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The role of food in global emissions of Greenhouse Gases
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2 % F-gases (fluorinated gases)

11 % N20 (nitrous oxide)

18

Gtonnes GHG

in 2015 35 9% CH4 (methane)

52 % CO2 (carbon dioxide)
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1 / 3 of global GHG emissions corme

from the food system

https://edqar.jrc.ec.europa.eu/edgar food www.biorural.eu



https://edgar.jrc.ec.europa.eu/edgar_food
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Household Appliances
goods 3%
13%

Food
36%

Mobility
24%

Biomass streams in agriculture and food

Housing
24%

EU food consumption represents
36% of the overall climate
change of EU Consumption
(2018)

Climate change impacts of EU food system

are 3.6 times the Planetary Boundary

Consumption Footprint Platform

Farm to Fork: evolution of the environmental impacts of food consumption (2016-2620)

Role of food in Consumption Footprint i
Single Weighted Score - Impact per capita- 2618 - Furopean | < > | EU countries Food groups
Union 27

Impact per capita- European Union 27 - 2818

Safe operating
space

Ecotoxicity. freshwater

Particulate matter

Climate change

Fo..
Resource use, fossil 1K

Resource use, mineral and metals I 16

BB X
Ot

Eutrophication, freshwater . 1|25

Eutrophication, marine .53
Al:i:liﬁcatinn. 859

Photochemical ozone formation I 8,44

Eutrophication, terrestrial I 8,33

Impact category T I -
| Single Weighted Score -

Land use I 831

Human toxicity. non-cancer I 8,23

Country Year

| European Union 27 - | | 2018 - Human toxicity, cancer | g g5

Ozone depletion | 884

Ionising radiation | @81

Impact per capita Impact per country

8,88

2,88

Hotspots 5DGs Planetary boundaries

Biodiversity
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https://eplca.jrc.ec.europa.eu/ConsumptionFootprintPlatform.html?bookmark=food
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Biomass in agriculture




Sources of agricultural biomass in EU-27, 2017

AL

(% B |O ru ra | 1 billion tonnes sourced in EU-27 from primary sources:

50 % agricultural crops
9 % grazed residues
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MATERIAL USES BIOENERGY ANIMAL FEED AND BEDDING il 0
28 % 22% 40 % 10 % <1%
: 12 s .
& billion tonnes g ;g 23
5 é é"’ 25 OB [
51 mt it r4-9 S SOURCES
88 mt
sourced l, ,
billion tonnes
COLLECTED £ - T
AGRICULTURAL cueme. e IR .
CROPS RESIDUES - AND AQUACULTURE
5% 50% 9% 9% 27% - <1%

4, i S Biomass in the EU
o — 1Y 2017 data (dry matter)
= ) LB

owledge4policy.ec.europa.eu/publication/infographics-biomass-
ses-eu-27-2017-data en

www.biorural.eu



https://knowledge4policy.ec.europa.eu/publication/infographics-biomass-sources-uses-eu-27-2017-data_en
https://knowledge4policy.ec.europa.eu/publication/infographics-biomass-sources-uses-eu-27-2017-data_en

53 ¢ Current agricultural production and use of biom
has T30

@ ‘ 8 % of agricultural production is available for materials and energy use.
( Blorura 6 icultu uction is avai u

194
GRAZED BIOMASS n

a4

Across EU, 167 million hectares (39 % of al land)
is used for agriculture.

144

04
RESIDUE PRODUCTION

Collectively, agriculture produces 19.4 EJ per year.

Crop production leads to large amount of residues
(7.1 EJ), from which only a quarter is extracted for:

- bedding for animals (1 EJ)

- energy production (0.7 EJ)

13.0 Agriculmaral pro-

for materials and
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CROP PRODUCTION

Dedicated energy crops are grown on 3.2 % of EU
cropland, generating 0.8 EJ.

Non-food energy crops amount for less tna 0.1 EJ.
PRODUCTION RESIDUES LEFT NET TRADE SUPPLY FOOD AND FEED MATERIAL AND

ON FIELD USE ENERGY USE

EJ per year — primary energy equivalents

ww.climate-kic.org/wp-content/uploads/2021/06/MATERIAL-ECONOMICS-EU-BIOMASS-
NET-ZERO-ECONOMY-ONLINE-VERSION.pdf www.biorural.eu



https://www.climate-kic.org/wp-content/uploads/2021/06/MATERIAL-ECONOMICS-EU-BIOMASS-USE-IN-A-NET-ZERO-ECONOMY-ONLINE-VERSION.pdf
https://www.climate-kic.org/wp-content/uploads/2021/06/MATERIAL-ECONOMICS-EU-BIOMASS-USE-IN-A-NET-ZERO-ECONOMY-ONLINE-VERSION.pdf
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Biomass production residues
in food processing




