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Welcoming g/l\sirttéjgrg%r&nevelt, World Food Systems Centre, ETH Zurich,

Circular approaches with a focus Dr. Charles Nwokoro, ETH Zurich, Sustainable Agroecosystems
on biowaste valorization Group

Dr. Christian Zurbruegg, EAWAG Department Sanitation, Water
Deep dive into Black Soldier Flies and Solid Waste for Development, Adjunct Professor at Swedish
University of Agricultural Sciences (SLU)

R 2 P Dr. Chrysantus Mbi Tanga is a Senior Scientist and the Head of
20. min. Black Soldier Fly innovations and Insects for Food, Feed and Other Uses (INSEFF) Programme at
their integration in agroecology ICIPE

30 min. Questions and discussions

Feedback & Closing g/lvz\;llirggrlasr?dnnevelt , World Food Systems Centre, ETH Zurich,
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Circular Bioeconomy: Organic Matter Fluxes Through the Urban
Rural Nexus

CharledNwokoro

Sustainable Agroecosystems,

Department of Environmental Systems Scienc
Institute of Agricultural Sciences, ETH Zurich
http://www.sae.ethz.ch/
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Ruralc Urban nexus

Urbanization in Africa
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Ruralc Urban nexus

Informal, unplanned, underserved

o N

Informal settlement
Durban 2007
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Ruralc Urban nexus

Informal, unplanned, underserved
S F it T IR X0

i)
2 | Informal settlement
Durban 2013




Informal
settlement
Bukavu 2020
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Ruralg Urban nexus A blg Cha”enge

Limited livelihoods

Increasing public health
challenges due to waste
accumulation

A Poorly developed value &
chains from rural to urban §

A Increasing food insecurity £ e
across the ruralirban
nexus

A Soil mining in rural

areas

o I

Bukavu, DRC
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Circular bioeconomy> solution?

Production =i
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Distribution &

. N

&7“ - \‘/;'Iuman é

Utilization

Image Cedit: Fan Lei



Circular bioeconomy

Sustainable
N3

Agroecosystems

Untreated Waste

l//"* Emisslons / Food Loss

Recycled as
other forms
of energy /

materials

Positive Impacts to Negative impacts to
be optimized: be minimized:

y Nutrient Wastes / Loss
utilization Emissions

Nutrient quality H uman
Nutrient availability

Nutrient Affordability

Utilization é

Image Cedit: Fan Lei
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DNE s roecosystems
RUNRES

Solutions

Human waste

¢ Insect protein
¢ Urine derived N

™ -« Struvite

Organic/food waste
Field residues
* Compost

¢ Livestock feed : (B:?OT:::t
* Livestock feed
@ waste \

Small scale
processing

RUNRES

Nutrient Cycles - Rural Urban Linkages

https://runres.ethz.ch/



https://runres.ethz.ch/

RUNRES video (s)

Main video
https://www.youtube.com/watch?v=GXDixfWSfnU

Other videos
https://www.youtube.com/@runres8221
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https://www.youtube.com/@runres8221
https://www.youtube.com/@runres8221

ETHzurich
Composting
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¢Organic waste comprises 70% of the

gl aas

Compost production

LINE RdZOSR Ay YAl A d¢

Municipal compost: effects on crop yields and
soil properties

Increased water holding capacity /
Increased pH /
Increased organic matter v
Increased K, Ca, Mg, Zn v

Mays, 1973
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Composting (scaling)

Wind-row composting Verm

-
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Bin-composting
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Composting

Compost advantages and challenges

Advantages Challenges

W ncreased yields compared to no amendmew Sustainable source of higfuality feedstock
, -> source separation at the household leve

W Increased soil organic matter

W Low nutrient content (0.5% N; 0.1% P; 0.5

W Mitigation of climate change due to the K): Low fertilizer efficiency
sequestration of carbon (and possibly
reduction of NO emissions) W Very laborfintensive

Wincreased soil pH, CEC, (soil moisture) W Not economical on grain crops

WLow cash requirement WNeed water available to moisten heaps
(dry season)
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Biochar

