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1. Introduction 

Rapid population growth, urbanization, and climate change are critical drivers of food and nutrition 

insecurity, especially in urban areas in Africa (de Amorim et al., 2018; Kanda et al., 2023). These factors 

exert enormous pressure on natural resources, particularly water, land, ecosystems, and energy which 

are central to food production and necessary to meet the increasing food demand in African city 

regions (Raya Tapia et al., 2023). At current population growth rates of 0.88%, global water demand 

will increase by 55%, energy by 50%, and food demand by 70% by 2050 (UNEP, 2021; Simpson et al., 

2023). This will hit hard on Africa, where population growth rates surpass the global average, the pace 

of urbanization is rapid and climate change effects are having a serious toll, mainly due to weak 

institutional capacity (Balgah, 2022), or top-down policy approaches (Kanda et al., 2023). Exploring 

the water, energy, food (WEF) nexus and their interlinkages with natural ecosystems (E) (i.e., the WEFE 

Nexus) can enhance their sustainability (Kanda et al., 2023).  

Currently, almost 50% of Africans and 41.8% in sub-Saharan Africa (SSA) live in urban areas. This will 

increase to 60% and 75% in 2050, respectively (Statistica, 2024). Given the effects of WEFE interactions 

and climate change on agriculture – which remains a source of in-kind and cash income for securing 

the livelihood for over 70% of Africa’s population (Oluwatayo & Ojo, 2016; Balgah et al., 2023), and 

given that the continent’s population is modeled to concentrate in urban areas, it is consequent that 

contemporary and future efforts to identify and deal with WEFE effects in (SS)A should concentrate in 

these areas. A WEFE is therefore an appropriate approach to examine the interactions of resources 

with the environment and society in (SS)A (Simpsons et al., 2023). 

Current African city region food systems fail to deliver food and nutrition security (FNS), health, and 

environmental sustainability. To mitigate these issues, the INCiTiS-FOOD project develops scientifically 

underpinned circular agri-food technologies and practices, suitable for African cities and towns, 

needed to address the prevalent deficiency of animal-sourced foods (ASF), vegetables and fruits. 

Hydroponics, recirculating aquaculture, aquaponics, and insect farming hold great promise because 

they require limited land, water, energy, and wealth. These circular food systems improve FNS, deliver 

safe, affordable, nutritious, and healthy food, reduce waste, and the environmental footprint in 

African city regions. INCiTiS-FOOD follows a multi-actor approach for co-design and co-creation of 

circular agrifood innovations and business models, involving 8 city-region Living Labs (LLs) in 6 

countries from 3 African regions (East: Kenya; West: Ghana, Nigeria, Sierra Leone; Central: Cameroon, 

Gabon).  

This deliverable is part of WP1 and entitled ”Local urban and peri-urban food system analysis”. D1.3 

undertakes a comprehensive analysis of WEFE Nexus indicators, in order to identify suitable ones for 

the impact evaluation (WP4) of start-ups and small and medium enterprises (SMEs) that have (not) 

adopted circular agri-food innovations. The WEFE Nexus indicators are required to analyse how the 

developed agri-food technologies and services contribute to deliver co-benefits in terms of 

environmental sustainability (in WP2, WP4). The second component is to identify locally available 

resources for new forms of soilless food and feed production such as hydroponics, aquaculture, 

aquaponics, bioponics, and insect and snail farming. 
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2. Methodology 

The PRISMA1 approach for systematic literature reviews (SLR) was applied to identify relevant articles 

for review (McKenzie et al., 2020), to select relevant WEFE Nexus indicators for impact assessment in 

the eight African countries with living laboratories within the context of the INCiTiS FOOD project. The 

guiding question for this task was: 

Which water, energy, food, and ecosystem indicators at the micro-level are suitable for evaluating the 

impact of circular agri-food innovations promoted by INCiTiS-FOOD for (peri-)urban start-ups and SMEs 

in Africa? 

2.1 Eligibility criteria 
The existing literature on the WEFE Nexus is broad. To achieve the objective of the SLR, the search 

was, therefore, limited to publications considering WEFE indicators. This included (1) general 

literature on the WEFE Nexus irrespective of country of study, (2) specific searches on the circular agri-

food technologies promoted by the INCiTiS FOOD project (i.e., aquaponics, aquaculture, hydroponics, 

and insect farming), and (3) studies on WEFE Nexus indicators from 6 participating countries (i.e., 

Cameroon, Gabon, Ghana, Kenya, Nigeria, and Sierra Leone). While the first criterion is meant to 

identify key WEFE Nexus indicators of global relevance, the second and third ones allow us to limit the 

review to the agri-food technologies to be assessed, and to further verify their relevance for city 

regions in the INCiTiS-FOOD countries, respectively. Both peer-reviewed and non-reviewed 

publications were retained for the study, as long as they dealt with the subject of WEFE Nexus 

indicators. This criterion allowed for experiential but not peer-reviewed items to be included in the 

study. 

2.2 Information sources 
The search was limited to the Google Scholar, Web of Science, and Science Direct databases. These 

databases together provide access to millions of digital records. Google Scholar for instance has a net 

higher literature search performance (i.e., number of hits) and is the most comprehensive academic 

search engine (Gusenbauer, 2017). Web of Science and Science Direct add to this advantage. All 

searches were done in English for two reasons: (1) English is the project’s main working language and 

(2) it is highly unlikely that there are publications in other languages (notably French or Portuguese) 

that contain additional types of WEFE Nexus indicators, not mentioned in the English literature.  

2.3 Search strategy 
Two key terms;  that is ”WEFE Indicators” OR ”Water Energy Food And Ecosystem Indicators” were 

used to identify and select relevant key literature on the subject. In the next step, they were used as 

Boolean strings in combination with key words describing the circular agri-food technologies co-

developed in INCiTiS-FOOD, namely AND Aquaponics, OR Hydroponics, OR Insect Farming OR Insect 

Production OR Circular Agriculture OR Recirculating Aquaculture OR Soilless Agriculture OR 

Aquaculture. This strategy allowed us to filter the literature on the integrated and circular agri-food 

technologies promoted by the project. To identify indicators of contextual relevance, ”WEFE 

INDICATORS” OR ”WATER ENERGY FOOD and ECOSYSTEM INDICATORS”2 were used as Boolean strings 

in combination with AND ”Cameroon OR Gabon OR Ghana OR Kenya OR Nigeria OR Sierra Leone” 

                                                             
1 PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses. 
2 The term ‚Nexus‘ was explicitely avoided as it would have deviated the search results away from WEFE 

indicators to the general topic of the WEFE Nexus. 
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(Table 1). The same procedure was repeated for all three search engines, namely Google Scholar, Web 

of Science and Science Direct. 

 

Table 1: Article search strategy 

WEFE Indicators 

 

OR 

 

Water Energy Food Ecosystem Indicators 

AND 

Aquaponics  

OR Hydroponics  

OR Insect farming  

OR Insect production  

OR Circular Agriculture  

OR Recirculating Aquaculture 

OR Soilless Agriculture  

OR Cameroon 

OR Gabon 

OR Nigeria 

OR Sierra Leone 

OR Kenya 

OR Ghana 

Note: Search engines included Google Scholar, Web of Science, and Science Direct. 

 

2.4 Selection process 
The bulk of the literature search for the SLR (see Figure 1) was done by the task lead (P10, BUST) in 

December 2023 at the Universities of Cologne and University of the Bundeswehr Munich (P1, UniBw 

M), Germany. At the end of the search on 31st January 2024, a total of 237 hits were obtained. In line 

with the PRISMA approach, duplicates were identified, which reduced the number of items to 195. 

We then scooped through titles, abstracts, and introductions to select items that explicitly mentioned 

the following terms: WEFE, or WEF, or WEFE indicators, or WEF indicators, or WEF(E) index at least 

once early in the article for immediate retention.  

Based on this review, 83 of the 195 items were excluded from the in-depth review. At this stage, 101 

items were retained. The remaining 11 articles were read to identify items that addressed WEFE 

indicators or index in-text. Only 3 items met this criterion, thus leading to a final database with 104 

items, distributed as in Figure 1. Table 2 summarizes the literature items that deal with either agri-

food technologies co-developed in INCiTiS-FOOD and project countries. 
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Figure 1: Article selection process  

 

Table 2: Categorized search results by WEFE Nexus and country in absolute numbers 

By WEFE Nexus practice: n =74 

Aquaponics 

11 

Hydroponics 

10 

Insect Farming 

11 

Circular Agriculture 

15 

Recirculating Aquaculture 

13 

Soilless Agriculture 

14 

By INCiTiS-FOOD country: n = 30 

Gabon 

- 

Cameroon 

2 

Ghana 

5 

Sierra Leone 

5 

Nigeria 

8 

Kenya 

10 

Total items retained for the study: n = 104 

 

2.5 Data collection and analysis 
Lead texts on WEFE Nexus indicators in Africa (Simpson et al., 2022; Simpson et al., 2023) were used 

as the foundation for the initial selection of indicators, given that the task aims at identifying relevant 

micro-level indicators for measuring the impact of agri-food technologies on the WEFE Nexus in 

African city regions. Key water, energy, food, and ecosystem indicators were identified and used as 

orientation when scooping through the rest of the selected articles. Scoping was done by the task lead 

(on the country-based texts), and 4 PhD students at BUST. Key results on the project document were 

also consulted and included in the templates as appropriate. The WEFE Nexus indicators were 

validated by a team of experts on the subject and project leads/LL managers who are part of the 

Records identified from Google 
scholar, Web of science and 
Science Direct databases: 

n= 237 

Records removed before screening: 

Duplicate records removed (n = 42) 

Records screened (n = 195) 

Records excluded lacking WEF(E) 
indicators or indices in title abstract or 
introduction (n =76) 

Not explicitly mentioning (WEF(E) 
indicators or index in the text (n=7) 
Total excluded: 83 
Total items retained:at this stage: 101 
Total Items further reviewed: 11 

Items included in review (n = 104) 

Identification 

Screening
g 

Included 

Identification of studies on WEFE indicators from selected databases 
registers 
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INCiTiS FOOD project, WP and task leads, and LL managers to ensure that (1) appropriate micro-level 

indicators are identified and (2) selected indicators are adapted to local contexts. Selected indicators 

were then used to assess WEFE impacts in the 8 LLs involved in the INCITIS FOOD LLs, and to undertake 

an inventory of circular technology-related resources available in the LLs and their respective city 

regions. Only condensed results from textual analysis are presented here (the full analysis of the SLR 

will be part of a separate peer-reviewed publication). 

 

3. Results of the SLR regarding micro-level WEFE indicators 

The condensed results for indicators (derived from the tables in Appendices 1-16) are presented in 

Tables 3-10 in subsequent sections for water, energy, food, and ecosystem (WEFE) indicators. This 

encompasses agri-food technology promoted within the framework of the INCiTiS FOOD project in 

African city regions, namely aquaponic systems, hydroponics, insect farming, and circular agriculture. 

The SLR yielded numerous WEFE indicators. The principal investigators (P2: ADC, P4: NUSL), P7: USTM, 

P8: UI P10: BUST, P13: KU, P15: UDS, P19: EGE) as well as topical experts such as P22 (BGU) and P23 

(ZHAW) conjointly identified the most appropriate indicators – based on those identified in the SLR - 

for the circular agri-food technologies and practices of INCiTiS-FOOD.  

3.1 Water-related indicators 
All LLs have regular access to water sources needed to ensure testing of the envisage circular agri-food 

technologies. The two most important sources of water are boreholes and taps. Well and rainwater 

sources are only important forUI and EGE LL, respectively. However, only 5 of the 8 LLs hold private 

rights over water sources. The other LLs are guided by certain governance regimes that consist of 

communal, private, and public regimes. Private implies complete rights, i.e. the water source is 

privately owned by the LL, communal regime corresponds to community water supply while public 

water supply systems relate to the common pool. Thus, It is necessary for LLs without private tenure 

rights over water resources to negotiate some level of control, to ensure regular and uninterrupted 

water supply to the LLs.   

The mean temperature in the LLs is 26.7oC, with a maximum30.7oC, and a minimum of 22.8oC. This is 

quite adequate for the growth of plants in (sub)tropical conditions (Pooter et al., 2016), and the raising 

of fish (Thne et al., 2022). An average water pH of 6.4 also favors the growth of plants and fishes. The 

water parameters in the LLs favor the development and testing of hydroponic, aquaponic, and RAS. 

However, the absence of data on the evapotranspiration rate made it difficult to calculate the water 

use efficiency (WUE) of the different circular systems presently (Table 3). 
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Table 3: Water-related indicators for agri-food system impact assessment across LLs 

Water-related indicators BUST ADC UI NUSL USTM UDS KU EGE 

Water Source Green Green 
Green and 

Blue 
Green Green Blue Green Green 

Water supply source Tap Borehole 
Borehole, 

well 
borehole tap tap 

Borehole & 

Tap 
rainwater 

Other water Supply characteristics         

Regular access? yes yes yes yes yes yes yes yes 

Control  no yes no yes no yes yes  

Governance 
Private 

Communal 
Private Private Private Communal Public Public Other 

Quality (input)         

Water Temperature (oC) 22.8 28 26 30.7 26 29 26 25 

pH 6.44 5 7.3 6.8 6.44 6.65 6.5 6.5 

Quality (output)         

Water Temperature (oC) 25.5 30 29.1 29.7 27.45 28 25 24 

pH 5.1 6.5 7.1 7.2 6 6.5 6.5 13 

Quantity (input) 

(Daily mean liters per LL) 
24.3 11 / 22 34 93 35 / 

Quantity output (effluent discharge (liters) 0 11 / 24 2 1.1 3 / 

Evapotranspiration rate  24.3 / / 4.5 / / / / 

Water use efficiency (WUE) X x X x X x X x 

Notes: Given data on evapotranspiration is collected or estimated, the WUE may be calculated in the future. 
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3.2 Energy-related indicators 
Key energy-related indicators for this study are presented in Table 4. Five of the eight LLs (62.5%) are 

already using solar energy as the main source of power. The remaining three (37.5%) are connected 

solely to the National Electricity Grids (NEGs). The solar systems of all LLs generate an average of 9840 

w/h of energy. This supersedes the mean hourly energy demand of 1460 watts (keeping in mind that 

each LL works with aquaponics prototypes, a number in addition to hydroponics, insect farming, and 

snail farming. The solar systems in all LLs run on average for 20.4 hours (max=44 hours, min=11.5 

hours). Overall, the energy supply to all LLs has increased and seems adequate to meet the demand, 

even if this varies across LLs. 

