sal oot
Joint
Research

Centre

Composting |
L

i ]

Hierarchy
based on
practicability
assessment

22
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Food waste valorisation options

Assessing potential routes of valorisation for the most relevant food loss and
waste streams, considering both consolidated and innovatives practices

A

APPLE \ Z

BERRY "\X‘é ‘;
CITRUS FRUITS ﬂ}\‘\\ﬂ

EXOTIC FRUITS

> TOMATOES

Mirabella N., Castellani V., Sala S. (2014). Current
options for the valorization of food manufacturing
waste: a review. Journal of cleaner production 65:28-41

Cattle feed

 Various

Herbicide, Pesticide

Sugar syrup
cattd

Additive

Antioxidants <

Antimicrobial

e '
OLIVE ‘A\\. //0/

Functional food
Bioactive compound
Pectine

Substrate

Rubber filler

Fiber

Fl ids

Poliphenol.
Phenol

Fitochemicals

c <=
Lycopene 4

C id: '

Sugars

Carbon sequestration

Lactic acid
Heavy metals adosrbent
Lipids

23
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Food waste valorisation: the example
of tomatoes

Production and trade —ia
EU statistics ol W

Agricultural
Production

Scientific literature

Manufacturing Distribuition Consumption

Import: 318634 t

Import: 480761t Export: 2018411t Export: 401969t

Unconcentrated puree and paste: 1550020t ___Pr

From industrial losses:
160t of lycopene
58t of 3-carotene

pss - fresh: 976232t
0 . products : 429943t

Evaporated water: 6507873t

Loss-manufactured products: 54286t
Post-harvest loss: 447473 t




COST OF MANUFACTURING

L comor e
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Preliminary economic assessment of
valorisation options

EEE—TTTEE——)

TOTALCAPITALINVESTMENT

Direct
Manufacturing
Costs (DMC)

Fixed

Manufacturing

Costs (FMC)

General
Expenses (GE)

Working
Capital

Start-up
expenses

* Raw Material

Cost (CRM)

* Waste

Treatment Cost
(CwT)

* Cost of Utilities

(cuT)

* Operating

Labor Cost
(co), ....

* Depreciation

andthe local
taxes

* Insurance,....

Join

Research
Centre

FIXED CAPITALINVESTMENT
Indirect
Direct capital Costs Capital
Costs

Inside Outside Engineering
B?tt.ery B?tt.ery Procurement

Limits Limits i
Construction

(1sBL) (OSBL)
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Preliminary economic assessment of
valorisation options

Calculations done for unavoidable waste at manufacturing stage

(homogeneous stream) for the extraction of lycopene and B-carotene

350%
300%
250%
200%
150%
100%
50%
0%
-50%

ROI %

5

Annual net profit

ROI (return on investment) =

10 15 20 25 30 35 40 45 50I 60 70
Number of plants within EU

Joini -
Research
Centre

Capital costs

[%]

- Transport costs
- By-product costs
- Regional

relevance

- Integration with

manufacturing

* Multi-output

processes



Environmental assessment of
valorisation options

Life cycle thinking (LCT) and life cycle assessment (LCA) suitable
for the purpose:

* Comparison between alternatives

* Avoid burdens shifting

27



SUSTAINABLE
DEVELOPMENT

GIALS

European
Commission

Food waste prevention measures

@

1 RESPONSIBLE
CONSUMPTION
ANDPRODUCTION

QO

UN SDG: -50% food waste at retail and consumer levels
and reduce food losses along the supply chain by 2030

e LCA for assessing burden and benefits of prevention actions

e Type of scenarios applied:
- Prevention of food waste at household and consequent reduction of the quantity of

food

bought

- Prevention of food waste and losses at stages before consumption

Food Supply Chain (j)

Action (i=1) %>

Food waste

prevented (Q) impact category a

FSCstage (k=)
~Agriculture / breeding
T

Prevention
Action (i=2)

FSCstage (k=2) - Industrial
processing

| FSCstage (k=3) - Logistics

=

FSCstage (k=4) - Consumption

|

5

Environmentalimpacts (El) prevented in the

Food life
cycle (j)

Eljyeya® L

EII.K-il &

Qo Quiiom |
: X
I EIAi-La |
EI],k-x,a ¢ + Ell,k-Z,a * + E'],k-s,a $ + E'],g.s,a 2
th_i B3 Ne2, QA'IZ.LDI! le P

I
ElA,

FSCstage
(k=5)~End of
Life

Optimization analysis

Prioritization of interventions and action
could be based on economic
constraints and maximisation of
environmental benefits.

