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https://hargol.com/
https://www.flyingspark.com/
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Global Insect Protein Market
share, by application, 2020 (%)
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GRAND VIEW RESEARCH

$249.9M

Global Market Size,

ey
2020

@ Food & Beverages & Animal Nutrition Pharmaceutical & Supplements | TERE
Personal Care & Cosmetics WWW.Brandviewresearch.com
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https://www.grandviewresearch.com/industry-analysis/insect-protein-market#:~:text=Report%20Overview,27.4%25%20from%202021%20to%202028.
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U.S. Insect Protein Market

size, by source, 2018 - 2028 (USD Million)
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2018 2019 2020 2021 2022 2023 2024 2026 2026 2027 2028

33.2%

U.S. Market CAGR,

2021 - 2028
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Source:
www.grandviewresearch.com
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Environmental issues >
Minimal Carbon footprin> »
Animal welfare >

+ Advantages

mm Disadvantages
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Micro Carrier

Cultured Meat

Tissue Engineering My
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Bioreactor
Differentiation
Animals Oo » ©< \
1PS cells
Muscle, fat, etc.
rF< v nuwinmnw) Hong, T. K., Shin, D. M., Choi, J., Do, J. T., & Han, S. G. (2021). Current Issues and Technical Advances
A L > Israel Innovation in Cultured Meat Production: A Review. Food science of animal resources, 41(3), 355-372.
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Species Company Product Manufacture year Country
Chicken meat JUST Chicken nugget 2019 USA
Memphis Meats Chicken tender 2017 USA
Peace of Meat Chicken nugget 2020 Belgium
Future Meat Technologies Shawarma 2019 Israel
Duck meat JUST Duck paté & chorizo 2020 USA
Memphis Meats Nugget 2019 USA
Gourmey Foie gras 2020 France
Beef Mosa Meat Burger 2013 Netherlands
Memplis Meats Meat ball 2016 USA
Pork Higher Steaks Pork belly and bacon 2020 UK
New Age Meats Pork sausage 2019 USA

Hong, T. K., Shin, D. M., Choi, J., Do, J. T., & Han, S. G. (2021). Current Issues and Technical Advances in
Cultured Meat Production: A Review. Food science of animal resources, 41(3), 355-372.
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Greenhouse gas emission

Data are normalized to the impact of beef production.

Eutrophication does not include data for mycoprotein. Land,

0 0.087 emissions and energy data for mycoprotein were adapted from a
2015 LCA72. Data for beef, pork, chicken and CBM

were adapted from a 2015 life cycle assessment75. Data for PBM

were adapted from an Impossible™ Beef LCA (land, eutrophication,

emissions) and a

Eutrophication

Land use .
Beyond Meat® life cycle assessment (energy use)70,71.
0.060
. . L . . L , Rubio, N.R., Xiang, N. & Kaplan, D.L. Plant-based and cell-based
0 0.2 0.4 0.6 0.8 1 1.2 14 approaches to meat production. Nat Commun 11, 6276 (2020).
B Beef 0O Pork [ Chicken O Plant-based meat O Mycoprotein O Cell-based meat
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The climate impact of alternative proteins. Katherine Collett, Brian
O’Callaghan, Mike Mason, Charles Godfray and Cameron Hepburn.
Oxford Smith School of Enterprise and the Environment May 2021
Based on data from: Poore and Nemecek, “Reducing food’s
environmental impacts through producers and consumers,” Science,
vol. 360. pp. 987-992, 2018.
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Land Use Greenhouse Gas Emissions
B Current diet 14
4.0 - No animal feed o 7¢ NI2DNINA 7NYNN 'R N7 NIT
B No beef (beef herds) 8%
B No beef (beef herds) or lamb 12 Y .ODO"NMITN D'I-]'D'-]D Nni'NnQ
3.5 No beef, lamb or dairy -19% ’
_ No snimel products -22% "7¥2"7 DMIYED DNIXINY XY
§ 30 g D"NITN D'2'>1 D'7'ONn DN
18]} | =
< 25 g . -40% D'772' ,01'N0') D'MIoN
5 . A £ ID10X' YWK (INIY NIXNIN
e S 59% "TD> D'INXN NINinn Y'an?
2 15 ) Q0N NITINN NITN 7V MInwY
g -73% 4