 

3.3 Food-related indicators 
Descriptive results of food-related indicators across the studied LLs are presented in Table 5 and Table 

6 (insect farming). Aquaponics is the most popular circular agri-food technology adopted across all LLs 

(8 on 8 LLs), followed by hydroponics (6 on 8 LLs) (Table 5), and lastly by insect farming 4 on 8. The 

mean number of circular agri-food technologies tested/deployed by each LL is 2 with aquaponics and 

hydroponics being the most frequent combination. Testing of additional circular agri-food 

technologies and derived prototypes increases the choices for eventual adoption among actors in 

urban and peri-urban food systems in the cities where the LLs are based.  

The average size of hydroponic systems (48 m2, Max=192 m2, and Min=1.04 m2) is smaller, compared 

to Aquaponics systems (Mean=60.4 m2, Max=192 m2, and Min=2.25 m2). As aquaponics provides both 

fish and vegetables, it has higher profitability potential than hydroponics (Love et al., 2015). The 

number of local vegetables planted in aquaponic systems in the LLs (2) is currently higher than in 

hydroponic systems. These local vegetables are diverse, ranging from Waterleaf (Talinum fruticosum) 

at the BUST LL, Lagos Spinach’ (Celosia argentea) in ADC and UI, to Mint (Mentha spp.) and Nightshade 

(Solanum vilosum) in the KU and EGE LLs, respectively. The inclusion of vegetables in the circular agri-

food technologies of the LLs is likely to attract interest from on-boarded participants and increase 

adoption rates.  

The LLs are producing vegetables and fruits, as well as fish in the process of developing different 

circular agri-food technologies. The following represents preliminary results and are thus not 

interpreted. On average, in the first year of the project, 8.2 kg of vegetables and fruits were recorded 

as the harvest from hydroponic systems across all LLs (Max=30.9 kg, Min=0 kg). The average yields 

from the aquaponics systems were four times higher (Mean=36.5 kg, max=94.85 kg, and Min=4.31 

kg). The yields amount to 23 g/m2 for hydroponic systems compared to 60g /m2 per year for aquaponic 

systems for the whole vegetation period. However, one must bear in mind that the LLs were newly 

established at the end of 2023, and the data collection only began less than a year ago. 

Currently, there is a wide disparity on fish yields across the LLs, with some harvesting as low as 1 kg, 

and others as high as 1 ton within the assessment period. The reasons for this variation range from 

high mortality rates (over 40% in one LL), prior experience with fish farming, and the number of fish 

cycles. However, after the first trials, we expect the numbers to improve. Fish production is expected 

to increase in the future, following the capacity building sessions held with LL staff in Kenya, Ghana 

and Gabon in 2023. The most popular fish species farmed in all the LLs is the African catfish, Clarias 

gariepinus. The choice of African catfish seems to be related to its outstanding advantages over other 

fish species such as low oxygen tolerance, good growth rates, proven adaptability to aquaponic 

systems, and wide cultural acceptance (Pantanella, 2012). 
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In terms of food safety, only LLs with hydroponic systems applied minimal quantities of inorganic 

pesticides. Preference is demonstrated for organic pesticides such as Neem oil and Pepper prays, and 

environmentally friendly approaches such as handpicking of pests, pruning of diseased plant parts, 

uprooting, and proper discarding of infected plants, and providing screening nets for disease 

prevention. There is an explicit attempt to render food produced in the LLs safer for human 

consumption compared to food produced in conventional farming systems. 

The data of food-related indicators for insect farming are presented in Table 6. Four of the 8 LLs 

involved in the INCITIS FOOD project (UI, NUSL, KU, and EGE) currently have established insect farming 

units. The insect farmed by all LLs is the Black Soldier fly, Hermetia illucens. With the exception of EGE, 

all LLs are still in the early stages of operation and have completed only one cycle of insect farming. 

The potential for insect farming is buttressed by societal acceptance. For instance, 7 of 8 LLs confirm 

that insects are traditionally used as food or feed in the communities in which these LLs are located. 

It seems too early to capture the contributions of farmed insects, for instance, to fish production or 

organic waste transformation. 
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Table 4: Renewable energy-related indicators for agri-food system impact assessment across LLs 

Energy-related 

indicators 
BUST ADC UI NUSL USTM UDS KU EGE 

Energy type Renewable Renewable Both Renewable Non-renewable Non-renewable 
Non-

renewable 
Renewable 

Dominant source 

of energy 
Solar Solar Solar  Solar NEG NEG NEG Solar 

Energy supply 

capacity (w/h) 
17800 11740 2500 1800 6000 15540 900 16,800 

Energy demand 

per system 

(Watts) 

403 1015 160 1150 500 65 450 5600 

Estimated 

number of hours 

each system can 

function 

uninterrupted 

based on current 

energy supply 

44 11.5 15.5 19 12 23 7 12 

Note: NEG = National Electricity Grid; Observe that these are preliminary data and that the bulk of data will be collected in the following 24 months of the 

project, during which time the LLs will expand their installations and test additional prototypes. 
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Table 5: Food-related indicators for hydroponics and aquaponics systems across LLs 

LL BUST ADC UI NUSL USTM UDS KU EGE 

System Hydro Aqua Hydro Aqua Hydro Aqua Hydro Aqua Hydro Aqua Hydro Aqua Hydro Aqua Hydro Aqua 

Area of system [m2] 1.04 63.4 0 7.8 41.33 7.8 45 75 10 105 2.25 8.32 0 23.75 192 192 

Volume [m3] 0.09 13.6 0 1.58 4.8 25000 / / 1.0 26.5 0.34 2.92 0 190 9 1.5 

Total number, types of 
vegetables grown  

5 12 0 6 2 7 3 3 3 5 1 6 0 6 8 1 

Vegetable, fruit yields [kg 
m2 year-1] 

10.18 6.75 0 19.64 5.71 4.31 22.5 95 1.91 8.4 / 94.86 0 26.34 30.89 / 

Number of rare 
vegetables farmed  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Number of local 
vegetables farmed 

0 2 0 5 1 0 1 0 0 0 1 7 0 1 2 0 

Mean quantity of organic 
pesticides used per crop 
cycle [l] 

4 3.3 0 .075 1 1 0 0 0 0 0 0 0 0.05 0.25 0 

Other forms of pest 
management 1  

1-3 1- 3 0 1-4 / / 1&4 / / / / / 0 1&2 0 0 

Mean quantity of in-
organic fertilizer [kg, l] 

5.76 0 0 0 0 0 0 0 0 0 5.4 0 0 0 0 0 

Mean quantity of organic 
fertilizer [kg, l] 

6.75 0 0 0 0 0 0 0 0 0 0 0 0 0 
Frass 

25 
0 

Savings on inorganic 
fertilizers (in Euros)  

11 38 0 0 / / 66.8 0 7 15 / / 0 / 0 0 

Mean fish yield kg per m3 
year-1 

0 .92 0 183.75 0 0 0 60.2 0 80 0 27 0 0 0 1ton 

Mean number of fish 
species  raised 

0 1 0 1 0 0 0 1 0 2 0 1 0 1 0 2  

Number of cycles per fish 
species  

0 3 0 3 0 0 0 1 0 1 0 2 0 3 0 2 

Fish mortality (%) 0 40.2 0 11 0 38.8% 8 5.8 0 6 0 / 0 23.75 0 26 

Notes: 1 1= handpicking, 2=pruning, 3=uprooting, 4=screening with nets; Observe that these are preliminary data and that the bulk of data will be collected in the following 24 months of the project, during which time 

the LLs will expand and test additional prototypes.   
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Table 6: Food-related indicators for insect farming across LLs 

LL/Variables BUST ADC UI NUSL USTM UDS KU EGE 

Area of the system [m2] 0 0 7.7 6 0 0 4.8 192 

Volume [m3] 0 0 / / 0 0 42.8 32 

Number of insect species cultivated/ 

names 
0 0 1 1 0 0 1 1 

Number of completed insect cycles  0 0 1 1 0 0 2 6 

Insect yield: kg per m2 year-1 0 0 1.6 0.9 0 0 0 3000 

If insects are traditionally used as food in 

the communities  around the LL  
yes yes yes yes yes Yes no yes 

Are insects used as feed a tradition in the 

region? 
yes yes yes yes yes Yes no yes 

Contribution of insects to fish production  0 0 0 0 0 0 0 0 

Other organic substances added (type, 

quantity)2 
0 1-4 0 0 0 0 0 0 

Other inorganic substances added (type, 

quantity) 
0 0 0 0 0 0 0 0 

Notes: 2 1=BSF larvae, 2=fermented vegetables, 3-stored fat, 4=cotton wool swab; Observe that these are preliminary data and that the bulk of data  

will be collected in the following 24 months of the project, during which time the LLs will expand and test additional prototypes. 
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3.4 Ecosystem-related indicators 
To capture the impact of the project on the ecosystem, data was collected on relevant indicators, a 

before-after comparison was conducted in each LL. Drawing from Cairns et al. (1993) and Lu et al. 

(2015), ecosystem indicators were grouped into biological, environmental, ecosystem service, and 

organic waste transformed categories. The results presented in Tables 7  shows a general 

improvement of the ecosytem indicators across all LLs, as a result of the INCITIS FOOD project. The 

summary for all LLs is presented in Table 8. With respect to biological factors, the LLs have positively 

impacted plant and animal biodiversity, as the number of plants grown increased on average by 4, and 

the number of fish and insect species by one in all LLs. In terms of environmental indicators, limited 

data suggests a reduction in the quantity of effluent not released into the environment, due to 

circularity (Pinho et al., 2021). Similar trends are observable for organic waste transformed, 

particularly through insect and snail farming. More data is however required to ground these 

contentions.  

The development and testing of ecosystem-enhancing technologies in the LLs have proven to be 

successful. Overall, the number of systems in which water circularity is practiced (recirculating 

aquaculture system (RAS), aquaponics, hydroponics), and the number of systems in which organic 

nutrient circularity is practiced (RAS, aquaponics, and insect farming) increased by 3 and 2 in absolute 

terms, respectively. The LLs are therefore on track in developing circular agrifood technologies, whose 

adoption by start-ups and SMEs will improve FNS, deliver safe, affordable, nutritious, and healthy 

food, reduces waste, and the environmental footprint in city regions in Africa. 
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Table 7: Comparative ecosystem-related impact assessment for all LLs 

LL BUST ADC UI NUSL USTM UDS KU EGE 

Indicators 
Before 

INCITIS 

With 

INCITIS 

Before 

INCITIS 

With 

INCITIS 

Before 

INCITIS 

With 

INCITIS 

Before 

INCITIS 

With 

INCITIS 

Before 

INCITIS 

With 

INCITIS 

Before 

INCITIS 

With 

INCITIS 

Before 

INCITIS 

With 

INCITIS 
Before INCITIS 

With 

INCITIS 

Number of plants 

grown or tested 
6 17 2 5 0 0 2 4 6 17 0 7 0 5 0 8 

Number of fish 

species kept 
2 1 2 3 1 1 1 2 0 1 0 2 1 1 2 2 

Number of insect 

species kept 
0 0 0 1 0 1 1 1 0 0 0 0 0 1 1 2 

Litres of effluent not 

released into the 

environment 

/ / 1000 2580 0 200 0 0 / 0 0 0 / / / / 

Number of systems 

in which water 

circularity is 

practiced 

0 2 1 2 0 0 2 4 0 3 0 2 0 4 0 4 

Number of systems 

in which organic 

nutrient circularity is 

practiced  

(RAS, aquaponics, 

and insect farming) 

0 2 1 2 0 2 2 2 0 3 0 0 0 2 1 2 

Quantity of organic 

waste transformed 

(insect and snail 

farming only, tons) 

0 0 0 0.00009 0 1 325 0.45 / / 0 0 0 / 10/month 12/ month 

Notes: Observe that these are preliminary data and that the bulk of data will be collected in the following 24 months of the project, during which time the LLs will expand and 

test additional prototypes. 
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Table 8: Summary of ecosystem-related performance for all LLs 

Ecosystem indicator 

Before INCiTiS 

FOOD 

(t1, mean) 

Additionally, 

with INCiTiS 

FOOD 

(t2, Mean) 

Changes 

(t2-t1) 

Biological indicators    

Number of plants grown or tested 2 6 +4 

Number of fish species kept 1 2 +1 

Number of insect species kept 0 1 +1 

Environmental indicator    

Litres of effluent not released into the environment 250 695 +445 

Ecosystem service (sustainability of source provision)    

Number of systems in which water circularity is practiced 0 3 +3 

Number of systems in which organic nutrient circularity is 

practiced  
0 2 +2 

Organic waste transformed (tons)    

Quantity of organic waste transformed (insect and snail 

farming only) 
1.6 2.2 +0.6 

Notes:  1. All figures (except for the last entry) have been rounded to the nearest whole number. 2. Means 

are calculated only based on the supplied data. Missing data is not considered in the calcualtions. 

Observe that these are preliminary data and that the bulk of data will be collected in the following 24 

months of the project, during which time the LLs will expand and test additional prototypes. 

 

4. City-region resource streams within INCiTiS-FOOD 

INCiTiS-FOOD has established 8 city-region living labs (LL) in six African countries and 3 regions (see 

Figure 2). In West Africa, the LLs are located in Moyamba (NUSL), Sierra Leone, Tamale (UDS), Ghana 

as well as Lagos (ADC) and Ibadan (UI), Nigeria. In Central Africa, the LLs are located in Bamenda 

(BUST), Cameroon, and Franceville (USTM), Gabon. The LLs in Eastern Africa are located in Nakuru 

(EGE) and Nairobi (KU), Kenya. In the following the city region resource streams are analyzed for each 

LL. The methodology for site resource inventories is based on Baganz et al. (2020). 

 

 
Figure 2: Towns and cities with living labs in INCiTiS-FOOD 
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4.1 Technology and Infrastructure 
A brief analysis of circular food technologies and related basic infrastructure is presented in Table 9. 

All LLs are testing aquaponic systems, 62.5% of all LLs (5 of 8) own RAS, 37.5% (3 of 8) are into 

hydroponics, and 50% own insect farms. Only one LL has started snail farming. In terms of basic 

infrastructure, only one LL is still to construct either a green or screen house.  