Production residues

phd
@BIOrural 21 N Ones

33 900 000 tonnes

food, beverages and tobacco
(EUROSTAT, 2023)

roducti . .
P production residues

become wastes
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Production residues are all substances
that are formed during a production

process, where the main purpose is not AR production residues

the production of these substances. become by-products
Depending on further use, the same

residues may become a by-product or major amounts
waste. no official data at MS‘s and EU level

e.g. EU annal estimates
32 000 000 tonnes oil cake and meal
3 400 000 tonnes spent brewery grain

50 000 000 m® whey
https://foodwasteexplorer.eu/

https://doi.org/10.3390/su13084428 www.biorural.eu



https://doi.org/10.3390/su13084428
https://doi.org/10.3390/su13084428

VALORISATION OF AGRIFOOD RESIDUES

EXAMPLES OF RECENTLY PUBLISHED STUDIES

Hop shoots, Olive leaves, Pomegranate Onion cuttings
stems and branches and peels and peels
leaves pomace

Research performed in the scope of national research programme ,Biochemical characterisation of natural compounds (ARRS, P4-0121)
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Industrial Crops and Products . T Waste Management ==
. Enhanced yield of oleuropein from olive leaves using . s o ¥ _
ElSEVIER journal homepage: www.slzevicr. camilazatalinderap 3 . Extraction of Polyphenols and Valorization of Fibers from : ==
ultrasound-assisted extraction . ; EVIER lournal www.slsevier L
Istrian-Grown Pomegranate (Punica granatum L.)
A comparison of antioxidant and antimicrobial activity between hop @uvum " Domenico Cifs*  Mihasla Skrt | Paola Pittia® | Carla Di Mattia! | Mataga Pokiar Ulin®? Mihaela Skrt '®, Alen Albreht 20, Irena Vovk 2@, Oana Emilia Constantin 3, Gabriela Ripeanu *®, Mija Seun %, _ ) . _ ) )
leaves and hop cones B Ilja Gasan Osojnik Crnivec ', Uros Zalar ! and Natasa Poklar Ulrih 15 Waste streams in onion production: Bioactive compounds, quercetinand  #
use of antimicrobial and antioxidative properties i
Veronika Abram?, Barbara Ceh®, Mateja Vidmar?, Marin Hercezi #, Neda Lazic?, - L At ey E b N - P,
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Inedible food parts as an ingredient or functional food additive

ingredient
in bakery
products
—~ 2500
g/ 2000 +\§
stable £ 100 < g /
g I8 :
storage % 1000 §/
g 500 7f~55min _’/,./D ~ 8.5 min
g N
0 10 20 30 40 50 60 70 80
Vezivo (%)
extract Stabile form for simple dosing during individual food supplementation.
addition to
E'thanol extract of the inedible (waste) fraction £ el el
antioxidant capacity ~ two fold higher than water extracts ]
most suitable for quercetin recovery "
//ég DMprodﬂfe: . 00 zuij_‘ni_s_‘niian m‘a 120 1o 1sl_n n
- Red onion: 300 Loy Prolonged shelf-life (~30 % or + 1-5 months), good sensory properties.
- Yellow onion: 200 mg

- Red onion 400 mg



Lignocellulosic residues of bioactives extraction

Bioactives
p.a.

Quercetin
10 mg/g DM

Oleuropein
37 mg/g DM

Olive leaves
and branches

Autocyanins
0.2 mg/g DM

Pomegranate
peals

I.G. Osojnik Crnivec, M. Skrt, D. Seremet, M. Sterniéa, ... D. Komes, N. Poklar Ulrih, Waste mamagement 126 (2021) 476-486

Cellulose
% DM

36,4

14,4

11,0

Hemicellulo

se % DM

33,1

37,1

11,6

Lignin
% DM

3,5

19,6

12,2

M. Skrt, N. Poklar Ulrih, Stabilizacija ekstraktov olj¢nih listov, CRP V4-1621 Ostanki proizvodnje v oljkarstvu, 2019
I.G. Osojnik Crnivec, M. Sezun, M. Skrt, T. Kapun, N. Poklar Ulrih, 2nd circular packaging conference (september), Papir (november), 2021

high yield
extracts

fibres for
new
materials

functional
additives for
food or other

products

special papers, packaging for
special products
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Papermaking

Optical and mechanical properties of paper.
Cellulose composition (80% eucalyptus, 20% conifers, ground to 30 SR)

Parameter Samples
Onion Olive | Pomegra | Cellulose
skins leaves nate (100%)
(100%) | (100%) | peels/
cellulose
(15/
85%)
Grammage (g/m?) 67.9 37.4 63.6 65.0
Thickness (um) 115 144 161 116
Tensile index (Nm/g) 39.3 9.9 41.4 53.3
Breaking length (km) 4.010 1.009 4.222 5.334
Bendtsen roughness (ml/min) 518 1991 1677 342
ISO whiteness (%) 14.5 18.6 41.4 77.0
Opacity (%) 99.7 94.4 96.8 86.6
Tear index (MNm?2/qg) 2.09 2.80 7.35 7.85
Burst index (kNm?/qg) 1.75 1.02 2.65 3.48

Apperance of test papers
manufactured from

olive residues onion residues

pomegranate additive papermaking celluose
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Food waste prevention
and the utilization
of surplus and former food