Solid waste

Faecal sludge

Pyrolysis

+ Pathogen
destruction

+ Volume
reduction

+ Nutrient
concentration

+ Heavy metal
immobilisation
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Biochar W high carbon,

Wlow nutrients
B i - _"' 13’"’.
W persistent : D SR~

W heterogeneous

W ubiquitous in
soll

W possible low
tech production

W large micre and
macroporosity

W organic residue
valorisation

W large surface area
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Biochar Biochar advantages and challenges
Advantages Challenges
W Increased yields, especially in tropical soils W Sustainable source of feedstock; organic
) residues are a valuable resource also for
W Increased fertilizer efficiency other purposes> source competition

W Increased water quality due to retention of W Expensive production at scale
pollutants, such as pesticides, herbicides,

nitrate, phosphate, heavy metals, etc. W Unclear mechanisms of interactions in sc
, -> not all soils have same benefits; little
W Mitigation of climate change due to the effects in fertile soils

sequestration of carbon (and possibly

reduction of NO emissions) W Smallscale local solutions needed
Wincreased soil pH, CEC, soil moisture W Longterm effects in agriculture are small

WPathogen free
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Black Soldier Fly Larvae

Organic and/or human waste

Frass

.

BSF treatment

i facility Rearing Residue processing
B, AR
A -00-=-""-00-V)
i vy
Waste sourcing Waste pre-processing Treatment Product harvesting Larvae refining Animal feeding

Dortmans, 2017

Animal feed is a $400 billion/year industry.
Cargil, Wilbul9 £ £ A &3 . dzKf SNE

aO5 2
Biocycleare all exploring Black Soldier Fly 7

feed.

21
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Black Soldier Fly Larvae

BSFL advantages and challenges

Advantages Challenges
W Excellent animal protein (even with waste W Legalization

residues of crops/food waste/human waste)

W Rearing BSFL, especially neonates, at a

W BSFL can selectively process impure waste aiarger scale can be trickg.g., hot, humid
move through norbiodegradable material conditions, etc.)

WBSFL produce excellent frass W Processing of larvae at scale is

) sophisticated, complex, and needs
WSimple decentralized systems with neonates mechanized facilities

purchased from a breeder is a real option.
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Deep dive into Black Soldier Flies

Valorization of organic substrates using larvae of the Black Soldier Fly
Christian Zurbritgg, Eawag/Sandec
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BIOLOGICAL g:::ﬂ'l“;l
i ElTL T EL T TREATMENT
[ — “NTECHNOLOGIES T N~ PROCESSES — = Technically appropriate?
| Environmentally beneficial?
|| Direct || Direct || Direct || Com-|| Vermi- Black An- Fer- pyro- || L9 || Gasifi
: land animal com- post-| | compost- || Soldier Fly || aerobic men- Iysis fact- cation 7
|| application || feed bustion ing ing treatment || digestion || tation ifon

Financially feasible?
Socially acceptable?
Environmentally beneficial?

=

Lohri et al. (2017): Overview of
biowaste treatment technologies

: Animal : 1 | ;
i husbandry i Agriculture Bio-energy

, " END-USE
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THERMO-
BIOLOGICAL =
TREATMENT SLl AT
TREATMENT
.-"‘- TECHNOLOGIES PROCESSES '
i ]
! "
| Direct Direct || Direct || Com-|| Vermi- Black An- Fer- '
: land animal || com- | | post-|| compost- || Soldier Fly || aerobic || men- '
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"
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| E
E . Lohri et al. (2017): Overview
! . Animal | : : | of biowaste treatment
! i husbandry Agriculture i Bio-energy . technologies
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~1 month

Larvae
feed on
waste

2% of harvest to
close the lifecycle
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Larvae are rich in '-protein (~35%)
and fat (~20%)

Can substitute fishmeal
and other animal feed for
livestock rearing

Residue (frass) is a good compost
fertilizer and soil amendment
Can enhance soil guality
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Table 1. Ingredient composition of the experimental diets (g/kg DM).