 

Table 9: Technology and infrastructure inventory of all LLs 

Circular agri-food 

technology 
BUST ADC UI NUSL USTM UDS KU EGE 

RAS 0 1 1 1 1 0 0 1 

Aquaponics 1 1 1 1 1 1 1 1 

Hydroponics 1 0 1 0 1 0 1 0 

Insect farming 0 0 1 1 0 0 1 1 

Snail farming 0 1 0 0 0 0 0 0 

Basic infrastructure 

Solar system 1 1 1 1 1 0 0 0 

Screen house 1 1 1 1 1 0 1 1 

Greenhouse 1 0 0 1 0 0 0 1 

Note: Technology or infrastructure present in the LL: 1=yes, 0=No 

 

4.2 LL resource inventory 
All LLs are connected to an energy source. Five LLs rely on both national electricity supply and solar 

systems. The rest rely either on the national electricity supply or solar systems. Overall, 6 of 8 LLs had 

functional solar systems at the time of data collection. Although initial solar installation costs are 

generally high, they tend to stabilize energy supply at affordable costs, once they are in place. Water 

resources were also available in all LLs, even if the sources were different. Only one LL reported dealing 

with sewage, and 4 with sludge. Fingerlings were available in and around all LLs, although periodic 

scarcity was reported. Vegetables and seeds are available in all LL cities, and their leftovers were 

recorded in 5 LLs. Basic construction materials for prototypes (PVC pipes, IBC tanks, granite and 

pebbles, water and air pumps, and floating rafts) were reported to be available in the LLs. Some 

materials, particularly pumps and floating rafts were imported out of the LLs, from China, Germany, 

or Nigeria. This has cost implications for eventual technology adoption beyond the LLs. The choice of 

substrates for grow beds varied according to local availability. With the exception of cock peat, 

decarbonized rice husk, and pumice reported being used in only one LL, all other substrates were 

reported under use in at least 2 LLs. Saw dust and wood shaving were the most preferred substrates. 

All LLs possessed water test kits. However, only a pH meter and thermometer were present in all LLs. 

Other testing equipment (e.g., oximeter, EC meter, Ammonia, nitrite, and nitrate and phosphate 

strips) were missing in some LLs. The need for all LLs to purchase this testing equipment and to use it 

to generate relevant data in the LLs and from technology adopters. Local scarcity of this equipment 

has been blamed for their absence in some LLs. Circular system fabrication equipment such as drills, 
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filing machines, saws, and generators are being purchased only timidly by the LLs. This has been 

attributed to an unprecedented rise in equipment costs (Table 10). 

 

Table 10: Resource inventory across LLs 

Resources (available at 
LL?): 1=yes, 0=no 

BUST ADC UI NUSL USTM UDS KU EGE 

Electricity Sources 

National grid  1 1 1 0 1 1 1 1 

Solar  1 1 1 1 1 0 0 1 

Water Resources 

Grey water 1 0 1 0 1 0 0 1 

Natural water source 
(borehole, well)  

0 1 1 1 1 1 1 1 

Sewage 0 0 0 1 0 0 0 0 

Sludge 0 1 0 1 0 1 1 0 

Fingerlings 1 1 1 1 1 1 1 1 

Fish 1 1 1 1 1 1 1 1 

Vegetables 1 1 1 1 1 1 1 0 

Vegetable leftovers 1 0 1 0 1 1 1 0 

Prototype construction Materials 

PVC pipes 1 1 1 1 1 1 1 1 

IBC tanks 1 1 1 1 1 1 1 1 

Granite 1 1 1 1 1 1 1 1 

Pebbles 0 0 1 1 0 1 0 1 

Water pumps 1 1 1 1 1 1 1 1 

Air pumps 1 1 1 0 1 1 0 1 

Floating rafts 0 1 1 1 1 0 1 1 

Steel metal  0 1 0 0 0 0 1 0 

Substrates         

Saw dust 1 0 1 1 1 0 1 / 

Wood shavings 1 0 1 1 1 0 0 / 

Coconut fibre 1 1 1 0 1 1 0 / 

Coffee chaff 1 0 1 0 1 0 0 / 

Wheat bran 1 0 1 0 1 0 0 / 

Cocoa peat 0 0 1 0 0 0 0 / 

DeCarbonized Rice Husk 0 0 1 0 0 0 0 / 

Pumice 0 0 1 0 0 0 1 0 

Water test kits 

pH meter 1 1 1 1 1 1 1 1 

Thermometer 1 1 1 1 1 1 1 1 

Oxymeter 0 1 1 1 0 0 1 1 

EC meter 1 1 1 1 0 0 0 1 

Ammonia strip s 1 1 0 0 1 1 0 1 

Nitrite strips 1 1 1 0 1 1 0 1 

Nitrate strips 1 1 1 0 1 1 0 1 

Phosphate strips 1 1 1 0 1 1 0 0 

Electricity generator 0 1 0 0 0 0 0 0 

Drills 0 1 1 1 1 1 0 0 

Filing machines 0 1 1 0 0 0 0 0 

Saws 1 1 1 1 1 1 0 0 
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4.3 City region resource inventory 
D.1.3 also required that the evaluation of resource streams for circular agri-food technologies and 

practices within the eight city-region food systems that are part of the INCITIS FOOD project. To do a 

preliminary assessment of resources in the city regions hosting LLs, site resource inventories/maps 

were generated by each LL adapting the methodology proposed by Baganz et al (2020), capturing key 

resources available within a radius of 5 km around the LL. The assumptions are that (1) circular 

technologies are likely to be adopted first by those around the LLs, and (2) this will be facilitated by 

the availability of resources of relevance to developing and maintaining circular agricultural 

technologies. A quick examination of the different resource maps from the city regions hosting LLs 

suggests that (see Appendices 1-16): 

1. Water resources such as streams, rivers, and national supply sources are available in all targeted 

city regions. However, issues such as access and availability, need to be further investigated, as 

these factors can influence the sustainability of circular agricultural technologies promoted in the 

LLs and adopted in the city regions. 

2. Input markets for fish feed, seed, and LL equipment were indicated in most of the resource maps. 

While this is appealing, it says nothing about regularity, affordability, and quality. Further 

interviews with LL managers will be done  to better understand these aspects 

3. Energy is not explicitly mentioned in the resource maps. However, that many LLs rely on solar 

energy for power can be seen as an indicator of the unreliable nature of national electricity supply 

systems. Reliability and costs are two key aspects that need to be further explored. This is central 

to the eventual adoption of circular technologies promoted in the LLs, considering their high 

dependence on energy to run. 

4. Output markets for products from circular technologies such as restaurants and open markets were 

indicated by several LLs. Given the tendency of circular technologies to use fewer pesticides, it is 

very likely that products will find a market niche among middle- and upper-class citizens in the 

cities. 

5. Road networks are generally not a problem, given that the markets are located in the same cities 

where food is produced. 

 

5. Conclusion 

Selected WEFE indicators used in this study hold great potential for impact assessment of of start-ups 

and small and medium enterprises (SMEs) that have (not) adopted circular agri-food innovations and 

the overall benefits of agri-food technologies and services developed in the LLs. The current 

assessment of WEFE and resource streams across the LLs demonstrates the capacity of such analyses 

to provide relevant information and knowledge for impact assessment and decision-making in 

agrifood systems in Africa. However, the availability of consistent and reliable data needs to be taken 

seriously. For instance, missing data was observed with Water-related indicators, particularly 

evapotranspiration, and water input into and out of the system. The absence of these data renders it 

impossible for instance to calculate the water use efficiency. Difficulties were also observed at the 

level of measuring Energy demand and supply of systems and equipment in the LLs, as this exercise 

was done up to 3 times for some LLs to obtain reliable data. Missing data from many LLs was also 

noted at the level of Food indicators particularly data on fertilizer use, savings on fertilizers, fish 

mortality rates, and yields, the contribution of insect farming, and additional substances used. Key 
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Ecosystem indicators such as effluent not discharged, and quantity of waste transformed (e.g. in insect 

farming systems) were not well accounted for.  

Resource inventory indicates that all LLs are currently testing circular technologies. All LLs have access 

to a water source, though the governance regimes are diverse, running from communal, and public to 

private property regimes. However, most but not all LLs have key infrastructure for circular agrifood 

systems, such as solar energy and green/screen houses. Although all LLs have water testing kits, the 

equipment for measuring water parameters is not equitably present in all LLs, creating room for 

missing data. The procurement of other LL equipment such as drills and filing machines is slow; this 

might affect the capacity of the LLs to support adopters in the onboarding and technology 

dissemination processes. 

The resource inventory in the city regions suggests a great potential for the adoption of circular 

technologies in all 8 city regions, as indicated by the presence of resources and institutions such as 

water, input and output markets, their proximity, and energy availability. However, assessing the 

quality and quantities of identified resources will provide better insights on each resource in each city, 

for better consideration in future planning. 

Overall, D.1.3. demonstrated that WEFE indicators can provide useful information for impact 

assessments in African city regions. The LLs need to identify relevant indicators, and systematically 

collect and analyze data on relevant WEFE indicators in the LLs as a prerequisite to eventually 

assessing WEFE impacts of start-ups and SMEs. 
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Appendix 1: City-region WEFE indicators in BUST LL, Bamenda 
 

Note: These tables present the first iteration of the collection of WEFE indicators to test the 

methodology for micro-level impact assessment on the WEFE Nexus. Data will be collected within the 

next 24 months of the project to provide a more comprehensive and robust picture and enable 

relevant calculations.   

 

Table 11: Water-related indicators for agri-food system impact assessment, BUST LL 

 Details, units of measurement 
Hydroponics 

/Bioponics 

Aquaponics 

and/or RAS 

Insect 

farming 

Water source  (1) Green (2) blue1 1 1 X 

 

(1) Borehole, (2) well, (3) groundwater, 

(4) reclaimed water, (5) tap water, (6) 

rainwater, (7) Other(specify) 

5 5  

Water supply 

characteristics  

(1) Regular access (permanent right to 

use): 1=yes, 0=no 
1 1 X 

(2) Irregular access (restricted right to 

use): 1=yes, 0=no 
0 0 X 

Control (e.g. can freely decide on 

distribution, sale, etc): 1=yes, 0=no 
0 0 X 

Water governance regime  
(1) Private, (2) Public, (3) Communal, (4) 

Other(specify) 
3 3 X 

Water quality (input) 

(Please provide average 

figures) 

Temperature(oC) 22.8 22.8 X 

pH  6.44 6.44 X 

Dissolved oxygen (Mg/L) NA NA X 

Ammonia (mg/l) 0 0 X 

Nitrite (mg/l) 0 0 X 

Nitrate (mg/l) 0. 5 0. 5 X 

Phosphate (P) or total P (mg/l) 10 10 X 

EC(µS/cm) 29 29 X 

Water quality (output, 

outflow) from each 

system 

(Please provide average 

figures) 

Temperature (oC) 25. 5 24.2 X 

pH 5.1 7.1 X 

Dissolved oxygen(mg/L)   X 

Ammonia (mg/l) <0. 5 0. 5-1 X 

Nitrite (mg/l) 2.0 0.15-0.3 X 

Nitrate (mg/l) 50 1.0-2.0 X 

Phosphate (P) or total P (ppm) >50 5.0 X 

EC ((µS/cm)) 231 113.1 X 

Water quantity (input) Liters/per day per system 7 17.3  X 

Water quantity (output) = 

Effluent discharge: 
Liters/per day per system 0 0 X 

Evapotranspiration rate  

(mean numbers, NA if the 

measurements were not 

done yet) 

Liters/per day per system 7 17.3 X 
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Water use efficiency 
Needs to be calculated for each system 

separately based on the data above. 
X X X 

Water consumption 

compared to 

conventional gardening 

(liters saved) 

Needs to be calculated for each system 

separately based on the data above. 
X X X 

1Green water refers to water stored in the soil, e.g., rainwater, well water, and multiple forms of used water. Blue water means water 

from lakes, rivers, streams and underground sources (Schyns et al., 2015). 2EC =Electrical conductivity.  

 

Table 12: Renewable energy-related indicators for agri-food system impact assessment, BUST LL 

 Details, units of measurement 
Hydroponic

s /Bioponics 

Aquaponics 

and/or RAS 

Insect 

farming 

Sources of energy  

Type of energy: (1) renewable, (2) 

nonrenewable, (3) both. 

1=yes, 0=no 

3 3 NA 

Dominant source of the LL: (1) solar, 

(2) generator, (3) national electricity 

grid (NEG), (4) other (specify). 1=yes, 

0=no 

1 1 NA 

Energy supply capacity 

Capacity (kWh) of solar energy 

sources 
17.8 

(17.8) 

available of 

all systems 

NA  

Capacity (kW) of non-solar energy 

sources (Name sources)  

National 

Electricity: 

220v 

NA NA 

Capacity of electrical energy storage 

(kWh) 
 6.75 

 (6.75)  

for entire 

system 

NA   

Power failure/ load shedding: (1) 

frequent, (2) not frequent (context-

specific subjective assessments) 

1 1 NA 

Power failure/ load shedding Mean 

hours per week? 
42 42 NA 

Energy demand per 

system  

Overall energy demand  in Watts of 

electrical appliances needed to run 

the agri-food system (i.e., air & 

water pumps (Wt), lighting ((Wt), 

heating, etc.) 

 25 378 NA 

Energy consumption per 

system in hours per day 

Estimated hours of total electricity 

consumed from ALL sources (if the 

system is not shut down, this will be 

24 hours/day). 

24 24 NA 
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Table 13: Food-related indicators for agri-food system impact assessment, BUST LL 

 
Details, units of 

measurement 

Hydroponics 

/Bioponics 

Aquaponics and/or 

RAS 

Insect 

farming 

Size of the system 

Area [m2] 

Total: 1.04 

STS= 37.5 

Outdoor Aquaponic =23 

Chopped & flipped =2.9 

Total: 63.4 

NA 

Volume [m3] 

Total 0.09 

STS= 4.8 

Outdoor Aquaponic =7.8 

Chopped and flipped = 1 

Total: 13.6 

NA 

Number and types of vegetables 

grown 

List of all species and number of 

cycles grown per year e.g. 

