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Protein problem ~=DIL

United States
Northern America

In 2050 — ~ 9.7 billion people to ~ 287 million tons annually

United Kingdom
100 g Europe
South America
World
80 g Asia
Africa
60 g
O g | | | | | | |
1961 1970 1980 1990 2000 2010 2017

(https://ourworldindata.org/grapher/daily-per-capita-protein-supply)



Global meat
production ~=DIL
trends

1kg
7-10 kg s 0
/ Eutrophication 23,3 g POy4-eq

e~ ___,

N Global warming potential 3,22 kg CO,-eq

£ Oceania
< Africa

»”| Central America

Acidification 57,1 g SOz-eq
5 300 million t

South America

250 million t
Northern
America

Meat production is the most impactful sector of agriculture -
200 million t

Europe

150 million t

100 million t
Asia

50 million t

0t

1961 1970 1980 1990 2000 2010 2018

(https://ourworldindata.org/meat-production)
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44— PLANT-BASED——F——p = 44— ANIMAL - BASED ———F—Pp

LAND USE (ha)
B Pasture
1 Cropland

FRESHWATER CONSUMPTION (1,000 ma)
B Rainwater
B Irrigation

GHG EMISSIONS (t CO,e)

" Land-use change
Agricultural production

(https://www.wri.org/data/animal-based-foods-are-
more-resource-intensive-plant-based-foods)

Source: World Resources Institute



Environmental impact
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Meat analogues
1 kg of ready to
eat product
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Chicken

Dairy-based

Gluten-based

Insect-based

Comparing product stages;

o

Lab-grown
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Mycoprotein-based

Method: ReCiPe Endpoint (H) V1.08 / World ReCiPe H/A / Single score

Soymeal-based

Endpoint impact categories

Resources

Midpoint impact categories
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Fossil depletion

Metal depletion

Natural land transformation
Urban land occupation
Agricultural land occupation
Marine ecotoxicity
Freshwater ecotoxicity
Terrestrial ecotoxicity
Freshwater eutrophication
Terrestrial acidification
Climate change Ecosystems
lonising radiation

Particulate matter formation
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Photochemical oxidant formation

Human toxicity
Ozone depletion

Climate change Human Health

Smetana et al., (2015). IJLCA, 20(9), 1254-1267.



Meat substitution with alternative proteins
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Alternative products =DIL
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Dietary shifts studies for emergenc
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Methodological insights: LCA ~=DIL

Main Objective Estimate environmental impact of technologies and products
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Principles of substitution ~=DIL

Nutrients
Texture and processability
Meat
Raw burger patties
Nutrients and scores Beef Pes Insect (2’:"?) Soy
Energy content, kcal in 100 g 235 269 282 255 169
Protein content, % 18 18 21 21 14
Fat, % 20 19 19 14 10
Saturated fat, % 8.4 5 2.1 3 0.7
Sugar, % 0 0 1.4 3.0 1.2
Dietary fibers, % 0.4 1.3 1* 3.1 5.1
Sodium, % 1.0 1.1 1.6 1.2 1.9
Nutri-Score D C D B B

(Smetana et al., 2021)



LCA of meat and meat substitutes ~DIL

Raw burger patty, 116 g, from cradle to gate 0,3 kg of digested proteins, from cradle to plate

1.2 35 -
Midpoint impact categories Endpoint impact categories
mPt U I Resources
;: I Mineral extraction
:::::j 'L Non-renewable energy 30 - I Ecosystems
10 - ;;E:j BXXX  Global warming [ Human Health
#HHHE Land occupation Midpoint impact categories
[+ Terrestrial acid/nutri IR Fossil depletion
BEE Terrestrial ecotoxicity 25 A
7/ Aquatic ecotoxicity Metal depletion
0.8 - Respiratary orgamc.:s I Natural land transformation
| Ozone layer depletion i
{ lonizing radiation 2,0 | Urban land occupation
Resplratgry inorganics Pt Agricultural land occupation
Non-carcinogens
5 Carcinogens Marine ecotoxicity
6 — 1,5 -
E== Freshwater ecotoxicity
[ Single score (total value) . »
K Terrestrial ecotoxicity
Endpoint impact categories 1,0 - {777 Freshwater eutrophication
0.4 N Resources B Terrestrial acidification
I Climate change .
, V/// Climate change Ecosystems
I Ecosystem quality 05 | o
1 Human health ’ §:§:§: [ lonising radiation
fisin Particulate matter f ti
0.2 - Method: IMPACT 2002+ V2.12 / Single score HHIE Particulate matter formation
%<2 Photochemical oxidant formation
0,0 T T |
T Chicken Dairy-based Gluten-based Insect-based lab-grown  Mycoprotein-based  Soymeal-based Human toxicity
' [ Ozone depletion
0.0 l ! - ! Camparing roductstages; == Climate change Human Health
B1 B5 Method: ReCiPe Endpoint (H) V1.08 / World ReCiPe H/A / Single score e