. Cristobal J., Castellani V., Manfredi S., Sala S. (2017) Prioritizing
o e and optimizing sustainable measures for food waste

Centre prevention and management. Waste management 28
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Efficacy of prevention act

ONS Environmental

-
Possible actions’ ﬁ fossil & ren resource depletion
each bar represent the ﬁ . Baseline scenario
benefit (or burden) of (0), representing the
specific action % Land use impact due to the food
undertaken ﬁ e ety consumption of an
average EU citizen
ﬁ Marine eutrophication
ﬁ Freshwater eutrophication
% Terrestrial eutrophication
% Acidification 1 5 d iffere nt
typologies of
ﬁ Photochemical ozone formation environ mental
ﬁ lonizing radiation HH I m paCts a re
assessed, based
i Particulate matter On models used in
ﬁ Human toxicity, cancer effects LI fe Cyc I e
Assessment
% Human toxicity, non-cancer effects
ﬁ Ozone depletion
ﬁ Climate change
7 7 7 7 7 %rédum\on 7 7 7 7
W PROD_Manufacturing Line Optimization_MAX W PROD_Manufacturing Line Optimization W R_improved Inventory Manage ment_MAX W R_Improved Inventory Management
W HH_Packaging Adjustments MAX W HH_Packaging Adjustments W HH_Standardized Date Labeling_ MAX B HH_Standardized Date Labeling
B HH_Consumer Education_MAX B HH_Consumer Education B P_Produce Specifications_MAX B P_Produce Specifications

Joint
Research
Centre

Cristobal et al 2017




Efficacy of preventioT actions
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Environmental and Economic trade offs

3558
33208

30836

28464

. 26092

. T 2372
Budget:budget £ ,.;
18976

allocated % 16604
) 14337
(constraint) T 1186
T g4gE

716

4744

2372

0 -

b L o
- *»
- L o
b L e
- .
L L
L . »
b ] L B
- L
- L
i L s
L L
) L
L -0
- L B
0,2 04 0,6 0,8 1

% TEIA

12

oWl
aW2
o W3
s W4
e W5
o WBE

Different sets of
weighting
factors for the
environmental
impact
categories

Example of results: around 80% of the TEIA (total environmental benefit objectives)

is achieved within the first step of budgeting (i.e. the lowest budget).

Joint
Research
Centre

Cristobal et al 2017
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Food waste quantification to policies

Policy Focus Accounting Methodology

PREVENTION « Life Cycle Stages

« Edible vs Inedible

« Avoidable vs Unavoidable

 Characteristics of FW
streams

31
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Conclusions

Combining top-down and bottom-up food waste accounting approaches allows the characterization
of food waste generated a the European level

The proposed framework can help in the identification of preferable prevention/valorisation
pathways for bio-based by-products and waste based on their practicability and hierarchy . LCT and
LCA are proper approaches to identify possible environmental trade-offs and to compare alternatives

Definitions: Distinction between avoidable/unavoidable and edible/unedible is key to improve
guantification of food waste

Quantification: Reliability and granularity of food waste data need to be enhanced to disclose their
potential contribution to circular economy

Prevention: Steer actions towards avoidable food waste and specific actors, life cycle stages

Valorisation: Several options for food waste valorisation are reported in literature, but often
practicable considerations on their feasibility are missing, e.g. profitability

Different accounting methodology may be needed depending on the specific policies to be
addresses: Prevention, Management and Valorization of food waste

Joint
Research

Centre 3 2




Stay in touch

“ JRC Science Hub:
” ec.europa.eu/jrc

Twitter:
@EU_ScienceHub

You YouTube:
JRC Audiovisuals
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Facebook:
EU Science Hub - Joint Research Centre

LinkedIn:
Joint Research Centre (JRC) - European
Commission's Science Service

Centre


https://www.linkedin.com/company/european-commission-joint-research-centre?trk=nav_account_sub_nav_company_admin
https://www.youtube.com/user/JRCaudiovisuals
https://ec.europa.eu/jrc/en
https://www.facebook.com/EUsciencehub/?fref=ts
https://twitter.com/EU_ScienceHub