Lettuce/3) 

Lettuce: 2 

Cucumber: 2 

Basilic=2 

Parsley=2 

Celery=2 

Lettuce: 4 

Green beans: 2 

Brocolli=1 

Water melon=1 

African egg plant =1 

Basilic=1 

Sweet pepper=1 

Parsley=1 

Celery=2 

Huckleberry=1 

Water leaf =1  

Okra=1 

 

Vegetable & fruit (e.g. tomato) 

yields  

Per species and system [kg m2 year-

1]  

(please list the vegetables and 

their respective yields) 

Lettuce:  2.5 

Cucumber:  7.1 

Basilic: 0.25  

Parsley: 0.176 

Celery: 0.155 

Lettuce: 5.2 

Green beans: 1 

Brocolli: 0  

Water melon: 0 

African eggplant: 0 

Basilic: 0.154 

Sweet pepper: 0 

Parsley: 0.228 

Celery: 0.165 

Huckleberry:0 

Water leaf: 0  

Okra:0  

 

Endangered/rare/local vegetables 

farmed 
Latin and local names Local vegetables 

Local vegetables: 

Huckleberry (Solanum 

scabrum) 

Water leaf (Talinum 

fruticosum 

 

Quantity and name of organic 

pesticides used per crop cycle  
Per system & crop cycle [kg, liter] 

Pepper based 

sprays = 3.5L 

Neeem 0.5L 

 

Neem oil: 3.3L 
 

Quantity and name of inorganic 

pesticides used per crop cycle  
Per system & crop cycle [kg, liter] NA NA  

Other forms of pest management 

(please specify)  
Per system and crop cycle 

Hand-picking 

Prunning, 

uprooting 

Hand-picking 

Prunning, uprooting 
 

Quantity of inorganic fertilizer used  Per system & crop cycle [kg] 

5.76 

For the entire 

systems 

0 

  
NA 

Quantity of organic fertilizer used Per system & crop cycle [kg, liter] 0 0 NA 

Other fertilizer (please specify)  Per system & crop cycle [kg, liter] 0 0 NA 
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Savings on inorganic fertilizers (in 

Euros)  
Per system for all  crop cycles 11 38  

Fish yield kg per m3 year-1  0.92 

10 kg fih for 

10.9M3 space 

for fish farming 

Fish raised Species, variety: Name, Latin name  
Catfish (Clarias 

gariepinus) 
 

Number of cycles per fish species  
This should be limited to the 12 

month period 
 3  

Dominant fish feed Name, composition  Catfish   

Fish mortality (%) % of stocked fingerlings  40.2 

Due to high pH, 

and 

inexperience 

with the 

systems 

Insect species and stages cultivated 

(highlight endangered/rare/local 

insects farmed) 

Names, Latin names   NA 

Number of completed insect cycles     NA 

Insect yield 
Per species and system: kg per m2 

year-1 
  NA 

Are insects as food a tradition in the 

region? 
1=yes, 0=no   NA 

Is using insects as feed a tradition in 

the region? 
1=yes, 0=no   NA 

Contribution of insects to fish 

production  

To be determined experimentally: 

Marginal yield compared to 

conventional feed 

 NA NA 

Other organic substances added  (type, quantity) NA NA NA 

Other inorganic substances added (type, quantity) NA 

Fish booster 

Antibiotics 

Anti Fungi 

NA 

 

Table 14: Ecosystem-related indicators for agri-food systems impact assessment, BUST LL 

Ecosystem indicator Indicators for measurement 
Before INCiTiS 
FOOD 

Additionally, 
with INCiTiS 
FOOD 

Biological indicators 

Number of plants grown or tested 6 17 

Number of fish species kept 2 1 

Number of insect species kept 0 0 

Environmental indicator 
Litres of effluent not realeased into the 
environment  

NA 0 

Ecosystem service  
(sustainability of source 
provision) 

Number of systems in which water 
circularity is practiced 

0 2 

 
Number of systems in which organic 
nutrient circularity is practiced  
(RAS, aquaponics, and insect farming) 

0 2 

Organic waste transformed 
(tons) 

Quantity of organic waste transformed 
(insect and snail farming only) 

NA NA 
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Appendix 2: City-region WEFE indicators ADC LL, Lagos 
 

Note: These tables present the first iteration of the collection of WEFE indicators to test the 

methodology for micro-level impact assessment on the WEFE Nexus. Data will be collected within the 

next 24 months of the project to provide a more comprehensive and robust picture and enable 

relevant calculations.   

 

Table 15: Water-related indicators for agri-food system impact assessment, ADC LL 

 

 
Details, units of measurement 

Hydroponics 

/Bioponics 

Aquaponics 

and/or RAS 
Insect farming 

Water source  

(1)Green (2) blue1  1 X 

(1) Borehole, (2) well, (3) groundwater, 

(4) reclaimed water, (5) tap water, (6) 

rainwater, (7) Other(specify) 

 1  

Water supply characteristics  

(1) Regular access (permanent right to 

use): 1=yes, 0=no 
 1 X 

(2) Irregular access (restricted right to 

use): 1=yes, 0=no 
 0 X 

Control (e.g. can freely decide on 

distribution, sale, etc): 1=yes, 0=no 
 1 

X 

Water governance regime  
(1) Private, (2) Public, (3) Communal, (4) 

Other(specify) 
 1 X 

Water quality (input) 

(Please provide average figures) 

Temperature (oC)  28 X 

pH   5 X 

Dissolved oxygen (mg/L)  4 X 

Ammonia (mg/L)  <0.05 X 

Nitrite (mg/L)  <0.025 X 

Nitrate (mg/L)  5 X 

Phosphate (P) or total P (mg/L)  NA X 

EC (µS/cm)  168 X 

Water quality (output, outflow) 

from each system 

(Please provide average figures) 

Temperature (oC)  30 X 

pH  6.5 X 

Dissolved oxygen(mg/L)  4 X 

Ammonia (mg/L)  <0.05 X 

Nitrite (mg/L)  <0.05 X 

Nitrate (mg/L)  30 X 

Phosphate (P) or total P (mg/L)  NA X 

EC2 (µS/cm)  774  

Water quantity (input) Lliters/per day per system  NA  

Water quantity (output) = 

Effluent discharge: 
Liters/per day per system  NA  

Evapotranspiration rate  

(mean numbers, NA if the 

measurements were not yet 

done) 

Liters/per day per system  NA  
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Water use efficiency 
Needs to be calculated for each system 

separately based on the data above. 
X X  

Water consumption compared to 

conventional gardening (liters 

saved) 

Needs to be calculated for each system 

separately based on the data above. 
X X  

1Green water refers to water stored in the soil. Examples include rainwater, well water and multiple forms of used water. Blue water 

means water from lakes, rivers, streams and underground sources (Schyns et al., 2015). 2EC =Electrical conductivity.  

 

 

Table 16: Renewable energy-related indicators for agri-food system impact assessment, ADC LL 

 Details, units of measurement 
Hydroponics 

/Bioponics 

Aquaponics 

and/or RAS 
Snail farming 

Sources of energy  

Type of energy: (1) renewable, (2) 

nonrenewable, (3) both. 

1=yes, 0=no 

 3 0 

Dominant source for your LL: (1) 

solar, (2) generator, (3) national 

electricity grid (NEG), (4) other 

(specify). 1=yes, 0=no 

 1 0 

Energy supply capacity 

Capacity (kWh) of solar energy 

sources 
 11.74 0 

Capacity (kW) of non-solar energy 

sources (Name sources).,  
 NA 0 

Capacity of electrical energy storage 

(kW/h) 
 5.4  0 

Power failure/ load shedding: 

(1) frequent, (2) not frequent 

(context-specific subjective 

assessments) 

 1 0 

Power failure/ load shedding Mean 

hours per week? 
 62 0 

Energy demand per system  

Overall energy demand  in Watts of 

electrical appliances needed to run 

the agri-food system (i.e., air & 

water pumps (Wt), lighting ((Wt), 

heating, etc.) 

  1015 0 

Energy consumption per 

system in hours per day 

Estimated hours of total electricity 

consumed from ALL sources (if the 

system is not shut down, this will be 

24 hours/day). 

 24 0 
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Table 17: Food-related indicators for agri-food system impact assessment, ADC LL 

 
Details, units of 

measurement 

Hydroponics 

/Bioponics 
Aquaponics and/or RAS Insect farming 

Size of the system 

Area [m2]  7.8   

Volume [m3]  1.58  

Number and types of vegetables 

grown 

List of all species and number 

of cycles grown per year e.g. 

Lettuce/3) 

N/A 

Celosia argentea (shoko):  3 

cycles 

Amaranthus spinosus 

(Amaranth greens, Tete): 3 

cycles 

Corchorus olitorius  

(Ewedu):  3 cycles 

Abelmoschus esculentus 

(Okra); 3 cycles 

Lactuca sativa (Lettuce): 1 

cycle 

Solanum macrocarpon (efo 

igbo): 4 cycles  

 

Vegetable & fruit (e.g. tomato) 

yields  

Per species and system [kg m2 

year-1]  

(please list the vegetables 

and their respective yields) 

N/A 

 

 

Celosia argentea (shoko), 

2.5  

Amaranthus spinosus 

(Amaranth greens ,Tete) 2.8  

Abelmoschus esculentus 

(Okra) 2.5 

Lactuca sativa (Lettuce) 2  

Solanum macrocarpon (efo 

igbo) 9.84 

 

Endangered/rare/local 

vegetables farmed 
Latin and local names N/A 

Local vegetables: 

Celosia argentea (shoko), 

Amaranthus spinosus 

(Amaranth greens, Tete) 

Corchorus olitorius (Ewedu), 

Abelmoschus esculentus 

(Okra) 

Solanum macrocarpon (efo 

igbo) 

 

Quantity and name of organic 

pesticides used per crop cycle  

Per system & crop cycle [kg, 

liter] 
 Bacilus thuringensis 75 cl  

Quantity and name of inorganic 

pesticides used per crop cycle  

Per system & crop cycle [kg, 

liter] 
 None  

Other forms of pest management 

(please specify)  
Per system and crop cycle  Hand picking  

Quantity of inorganic fertilizer 

used  

Per system & crop cycle [kg, 

liter] 
 0  

Quantity of organic fertilizer used 
Per system & crop cycle [kg, 

liter] 
 0  

Other fertilizer (please specify)  
Per system & crop cycle [kg, 

liter] 
 None  

Savings on inorganic fertilizers (in 

Euros)  
Per system  for all  crop cycles    

Fish yield kg per m3 year-1    

Fish raised 
Species, variety: Name, Latin 

name 
 

African catfish (Clarias 

gariepinus) 
 

Number of cycles per fish species  
This should be limited to the 

12 month period 
 3  



D.1.3. Comprehensive inventory of local resource streams and WEFE indicators 

33 
 

Dominant fish feed Name, composition    

Fish mortality (%) % of stocked fingerlings  11   

Insect species and stages 

cultivated 

(highlight endangered/rare/local 

insects farmed) 

Names, Latin names    

Number of completed insect 

cycles  
    

Insect yield 
Per species and system: kg 

per m2 year-1 
   

Are insects as food a tradition in 

the region? 
1=yes, 0=no    

Is using insects as feed a tradition 

in the region? 
1=yes, 0=no    

Contribution of insects to fish 

production  

To be determined 

experimentally: Marginal 

yield compared to 

conventional feed 

   

Other organic substances added  (type, quantity)    

Other inorganic substances 

added 
(type, quantity)    

 

Liquid organic fertilizer produced Liter per month    

 

Table 18: Ecosystem-related indicators for agri-food systems impact assessment, ADC LL 

Ecosystem indicator Indicators for measurement 
Before 

INCiTiS FOOD 

Additionally, with 

INCiTiS FOOD 

Biological indicators 

Number of plants grown or tested 2 5 

Number of fish species kept 2 3 

Number of insect species kept 0 1 

Environmental indicator 
Litres of effluent not released into the 

environment  
1000 L/day 2580 L/day 

Ecosystem service (sustainability 

of source provision) 

Number of systems in which water 

circularity is practiced 
1 2 

Number of systems in which organic 

nutrient circularity is practiced  

(RAS, aquaponics, and insect farming) 

0 X 

Organic waste transformed (tons) 
Quantity of organic waste transformed 

(insect and snail farming only) 
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Appendix 3: City-region WEFE indicators UI LL, Ibadan 
 

Note: These tables present the first iteration of the collection of WEFE indicators to test the 

methodology for micro-level impact assessment on the WEFE Nexus. Data will be collected within the 

next 24 months of the project to provide a more comprehensive and robust picture and enable 

relevant calculations.   

 

Table 19: Renewable energy-related indicators for agri-food system impact assessment, UI LL 

 

 
Details, units of measurement 

Hydroponics 

/Bioponics 

Aquaponics 

and/or RAS 
Insect farming 

Water source  

(1) Green (2) blue1 2 2 2 

(1) Borehole, (2) well, (3) groundwater, 

(4) reclaimed water, (5) tap water, (6 

)rainwater, (7) Other(specify) 

1, 2 1 1 

Water supply characteristics  

(1) Regular access (permanent right to 

use): 1=yes, 0=no 
1 1 1 

(2) Irregular access (restricted right to 

use): 1=yes, 0=no 
0 0 

0 

Control (e.g. can freely decide on 

distribution, sale, etc): 1=yes, 0=no 
0 0 

0 

Water governance regime  
(1) Private, (2) Public, (3) Communal, (4) 

Other(specify) 
1 1 1 

Water quality (input) 

(Please provide average figures) 

Temperature (oC) 26 26 X 

pH  7.2 7.4 X 

Dissolved oxygen (mg/L) 3.0 5.0 X 

Ammonia (mg/L) NA NA X 

Nitrite (mg/L) NA NA X 

Nitrate (mg/L) NA 22.5 - 30 X 

Phosphate (P) or total P (mg/L) >1.8  >1.8  X 

EC (µS/cm) 1905 633 X 

Water quality (output, outflow) 

from each system 

(Please provide average figures) 

Temperature (oC) 29.9 28.4 X 

pH 7.0 7.2 X 

Dissolved oxygen (mg/L) 4.0 4.5 X 

Ammonia (mg/L) NA NA X 

Nitrite (mg/L) NA NA X 

Nitrate (mg/L) NA 15 – 20 X 

Phosphate (P) or total P (mg/L) 1.8  1.8  X 

EC (µS/cm) 605 865  

Water quantity (input) Lliters/per day per system NA NA NA 

Water quantity (output) = 

Effluent discharge: 
Liters/per day per system NA NA NA 

Evapotranspiration rate  

(mean numbers, NA if the 

measurements were not yet 

done) 

Liters/per day per system NA NA NA 
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Water use efficiency 
Needs to be calculated for each system 

separately based on the data above. 
X X  

Water consumption compared to 

conventional gardening (liters 

saved) 

Needs to be calculated for each system 

separately based on the data above. 
X X  

1Green water refers to water stored in the soil. Examples include rainwater, well water and multiple forms of used water. Blue water 

means water from lakes, rivers, streams and underground sources (Schyns et al., 2015).  
2EC =Electrical conductivity.  

