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GEA - “engineering for a better world”

GEA is one of the
largest suppliers of
process technology
to the food industry
and to a wide range
of other industries.

4,751

million order intake (EUR)

AP

ey
17,863

employees (FTES)

The international
technology group
focuses on process
technology,
components and
sustainable energy
solutions for
sophisticated
production processes
in diverse end-user
markets.
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The company is listed on
the German MDAX stock
index (G1A, WKN 660 200)
and included in the
STOXX® Europe 600 Index.

In addition, the company
is listed in selected MSCI
Global Sustainability
Indexes.
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1.31

earnings per share (EUR)
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Our applications — in touch with GEA every day G=A

Dairy

Farming and Food Beverages Pharma Chemical Marine
Processing
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quarter of |  chicken | third process | second liter | liter of human | third ofall | | container ship
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Image of Insects in Western Cultures G%l\ezgéﬁfgi“v%;ﬁ;
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Population development GE;J\EZ%’L??&“&J%

have to feed

Gl

.............................................................. >
) W oy O -.-,‘;;ﬂ!fii‘:é ’
’h?a\ {;__\ / e T _E?";;J'**

* ¥

{
0

it I 0

.lf“

Circular Bioeconomy Days, Aarhus University, Forskningscenter Foulum 27th June 2019



GEA activities in protein production — G%l\e?&if;“v%;ﬁ;
today and tomorrow

Animal Plant Alternative
proteins proteins proteins
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Impacts of conventional protein production G%’\elg&ifé?ﬁi%

On land In the ocean
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. .

Overfishing

Water use and pollution

‘E Land use

Greenhouse gases

--------------------------------------------------------------------------------------------------------------------------------------------------------
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Sustainability of Insects” &T’\ betier wond

Gallons of water Pound of feed needed
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Potential for Food, Feed and Bio Materials c% 2 better world

Feed leestock

Petfood
Food Aquacultures ﬁ

Food additives

_ _ Protein-fortified
Bio materials Q dry products
Edible fats
@
ﬂ\ _ Functional -_v=
IJ Biofuel additives W Snhacks
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Estimated Protein Production from Insects (g; r”\elgé’é‘iiéi”v%éﬁé
. ; [ .y
within Europe

Estimated volumes of production of
insect protein until 2025 in Europe
(in thousands of tonnes)
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Source: IPIFF questionnaire October 2018
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Insects for Food: Mealworm Larvae GE;J\E?L’L??@L“V%;:’.;

Lesser Mealworm (Little Beetle)

Alphitobius diaperinus

oL
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Insects for Food: GGE‘J\E?LZ?Q”%%
[ .y
Burgers from Mealworm Larvae
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Proti-Farm®

= Co-creation @GEA
" Insect burger

= New: up to 64%
insects inside
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Fundamental principles of centrifugal separation C?E‘T’\e'ﬂ”e?fé?”%ﬁé

Density difference: Separators and decanters can be used for the
separation of the following liquid mixtures:

Liquid/ solid Liquid/ liquid Liquid/ liquid/ solid
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Insects for Food: Recovery of Protein and Fat (c_ail"’\e’?é"e‘iféi"v%éﬂé
e 4
from Mealworm Larvae
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Insects for Feed: Black Soldier Fly Larvae @E‘T’\“ﬂ”&iﬁ"ﬁéﬁé

Black Soldier Fly (BSF)
Hermetia lllucens
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Insects for Feed: EU Perspective GE;J\EZ%’L??QL“&J%

IPIFF roadmap on the use of insects in animal feed

Prolein Fal  Live
Flant-based substrates % .

Unprocessed former foodstuff: fftl; \/ \/ \/
dairy and eggs

Unprocessed former foodstuff: ‘ ﬁ * B \/o \/

meat and fish E)

Catering waste and ] . ‘ & \/
slaughterhouse products (2] m -
Animal manure . . A ><9 \/

X X X A
NN

hitp:/fpif.org/publications-

Target achieved
Authorisation effective since 1 July
2017

position-papers/ o Authorise insect proteins for
aqua feed use

EU discussicns may begin
e Authorise insect proteins for use end-2018. Approval by Member
in pig and poultry feed States possible during the 1st
quarter of 2019

Authorise ‘former foodstuff’
e and/or catering waste as feed 2020 onwards
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Low Temperature Process
Process for Food and Feed

Raw material
. v
Grinding
v
Steam [= lCuagulatur J
v
Steam [= [Heating ]
v

S

Solids

3-phase
decanter

v & "V

Stickwater

[S{n}uning
v v
Steam [= | Heoating ] Condensate

I Evaporator

Concentrate

v

L4

Dryar

Protein meal

v
Polishing )
separator

v

Clean fat
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Low Temperature Process CcE:’\eZgéliféTﬁéﬁé
. e 4
Pilot Plants for Product Development

. GEA basic module Insects larvae
from cleaning

b

= Pilot plants for protein
- and fat recovery
bevitlisstion from insects

-
v

Heating

-
Stickwater il
3-phase decanter
r ﬁ

optional: Evaporator / } Ori optional:
Membrane filtration rier Oil polishar
-
Insect meal

Capacity: up to 500 kg/h or 10 t/d
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Enzymatic Hydrolysis Process
Process for Food and Feed

Raw material

v
g:‘-’ Water = [ Enzyme
—

Enzymeas [= treatment
v
- Enzyme
deactivation
| .