B1 — beef; B2 — pea, B3 — insect; B4 — mycomycelium; B5 - soy

(Smetana et al., 2021) (Smetana et al., 2015)



Microalgae ~=DIL

Pond depth = 0,03 m

ORP $=0,1ha
H=0,3m
$=0,05ha

TBR V=25m3
S=10 m?

HTF V=25ms

(Smetana et al., 2017)



LCA of Microalgae: large differences between systemP L

Open raceway Fresh biomass o Openraceway Dry powder
10,0 . pond Midpoint impact categories pond
I Mineral extraction 1 Terrestrial acid/nutri a0 23
9.0 4 L1 Non-renewable energy Terrestrial ecotoxicity
80 XXX Global warming v/74 Aquatic ecotoxicity 60,0
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2,0 4 Lo et g e Bl Ecosystem quality T 8 4 +— QO
49 Q L Y
. QL Y [ 1 Human health 10,0 T
1'0 b mmoma| I
% . Method: IMPACT 2002+ V2.11 vi Me
0,0 0,0 : : ' . =
CORP l SORP I CTBR ] STBR CHTF CORP SORP CTBR STBR CHTF
Scenarios Scenarios

FU1 — 1 kg of product; mPt — millipoints (ecopoints, 1 kPt is equal to the annual impact of one European citizen); CORP — open raceway pond cultivation of Chlorella vulgaris; SORP —
open raceway pond cultivation of Arthrospira platensis; CTBR — tubular photo bioreactor cultivation of Chlorella vulgaris; STBR — tubular photo bioreactor cultivation of Arthrospira
platensis; CHTF — heterotrophic fermenter cultivation of Chlorella vulgaris

(Smetana et al., 2017)



Insects

32.24 kg

(@ - products on the market
[l -storage and handling
[ -insecteggs production
[ -insect production

. - processing of biomass

Wastewater

Production stages
Office use

Egg production
Nursery and breeding
Feed handling
Utilities

Climate system
Product management
Separation

Processing

Electricity use
9.9%
3.3%

12.4%
9.9%
16.5%
33.0%
6.6%
6.6%
7.5%

l

22772 L Wastewater

Y

Water use Natural gas
5% 3.2%

8.5%

Cleaning 10.0%
95% 32.5%
15.3%

30.5%

3.82 kg

6.1. Fertilizer

1.44 kg

6.2. Fresh puree

0.34 kg

6.3. Lipids

1 kg

6.4. Meal

Smetana, Schmitt, Mathys, 2019:
https://doi.org/10.1016/j.resconrec.2019.01.042
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A-LCA of insects
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mPt — millipoint, integrated
normalized and weighted value
of environmental impact

(Smetana, Schmitt & Mathys, 2019)



C-LCA compound effects of insect production ~=DIL
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—
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h - —
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of environmental impact

C — composting avoided
A —avoided anaerobic digestion

Fishmeal
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= —

Meal (Protein Concentrate)

(Smetana, Schmitt & Mathys, 2019)



SUSINCHAIN beta version online tool

http://susinchain.herokuapp.com/index

SUSINCHAIN LCA and Cost Calculation Tool

Insect species
[ Black soldier fly (Hermetia llucens) ~|

Amount of insect

I

Feed for insects

Milling by-preducts v

Amount of feed/Amount of insect

I

Amount of frass/Amount of insect
1

Utilities for insect cultivation

Natural gas
N —
Electricity [ ]
Wastewater

Processing
First step | Separation and washing v
Second step | Blanching v

Third step

End product
| Extruded dried product ~|

Packaging
[ Paperboard ~|

Results
Per unit of raw insects For the whole
Category (ton) production
GWP, kgCO2 eq 1901.52 1901.52
Non-renewable energy, 3034 55 3034 55
Land use, m2 73.77 73.77
Water use, m3 -0.03 -0.03
Cost, Euro 180.93 180.93
Final product weight, ton 0.5
4000
3500
CE—]
& & o
£ Ry &é"
& o