 

 

Table 20: Renewable energy-related indicators for agri-food system impact assessment, UI LL 

 Details, units of measurement 
Hydroponics 

/Bioponics 

Aquaponics 

and/or RAS 

Insect 

farming 

Sources of energy  

Type of energy: (1) renewable, (2) 

nonrenewable, (3) both. 

1=yes, 0=no 

0 1, 1 1, 1 

Dominant source for your LL: (1) 

solar, (2) generator, (3) national 

electricity grid (NEG), (4) other 

(specify). 1=yes, 0=no 

1,1 1,1 1,1 

Energy supply capacity 

Capacity (kWh) of solar energy 

sources 
2.5 2.5 1.0 

Capacity (kW) of non-solar energy 

sources (Name sources).,  
   

Capacity of electrical energy storage 

(kW) 
2.5 2.5 1.0 

Power failure/ load shedding: (1) 

frequent, (2) not frequent (context-

specific subjective assessments) 

2 2 2 

Power failure/ load shedding Mean 

hours per week? 
2  2  2 

Energy demand per system  

Overall energy demand  in Watts of 

electrical appliances needed to run 

the agri-food system (i.e., air & 

water pumps (Wt), lighting ((Wt), 

heating, etc.) 

60  100 NA 

Energy consumption per 

system in hours per day 

Estimated hours of total electricity 

consumed from ALL sources (if the 

system is not shut down, this will be 

24 hours/day). 

0.03 2.4 NA 
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Table 21: Food-related indicators for agri-food system impact assessment, UI LL 

 Details, units of measurement 
Hydroponics 

/Bioponics 

Aquaponics and/or 

RAS 

Insect 

farming 

Size of the system 

Area [m2] 

Dutch Vases 9.95 + 

Raised Bed 10.19 + 

DWC 10.00 + 

Garaffas Pet 11.19 + 

= 41.33 

DWC 2mx1.3m 

NFT 2m x1.3m 

Gravel bed 2m 

x1.3m  

Two (2) Love 

cages 1.75M 

X 1.75M 

Two Crate 

Stands 

1.19M X 

0.66M  

Volume [m3] 4.8 
Fish Tank = 5 units 

of 1m3= 5000L 
NA 

Number and types of 

vegetables grown 

List of all species and 

number of cycles grown 

per year e.g. Lettuce/3) 

African Eggplant = 1 

Tomatoes = 1 

 

African Eggplant = 1 

Tomatoes = 1 

Lettuce = 1 

Okra = 1 

Sweet / Bells 

Pepper = 1 

Tomato = 1 

Celosia vegetable = 

1 

Telfaria 

occidentalis = 1 

 

Vegetable & fruit (e.g. 

tomato) yields  

Per species and system 

[kg m2 year-1]  

(please list the vegetables 

and their respective 

yields) 

Tomato = 4056 kg 

 

African eggplants = 

1653  kg 

 

 

Tomato = 4056 kg 

 

African eggplants = 

1653  kg 

 

 

Lettuce = 237.7 g 

Okra = 111.8 g 

Sweet / Bells 

Pepper = 825.3 g 

Tomato = o  

Celosia vegetable = 

3210.2 kg 

Telfaria 

occidentalis = 0 

 

Endangered/rare/local 

vegetables farmed 
Latin and local names 

Local vegetables: 

Solanum macrocapon 

Rare/endangered 

vegetables: 

.... 

Local vegetables: 

 

 

Rare/endangered 

vegetables: 

 

Quantity and name of 

organic pesticides used 

per crop cycle  

Per system & crop cycle [kg, liter] Neem oil: < 1 L Neem oil: < 1 L  

Quantity and name of 

inorganic pesticides used 

per crop cycle  

Per system & crop cycle [kg, liter] 0 0  

Other forms of pest 

management (please 

specify)  

Per system and crop cycle Nil Nil  

Quantity of inorganic 

fertilizer used  
Per system & crop cycle [kg, liter] 0 0 NA 

Quantity of organic 

fertilizer used 
Per system & crop cycle [kg, liter] 0 0 NA 

Other fertilizer (please 

specify)  
Per system & crop cycle [kg, liter] 0 0 NA 

Savings on inorganic 

fertilizers (in Euros)  
Per system  for all  crop cycles    

Fish yield kg per m3 year-1  112.25 kg  
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Fish raised Species, variety: Name, Latin name  
African Catfish 

Clarias gariepinus 
 

Number of cycles per fish 

species  
This should be limited to the 12 month period  3  

Dominant fish feed Name, composition  Skretting  

Fish mortality (%) % of stocked fingerlings  38.8  

Insect species and stages 

cultivated 

(highlight 

endangered/rare/local 

insects farmed) 

Names, Latin names   

Black Soldier 

fly 

(Hermatia 

illucens) 

Eggs, Larvae, 

Pupae and 

Adult 

Number of completed 

insect cycles  
   10 

Insect yield Per species and system: kg per m2 year-1   1.6 kg 

Are insects as food a 

tradition in the region? 
1=yes, 0=no   1 

Is using insects as feed a 

tradition in the region? 
1=yes, 0=no   1 

Contribution of insects to 

fish production  

To be determined experimentally: Marginal yield 

compared to conventional feed 
 0 Ongoing 

Other organic substances 

added  
(type, quantity) 0 0 0 

Other inorganic 

substances added 
(type, quantity) 0 0 0 

Liquid organic fertilizer 

produced 
Liter per month 0 0 ongoing 

 

 

Table 22: Ecosystem-related indicators for agri-food systems impact assessment, UI LL 

Ecosystem indicator Indicators for measurement 
Before INCiTiS 

FOOD 

Additionally, with 

INCiTiS FOOD 

Biological indicators 

Number of plants grown or tested 0 0 

Number of fish species kept 1 0 

Number of insect species kept 0 1 

Environmental indicator 
Litres of effluent not released into the 

environment  
0 200 

Ecosystem service 

(sustainability of source 

provision) 

Number of systems in which water 

circularity is practiced 
0 4 

Number of systems in which organic 

nutrient circularity is practiced  

(RAS, aquaponics, and insect farming) 

0 2 

Organic waste transformed 

(tons) 

Quantity of organic waste transformed 

(insect and snail farming only) 
0 1 
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Appendix 4: City-region WEFE indicators in NUSL LL, Moyamba 
 

Note: These tables present the first iteration of the collection of WEFE indicators to test the 

methodology for micro-level impact assessment on the WEFE Nexus. Data will be collected within the 

next 24 months of the project to provide a more comprehensive and robust picture and enable 

relevant calculations.   

 

Table 23: Water-related indicators for agri-food system impact assessment, NUSL LL 

 

 
Details, units of measurement 

Hydroponics 

/Bioponics 

Aquaponics 

and/or RAS 
Insect farming 

Water source  

(1)Green (2) blue1 1 1 X 

(1)Borehole, (2)well, (3)groundwater, 

(4)reclaimed water, (5)tap water, 

(6)rainwater, (7)Other(specify) 

1 1  

Water supply characteristics  

(1) Regular access (permanent right to 

use): 1=yes, 0=no 
1 1 X 

(2) Irregular access (restricted right to 

use): 1=yes, 0=no 
0 0 X 

Control (e.g. can freely decide on 

distribution, sale, etc): 1=yes, 0=no 
1 1 X 

Water governance regime  
(1) Private, (2) Public, (3) Communal, (4) 

Other(specify) 
1 1 X 

Water quality (input) 

(Please provide average figures) 

Temperature(oC) 0 30.7 X 

pH  0 6.8 X 

Dissolved oxygen (mg/L) 0 5.2 X 

Ammonia (mg/l) 0 1.0 TAN X 

Nitrite (mg/l) 0 0.4 X 

Nitrate (mg/l) 0  X 

Phosphate (P) or total P (ppm) 22 18 X 

EC (µS/cm) 0 474 X 

Water quality (output, outflow) 

from each system 

(Please provide average figures) 

Temperature (oC) 0 0 X 

pH 0 0 X 

Dissolved oxygen(Mg/L) 0 0 X 

Ammonia (ppm) 0 0 X 

Nitrite (mg/l) 0 0 X 

Nitrate (mg/l) 0 0 X 

Phosphate (P) or total P (ppm) 0 18N X 

EC2 (µS/cm) 0 O  

Water quantity (input) Lliters/per day per system 20 0  

Water quantity (output) = 

Effluent discharge: 
Liters/per day per system 2 0  

Evapotranspiration rate  

(mean numbers, NA if the 

measurements were not yet 

done) 

Liters/per day per system NA NA  
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Water use efficiency 
Needs to be calculated for each system 

separately based on the data above. 
X X  

Water consumption compared to 

conventional gardening (liters 

saved) 

Needs to be calculated for each system 

separately based on the data above. 
X X  

1Green water refers to water stored in the soil. Examples include rainwater, well water and multiple forms of used water. Blue water 

means water from lakes, rivers, streams and underground sources (Schyns et al., 2015).  
2EC =Electrical conductivity.  

 

 

Table 24: Renewable energy-related indicators for agri-food system impact assessment, NUSL LL 

 Details, units of measurement 
Hydroponics 

/Bioponics 

Aquaponics 

and/or RAS 

Insect 

farming 

Sources of energy  

Type of energy: (1) renewable, (2) 

nonrenewable, (3) both. 

1=yes, 0=no 

3 3 1 

Dominant source for your LL: (1) 

solar, (2) generator, (3) national 

electricity grid (NEG), (4) other 

(specify). 1=yes, 0=no 

1 1 1 

Energy supply capacity 

Capacity (kWh) of solar energy 

sources 
1.8 1.8 1.8 

Capacity (kW) of non-solar energy 

sources (Name sources)  
0 0 0 

Capacity of electrical energy storage 

(kW) 
4.8 4.8  

Power failure/ load shedding: (1) 

frequent, (2) not frequent (context-

specific subjective assessments) 

2 2 2 

Power failure/ load shedding Mean 

hours per week? 
0 0 0 

Energy demand per system  

Overall energy demand  in Watts of 

electrical appliances needed to run 

the agri-food system (i.e., air & 

water pumps (Wt), lighting ((Wt), 

heating, etc.) 

  1.5  

Energy consumption per 

system in hours per day 

Estimated hours of total electricity 

consumed from ALL sources (if the 

system is not shut down, this will be 

24 hours/day). 

ND 41.7 ND 
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Table 25: Food-related indicators for agri-food system impact assessment, NUSL LL 

 Details, units of measurement Hydroponics /Bioponics 
Aquaponics 

and/or RAS 
Insect farming 

Size of the system 

Area [m2] 45 75 6 

Volume [m3]    

Number and types of vegetables 

grown 

List of all species and number of 

cycles grown per year e.g. 

Lettuce/3) 

Tomatoes 

Okra 

3 cycles intended per 

annum 

Green pepper 

Okra 

3 cycles intended 

per annum 

 

Vegetable & fruit (e.g. tomato) yields  

Per species and system [kg m2 

year-1]  

(please list the vegetables and 

their respective yields) 

Tomatoes did not 

produce fruits at initial 

cropping (certain 

fertilizers were lacking) 

Okra yet to be 

harvested 

Green pepper 

harvested was  
 

Endangered/rare/local vegetables 

farmed 
Latin and local names 

Local vegetables: 

Okra 

Rare/endangered 

vegetables: 

Non yet 

Local vegetables: 

Okra 

Rare/endangered 

vegetables: 

Non yet 

 

Quantity and name of organic 

pesticides used per crop cycle  
Per system & crop cycle [kg, liter] NA 

NA 

 
 

Quantity and name of inorganic 

pesticides used per crop cycle  
Per system & crop cycle [kg, liter] NA NA  

Other forms of pest management 

(please specify)  
Per system and crop cycle NA 

Screening with 

net, Hand picking 
 

Quantity of inorganic fertilizer used  Per system & crop cycle [kg, liter] 2.25 0 0 

Quantity of organic fertilizer used Per system & crop cycle [kg, liter] 0 0 0 

Other fertilizer (please specify)  Per system & crop cycle [kg, liter] 0 0 0 

Savings on inorganic fertilizers (in 

Euros)  
Per system for all crop cycles 66.8 0  

Fish yield kg per m3 year-1  60.2  

Fish raised 
Species, variety: Name, Latin 

name 
 

African catfish 

Clarias gariepinus  
 

Number of cycles per fish species  
This should be limited to the 12 

month period 
 2  

Dominant fish feed Name, composition  
Raanan floating 

feed 
 

Fish mortality (%) % of stocked fingerlings  5.8  

Insect species and stages cultivated 

(highlight endangered/rare/local 

insects farmed) 

Names, Latin names   

BSF-Black 

Soldier Fly 

Just starting 

the proper 

research 

Number of completed insect cycles     None 

Insect yield 
Per species and system: kg per 

m2 year-1 
  

To be 

determined 

Are insects as food a tradition in the 

region? 
1=yes, 0=no   Yes 

Is using insects as feed a tradition in 

the region? 
1=yes, 0=no   Yes 
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Contribution of insects to fish 

production  

To be determined 

experimentally: Marginal yield 

compared to conventional feed 

 0 
Not quantified 

yet 

Other organic substances added  (type, quantity) 0 0 
Household 

wastes 

Other inorganic substances added (type, quantity) 0 0 0 

 

Liquid organic fertilizer produced Liter per month   Not yet 

 

 

Table 26: Ecosystem-related indicators for agri-food systems impact assessment, NUSL LL 

Ecosystem indicator Indicators for measurement 
Before INCiTiS 

FOOD 

Additionally, with 

INCiTiS FOOD 

Biological indicators 

Number of plants grown or tested 2 4 

Number of fish species kept >5000 127 

Number of insect species kept 0 1 

Environmental indicator 
Litres of effluent not realeased into the 

environment  
0 0 

Ecosystem service  

(sustainability of source provision) 

Number of systems in which water circularity is 

practiced 
2 4 

Number of systems in which organic nutrient 

circularity is practiced  

(RAS, aquaponics, and insect farming) 

1 2 

Organic waste transformed (tons) 
Quantity of organic waste transformed (insect 

and snail farming only) 
0 0.45 
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Appendix 5: City-region WEFE indicators in USTM LL, Franceville 
 

Note: These tables present the first iteration of the collection of WEFE indicators to test the 

methodology for micro-level impact assessment on the WEFE Nexus. Data will be collected within the 

next 24 months of the project to provide a more comprehensive and robust picture and enable 

relevant calculations.   