7¢ D"'NITN 0'7'91N9 7V 0'V1S
NIXN7 [N D"2'0NV7XR DIATN

Nature 2018 n1019a
.Parodi et al nxn Sustainability

10 Current diet
’ No animal feed

|

|
-82% B No beef (beef herds)
|
-

No beef (beef herds) or lamb
No beef, lamb or dairy
No animal products

0.5

0.0 0

Based on data from: Poore and Nemecek, “Reducing food’s environmental impacts through producers
and consumers,” Science, vol. 360. pp. 987-992, 2018.
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Fed-batch Perfusion
Production rate (kTA) 6.8 6.9
Total bioreactor volume (m?) 649 197
Total FTE 95 132
Capital costs TI'Y] D'I9¥N QYPYAN NIV NDYN
Production bioreactors $34M $83M |I3- Y1 NIINN YA N |7an ﬂnrm"l
:u::e::;em o ::AM no'wa Nivnd AT 'tm 663-328
Medin oreo —_— - po 7,000 -5 71ma 7w ananal 2iman
Bewataring $4M $2M N1Y2 N2InnN YA
O, PSA $21M $19M
CIp $10M $9M Fed-batch cell culture Process - 24 x 20 m3bioreactors
o — $22M $43M Perfusion cell culture Process — 96 x 2 m?3 bioreactors
Production clean room $40M $49M
Lab clean room $4M $3M
Other buildings $5M $13M
Total direct cost $178M $360M
Engineering and construction $107M $216M
Fees and contingencies $43M $86M
Total capital investment $328M $663M

Humbird, D. (2021). Scale-up economics for cultured meat. Biotechnology and Bioengineering, 1-12. \
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2"NNa wwan e (mw/a'p 121,000,000) 1% no7nn Yw nnina *N2NIMn WA IXT? 0IY 0'YNINYT 'OIIRN 7TIN
(nm) maninn Ywa ni A"pAT 437,000 - 2019 mawa 71man oirtn 7w nif2yni o'kann 7y ooian 1 w'nan

Minimum
price of
Volume of ACBM to
media meet annual
Achicvable Glocose Gilucose needed for capital and
cell FGF-2 FGF-2 concentration consnmption Hours per Total annual operating
Scenarie conceniration CONC, cost in basal media rabe per cell douhling Matoration required prodoction EXPENSES
na {cells/ml) {g/L) (USD/g) {mol/L) {mol/ h cell) {h) time (h) bioreactors (L) {USD/kg)
[ 1 1.00x 107 1.00x 10 2.05x10° 1.78x10°2 4.13x 1018 24.0 240 sM05 L.40x10" 4370t
2 9.5 107 500 x10rF 1.00x 107 26Tx1i? 2.07x 103 16 156 a0 lo6x10™ 57104
3 0.5x107 500 x10°F 0 2.6Txlir? 207x 10" 16 156 60 Lo6x10™ 4.45x10%
4 2.00x10% 0 1] 3.56x10°° 41310 3 24 L] 8.56x10° 1.95
H

Scenario 1 represents a baseline scenario which utilizes a 2019 baseline cost estimate of Essential 8 media from a Good Food Institute report.

Scenario 2 represents a mid-point scenario between Scenarios 1 and 4.

Scenario 3 is identical to Scenario 2 except FGF-2 growth factor costs are eliminated.

Scenario 4 is a scenario where nearly all technical challenges are resolved.

Risner, D.; Li, F.; Fell, J.S.; Pace, S.A.; Siegel, J.B.; Tagkopoulos, I.; Spang, E.S. Preliminary Techno-Economic Assessment of Animal Cell-Based Meat. Foods 2021, 10, 3.

*ACBM - animal cell-based meat a
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Volume of Media Needed Minimum Price of ACBM ! To Meet Annual

Scenario Total Required Bioreactors Fpr Annual Production (L) Capital and Operating Expenses (USD/Kg)
1 5205 1.40 x 1011 4.37 x 10°
2 360 3.06 x 10 5.72 x 104
3 360 3.06 x 1010 4.46 x 104
4 50 8.56 x 108 1.95

1 Animal cell-based meat (ACBM).

.02'70N/D'77MD NOTIN 7w NIMDOoIMI N'RN NAI7IM NINRY 7V 002aNNN NQINN YA NIV NDWN? 7Tmn
219NN NI2VI/IX INN 7Y 0'Y'OwYNN DY DINWN 9 DDINN NN9N NYN NYaYI D'Y'Y IN'T 77NN 11

1'Nivn

Iwan N7y n2wnn 4 wnana 1 AT 400,000 niaraoa Tikn e nxkwa A7 nizvn 1 wnana
Q7NN XN 12 WNANN KN4 wnan "7 27217 2 Nintaoa NNINo 'Ninn Y2 NN NN N2INNNn
.D"NIYNYNN D™D0N DNANKD 7V NAANNY [11I'DN N7 NIRTDY

Risner, D.; Li, F.; Fell, J.S.; Pace, S.A.; Siegel, J.B.; Tagkopoulos, I.; Spang, E.S. Preliminary Techno-

Economic Assessment of Animal Cell-Based Meat. Foods 2021, 10, 3.
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.https://acbmcostcalculator.ucdavis.edu
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n'7n1' npa oy Fed Batch Culture