@ svsivcrnn =DIL

Recommendations
Use Polyethylene foil (LPDE) as an packaging option to reduce carbon emission and assure the recycling of LDPE
If freezing, cooling or drying I1s used- then we recommend to find solutions to eliminate those process. e.g. Application of fresh biomass with
pasteurisation
Use Kraft paper- packaging paper as an packaging option to reduce cost of packaging
Use microwave drying process to decrease carbon footprint
Use Brewer spent grains as feed for insects to reduce impact of production by 87 45 %
By using electricity instead of natural gas can reduce 91.97 % impact

This study has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement no 861976 project SUSINCHAIN - Home Feedback



Modelling efficiency of meat culturing > K
FIuuT

.. 3D printing l
Self-organizing Scaffold-based (extrusion/droplet)
Production < 1t DM meat > 1t DM meat 1t DM meat (@) « ()
Reactor scale, 20 m3 for 1 month 15 m?3 for 44 days Minimal printing space for 2-3 weeks; ¢ ?
duration (1.56 t meat) (1.38 t meat) 2 m3 for 4 weeks (1.5 t meat) l
Technology type Batch Batch Continuous-batch serlemedum - g prote [ -+
Initial inoculum 20 m3 of 5x10! cells per m3 15 m3 of 2x10° cells mL™! 2 m3 with 10-40x106 cells mL! A R
Microcarriers na Starch 300 kg Alginate 50-100 kg* ‘ 214
Water 20-40 tonnes* 118.4 + 180 tonnes 10 tonnes* . 7 : -‘
Growth medium (80 tonnes*) 118.4 tonnes (4-10 tonnes*) 7m? llsi
Gl included i di 0.8t included i di = ==
ucose included in medium .8 tonnes included in medium q / —q /
Air /Oy Air /0,
GIUtamine na 692 kg na Fed-batch bioreactor Flocculation
NaOH 200 k* 600 k 20-40 kg™ Clear supernatant l
Energy 19 840 M) Rinter: 332,6 MJ¥; Reactor: 145 MU=
Van der Weele et al., 2016; ) )
Sources Mattick et al., 2015; own Mattick et al., 2015 Murphy & Atala, 2014; Qatta etal, 2018; P”’“
. own modelling*
modelling* —
D
[ o ]

S
£ ) e S

e — \__ o
Cultured meat cake

Settling and separation

.EIOPLOTTER 4

| =P
b

(Carrel, 1912) (ENVISIONTEC GmbH) (DILe.V.) (van der Weele & Tramper, 2014)
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Environmental impact overlook
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(Smetana et al., under review)
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Legumes (25)
Legumes, prot (9)
Cereals (2)
Cereals, prot (6)
Nuts, prot (2)
Insects (15)
Insects, prot (13)
Microalgae, prot (3)
Microbial (2)
Microbial prot (2)
Beef (8)

Beef, prot (7)
Cell-based (10)
Cell-based, prot (3)

Legumes, prot (4)
Cereals, prot (2)
Insects (8)

Insects, prot (14)
Microalgae (5)
Microalgae, prot (5)
Microbial (2)

Beef (6)

Beef, prot (4)
Cell-based (1)
Cell-based, prot (3)

Legumes (22)
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Nuts, prot (3)
Insects (10)
Insects, prot (3)
Microalgae (2)
Microalgae, prot (2)
Microbial (2)
Microbial prot (3)
Beef (11)

Beef, prot (3)
Cell-based, prot (3)
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(Smetana et al., under review)



Conventional sources of proteins ~=DIL

Greenhouse Gas Emissions Eutrophication Land Use
kg CO,eq g PO,%eq m2-year

100g of protein 0 10 20 30 0 180 0 40 80 120

Beef (beef herd) >
Lamb & Mutton

[
Crustaceans (farmed) |
L

Beef (dairy herd)

A A
Low impact producers High impact producers
10t percentile 90t percentile

|
.
L

Cheese I
Pig Meat [ ]
Fish (farmed) | [N
Poultry Meat I
Eges | N
Tofu
Groundnuts

Other Pulses

Peas

Nuts

°

24 0 4 8 12

N
N
(o2}
o

1 litre
Cow’s milk I |
Soymilk | [N [ |

(Poore & Nemecek, 2018)
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Concluding points

Location

Commercial feed

By-product

Side-stream
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Technology Society Resource use

Feasibility and Sustainability
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