 

Table 27: Water-related indicators for agri-food system impact assessment, USTM LL 

 

 
Details, units of measurement 

Hydroponics 

/Bioponics 

Aquaponics 

and/or RAS 
Insect farming 

Water source  

(1) Green (2) blue1 1 1 X 

(1) Borehole, (2) well, (3) groundwater, 

(4) reclaimed water, (5) tap water, (6) 

rainwater, (7) Other(specify) 

5 5 X 

Water supply characteristics  

(1) Regular access (permanent right to 

use): 1=yes, 0=no 
1 1 X 

(2) Irregular access (restricted right to 

use): 1=yes, 0=no 
0 0 X 

Control (e.g. can freely decide on 

distribution, sale, etc): 1=yes, 0=no 
0 0 X 

Water governance regime  
(1) Private, (2) Public, (3) Communal, (4) 

Other(specify) 
3 3 X 

Water quality (input) 

(Please provide average 

figures) 

Temperature(oC) 26 26 X 

pH  6.44 6.44 X 

Dissolved oxygen (mg/L) NA NA X 

Ammonia (mg/L) NA NA X 

Nitrite (mg/L) NA NA X 

Nitrate (mg/L) NA NA X 

Phosphate (P) or total P (mg/L) NA NA X 

EC (µS/cm) NA NA X 

Water quality (output, 

outflow) from each system 

(Please provide average 

figures) 

Temperature (oC) 27. 5 27.4 X 

pH 6 6 X 

Dissolved oxygen(mg/L) NA NA X 

Ammonia (mg/L) NA NA X 

Nitrite (mg/L) NA NA X 

Nitrate (mg/L) NA NA X 

Phosphate (P) or total P (mg/L) NA NA X 

EC2 (µS/cm) NA NA  

Water quantity (input) Lliters/per day per system 11 23  

Water quantity (output) = 

Effluent discharge: 
Liters/per day per system 2 0  

Evapotranspiration rate  

(mean numbers, NA if the 

measurements were not yet 

done) 

Liters/per day per system NA NA  
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Water use efficiency 
Needs to be calculated for each system 

separately based on the data above. 
X X  

Water consumption compared 

to conventional gardening 

(liters saved) 

Needs to be calculated for each system 

separately based on the data above. 
X X  

1Green water refers to water stored in the soil. Examples include rainwater, well water and multiple forms of used water. Blue water 

means water from lakes, rivers, streams and underground sources (Schyns et al., 2015). 2EC =Electrical conductivity.  

 

 

Table 28: Renewable energy-related indicators for agri-food system impact assessment, USTM LL 

 Details, units of measurement 
Hydroponics 

/Bioponics 

Aquaponics 

and/or RAS 

Insect 

farming 

Sources of energy  

Type of energy: (1) renewable, (2) 

nonrenewable, (3) both. 

1=yes, 0=no 

3 3 NA 

Dominant source for your LL: (1) 

solar, (2) generator, (3) national 

electricity grid (NEG), (4) other 

(specify). 1=yes, 0=no 

3 3 X 

Energy supply capacity 

Capacity (kWh) of solar energy 

sources 
X X X 

Capacity (kW) of non-solar energy 

sources (Name sources).,  

National 

Electricity:  

National 

Electricity: 
X 

Capacity of electrical energy storage 

(kWh) 
X  X X 

Power failure/ load shedding: (1) 

frequent, (2) not frequent (context-

specific subjective assessments) 

2 2  

Power failure/ load shedding Mean 

hours per week? 
0.5 0.5  

Energy demand per system  

Overall energy demand  in Watts of 

electrical appliances needed to run 

the agri-food system (i.e., air & 

water pumps (Wt), lighting ((Wt), 

heating, etc.) 

23 350  

Energy consumption per 

system in hours per day 

Estimated hours of total electricity 

consumed from ALL sources (if the 

system is not shut down, this will be 

24 hours/day). 

24 24  
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Table 29: Food-related indicators for agri-food system impact assessment, USTM LL 

 Details, units of measurement Hydroponics /Bioponics 
Aquaponics 

and/or RAS 
Insect farming 

Size of the system 
Area [m2] 10 105  

Volume [m3] 0.1 26.25  

Number and types of vegetables 
grown 

List of all species and number of 
cycles grown per year e.g. 
Lettuce/3) 

Basilicum = 3 

Parsley = 3 

Lettuce =3 

Basilicum = 2 

Parsley = 2 

Lettuce = 2 

Okra = 1 

Pepper = 1 

 

Vegetable & fruit (e.g. tomato) yields  

Per species and system [kg m2 
year-1]  

(please list the vegetables and 
their respective yields) 

Basilicum = 0.37 

Parsley = 0.24 

Lettuce = 1.3 

Basilicum = 0.21 

Parsley = 0.19 

Lettuce = 1.9 

Okra = 3.3 

Pepper = 2.8 

 

Endangered/rare/local vegetables 
farmed 

Latin and local names NA NA  

Quantity and name of organic 
pesticides used per crop cycle  

Per system & crop cycle [kg, liter] NA NA  

Quantity and name of inorganic 
pesticides used per crop cycle  

Per system & crop cycle [kg, liter] NA NA  

Other forms of pest management 
(please specify)  

Per system and crop cycle 
The systems are in a 
controlled greenhouse 

The systems are in 
a controlled 
greenhouse 

 

Quantity of inorganic fertilizer used  Per system & crop cycle [kg, liter] 0 0  

Quantity of organic fertilizer used Per system & crop cycle [kg, liter] 0 0  

Other fertilizer (please specify)  Per system & crop cycle [kg, liter] 0 0  

Savings on inorganic fertilizers (in 
Euros)  

Per system  for all  crop cycles 7 15  

Fish yield kg per m3 year-1  80  

Fish raised 
Species, variety: Name, Latin 
name 

 
African Catfish 
(Clarias 
gariepinus) 

 

Number of cycles per fish species  
This should be limited to the 12 
month period 

2 2  

Dominant fish feed Name, composition     

Estimated fish mortality (%) % of stocked fingerlings 17 6  

Insect species and stages cultivated 

(highlight endangered/rare/local 
insects farmed) 

Names, Latin names NA NA NA 

Number of completed insect cycles   NA NA NA 

Insect yield 
Per species and system: kg per 
m2 year-1 

NA NA NA 

Are insects as food a tradition in the 
region? 

1=yes, 0=no NA NA NA 

Is using insects as feed a tradition in 
the region? 

1=yes, 0=no NA NA NA 
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Contribution of insects to fish 
production  

To be determined 
experimentally: Marginal yield 
compared to conventional feed 

NA NA NA 

Other organic substances added  (type, quantity) NA NA NA 

Other inorganic substances added (type, quantity) NA NA  

 

Liquid organic fertilizer produced Liter per month    

 

 

Table 30: Ecosystem-related indicators for agri-food systems impact assessment, USTM LL 

Ecosystem indicator Indicators for measurement 
Before INCiTiS 

FOOD 

Additionally, with 

INCiTiS FOOD 

Biological indicators 

Number of plants grown or tested 6 17 

Number of fish species kept 0 1 

Number of insect species kept 0 0 

Environmental indicator 
Litres of effluent not realeased into the 

environment  
NA 0 

Ecosystem service  

(sustainability of source provision) 

Number of systems in which water circularity is 

practiced 
0 3 

Number of systems in which organic nutrient 

circularity is practiced  

(RAS, aquaponics, and insect farming) 

0 3 

Organic waste transformed (tons) 
Quantity of organic waste transformed (insect 

and snail farming only) 
NA NA 
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Appendix 6: City-region WEFE indicators in UDS LL, Tamale 
 

Note: These tables present the first iteration of the collection of WEFE indicators to test the 

methodology for micro-level impact assessment on the WEFE Nexus. Data will be collected within the 

next 24 months of the project to provide a more comprehensive and robust picture and enable 

relevant calculations.   

 

Table 31: Water-related indicators for agri-food system impact assessment, UDS LL 

 

 

Details, units of measurement 
Hydroponics 

/Bioponics 

Aquaponics 

and/or RAS 
Insect farming 

Water source  

(1) Green (2) blue1 2 2 X 

(1) Borehole, (2) well, (3) groundwater, 

(4) reclaimed water, (5) tap water, (6) 

rainwater, (7) Other (specify) 

5 5  

Water supply characteristics  

(1) Regular access (permanent right to 

use): 1=yes, 0=no 
1 1 X 

(2) Irregular access (restricted right to 

use): 1=yes, 0=no 
0 0 X 

Control (e.g. can freely decide on 

distribution, sale, etc): 1=yes, 0=no 
1 1 X 

Water governance regime  
(1) Private, (2) Public, (3) Communal, (4) 

Other(specify) 
2 2 X 

Water quality (input) 

(Please provide average figures) 

Temperature(oC) 28-30 28-30 X 

pH  6.5 6.8 X 

Dissolved oxygen (mg/L) 7 7 X 

Ammonia (mg/L) 0.05 0.05 X 

Nitrite (mg/L) 0.003 0.006 X 

Nitrate (mg/L) 0.5 0.5 X 

Phosphate (P) or total P (mg/L) 0.04 0.5 X 

EC (µS/cm) 250 250 X 

Water quality (output, outflow) 

from each system 

(Please provide average figures) 

Temperature (oC) 28 28 X 

pH 6 7 X 

Dissolved oxygen(mg/L) 10 8 X 

Ammonia mg/L) 0.03 0.05 X 

Nitrite (mg/L) 0.5 0.1 X 

Nitrate (mg/L) 150 40 X 

Phosphate (P) or total P (mg/L) 0.1 0.05 X 

EC2 (µS/cm) 247 242  

Water quantity (input) Lliters/per day per system 60 L/day 33 L/day  

Water quantity (output) = 

Effluent discharge: 
Liters/per day per system 0.1 L /minute 1 L/minute  

Evapotranspiration rate  

(mean numbers, NA if the 

measurements were not yet 

done) 

Liters/per day per system NA NA NA 

Water use efficiency 
Needs to be calculated for each system 

separately based on the data above. 
X X NA 
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Water consumption compared to 

conventional gardening (liters 

saved) 

Needs to be calculated for each system 

separately based on the data above. 
X X NA 

1Green water refers to water stored in the soil. Examples include rainwater, well water and multiple forms of used water. Blue water 

means water from lakes, rivers, streams and underground sources (Schyns et al., 2015). 2EC =Electrical conductivity.  

 

 

Table 32: Renewable energy-related indicators for agri-food system impact assessment, UDS LL 

 Details, units of measurement 
Hydroponic

s /Bioponics 

Aquaponics 

and/or RAS 

Insect 

farming 

Sources of energy  

Type of energy: (1) renewable, 

(2) nonrenewable, (3) both. 

1=yes, 0=no 

2 2 NA 

Dominant source for your LL: (1) 

solar, (2) generator, (3) national 

electricity grid (NEG), (4) other 

(specify). 1=yes, 0=no 

0 3 NA 

Energy supply capacity 

Capacity (kWh) of solar energy 

sources 
NA NA NA 

Capacity (kW) of non-solar 

energy sources (Name sources).,  
NA 0.065/h NA 

Capacity of electrical energy 

storage (kW) 
NA None NA 

Power failure/ load shedding: 

(1) frequent, (2) not frequent 

(context-specific subjective 

assessments) 

2 2 NA 

Power failure/ load shedding 

Mean hours per week? 
0 0 NA 

Energy demand per system  

Overall energy demand  in 

Watts of electrical appliances 

needed to run the agri-food 

system (i.e., air & water pumps 

(Wt), lighting ((Wt), heating, 

etc.) 

 0 15540 /day NA 

Energy consumption per 

system in hours per day 

Estimated hours of total 

electricity consumed from ALL 

sources (if the system is not 

shut down, this will be 24 

hours/day). 

NA  NA 
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Table 33: Food-related indicators for agri-food system impact assessment, UDS LL 

Variable Details, units of measurement Hydroponics /Bioponics 
Aquaponics 

and/or RAS 
Insect farming 

Size of the system Area [m2] 2.25 8.32 NA 

 Volume [m3] 0.34 2.92 NA 

Number and types of vegetables 

grown 

List of all species and number of 

cycles grown per year e.g. 

Lettuce/3) 

okra 2 

Tomato 2, pepper 

1, lettuce 3, 

amaranthus 5, 

mint 1, okra 2, Jute 

plant 4. 

 

Vegetable & fruit (e.g. tomato) yields  

Per species and system [kg m2 

year-1]  

(please list the vegetables and 

their respective yields) 

No data on yield yet 

Tomato 60 kg m2 

year-1 

 pepper kg m2 

year-1 15 kg m2 

year-1 

lettuce 16.2 kg m2 

year-, amaranthus 

10 kg m2 year-1  

Mint 3.2 kg m2 

year-1 Jute plant 

0.456 kg m2 year-1 

 

Endangered/rare/local vegetables 

farmed 
Latin and local names 

Okro 2 as a local 

vegetable 

Local vegetables: 

Tomatoe, 

 pepper, lettuce, 

amaranthus, mint, 

okro, Jute plant a 

local vegetable  

 

Quantity and name of organic 

pesticides used per crop cycle  
Per system & crop cycle [kg, liter] None None  

Quantity and name of inorganic 

pesticides used per crop cycle  
Per system & crop cycle [kg, liter] None None  

Other forms of pest management 

(please specify)  
Per system and crop cycle None None  

Quantity of inorganic fertilizer used  Per system & crop cycle [kg, liter] 4.5 kg/5400 l None None 

Quantity of organic fertilizer used Per system & crop cycle [kg, liter] None None None 

None None None None None 

Savings on inorganic fertilizers (in 

Euros)  
Per system  for all  crop cycles None None  

Fish yield kg per m3 year-1  27kg  

Fish raised 
Species, variety: Name, Latin 

name 
 African Catfish  

Number of cycles per fish species  Limited to the 12 month period  2  

Dominant fish feed Name, composition  

Raanan fish feed 

west africa limited.  

