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S1. Standardised aquaponic training system as shared baseline
In collaboration with partner Aquaponik Manufaktur (Issum, Germany), a standardized aquaponic prototype was developed as a shared technical baseline for the Living Labs. The system was optimised for Tilapia aquaculture but can also accommodate African catfish due to their similar or lower water quality requirements. It integrates defined tank configurations, water quality management, biofiltration, and hydroponic components into a recirculating production system (Table S1.1, Figure S1.1).
Table S1.1 Components of the aquaponic training system.  
	Component
	Function
	Key design features
	Rationale for LL use

	Fish unit
	Nutrient generation
	IBC-based tank (~1 m³), moderate stocking density (1)
	Low-cost, robust, suitable for tilapia and catfish

	Solids removal
	Removal of suspended solids
	Radial flow filter (2a) and sand filtration (2b)
	Simple, locally constructable, reliable

	Biofiltration
	Nitrification
	MBBR integrated in sump tank (3)
	Efficient, compact, low maintenance

	Nutrient recovery
	Mineralisation of sludge
	Dedicated mineralisation tank (4)
	Enhances circular nutrient use

	Hydroponics
	Plant production
	DWC and media beds (5) (NFT optional)
	Flexible across climates and skill levels

	Water circulation
	System integration
	Pump-driven recirculation
	Simple and replicable design

	Aeration
	Oxygen supply
	Distributed aeration in system components
	Ensures biological stability

	System philosophy
	-
	Modular, low-cost, adaptable design
	Enables replication, learning, and scaling
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Figure S1.1 Plan of the Aquaponic Training System. The numbering of the components in the Figure corresponds to the numbers of the Key design features defined in Table S1.1. 

S2. Capacity building
Table S2.1 A condensed training architecture
	Phase
	Format
	Content focus
	Location

	Pre-training
	MOOC 
	Theory of aquaponics
	Online, https://www.edx.org/learn/food-science/zhaw-zurich-university-of-applied-sciences-aquaponics-the-circular-food-production-system 

	Training of Trainers 
	Intensive practical
	System building, operation
	LL sites in Gabon, Kenya, Nigeria, Ghana.

	Training of Stakeholders
	Cascade training
	Stakeholder engagement
	All LL sites

	Continuous
	Webinars / mentoring
	Troubleshooting, scaling
	Hybrid


Table S2.2 Main thematic domains covered in the practical Training of Trainers programme.
	Domain
	Main components
	Illustrative activities

	Aquaponic engineering
	Water circulation, filtration, safety, redundancy
	System walkthroughs and operational exercises

	Aquaculture and fish management
	Fish welfare, water quality, feeding, biomass planning
	Monitoring exercises, dissections, carrying capacity calculations

	Hydroponics and crop management
	Nutrient management, crop scheduling, Integrated Pest Management
	Seedling production, deficiency diagnosis, HydroBuddy exercises

	Microbiological safety
	Faecal indicators, sampling protocols
	Evaluation of low-cost testing kits

	Circular side-stream technologies
	Black Soldier Fly and other insect rearing
	Facility visits and practical workshops

	Renewable energy integration
	Solar planning
	Introductory system planning workshop

	Field engagement
	Exposure to local farming systems
	Site visits and contextual adaptation exercises






S3. Operational and Ethical Frameworks
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	Figure S3.1 Poster Code of Conduct
	Figure S3.2 Poster Lab Safety Rules


	[image: A screenshot of a computer

Description automatically generated]

	Figure S3.3 Poster Guidelines for Fish Welfare





S4. Staff composition and turnover in INCiTiS-FOOD Living Labs (M12 to M41)
Table S4.1 Staff composition and turnover in INCiTiS-FOOD Living Labs
	Living Lab
	Staff M12
	Women M12
	Staff M41
	Women M41
	Departed
	New Staff
	Turnover Rate
	M12 Staff Retention

