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Human population growth + dietary shifts — meat +
fish consumption 111

Meat + fish production — high environmental impact
(land and marine resources, GHG emissions)

Insect protein = booming alternative for meat + fish OR
as feed for meat + fish

Is iInsect protein a sustainable substitute? Impact
unexplored

Insects = great application potential, but success will
largely depend on

Consider sustainabllity issues
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all aspects

Environmental Economic Social
Dimension Dimension Dimension

environmental Life

- Social Life Cycle
Cycle Assessment Llf.e CyC|e Assessment
(LCA) Costing (LCC) (S-LCA)

Life Cycle Sustainability Assessment (LCSA)

learning process continuous
Improvement
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Life Cycle Assessment (LCA)
framework

1. Definition

of goal and 4. Interpretation Applications:

scope (including -product design and
sensitivity product optimisation
analysis, - planning

. )
2. Life cycle aggregation and - marketing

Inventory
{LCI)

conclusion)

3. Life cycle
Impact

Assessment
(LCIA)
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GOAL & SCOPE: develop sustainable production
systems of insect protein for animal feed

INPUT: Insects reared on organic waste streams
OUTPUT: valuable proteins suitable for fish and
monogastric livestock production.

CONDITION: Integrate LCSA
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Main
Purpose
Pig manure
reduction
(FU: 1kg of
waste
reduction)

Insect
Protein

(FU: 1 kg of

insect
product)
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By-
products
Residue
Substrate +

Insect
Protein

Residue
Substrate

FIRST RESULTS OF ENVIRONMENTAL LCA

Species

Housefly
(Musca
domestica)

Black

Soldier fly
(Hermetia
illuscens)

Substrate

Pig manure

Brewery

waste

Scenario

Fresh
manure

Dewatered
manure

Manual
harvest

Automated
harvest

Code

HF fm

HF dm

BSF mh

BSF ah



DEPARTMENT OF EARTH AND
@ ENVIRONMENTAL SCIENCES FIRST LCA RESULTS

K.U.LEUVEN - BELGIUM

Building a material flow chart: example for
Finalized material flow charts for all
Descriptive analysis based on inventory analysis for all

Impact assessment (land occupation and fossil fuel
depletion) for all
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HOUSE FLY - FRESH MANURE — MANUAL HARVEST
1. Simple basic scheme

Insect-
based
product

NPUT  OUTPUT
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HOUSE FLY - FRESH MANURE — MANUAL HARVEST
2. Discerning the unit processes (# operating conditions)

Larvae  : Finishing
. production :

“  Egg production

Insect
product

INPUT . OUTPUT
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3. Focusing on the manure reduction (larvae + finishing)

Larvae Finishing
. Pig fattening | production

Dried
Fresh . i
manure Substrate Insec
........................ inoculation product

i Population maintenance :

Instar larvae+

substrate

Egg production

Larvae
development
& J

Substrate
+ pre-pupa

/_l_lﬁ

Harvest

' Residue
T substrate

OUTPUT

INPUT
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4. Focusing on egg production and adult population maintenance (= similar to
larvae production, but # conditions + # output)

\ Larvae i Finishing
. Pigfattening | | production

| Fesn 5 Dred | |
Substrate insect |
l  manure _ ! : o “
< OO inoculation fodue |

Population maintenance

Substrate Instar larvae+
inoculation . substrate

Larvae

H development
AN )
Larvae
/i ¢ | development
[ P Substrate
Water | P Substrate P + pre-pupa
| +Pupa
sugar ——:> I Harvest arves
ta 1
Mik T L [ Adultfies —
powder | substrate | |
“ i — bsrat |
INPUT hatch — OUTPUT
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5. Adding remaining flows + determining optimal conditions of unit processes

 Larvae .| Finishing
: production i 0-30°C

i 22-26°C | ©30-90 [
¢ 45 - 60 : product

Pig fattening ‘

J

Dead flies Population | !
maintenance :
22426°C:

Fyegss |1 G45- 60

Unhatche
d pupa

‘= Egg production
? 23=27°C
f ® 50 - 60

............................................... T,

Water | Residue
‘ : H substrate

Refined
sugar

pomllder “ ; — -
INPUT — =

OUTPUT |




Insect rearing system - Unit processes and fundamental material flows

Pretreated pig manure, manual harvest, dried insect product [HFdm] (Alicante, Spain)

House fly [Musca domestica]

Pig fattening

Pretreated

manure

Substrate

bioflytech
Larvae production [LP] Finishing
22-26°C 10-30°C
©45- 60 $30-90

Packed, dried

/ - insect product
Dead fi inoculation (
ead Tlies
Dewatering Population maintenance [PM]
Unhatched 22-26°C
®45- 60 Instar larvae+
pupa
Fresh Substrate substrate Packaging J
manure inoculation
Fly eggs
Y €9 e /::\ watering Drying
- E ducti 0 °
[ C!eanlng ] 239-927p°r% uction 3 150°C, A4 h
rearing cages 50-60 arvae
< Larvae development
development A240h
Oviposition ;fl/ ;Aﬁ‘LJ
Substrate
L Substrate + Pupa [LP] Packed residue
+ Pupa [PM] - substrate
Refi
sugar arvest
: | Adultfies | Residue
Mitk powder ™ substrate [LP] Packaging
Residue
INPUTS : OUTPUTS
Uit : Conversion degree
p : [ Process J|_Product | : Final Process
roduct residues
Material flow > P




Insect rearing system - Unit processes and fundamental material flows

Brewery waste, manual harvest, dried insect product [BSFmh] (Alicante, Spain)
Black Soldier Fly [Hermetia illuscens]

Brewery

Brewery
waste

i Larvae production
1 25-30°C
P 040- 80

bioflvytech

Finishing
10-30°C
®30-90

Substrate
inoculation

N

Packed, dried

insect product

.................................. Dead fils
Seed larvae
Unhatched Seed larvae + Packaging
........ e substae
Hen feed Cleaning Egg prg:i-ugzi?g I;rv;; gatch Drying
rearing cages ©40-70 P 950-70 L 150°C, A4h
[ H Instar larvea d La;rvae '
development ezezcz%mhen
I 1l A 216 h ;'—'—/
b
o : : )
h Residue substrate Bree
Oviposition Fly eggs Larvae hatch ] + pre-pupa Py /,—_Lkstock
Water < :
T p N
i Pupation Larvae
Feedin :27-29°C Harvest collection
Refined 9 i ®50-80
sugar H H
. Packed residue
Adult flies Packaging substrate
E !
upa g
development Pre-pupa
INPUTS : : : OUTPUTS
Unit [ Process ] | Product | Conversion degree Final S
Lep :
roduct residues
| Material flow > P




Insect rearing system - Unit processes and fundamental material flows

Brewery waste, semi-automated harvest, dried insect product [BSFah] (Alicante, Spain)
Black Soldier Fly [Hermetia illuscens

]

Brewery

Brewery
waste

i Larvae production
1 25-30°C
P 040- 80

bioflvytech

Finishing
10-30°C
®30-90

Hen feed

Substrate
inoculation

Water

Refined
sugar

INPUTS

[ Process ]| Product |

Material flow

Packed, dried
insect product

Dead flies
Seed larvae Packaging
Unhatched Seed larvae +
........ e S N substat |
= W imme PETNI
rearing cages ©40-70 i 050-70 Larvae (_150°C, A4h
i Instar larvea development
A240h ;
” i dexelgﬁ)g‘;m ~ g ™\ Packed residue
\HI Packaging 1 substrate
T N Prepupa | i
N igration HE
Ovinosition Fly eggs Larvae hatch ] migra .
P ) , AT2h
................. \: ; :
Pupation = : : :
. i27-29°C .
Feeding ©50- 80 : H
Residue substrate Cleaning
- + remaining pre-
Adult flies pupa bio-digester
( Pupa )
development
Pre-pupa
H H : OUTPUTS
Conversion degree )
Final Process
> product residues
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Material flow: outputs per 1 kg pig manure reduction

Output residue substrate [kg DM] per input manure [kg DM]
® Qutput insect product [kg DM] per input manure [kg DM]