Composition: 

protein, fat, fibre, 

ash, phosophorus, 

moisture, 

vitamins. 

 

Fish mortality (%) % of stocked fingerlings  2  

Insect species and stages cultivated 

(highlight endangered/rare/local 

insects farmed) 

Names, Latin names   NA 

Number of completed insect cycles     NA 
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Insect yield 
Per species and system: kg per 

m2 year-1 
  NA 

Are insects as food a tradition in the 

region? 
1=yes, 0=no   NA 

Is using insects as feed a tradition in 

the region? 
1=yes, 0=no   NA 

Contribution of insects to fish 

production  

To be determined 

experimentally: Marginal yield 

compared to conventional feed 

 None Nome 

Other organic substances added  (type, quantity) None None None 

Other inorganic substances added (type, quantity) None None None 

 

Liquid organic fertilizer produced Liter per month   None 

 

Table 34: Ecosystem-related indicators for agri-food systems impact assessment, UDS LL 

Ecosystem indicator Indicators for measurement 
Before 

INCiTiS FOOD 

Additionally, with 

INCiTiS FOOD 

Biological indicators 

Number of plants grown or tested None 7 

Number of fish species kept None 2 

Number of insect species kept None None 

Environmental indicator 
Litres of effluent not realeased into the 

environment  
None None 

Ecosystem service  

(sustainability of source 

provision) 

Number of systems in which water 

circularity is practiced 
None 2 

Organic waste transformed (tons) 

Number of systems in which organic 

nutrient circularity is practiced  

(RAS, aquaponics, and insect farming) 

None 1 

Quantity of organic waste transformed 

(insect and snail farming only) 
None None 
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Appendix 7: City-region WEFE indicators in KU LL, Nairobi 
 

Note: These tables present the first iteration of the collection of WEFE indicators to test the 

methodology for micro-level impact assessment on the WEFE Nexus. Data will be collected within the 

next 24 months of the project to provide a more comprehensive and robust picture and enable 

relevant calculations.   

 

Table 35: Water-related indicators for agri-food system impact assessment, KU LL 

Variable Details, units of measurement 
Hydroponics 

/Bioponics 

Aquaponics 

and/or RAS 

Insect 

farming 

Water source  

(1)Green  (2) blue1  1 1 

(1) Borehole, (2) well, (3) 

groundwater, (4) reclaimed water, 

(5) tap water, (6) rainwater, (7 

)Other(specify) 

 1&5 1&5 

Water supply characteristics  

(1) Regular access (permanent right 

to use): 1=yes, 0=no 
 1 1 

(2) Irregular access (restricted right 

to use): 1=yes, 0=no 
 0 0 

Control (e.g. can freely decide on 

distribution, sale, etc): 1=yes, 0=no 
 1 1 

Water governance regime  
(1) Private, (2) Public, (3) 

Communal, (4) Other(specify) 
 2 2 

Water quality (input) 

(Please provide average 

figures) 

Temperature(oC)  26 26 

pH   5.8-7.2 X 

Dissolved oxygen (mg/L)  6.44 X 

Ammonia (mg/L)  <0.05 X 

Nitrite (mg/l)  <0. 5 X 

Nitrate mg/l)  2.6 X 

Phosphate (P) or total P (mg/L)  NA X 

EC (µS/cm)  X X 

Water quality (output, 

outflow) from each system 

(Please provide average 

figures) 

Temperature (oC)  26 24 

pH  6.5 6.5 

Dissolved oxygen(mg/L)  4 X 

Ammonia (mg/L)  X X 

Nitrite (mg/l)  <0.05 X 

Nitrate (mg/l)  6.4 X 

Phosphate (P) or total P (mg/L)  NA X 

EC2 (µS/cm)  X X 

Water quantity (input) Liters/per day per system  NA  

Water quantity (output) = 

Effluent discharge: 
Liters/per day per system  NA  

Evapotranspiration rate  Liters/per day per system  NA  
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(mean numbers, NA if the 

measurements are not being 

done) 

Water use efficiency 

Needs to be calculated for each 

system separately based on the 

data above. 

 X  

Water consumption 

compared to conventional 

gardening (liters saved) 

Needs to be calculated for each 

system separately based on the 

data above. 

 X  

Notes: 1Green water refers to water stored in the soil. Examples include rainwater, well water and multiple forms of used water. Blue 

water means water from lakes, rivers, streams and underground sources (Schyns et al., 2015).  
2EC =Electrical conductivity.  

 

 

Table 36: Renewable energy-related indicators for agri-food system impact assessment, KU LL 

Energy variable Details, units of measurement 
Hydroponic

s /Bioponics 

Aquaponics 

and/or RAS 

Insect 

farming 

Sources of energy  

Type of energy: (1) renewable, 

(2) nonrenewable, (3) both. 

1=yes, 0=no 

 2  

Dominant source for your LL: (1) 

solar, (2) generator, (3) national 

electricity grid (NEG), (4) other 

(specify). 1=yes, 0=no 

 3  

Energy supply capacity 

Capacity (kWh) of solar energy 

sources 
 NA  

Capacity (kW) of non-solar 

energy sources (Name sources).,  
 NA  

Capacity of electrical energy 

storage (kW/h) 
 NA   

Power failure/ load shedding: (1) 

frequent, (2) not frequent 

(context-specific subjective 

assessments) 

 2  

Power failure/ load shedding 

Mean hours per week? 
 NA  

Energy demand per system  

Overall energy demand  in Watts 

of electrical appliances needed 

to run the agri-food system (i.e., 

air & water pumps (Wt), lighting 

((Wt), heating, etc.) 

  1.6  

Energy consumption per 

system in hours per day 

Estimated hours of total 

electricity consumed from ALL 

sources (if the system is not shut 

down, this will be 24 hours/day). 

 1.6  
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Table 37: Food-related indicators for agri-food system impact assessment, KU LL 

Food variable 
Details, units of 

measurement 
Hydroponics /Bioponics Aquaponics and/or RAS Insect farming 

Size of the system 
Area [m2]  23.75  4.76 

Volume [m3]  190 42.84 

Number and types of 

vegetables grown 

List of all species and 

number of cycles 

grown per year e.g. 

Lettuce/3) 

 

African Nightshade 

(Solanum spp): 3 cycles 

Spiderplant (Cleome 

gynandra) ): 1 cycle 

Cowpea (Vigna 

unguiculata) ): 3 cycles  

Amaranthus spinosus 

(Amaranth greens): 3 

cycles 

Mint (Mentha spp.) 

Lactuca sativa (Lettuce): 3 

cycles 

 

Vegetable & fruit (e.g. 

tomato) yields  

Per species and system 

[kg m2 year-1]  

(please list the 

vegetables and their 

respective yields) 

 X  

Endangered/rare/local 

vegetables farmed 
Latin and local names 

Local 

vegetable

s: 

..... 

Rare/end

angered 

vegetable

s: 

.... 

 

Local Herb: 

Mint (Mentha 

spp.): 4  

cycles  

Local Herb: 

Mint (Mentha spp.): 4  

cycles  

 

Quantity and name of 

organic pesticides used 

per crop cycle  

Per system & crop 

cycle [kg, liter] 
 

NIMBECIDINE

- 0.5 mls 
NIMBECIDINE- 0.5 mls  

Quantity and name of 

inorganic pesticides used 

per crop cycle  

Per system & crop 

cycle [kg, liter] 
 None  

Other forms of pest 

management (please 

specify)  

Per system and crop 

cycle 
 

Hand picking and 

harvesting of affected 

leaves 

 

Quantity of inorganic 

fertilizer used  

Per system & crop 

cycle [kg, liter] 
 0 0 

Quantity of organic 

fertilizer used 

Per system & crop 

cycle [kg, liter] 
 0 0 

Other fertilizer (please 

specify)  

Per system & crop 

cycle [kg, liter] 
 None 0 

Savings on inorganic 

fertilizers (in Euros)  

Per system  for all  

crop cycles 
   

Fish yield kg per m3 year-1  x  

Fish raised 
Species, variety: Name, 

Latin name 
 

African catfish, Clarias 

gariepinus 
 

Number of cycles per fish 

species  

This should be limited 

to the 12 month 

period 

 2  
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Dominant fish feed Name, composition  
normal fish meal in 

Kenyan market 
 

Fish mortality (%) 
% of stocked 

fingerlings 
 X  

Insect species and stages 

cultivated 

(highlight 

endangered/rare/local 

insects farmed) 

Names, Latin names   

Rearing one 

(1) insect 

species (BSF) 

Hermetia 

illucens L.All 

developmenta

l stages 

cultivated, 

Egg, Larva, 

Pupa & Adult 

Number of completed 

insect cycles  
   2 

Insect yield 

Per species and 

system: kg per m2 year-

1 

  X 

Are insects as food a 

tradition in the region? 
1=yes, 0=no   0 

Is using insects as feed a 

tradition in the region? 
1=yes, 0=no   0 

Contribution of insects to 

fish production  

To be determined 

experimentally: 

Marginal yield 

compared to 

conventional feed 

 X X 

Other organic substances 

added  
(type, quantity)   

BSF larvae are 

fed mixture of 

fermented 

vegetable 

wastes. Adults 

metabolize 

stored fat; 

offered water 

on cotton 

wool swab 

Other inorganic 

substances added 
(type, quantity)   

No liquid 

fertilizer. We 

have about 50 

kg of frass 

 

Liquid organic fertilizer 
produced 

Liter per month 
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Table 38: Ecosystem-related indicators for agri-food systems impact assessment, KU LL 

Ecosystem indicator Indicators for measurement 
Before 

INCiTiS FOOD 

Additionally, with 

INCiTiS FOOD 

Biological indicators 

Number of plants grown or tested 0 5 

Number of fish species kept 1 1 

Number of insect species kept 0 1 

Environmental indicator 
Litres of effluent not realeased into the 

environment  
X X 

Ecosystem service  

(sustainability of source 

provision) 

Number of systems in which water 

circularity is practiced 
0 4 

Number of systems in which organic 

nutrient circularity is practiced  

(RAS, aquaponics, and insect farming) 

0 0 

Organic waste transformed (tons) 
Quantity of organic waste transformed 

(insect and snail farming only) 
0 X 
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Appendix 8: City-region WEFE indicators in EGE LL, Nakuru 
 

Note: These tables present the first iteration of the collection of WEFE indicators to test the 

methodology for micro-level impact assessment on the WEFE Nexus. Data will be collected within the 

next 24 months of the project to provide a more comprehensive and robust picture and enable 

relevant calculations.   

 

Table 39: Water-related indicators for agri-food system impact assessment, EGE LL 

 Details, units of measurement Hydroponics 

/Bioponics 

Aquaponics 

and/or RAS 

Insect 

farming 

Water source  (1) green  (2) blue1  Green X 

 

(1) Borehole, (2) well, (3) 
groundwater, (4) reclaimed water, 
(5) tap water, (6) rainwater, (7) 
Other (specify) 

 6  

Water supply characteristics  

(1) Regular access (permanent right 
to use): 1=yes, 0=no 

 1 X 

(2) Irregular access (restricted right 
to use): 1=yes, 0=no 

 0 X 

Control (e.g. can freely decide on 
distribution, sale, etc): 1=yes, 0=no 

 0 X 

Water governance regime  
(1) Private, (2) Public, (3) 
Communal, (4) Other(specify) 

 4 (Institution) X 

Water quality (input) 
(Please provide average 
figures) 

Temperature(oC)  25 X 

pH   6.5 X 

Dissolved oxygen (Mg/L)  < 5mg/l X 

Ammonia (ppm)  <0.05 X 

Nitrite (mg/l)  <0.01 X 

Nitrate (mg/l)  <0.05 X 

Phosphate (P) or total P (ppm)  <0.1 X 

EC(µS/cm)  24 X 

Water quality (output, 
outflow) from each system 

(Please provide average 
figures) 

Temperature (oC)  24 X 

pH  >13 X 

Dissolved oxygen(Mg/L)  <5mg/l X 

Ammonia (ppm)  <0.05 X 

Nitrite (mg/l)  0.05 X 

Nitrate (mg/l)  5 X 

Phosphate (P) or total P (ppm)  <0.1 X 

EC2(µS/cm)  26  

Water quantity (input) Lliters/per day per system    

Water quantity (output) = 
Effluent discharge: 

Liters/per day per system 
   

Evapotranspiration rate  Liters/per day per system NA NA NA 

Water use efficiency 
Needs to be calculated for each 
system separately based on the 
data above. 

X X  
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Water consumption 
compared to conventional 
gardening (liters saved) 

Needs to be calculated for each 
system separately based on the 
data above. 

X X  

Notes: 1Green water refers to water stored in the soil. Examples include rainwater, well water and multiple forms of 

used water. Blue water means water from lakes, rivers, streams and underground sources (Schyns et al., 2015). 2EC 

=Electrical conductivity.  

 

 

Table 40: Renewable energy-related indicators for agri-food system impact assessment, EGE LL 

 Details, units of measurement Hydroponic

s /Bioponics 

Aquaponics 

and/or RAS 

Insect 

farming 

Sources of energy  

Type of energy: (1) renewable, 

(2) nonrenewable, (3) both. 

1=yes, 0=no 

1 1 1 

Dominant source for your LL: (1) 

solar, (2) generator, (3) national 

electricity grid (NEG), (4) other 

(specify). 1=yes, 0=no 

1 1 1 

Energy supply capacity 

Capacity (kWh) of solar energy 

sources 
16,800 16,800 16,800 

Capacity (kW) of non-solar 

energy sources (Name sources).,  
0 0 0 

Capacity of electrical energy 

storage (kW) 
0 0 0 

Power failure/ load shedding: (1) 

(1)frequent, (2) not frequent 
2 2 2 

Power failure/ load shedding 

Mean hours per week? 
0 0 0 

Energy demand per system  

Overall energy demand  in Watts 

of electrical appliances needed 

to run the agri-food system (i.e., 

air & water pumps (Wt), lighting 

((Wt), heating, etc.) 

water 

pumps  

air & water 

pumps 
 

Energy consumption per 

system in hours per day 

Estimated hours of total 

electricity consumed from ALL 

sources (if the system is not shut 

down, this will be 24 hours/day). 