A 43 § Food Waste
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3 Food b f by Member S 2020
— : : ood waste by sector of activities by Member State,
= qubally, a sixth of all the food is (kilograms per inhabitant)
© estimated to be wasted by UNEP (2021). 400
c 350
'; _ . . . 300
e Based on first harmonized estimate in 2023, | 2so
o 58 million tonnel/year -
= of food was wasted in the EU, 100
n 50
A . 0
© corresponding to = ST T TpEgT T g g R g g

. 2 $g T ¢ 3 8 3 &£ 8 8E 2 £ 3 2 2 5 8 5 ¢ £ ¢ B
g 70-400 (130) kg/capita . g§§g§=g§§<§gm'¢":’:§%§ég§§ z
o (EUROSTAT, 2020). v 5 3 3 ° ? ®

= Total food waste = Primary production, processing and manufacturing = Households = Retail and other distribution of food, restaurants and food services
This quantities have an estimated market o E:‘;ﬁ;f,?;;ﬁs i some figures.
value of 132 billion euros. 8 2:::1'2:’;'j'f:;fn‘:ﬁ::'fe‘:‘es n some figures
Source: Eurostat (online data code: env_wasfw) eurostatE

Simultaneously, 10 % of EU citizens
are malnourished Dewl|ae T e e s

Primary Processing Retail HoReCa Households

www.biorural.eu
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A 43 g Food Waste Structure

((% B |O ru ra | prominent fraction of plant based sources

Food waste quantification EU 28, 2011

Plant based |

Food waste
in EU-28:

129 Mt fm

Vegetables #{

(24%)

Sanchez Lopez, J., Caldeira, C., De Laurentiis, V. and Sala, S., Brief on food waste in the European Union, Avraamides, M. editor(s),
European Commission, 2020, JRC121196. -

European I
Commission

https://food.ec.europa.eu/system/files/2020-11/fw eu-platform 20201125 fwm-webinar pres-3.pdf

www.biorural.eu


https://food.ec.europa.eu/system/files/2020-11/fw_eu-platform_20201125_fwm-webinar_pres-3.pdf

5 43 § Prevention and utilization of food related streams
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Farm to Fork Strategy at the heart of option N Prevention

European Green Deal. ,
Re-use human consumption &m’:ﬁg&"ﬁ:ﬁ ?&%“amwﬁ%
é& while respecting safety and hygiene norms
i

Directive (EU) 2018/851 changed the
definition of food waste, as all food that has
become waste, and food being defined with
all of its counterparts, including edible and
inedible parts.

o Feed use of certain food no longer intended for human
consumption following EC guidelines (EC, 2018)

* Revalorise i) by-products from food processing and ii) food
waste into added-value products by processes that keep the
high value of the molecule bonds of the material

Biomass streams in agriculture and food

* Recovery of substances contained in FW for low added-value uses
such as composting, digestate from anaerobic digestion, etc.

energy

« Incineration of FW with energy recovery

The directive introduces the waste
hierarchy concept, that is also logically
applicable for waste food prevention. L i soiion

Disposal

www.biorural.eu
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Biomass streams in agriculture and food

Agrifood
biomass

V. V. M. ' end-of-life products I.
end functional functional REuse of

Models of utilisation

energy

producti
.feedstock

1

surplus
food for

. human/
unexploited animal

‘ biomass nutrition

expired products

use materials components products

Edible food waste needs to be prevented and reduced. Upon withdrawal of the product from the food
supply chain (cnN (2018/c 133/02)), former food needs to be considered first for animal feed (eu (2008/98/EC)).

Agricultural biomass, food processing by-products and inedible food parts have promising
applications in new foods, bioactives, nutrient recovery, chemicals, polymer and material production.

Energy production from wasted materials is siutable for end-of-line materials, lower quality and
more heterogeneous biomass streams.




£3
c 8 Ak Small scale applications
€ 5 (2
S c
o @®
o . .
@0 g Novel foods NextGeneration Green Transition
= &2 ;)“gg'fosr - plant/food ingredients as natural food colors and aromas
= human/ - blending protein and OH by-products, mildly fermented foods - renewable ener
3 .2 _ gy
e = animal - new preparation technologies (freeze drying — new structure, transformation and heat cycling
2 © nutrition vacuum drying — alcohol removal ...)
o Former foods for feed (including insect bioconversion) - solar farming and biomethane
= £ for H, production
%0 @©
= 9 : : i
S B | Novel small unit extraction procedures - electrolysis for wastewater
g " C(f)l;rr:ggﬁgilts ) - ultrasound extraction processing and H, generation.
S @ - disruptive/cavitation based extraction _
< £ - carbon farming and
a .0 biogenic CO, production
O |
£
(%]
X
S
‘;3 V. Fibrous and/or lignin fraction
o functional ) - papermaking from own residual feedstocks for special papers
© materials - active packaging (antioxidant/antimicrobial/light protection)
=
o
9
)
Vv Biochar
end ) Nutrient recovery
use Biogas
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