Black soldier fly larvae meal and fat can E— - - -

Defatted larvae meal A - 150 150 150

Completely replace Soybean Cake and OII v n - - 2 -2 Heuel, M., et al. (2021). "Black soldier fly

Larvae fat B - - 20 -

N d lets for |ay|ng hens Wheat w000 a8 larvae meal and fat can completely replace
Lorn B o . e T . .
Wheat holl meal BLG 419 419 419 589 soybean cake and oil in diets for laying
Broken rice 20 59 59 59 50

R . . . Wheat bran 84.5 97 97 97 79 hens." Poult Sci 100(4): 101034
No significant differences in performance o ot -

Limestone grit 70 70 70 70 70

d I 1 f I 1 h Dicalcium phosphate 10 10 10 10 10
an q u a Ity O ayl n g e n S Sodium bicarbonate 3.3 3.3 3.3 3.3 3.3
Sodium chloride 2.0 2.0 2.0 2.0 2.0
Choline chloride 0.8 0.8 0.8 0.8 0.8
Vitamin and trace element premix” 2.0 2.0 2.0 2.0 2.0

Celite” 16 16 16 16 16

O . .
LOW Ieve I S (< 10 /0) Of I nS e Ct l I I eal S I n Table 10. Summary of growth performance of different species of fish fed on BSF larvae meal diets. Bolded values represent the

recommended replacement levels.

poultry diets diversified the intestinal T

A study by Li et al. 2017 suggested that it is possible to substitute up to 100% FM

. . .. JC':;?:)'" (Cyprinus by BSF larvae meal in diets for Jian carp without negative effect on growth ullszsi ;3' t‘lf)ti’;l)
performance and feed utilization efficiencies !
tract microflora with positive effects on o oot e L e
. effects on growth, feed utilization, whole-body composition and fatty acid profile, Guerreiro et
(Argyrosomus regius) "¢ i increase in the substitution rates lead to a negative effect on the growth 10+ 2030

1. 2020
juvinilles a )
performance paramaters

" (Oreochromis to alevel of 50% had no negative effect on growth performance and improved  25,50,100 | *° (2018)
niloticus) the dietary protein quality of tilapia feeds under study
Overall, this study showed that it is possible to replace up to 25% of FM with BSF

larvae meal in the diet of Siberian sturgeons (equal to 18.5% HIM inclusion level) 25, 50, 100 Ca(i'z";;é'"l' N a|rut| s R. N. s et al . (2021) . "Utll |Zat |On Of
without affecting the growth performance ) 4 3
Rainbow trout The maximum inclusion of BSF larvae meal recommended in rainbow trout diets
(Oncorhynchus is 13% further increase in the substitution lead to a decrease in the growth 0 6'266’ :3'2' D“?;:l; al. B IaC k SOId er Fly (H ermetia II IUC ens
Nile iepi The sty suggests htsubstion of A with 5F e upto 100K spessile oo o L Linnaeus) Larvae as a Protein Source for
. . . . . (Oreochromis without any negative effects on the growth performance, feed utilization o ;’;’(‘);"’ g . ) . " .
Partial to full substitution of fishmeal in Fish Feed: A Review.” Aquaculture Studies
European sea bass With the 3 substitution levels of FIM with BSF larvae meal at (25, 35, 50 %), BSF Abdel-

mykiss) parameters
(Dicentrarchus larvae meal can effectively replace FM upto 50% without any negative effectson  25,35,50  Tawwab et al. 22( 2 )

Siberian sturgeon
(Acipenser baerii)

5 labrax) the growth performance (2020)
aaduacu Itu res h OWS No he atlve eﬁ:e Ct on Lower substiution rates (5.26, 10.52%) of 1 by BF arvae meal i the diets of
Rice field eel Rice field eel, exhibited low values of the growth performance parameters as 5.26,10.52, Huetal.
(Monopterus albus) «compared to a higher substitution rates of FM by BSF larvae meal made at 15.78 (2020)
15.78%