	ADC
	7
	3
	5
	2
	4
	2
	67%
	43%

	BUST
	4
	2
	5
	2
	1
	2
	11%
	75%

	EGE
	9
	4
	11
	4
	0
	2
	0%
	100%

	KU
	7
	4
	13
	9
	1
	7
	10%
	86%

	NUSL*
	12
	3
	5
	1
	8
	1
	94%
	33%

	UDS
	4
	1
	5
	1
	1
	2
	11%
	75%

	UI
	11
	8
	9
	6
	2
	0
	20%
	82%

	USTM
	7
	1
	7
	1
	1
	1
	13%
	86%

	Total
	61
	26
	60
	26
	18
	17
	30%†
	70%



Notes:
· Observation period: M12 to M41 (~29 months).
· Turnover rate = departed staff / average headcount ((M12 + M41) / 2). 
· M12 staff retention = (M12 staff − departed) / M12 staff.
· NUSL: Of 12 staff counted at M12, six were MSc/BSc students, and one was a short-term intern completing their programme. The majority of the 8 departures reflect academic programme completion rather than involuntary or voluntary staff attrition. Excluding these short-term academic trainees, operational staff retention at NUSL was approximately 83%.
· † Network-wide turnover rate excluding NUSL: 14% (~6% per year). Figures are rounded to the nearest whole per cent.
· M12 = Month 12 (baseline); M41 = Month 41 (follow-up). Women figures refer to female staff within the respective total. ADC = Aglobe Development Centre (Lagos, Nigeria); BUST = Bamenda University of Science and Technology (Bamenda, Cameroon); EGE = Egerton University (Nakuru, Kenya); KU = Kenyatta University (Nairobi, Kenya); NUSL = Njala University (Moyamba, Sierra Leone); UDS = University for Development Studies (Tamale, Ghana); UI = University of Ibadan (Ibadan, Nigeria); USTM = Université des Sciences et Techniques de Masuku (Franceville, Gabon).


S5. Onboarding of external members to Living Labs 
Table S5.1 Onboarding Data by categories. The onboarding activities were registered from September 2023 to December 2025. 
	Living Lab
	ADC
	BUST
	EGE
	KU
	NUSL
	UDS
	UI
	USTM

	Gender

	Woman
	6
	12
	8
	19
	5
	6
	28
	7

	Man
	6
	13
	12
	15
	6
	4
	45
	8

	PNTS*
	0
	0
	0
	0
	0
	1
	1
	0

	Age group

	18-23
	1
	2
	1
	1
	0
	1
	10
	2

	24-29
	0
	3
	2
	5
	2
	2
	11
	6

	30-35
	5
	8
	4
	12
	5
	2
	8
	2

	Above 35
	6
	12
	4
	14
	4
	5
	45
	5

	No answer
	0
	0
	9
	2
	0
	1
	0
	0

	Quadruple Helix Category

	Citizen/NGO
	12
	19
	19
	26
	8
	7
	63
	15

	Industry
	0
	2
	1
	5
	3
	2
	4
	0

	Academia
	0
	4
	0
	3
	0
	1
	3
	0

	Government
	0
	0
	0
	0
	0
	1
	4
	0

	TOTAL
	12
	25
	20
	34
	11
	11
	74
	15


*PNTS = Prefer not to say


S6. Ecosystem-related indicators documenting changes in biological diversity and circular resource use across the participating Living Labs during the project
Table S6.1 Descriptive ecosystem-related indicators documenting changes in biological diversity and circular resource use across the participating Living Labs during the project. Values represent counts of cultivated or tested plant, fish, insect and snail species, and the number of production systems implementing water circularity or organic nutrient recycling before the start of project activities ("Before") and at the end of the project ("After"). The indicators are presented descriptively to illustrate changes within individual Living Labs and are not intended for quantitative comparison between sites. 
	
	Stage of project
	Plant species
	Fish species
	Insect species
	Snail species
	Water circularity systems
	Organic nutrient recycling systems

	ADC
	Before
	2
	2
	0
	0
	1
	1

	
	After
	5
	3
	0
	1
	2
	3

	BUST
	Before
	6
	2
	0
	0
	0
	0

	
	After
	19
	1
	0
	0
	4
	4

	EGE
	Before
	NDA
	2
	1
	0
	0
	1

	
	After
	NDA
	2
	1
	0
	4
	2

	KU
	Before
	0
	1
	0
	0
	0
	0

	
	After
	7
	1
	1
	0
	4
	4

	NUSL
	Before
	2
	2
	0
	0
	2
	1

	
	After
	4
	2
	1
	0
	4
	2

	UDS
	Before
	0
	0
	0
	0
	0
	0

	
	After
	7
	2
	0
	0
	3
	1

	UI
	Before
	0
	1
	0
	0
	0
	0

	
	After
	6
	1
	1
	0
	3
	4

	USTM
	Before
	6
	0
	0
	0
	0
	0

	
	After
	9
	2
	0
	0
	2
	2


*NDA = no data available. 



