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Agenda

10 March 2026

Time allocation Agenda item Presenter

5 min. Welcoming Martijn Sonnevelt, World Food Systems Centre, ETH Zurich, 
Switzerland

10. min. Circular approaches with a focus 
on biowaste valorization

Dr. Charles Nwokoro, ETH Zurich, Sustainable Agroecosystems 
Group

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

20. min.
˺˴˺́˶Я̤ ̞̝̖̤̥̠̟̖̤̚ ̟̚ ̡̣̠̞̠̥̟̘̚ 
Black Soldier Fly innovations and 
their integration in agroecology

Dr. Chrysantus Mbi Tanga is a Senior Scientist and the Head of 
Insects for Food, Feed and Other Uses (INSEFF) Programme at 
ICIPE

30 min. Questions and discussions

5 min. Feedback & Closing Martijn Sonnevelt , World Food Systems Centre, ETH Zurich, 
Switzerland
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Housekeeping

When you have a 
question!

Do not hesitate to 
give reactions to 

contributions with 
̛̖̞̠̚Я̤˒

NICE peer - learning #310 March 2026

з̠̣ ̦̤̖ ̥̙̖ Mentimeter  for 
anonymous questions



Circular Bioeconomy: Organic Matter Fluxes Through the Urban-

Rural Nexus

Charles Nwokoro

Sustainable Agroecosystems,

Department of Environmental Systems Science, 

Institute of Agricultural Sciences, ETH Zurich

http://www.sae.ethz.ch/

http://www.sae.ethz.ch/
%3ciframe%20title='World%20population'%20src='https:/www.theworldcounts.com/embeds/counters/8?background_color=white&color=black&font_family=%22Helvetica+Neue%22%2C+Arial%2C+sans-serif&font_size=14'%20style='border:%20none'%20height='100'%20width='300'%3e%3c/iframe%3e


Urbanization in Africa

WHO, 2015

ά¦ǊōŀƴƛȊŀǘƛƻƴ ƛǎ ƛƴŎǊŜŀǎƛƴƎƭȅ ōŜƛƴƎ ŀŎƪƴƻǿƭŜŘƎŜŘ ŀǎ ƻƴŜ ƻŦ ǘƘŜ ŘŜŦƛƴƛƴƎ ƛǎǎǳŜǎ ƻŦ ǘƘŜ ǘǿŜƴǘȅ-ŦƛǊǎǘ ŎŜƴǘǳǊȅΦέ

Rural ς Urban nexus



Informal, unplanned, underserved

Informal settlement
Durban 2007

Rural ς Urban nexus



Informal, unplanned, underserved

Informal settlement
Durban 2013

Rural ς Urban nexus



Informal 
settlement
Bukavu 2020



A big challenge

Å Limited livelihoods

Å Increasing public health 
challenges due to waste 
accumulation

Å Poorly developed value 
chains from rural to urban

Å Increasing food insecurity 
across the rural-urban 
nexus

Å Soil mining in rural 
areas

Rural ς Urban nexus

Bukavu, DRC



Circular bioeconomy -> solution?

Image Credit: Fan Lei



Circular bioeconomy

Image Credit: Fan Lei



Rural ς Urban Nexus

Image Credit: Fan Lei



RUNRES Solutions

https://runres.ethz.ch/

https://runres.ethz.ch/


RUNRES video (s)

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

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

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


άOrganic waste comprises 70% of the 
ǿŀǎǘŜ ǇǊƻŘǳŎŜŘ ƛƴ YƛƎŀƭƛΦέ

Compost production
Municipal compost: effects on crop yields and 
soil properties

Mays, 1973

Increased water holding capacity

Increased pH

Increased organic matter

Increased K, Ca, Mg, Zn
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Composting



Wind-row composting Vermi-composting

Bin-composting

Composting (scaling)



Compost advantages and challenges

Challenges
Ẃ Sustainable source of high-quality feedstock 

-> source separation at the household level!

Ẃ Low nutrient content (0.5% N; 0.1% P; 0.5% 
K); Low fertilizer efficiency

Ẃ Very labor-intensive

Ẃ Not economical on grain crops

ẂNeed water available to moisten heaps
 (dry season)

Advantages
Ẃ Increased yields compared to no amendment 

Ẃ Increased soil organic matter

Ẃ Mitigation of climate change due to the 
sequestration of carbon (and possibly 
reduction of N2O emissions)

ẂIncreased soil pH, CEC, (soil moisture)

ẂLow cash requirement

Composting



Biochar



Ẃ large micro- and 
macroporosity

Ẃ persistent Ẃ heterogeneous 

Ẃ ubiquitous in 
soil

Ẃ organic residue 
valorisation

Ẃ possible low-
tech production

Ẃ large surface area

Ẃ high carbon, 
Ẃlow nutrients 

Biochar



Biochar advantages and challenges
Challenges
Ẃ Sustainable source of feedstock; organic 

residues are a valuable resource also for 
other purposes -> source competition

Ẃ Expensive production at scale

Ẃ Unclear mechanisms of interactions in soil  
-> not all soils have same benefits; little 
effects in fertile soils

Ẃ Small-scale local solutions needed

Ẃ Long-term effects in agriculture are small

Advantages
Ẃ Increased yields, especially in tropical soils 

Ẃ Increased fertilizer efficiency

Ẃ Increased water quality due to retention of 
pollutants, such as pesticides, herbicides, 
nitrate, phosphate, heavy metals, etc.