‘ Steam  [» | Pre-heating
= 3-phasa J> Solids

v v

Protein hydrolyzate

Defatting [ Fat

Separator [= Solids

v v

Fat Protein hydrolyzate (defatted)
v

Evaporation
v
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w lDrying |

v
Protein meal
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Recovery of chitin
as separate phase possible

i
I

Pilot plant Haaksbergen, NL

27th June 2019




Insects for Feed: Low Temperature Process GQI'J\“;%“&?;TV%;:’.;
e 1
Devitalisation of Larvae R
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Insects for Feed: Low Temperature Process C.g I'J\EZ%“;EL”V%:;’.;
' i R 4
Mechanical Separation

BSF

Dry Substance 28 — 30 %
Fat 9-11%

_34
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Protein 10-12 %
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Insects for Feed: Low Temperature Process GQI'J\“;%“&?;TV%;:’.;
' i R 4
Mechanical Separation

Moisture 6 —-10 % - Can be evaporated and added
Protein (DM) 54 — 64 % - Reducing fat content and

Fat (DM) 8_12 % increasing protein content
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Insects for Feed: BSF Meal C?ET’\ betier word
Nutritional value of insect proteins

mfishmeal mblack soldier fly mealworm

12
— max. requirement i
o 1086
10 (carp, salmon, tilapia, trout)
8
£
L s
9 59
% 52 . =
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4 —
32
2 22
II 08
0
arginine histidine isoleucine leucine lysine methionine + phenylalanine +  threonine tryptophan valine
cysteine tyrosine

Source: Buihler, Networking days 2016
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Insects for Feed: Low Temperature Process CcEi\eZngi?éi”ﬁéﬁé
. . e 4
Mechanical Separation

Fat from Black Soldier Fly:
- low In unsaturated fatty acids
- nutty taste and smell
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Circular Economy CQE;J\""?L”;?SPV%J%
Fertilizer

Residue
processing .

Adult insects %{:’} ol
-
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Fats and proteins
Rearing

Insects
Pupae life cycle

Larvae Young larvae
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Circular Economy QE;, hectr wond

Crop / primary protein production

Lie)

Adult insects

N | 4 'V
Fertilizer / ﬁil\
ey >
_ 0" Animal Food
Residue farm processing
processing -, v A

Insects
Pupae life cycle

Larvae Young larvae
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Circular Economy QE? hectr wond

Crop / primary protein production

Fertilizer

Food

Residue processing

processing . s,

Adult insects

R
A ) Retail
Fats and proteins
Sl A
L Larvae processing y =
Consumer o

Insects
Pupae life cycle

Organic waste

Landfill
HJ Energy production

Larvae Young larvae
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Production 25 — 35 days

365 day/a production

7 kg of (wet) feed for
1 kg larvae

Foot Print of 20,000 m2
for 50,000t larvae /a
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Upscaling: Breeding and Rearing (cdﬂe%géliféi”ﬁéﬁé
e 4
Case Example

Feed = Breeding & = Larvae

Management Rearing (estimated)
350,000 t/a 50,000 t/a
1,030 t/d 7,700 h/a production

50 Trucks per day 6.5 t/h capacity

> >
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Upscaling: Processing CcEp’\e’?Ll‘iféi"v%éﬁé
e 4
Case Example

Larvae Processing : Endproducts
(estimated) — (estimated)

50,000 t/a ﬁ d 1.1 - 1.5t/ Meal
7,700 h/a production :>
6.5 t/h capacity e
0.5-0.7 t/h Fat
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Upscaling Protein Meal and Fat Production CcEi\eZgéliféi”ﬁiﬁé
e 4
Case Example

Feed- Breeding & Processing Distribution of
Management Rearing Final Products

8,500— 11,500 t/a
ﬁ / 1.1- 1.5 t/h Meal
350,000 18 [y =
1,030 t/d 5
3,800 — 5,400 t/a

0.5-0.7 t/h Fat
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Future Green Solutions >

Future Green Solutions

A business of tomorrow

Food Waste Black Solider Fly Soil Ameliorants Waste Treatment
Helping to solve the current Black soldier fly (Hermetia The resultant larvae castings Currently investigating
food waste crisis. Diverting illucens) larvae are ferocious can then be utilised as high opportunities for BSF to treat
organic food waste from feeders that efficiently convert grade soil ameliorants. problematic organic wastes.
landfill, as use for BSF feed. organic waste into high value
Current research is proteins and oils for use in
investigating other organic livestock and aquaculture
wastes for feed. feeds.
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Summary
Application

* Process know-how available

 All process steps can technically
be covered

* Not replacing existing protein
sources but helping to fill the
protein gap sustainably

 Room for further innovations
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Summary
Region

In many regions fit for food

In many regions fit for feed

Product design helps (for food)

Movement where
restrictions are still in place

Circular Bioeconomy Days, Aarhus University, Forskningscenter Foulum
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Summary
Technology

* We are ready,
no new machines

* Opportunities for Farming
(alliances and co-operations)

» Collecting further ﬁ'ill

competence for alternative
proteins
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Outlook
Next steps

Further testing with different raw
material, substrates, equipment,...
a2
Committed regarding
alternative proteins

without loosing focus on A'.J
traditional applications

Co-operating with partners
to be able to offer I‘
complete solutions

* Open minded regarding new trends and

developments
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Insects as Alternative Protein Source GE#\ e oo

Application

Technology Next steps

<]/
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