0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1

HFfm HFdm
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Life Cycle impacts (ReCIPe midpoint categories) per kg of manure reduction [DM]

Agricultural land occupation Water depletion Fossil depletion

rgzg 80 m3 _ : 4 Kg oil €(g
' Production = Maintenance M Production H Maintenance

Production ™ Maintenance 70

3 — 3,5
60 S
2,5 - 3
40 1T | — 2 |
sl e 30— —— 15 -

1 20+ g
0 - 0 . ! 0 -

HFfm HFdm HFfm HFdm HFfm HFdm
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B HFfm [0 € / m3]
B HFfm [6,50 € / m3 ]
W HFfm [16,20 € / m3 ]

® HFfm [0 € / m3] ® HFfm [0 € / m3]
B HFfm [6,50 € / m3 ] ® HFfm [6,50 € / m3 ]
W HFfm [16,20 € / m3 ] ® HFfm [16,20 € / m3 ]

8 =

Fossil depletion,
calculated in kg oil eq
per kg manure

Agricultural land Water depletion reduction [DM]
occupation

1 Value of manure reduction lowers impact dramatically (economic
allocation to pig rearing)
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Material flow: yield per 100 kg input substrate

Insect product yield [kg DM] per substrate
input [100 kg DM]

m Residue substrate yield [kg DM] per
substrate input [100 kg DM]
80

70
60
50
40
30
20
10

BSFmh BSFah
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Energy and labour input per kg insect product

KWh Energy input h Labour input
M Production H Maintenance Production ' Maintenance

12 0,4

035 ——
10

03 —
8 1 0,25
6 - 0,2 —

0,15 —
4 _

01 — —
2 - 0,06 —— - —
0 ] 0 T ]

BSFmh BSFah BSFmh BSFah
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Life Cycle impacts (ReCIPe midpoint categories) per 1kg of insect product [DM]

Agricultural land Water depletion Kq o Fossil depletion
occupation 3 g ol
m?a P m eq
0,09 Product 12 3,5
. .
0,08 - roduetion Production 3 ® Production
®m Maintenance | 10 -
0,07 - Maintenance - = Maintenance
0,06 T 8 4 1
0,05 - 2
6 4
0,04 - 15 -
0,03 - 4
1 -
0,02 - ,
0,01 - 0,5 -
0 i O T O -

BSFmh BSFah BSFmh BSFah BSFmh BSFah
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W BSFah [0 € / ton BW]
a M BSFah [20 €/ton BW ]
w BSFah [50 € / ton BW]

ng

O R N W H U1 O N 0O O

Agricultural land Water depletion Fossil depletion
occupation

 Higher value of brewery waste leads to higher impacts
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Life Cycle impacts (ReCIPe midpoint categories) per 1kg of insect product [DM]

m2a ™ Agricultural land occupation Kg oil eq = Fossil depletion
3 14
2,5 1,2
1
2
0,8
1,5
0,6
1 0,4
0,5 0,2
0 T T T 0 - T - T T
soybean Fishmeal BSFah BSFah soybean Fishmeal BSFah  BSFah
meal [0€/ton  [10€/ton meal [0€/ton  [10€/ton

BW] BW] BW] BW]
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iy

2)

3)

4)

Insect production is a versatile system to make
agriculture more efficient (adding value, waste
reduction)

Systems are difficult to compare (different goals,
different species, different technological equipment)
Alternative production scenarios result in different
system performances and efficiencies = room for
Improvement

A large part of the impacts is due to non-productive
processes (maintenance of the population)

Value of substrates and products affects environmental
performance (economic allocation)
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6) Benchmarking of this novel technology with highly
optimized related products (e.g. soya) shows potential
and challenges for improvement (e.g. in energy
requirements)

7) LCA helps to identify the crucial steps for improvement

8) Life cycle approach will also contribute to improving

social cost and economic profit

9) Golden rule of innovation for transition: do not CLAIM
before you KNOW (cf. the self-destruction of the
Jatropha tropical biofuel hype)

10) Sustainability is an issue of the START, not of the END
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THANK YOU FOR YOUR ATTENTION

bart.muys@ees.kuleuven.be
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