Ẃ Mitigation of climate change due to the 
sequestration of carbon (and possibly 
reduction of N2O emissions)

ẂIncreased soil pH, CEC, soil moisture

ẂPathogen free

Biochar
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Organic and/or human waste 

Dortmans , 2017

Animal feed is a $400 billion/year industry. 
Cargill, Wilbur-9ƭƭƛǎΣ .ǳƘƭŜǊΣ aŎ5ƻƴŀƭŘΩǎ ŀƴŘ 
Biocycle are all exploring Black Soldier Fly 
Larvae (BSFL) as an emerging source for animal 
feed. 

Black Soldier Fly Larvae

Pupae

Frass



BSFL advantages and challenges

Challenges
Ẃ Legalization

Ẃ Rearing BSFL, especially neonates, at a 
larger scale can be tricky (e.g., hot, humid 
conditions, etc.)

Ẃ Processing of larvae at scale is 
sophisticated, complex, and needs 
mechanized facilities

Advantages
Ẃ Excellent animal protein (even with waste 

residues of crops/food waste/human waste)

Ẃ BSFL can selectively process impure waste and 
move through non-biodegradable material

ẂBSFL produce excellent frass

ẂSimple decentralized systems with neonates 
purchased from a breeder is a real option.

Black Soldier Fly Larvae



Deep dive into Black Soldier Flies

Valorization of organic substrates using larvae of the Black Soldier Fly

Christian Zurbrügg, Eawag/Sandec



Å 50% organic

Å30ī60% not collected

Municipal solid waste

Biowaste ïoften left untreated
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Biowaste treatment options
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Lohri et al. (2017): Overview of 

biowaste treatment technologies

Technically appropriate?
Environmentally beneficial?

Financially feasible?
Socially acceptable?

Environmentally beneficial?



Biowaste treatment options
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Lohri et al. (2017): Overview

of biowaste treatment

technologies



45Á N

40Á Sca. 6 mm

ca. 18 mm

The black soldier fly, Hermetia illucens

House fly



~1 month

Larvae 

feed on 

waste

Larvae are rich in protein (~35%) 

and fat (~20%)

Can substitute fishmeal 

and other animal feed for 

livestock rearing

The BSF lifecycle - ideal for waste management 

2% of harvest to 

close the lifecycle

Residue (frass) is a good compost 

fertilizer and soil amendment
Can enhance soil quality



Feeding larvae to chicken and fish

Heuel, M., et al. (2021). "Black soldier fly 

larvae meal and fat can completely replace 

soybean cake and oil in diets for laying 

hens." Poult Sci 100(4): 101034

Black soldier fly larvae meal and fat can 

completely replace soybean cake and oil 

in diets for laying hens

No significant differences in performance 

and quality of laying hens

Partial to full substitution of fishmeal in 

aquaculture shows no negative effect on 

performance

Nairuti, R. N., et al. (2021). "Utilization of

Black Soldier Fly (Hermetia illucens

Linnaeus) Larvae as a Protein Source for

Fish Feed: A Review." Aquaculture Studies 

22(2).

Low levels (<10%) of insect meals in 

poultry diets diversified the intestinal 

tract microflora with positive effects on 

gut health (Gasco et al. 2020)
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Is BSF a «green » technology ? 

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

ü Composting (Gianyar/Temesi, Bali) (110 kg CO2eq/t)

Ą 2x

ü Open dumping (~3360 kg CO2eq/t)Ą 50x 
-20
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Set-up of a BSF facility

1,000 kg biowaste 150-250 kg larvae

~400 kg residue1-1.5 million larvae



BSF Rearing setup



BSF biowaste treatment setup



Waste collection and processing - Unit: Jambangan  & Wonorejo



Simple equipment possible at different scales !



Community -Based waste processing - Unit: Ondomohen  & Kenjeran



Mode of operation : (A)
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Centralised integrated plant

Products to 

market

Rearing

Waste treatment

Post -processing



Mode of operation (B)
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5-DOL

Centralised nursery & decentralised waste treatment and post -processing

Products 
to market

Nursery

Waste treatment

Post -processing



Is it suitable for my context ?

39

1) Pre-assessment

Å 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

Step 3: Identify and create a ñlongò list of waste sources in the area of scope using observations and interviews.

Step 4: Score the different waste sources according to the attributes.

Å Understand markets: potential revenue source for which products or for self-use?

Å Understand legal and institutional barriers: company licensing, product certification

Å 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 doingïbuild capacity and explore markets



Go to www.sandec.ch/bsf -knowhow

Practical guidelines E-learning tutorialsCost-revenue modelling

Knowledge is available and free !!

http://www.sandec.ch/bsf-knowhow
http://www.sandec.ch/bsf-knowhow
http://www.sandec.ch/bsf-knowhow