N7 IN N"IXY1'7 npoona NitoINn Chemostat — Continuous Culture
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IT .0'RNN 7w TIN win'w2a N1voXNn Perfusion — Continuous Culture
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Continuous culture Continuous culture
Batch (chemostat) (perfusion)

Fed-batch

Fermenter Fermenter

Industrial biotechnology products and processes, Weinheim Wiley-VCH Verlag GmbH & Co. KGaA 2018
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State of biomass Liquid motion Operation options

Cells in suspension CSTR and mechanical stirring with turbines Batch, fed-batch,
mounted on a stirring shaft continuous
CSTR and mechanical stirring as above but Perfusion
equipped with a cell recycling system, typically
filtration

Cells in suspension Pneumatic stirring, such as used in airlift Batch, fed-batch,
systems continuous

Cells in suspension Plug flow reactor with hydrodynamic stirring Continuous

with or without static mixing elements in tube
or flat-bed bioreactor

Ialterent, lmmDEIILEEE CE‘IIS Erowing on ilLIJaE-Ea microcCarriers or EﬂtC!L IEE-—EH’tCI:,

cells, cross-linked, or encapsulated in suspension culture in a perfusion
aggregated cells continuously stirred bioreactor CSTR

. Cells growing as Cells multiply on hixed surtaces 1n bioreactors bBatch operation
biofilm with fluids typically moved hydrodynamically

or pneumatically

CSTR (continuously stirred tank reactor)

Industrial biotechnology products and processes, Weinheim Wiley-VCH Verlag GmbH & Co. KGaA 2018
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microcarrier

Microporous
microcarrier

Types of microcarrier
based on porosity

Culture

microcarrier

Microporous
microcarrier

Cells attached on the
different microcarrier
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Three dimensional microcarrier system in mesenchymal stem cell culture: a systematic review
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Figure 1 - Environmental impact (ReCiPe single score) of CM and conventional protein products (ambitious
benchmark and ambitious benchmark adjusted for global average score on global warming)

Environmental single score
Cultivated meat (CM) compared to ambitious benchmark for conventional products*®
2000 4306 -
ol
1800 ]
1600
_ 1400 S M Global warming
g Iz m Land use
1200 i
g L B Water consumpticn
oo 1000 i
- ! “I Fine particulate matter formation
§ 800 M Human toxicity
600 ( ) M Othert*
400 m— :-| = AB + current global average GWp***
I 1 N
200 - _ = =N B
- J— = —- — — =
Meatless  Tofu CM  Chicken Pork (o'} Beef Beef
(sust.) (conv.) | (dairy  (beef ).
\_____J cattle) cattle) X
A Intensive, West-European, circular agriculture with LUC-free soy.

b ‘Other’ includes 14 impact categories, among which other toxicity categories, acidification and resource
depletion. A complete list can be found in Annex A.
***  Current global average carbon footprint taken from Poore and Hemecek (2018).
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Figure 3 - Carbon footprint of CM and conventional protein products (ambitious benchmark + global average
based on Poore and Nemecek 2018)

Carbon footprint
Cultivated meat (CM) compared to ambitious benchmark for
conventional products*

60

D
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50

i

30

20
10 — :'—”i
Meatless Tofu CM (sust.) Chicken Pork CM (conv.)|Beef (dairy Beef (beef
cattle) cattle)

ECultivated meat - 2030

kg CO;-eq. / kg product

mConventional products - current (ambitious benchmark)*
B Conventional products - 2030 (ambitious benchmark)*

= Conventional products - current (global average)*

i Intensive, West-European, circular agriculture with LUC-free soy. The ‘current’ bar represents additional
impacts of current production compared to the 2030 benchmark.
" Taken from Poore and Nemecek (2018).
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2. CE Delft 190107. LCA of cultivated meat. — February 2021

3. Ovalbumin production using Trichoderma reesei culture and low-carbon energy could mitigate the environmental impacts of chicken-egg-derived ovalbumin | Nature Food

4. Anticipatory Life Cycle Analysis of In Vitro Biomass Cultivation for Cultured Meat Production in the United States. 2015

5. Maurizio Cellura, Maria Anna Cusenza, SoniaLongo , Le Quyen Luu and Thomas Skurk . Life Cycle Environmental Impacts and Health Effects of Protein-Rich Food as Meat Alternatives: A Review. ﬂ

Sustainability 2022, 14, 979
6. Int J Life Cycle Assess (2015) 20: 1254Smetana, S., Mathys, A., Knoch, A. et al .Meat Alternatives: Life Cycle Assessment of Most Known Meat Substitutes
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Figure 2 - Environmental impact (ReCiPe single score) per kg CM, contribution analysis

Environmental impact of cultivated meat (CM)
Baseline scenario
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300 = Wastewater treatment
mCIP/SIP
= 750
o m Equipment
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£ 150 130 Medium
100 Heat for production
50 - N Electricity for production
® Total
Conventional energy Sustainable energy F
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