African catfish Substitution of FM by BSF larvae up to 75% lead to no negative effects on the 0.25,50,75 Fawole et al.
(Clarius gariepinus) growth performance and nutrient utilization T (2020)

. The maximum inclusion of BSF larvae meal
Juvenille turbot recommended in Juvenile turbot diets is 33% further increase In the substitution & 17+ 33-49 Kroeckel et al.
(Psetta maxima) 64,76 (2012)

lead to a decrease in the growth performance parameters and nutrient utilization
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Direct emissions
2.3 kg CO2 eq/t

GWHkg CO2/tonwaste]

120

100

(o)
o

60

40

20

-20

LCA analysis (GWP 100y)

: BSHreatment Composting
= Fishmeatransp.

= Fishmeaprod.

Other

Energy

M Directemissiongostcompostingesidue

1) High impact of residue post-
composting (69%)

2) Potential high impact of electricity
needs and source (up to 55%)

3) Benefits from fishmeal substitution
(up to 30%)

Alternatives

U Composting (Gianyar/Temesi, Bali) (110 kg CO2eq/t)
A 2X
U Open dumping (~3360 kg CO2eq/t) A 50x

U Vermicomposting (20 kg CO2eg/t i o ndiregt
emi Sssi onso)

10
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1-1.5 million larvae ~400 kg residue
BSF treatment facility Rearing Residue
L processing
W
i

Lfesd —
el ="
Setalll Rad=——p-—— 12
@ PN —— g Prokde::t
mar etlng

Treatment Product harvesting Larvae refining

Waste sourcing Waste pre-processing

1,000 kg biowaste 150-250 kg larvae

31
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Centralised integrated plant

Rearing
—==—1] Products to
f_-—} AN L% T market
%%/' .Illl.l“ o :: : : - 'H'H. :
C}% L=y " *I i I @I&%"_@
L \ ) 7 !
E% | != s,
s : !
B et le
‘ - : ikl [ I
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! Ly !
| 1
|
S _ I 9
£

Waste treatment
37



Centralised nursery & decentralised waste treatment and post

aquatic research

€éawag
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Products
to market
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1) Pre-assessment

A Which waste from where?
Step 1: Define the spatial catchment area of the potential BSF waste processing facility/facilities. This can be determined
by the travel time (or distance) needed to obtain these waste substrates and deliver them to the facility.
Step 2: Understand: Substrate type (i.e, nutritional composition); Substrate biosafety; Seasonal variability; Purity of the
waste source; Pretreatment required; Existing competition for use (i.e. cost); Effort for procurement; Current waste
management practice and emissions
Step3:1 denti fy and create a Al ongo | ist of waste sources in
Step 4: Score the different waste sources according to the attributes.

A Understand markets: potential revenue source for which products or for self-use?
A Understand legal and institutional barriers: company licensing, product certification
A Estimate cost-revenue balance depending on climate, scale, scope and business model scenario

2) Connect and exchange with peers

3) Pilot at small scale and learn by doing 7 build capacity and explore markets

39
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Practical guidelines

Sandec: Department of
Sanitation, Water and Solid
Waste for Development

Black Soldier Fly
Biowaste Processing

A Step-by-Step Guide — 2™ Edition
f- AT b Prg A S W
s - \ - ”
‘ .
- r \’ :
.

Cost-revenue modelling

E-learning tutorials

Black Soldier Fly (BSF) e-learning
bscrib

- 72 subscribers

HOME VIDEOS PLAYLISTS CHANNELS DISCUSSION ABOUT

ﬂYuuTuhe

Created playlists

9 P ety L s e T e e mase S
. b e 1 e o e b+ e

]l
4ol 18

[ BN -
BSFL Post-processing BSF Business Development BSF Product Marketing BSFL Conversion BSF Rearing
VIEW FULL PLAYLIST VIEW FULL PLAYLIST VIEW FULL PLAYLIST VIEW FULL PLAYLIST VIEW FULL PLAYLIST

Go to www.sandec.ch/bsf -knowhow
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