S7. Innovation Portfolio of the INCiTiS-FOOD Living Labs
Table S7.1 summarises the portfolio of innovations generated through the eight Living Labs, organised by thematic domain. It includes both Minimum Viable Products (MVPs), representing system-level innovations, and Practice Innovations (PIs), which are disseminated as Practice Abstracts (PAs). Together, these outputs illustrate the breadth of technological, operational and organisational innovations that emerged through iterative Living Lab processes. This is the documentation stage in Month 44 of the project: bold denotes innovations already completed and published on the INCiTiS-FOOD Knowledge Hub; italics denote innovations currently under preparation. The portfolio is therefore a dynamic resource that continues to evolve beyond the lifetime of individual project activities. All completed PAs, together with the corresponding MVP documentation and supporting materials, are available through the INCiTiS-FOOD Knowledge Hub (https://incitis-food.eu/knowledge-hub/library/).
Table S7.1 Innovation portfolio of Living Labs of INCiTiS-FOOD Project. 
	Innovation Domain
	Minimum Viable Product (MVP)
System or product that delivers the core functions under real-world conditions
	Practice Innovation (PI)
Technical, agronomic or operational innovations that either enabled the development of an MVP, improved an existing MVP, or emerged during implementation of an MVP 

	Aquaponics
	Manual Chop-and-Flip Aquaponic System (UDS)
	

	
	Manual Aquaponics with header tanks
	Improving Solid Waste Management in AP Radial Flow Tank (NUSL) (in prep)

	
	Outdoor Aquaponics with adapted filtration (BUST) 
	Farmer Training Manual (BUST) (in prep)

	
	Chop & Flip Aquaponics with multiple grow beds (BUST)
	 

	
	Upscaled NFT Aquaponics (NUSL)
	 

	
	Simplified Aquaponics (ADC)
	 

	
	Sensor System (UniBw M) in prep.
	 

	Aquaculture
	Fish hatchery built of concrete (USTM)
	Inclined bottom filter for improved solids removal (ADC)

	
	Azolla as supplementary fish feed source (BUST) in prep.
	Biofilter start-up protocol (ZHAW)

	
	Set -up and operation of fish hatchery (USTM) (in prep.)
	Feeding station for floating fish feed (FHSWF)

	
	 
	Determination of length-weight relationship and condition factor of the African Catfish (NUSL)

	
	 
	Evaluation of Growth Performance, Nutrient Retention and Condition Factor in African Catfish Fingerlings Fed Diet with BFS (NUSL) (in prep)

	Hydroponics, bioponics
	Simplified Hydroponic System from recycled PET bottles (KU)
	Simplified Screw Dripper (UI)

	
	Dutch Bucket System (UDS)
	Achieving stable water distribution with header tanks (APM)

	
	Floating Rafts (DWC) from local materials (BUST)
	Sawdust as an appropriate substrate (BUST)

	
	Liquid fertilizer from chicken manure (EGE) in prep.
	Seed germination test (ZHAW)

	
	 
	Seedling production for soilless cultivation (ZHAW)

	
	 
	Suitable crops for African City regions (in prep.)

	
	 
	African Indigenous Vegetables (AIVs) in hydroponics/bioponics (in prep.)

	
	 
	IPM implementation in soilless cultivation (In prep.)

	Black Soldier Fly
	Black Soldier Fly (BSF) Larvae Production
(EGE)
	Black Soldier Fly (BSF) Larvae Production (EGE)

	
	Liquid fertilizer from BSF frass (EGE)
	Using BSF biowaste for practical lead adsorption in decentralized water treatment systems (KU) (in prep)

	
	Organic soil fertilizer from BSF frass & aquaponic sludge (UI)
	

	
	BSF based aquaculture feed for African catfish (NUSL)
	

	
	BSF larvae as fish feed (EGE)
	 

	
	BSF based fish meal (pelletized) (KU)
	 

	
	BSF meal for fish feed production (UI)
	 

	
	BSF frass pesticide (EGE) (in prep.)
	 

	Snail farming
	Snail-Farming (ADC)
	Snail farming (ADC) 

	General
	Off-grid incubator for faecal-indicator testing (BGU) 
	Standardized calculation and reporting of crop yields in aquaponic and hydroponic systems (ZHAW)

	
	 
	Learning through Iteration: How Living Labs Develop Practical Innovations (FHSWF, ZHAW)

	
	
	How to write a good Practice Abstract (ZHAW, FHSWF)
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