8 8 8 
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Table 41: Food-related indicators for agri-food system impact assessment, EGE LL 

 Details, units of 

measurement 

Hydroponics 

/Bioponics 

Aquaponics 

and/or RAS 

Insect 

farming 

Size of the system Area [m2] 192m2 (in 1 
greenhouse)  

192m2 (in 1 
greenhouse) 

192m2 (in 1 
greenhouse) 

 Volume [m3] NA NA NA 

Number and types of 
vegetables grown 

List of all species and 
number of cycles grown 
per year e.g. Lettuce/3) 

Lettuce- 1 

Spinach – 1 

Cow pea - 1 

Tomatos - 1 

Amarant - 1 

Africa Night Shade 
-1 

Slender leaves -2  

Crotalaria -1 

 

 

Vegetable & fruit (e.g. 
tomato) yields  

Per species and system 
[kg m2 year-1]  

(please list the vegetables 
and their respective 
yields) 

Lettuce- 0.9kg  

Spinach – 4.86kg  

Cow pea - 0.5kg  

Tomatoes - 
16.58kg 

Amarant - 1.44kg  

Africa Night Shade 
-4.4 kg  

Slender leaves - 
0.71kg  

Crotalaria -1.5kg 

  

Endangered/rare/local 
vegetables farmed 

Latin and local names Local vegetables: 

African nightshade 
(Managu) 
(solanum 
villosum), 
Cowpea(kunde) 
(Vigna 
unguiculata), 
amaranthus 

... 

Rare/endangered 
vegetables: 

... 

Local 
vegetables: 

..... 

Rare/endange
red 
vegetables: 

.... 

 

 

 

Quantity and name of organic 
pesticides used per crop cycle  

Per system & crop cycle 
[kg, liter] 

Liquid detergent -
.25 L 

Ash – (4 handful) 

 

 
 

Quantity and name of 
inorganic pesticides used per 
crop cycle  

Per system & crop cycle 
[kg, liter] 0   

Other forms of pest 
management (please specify)  

Per system and crop cycle 
0   

Quantity of inorganic fertilizer 
used  

Per system & crop cycle 
[kg, liter] 

0   
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Quantity of organic fertilizer 
used 

Per system & crop cycle 
[kg, liter] 

Frass – 25kg    

Other fertilizer (please 
specify)  

Per system & crop cycle 
[kg, liter] 

0   

Savings on inorganic fertilizers 
(in Euros)  

Per system  for all  crop 
cycles 

   

Fish yield kg per m3 year-1  2kg   

Fish raised Species, variety: Name, 
Latin name 

 Tilapia   

Number of cycles per fish 
species  

This should be limited to 
the 12 month period 

 2  

Dominant fish feed Name, composition 
 

Egerton fish 
feed 

 

Fish mortality (%) % of stocked fingerlings  26  

Insect species and stages 
cultivated 

(highlight 
endangered/rare/local insects 
farmed) 

Names, Latin names 

  
Hermertia 

illucens 

Number of completed insect 
cycles  

 
  6 

Insect yield Per species and system: kg 
per m2 year-1 

  3000 

Are insects as food a tradition 
in the region? 

1=yes, 0=no 
  Yes 

Is using insects as feed a 
tradition in the region? 

1=yes, 0=no 
  Yes 

Contribution of insects to fish 
production  

To be determined 
experimentally: Marginal 
yield compared to 
conventional feed 

 in progress  

Other organic substances 
added  

(type, quantity) 
 0  

Other inorganic substances 
added 

(type, quantity) 
 0  

 

Liquid organic fertilizer 
produced 

Liter per month 
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Table 42: Ecosystem-related indicators for agri-food systems impact assessment, EGE LL 

Ecosystem indicator Indicators for measurement Before INCiTiS 

FOOD 

Additionally, with 

INCiTiS FOOD 

Biological indicators 

Number of plants grown or 

tested 
  

Number of fish species kept 2 2 

Number of insect species kept 
Hermertia 

illucens 
Red worms 

Environmental indicator 
Litres of effluent not released 

into the environment  
  

Ecosystem service  

(sustainability of source 

provision) 

Number of systems in which 

water circularity is practiced 
0 4 

Number of systems in which 

organic nutrient circularity is 

practiced  

(RAS, aquaponics, and insect 

farming) 

1 2 

Organic waste transformed 

(tons) 

Quantity of organic waste 

transformed (insect and snail 

farming only) 
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Appendix 9: City-region resource stream in BUST LL, Bamenda 
 

Table 43: Technology and infrastructure inventory of BUST LL 

Which of the following  agri-
food technologies were 
adopted in your LL? (use 1, 
when adopted, and 0, when 
not adopted in your LL) 

Infrastructure 
items for all agri-
food systems 
practiced 

Number of each 
infrastructure 
item 

Location details 
(city, longitude, 
and latitude) 

Remarks 

(any information 
that can help us 
understand your 
responses) 

RAS:  0 Solar system 1 

Coordinates: 

10.2180068, 
5.9952272 

 

Aquaponics: 1 Greenhouses: 4 

Existing 
greenhouses were 
refurbished for the 
project 

Hydroponics:1 Screen houses: 0  

Insect farming:0 Offices: 6 
Each staff has an 
office space 

Snail farming:0 
Training facility, 
i.e., LL, lecture 
room..(specify): 

Training space: 1 

Lecture/training 
hall: 1 

Meeting hall: 1 

 

Other, specify:  
Other (specify) 
(e.g. store,…): 

Store:1  

 

 
Figure 3: BUST LL, Bamenda resource map 
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Table 44: Resource inventory of BUST LL 

LL Resource 

type 

Resource 

subtype: 

1=yes, 0=no 

Direction 

(IN (1), or 

OUT(2) of LL, 

(3) not 

applicable-NA) 

Local availability 

score (top =3):  

1=no,  

2=not regular 

3=yes 

Accessibility 

Score(top=3):   

1=no 2=sporadic, 

3=yes 

Reliability score 

(top=2): 

1= low 

2=intermittent 

3= steady 

Quality 

score (top=3):  

1=low, 

2=medium, 

3=high 

Cost score (top=3) 

1=low, 

2=Affordable, 

3=expensive 

Remarks 

(any information that can help us 

understand your responses) 

Natural resource inventory 

Electricity 

National grid: 1 1 2 2 2 2 2  

Solar: 1 1 2 3 3 3 1 

Installation costs are high, but then 

energy is available at low or not cost 

thereafter 

Water 

Grey wate: 0r 3 NA NA NA NA NA  

Natural water 

source: 1 
2 2 2 2 2 1 

Community water source, with 

volume fluctuating in the dry season, 

and sometimes pH 

Biomass 

Fingerlings:1 1 3 3 2 3 2  

Fish:1 2 2 3 1 2 2 Still to sell or eat fish from LL 

Vegetables:1 2 2 3 2 2 3 

Low reliability stems from the small 

quantities produced in the LL, not 

from lack of market 

Vegetable 

leftovers:1 
2 2 2 1 2 1 

Not much vegetable leftovers in the LL 

except for Green beans 

Waste water 

Sewage:0 2 NA NA NA NA NA  

Sludge:0 2 NA NA NA NA NA 
Still to build up in the standard training 

system 

LL utilities and equipment 

Construction 

PVC pipes:1 1 3 3 3 2 3  

IBC tanks:1 1 2 2 3 3 3  

Granite:1 1 3 3 3 3 3  

Pebbles:0 3 1 1 / / / Never been used in our LL 

Water pumps:1 1 2 2 2 2 3 Ordered from Nigeria 

Air pumps:1 1 2 2 2 2 3 Ordered in Nigeria 

Rafts:1 1 3 3 3 2 1 Our rafts are locally made  

Substrates 

Saw dust:1 1 3 3 3 3 1  

Wood shaving:1 3 3 3 3 3 1  

Coconut fibre:1 3 1 0 0 / / Not available in Bamenda 
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Coffee chaff:1 3 3 3 3 1 1 Not used in BUST LL 

Wheat bran: 3 3 3 3 2 3 Also used as animal feed 

Data collection equipment  

Water test kits 

Ph meter:1 1 1 1 3 2 3 Water test Kit was ordered from China 

Thermometer:1 1 3 3 1 1 1  

Oxymeter:0        

EC meter:1 1 1 2 3 3 3  

Ammonia 

strips:1 
1 2 2 2 3 3 Gift from training in Gabon 

Nitrite strips:1 1 2 2 2 3 3  

 Nitrate strips:1 1 2 2 2 3 3  

 
Phosphate 

strips:1 
1 2 2 2 3 3  

Other equipment 

Other 

equipment 

Generator:0 1 3 3 2 2 2  

Drills:0 1 2 2 2 3 3  

Filing machines:0 1 2 2 2 3 3  

Saws:1 1 3 3 2 2 2  
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Appendix 10: City-region resource stream in ADC Lagos LL 
 

Table 45: Technology and infrastructure inventory of ADC LL 

Which of the following  agri-

food technologies were 

adopted in your LL? (use 1, 

when adopted, and 0, when not 

adopted in your LL) 

Infrastructure 

items for all agri-

food systems 

practiced 

Number of each 

infrastructure item 

Location details 

(city, longitude, 

and latitude) 

Remarks 

(any information that can 

help us understand your 

responses) 

RAS:  1 Solar system 

2.5 KVA system  

4 solar panel 

2 Batteries 

1 MPPT 

1 Inverter 

City: 

Lagos, Nigeria. 

 

Coordinates: 

Latitude 
6.583404° 

Longitude 
3.303146° 

 

Aquaponics: 1 Greenhouses: 0  

Hydroponics: 0 Screen houses: 1  

Insect farming: 1 Offices: 1  

Snail farming: 1 
Training facility, 
i.e., LL, lecture 
room..(specify): 

0  

 

 

Figure 4:ADC LL, Lagos resource map 
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Table 46: Resource inventory of ADC LL 

LL Resource 

type 

Resource 

subtype: 

1=yes, 0=no 

Direction 

(IN (1), or 

OUT(2) of LL, 

(3) not 

applicable-NA) 

Local availability 

score (top =3):  

1=no, 

2=not regular 

3=yes 

Accessibility 

Score(top=3):   

1=no 

2=sporadic, 

3=yes 

Reliability score 

(top=2): 

1= low 

2=intermittent 

3= steady 

Quality 

score (top=3):  

1=low, 

2=medium, 

3=high 

Cost score (top=3) 

1=low, 

2=Affordable, 

3=expensive 

Remarks 

(any information that can help us 

understand your responses) 

Natural resource inventory 

Electricity 

National grid:  1 2 2 2 2 3  

Solar:  1 3 3 3 3 3 
The initial cost of setting up the solar 

is high. 

Water 

Grey wate:         

Natural water 

source:  
1 3 3 3 3 2 

The initial cost of setting up a borehole 

is very high. 

Biomass 

Fingerlings: 1 3 3 3 3 2  

Fish: 1 3 3 3 3 2  

Vegetables: 1 3 3 3 3 2  

Vegetable 

leftovers: 
2 2 2 2 1 2  

Waste water 
Sewage:        

Sludge: 2 3 3 3 3 2  

LL utilities and equipment 

Construction 

PVC pipes: 1 3 3 3 2 3  

IBC tanks: 1 3 3 3 3 3  

Granite: 1 3 3 3 3 3  
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Pebbles:        

Water pumps: 1 1 1 2 1 3 Opt for European product 

Air pumps: 1 1 1 2 1 3 Opt for European product 

Rafts: 1 3 3 3 2 3  

Substrates 

Saw dust:        

Wood shaving:        

Coconut fibre: 1 2 2 2 3 3  

Coffee chaff:        

Wheat bran:        

Data collection equipment 

Water test kits Ph meter: 1 2 1 2 2 3 Opt for European product 
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Appendix 11: City-region resource stream in UI LL, Ibadan 
 

Table 47: Technology and infrastructure inventory of University of UI LL 

Which of the 

following  agri-food 

technologies were 

adopted in your LL? 

(use 1, when 

adopted, and 0, 

when not adopted 

in your LL) 

Infrastructure items 

for all agri-food 

systems practiced 

Number of each 

infrastructure item 

Location details 

(city, longitude, and 

latitude) 

Remarks 

(any information 

that can help us 

understand your 

responses) 

RAS:  1 Solar system: 1 1 

Ibadan,  

Latitude 7⁰26’28”N  

Longitude 

3⁰54’05”E  

 

Aquaponics: 1  Greenhouses: 0 0  

Hydroponics: 1 Screen houses: 1 1  

Insect farming:1 Offices: 1 1  

Snail farming: 0 

Training facility, i.e., 

LL, lecture 

room..(specify): 1 

(trainning facility) 

1  

Other, specify:  
Other (specify) (e.g. 

store,…): 
  

 

 

Figure 5: Ibadan LL resource map 
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Table 48: Resource inventory of UI  LL 

LL Resource 
type 

Resource 
subtype: 

1=yes, 0=no 

Direction 

(IN (1), or 
OUT(2) of LL, 
(3) not 
applicable-NA) 

Local availability 
score (top =3):  
1=no,  

2=not regular 

3=yes 

Accessibility 

Score(top=3):   
1=no 2=sporadic, 
3=yes 

Reliability score 
(top=2): 

1= low 

2=intermittent 
3= steady 

Quality 

score (top=3):  
1=low, 
2=medium, 
3=high 

Cost score (top=3) 

1=low, 
2=Affordable, 
3=expensive 

Remarks 

(any information that can help us 
understand your responses) 

Natural resource inventory 

Electricity 
National grid:  1 2 2 2 3 3  

Solar:  1 3 3 3 3 3  

Water 

Grey water:  1 3 3 3 3 3  

Natural water 
source:  

       

Biomass 

Fingerlings: 1 2 2 2 2 3  

Fish: 1, 2 3 3 3 3 3  

Vegetables: 1 3 3 3 3 2  

Vegetable 
leftovers: 

NA       

Waste water 
Sewage: 2 3 3 3 3 1  

Sludge: 2 2 3 3 3 2  

LL utilities and equipment 

Construction 

PVC pipes: 1 3 2 3 3 2  

IBC tanks: 1 3 2 3 3 2  

Granite: 1 3 2 3 3 3  

Pebbles: 1 3 2 3 3 3  

Water pumps: 1 3 2 3 3 3  

Air pumps: 1  3 2 3 3 3  

Rafts: 1 3 2 3 3 2  

Substrates 

Saw dust: NA       

Wood shaving: NA       

Coconut fibre: NA       

Coffee chaff: NA       

Wheat bran: 1 3 3 3 3 2  
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Cocoa peat 1 3 3 3 2 2  

DeCarbonized 
Rice Husk 

1 3 3 3 2 2  

Data collection equipment  

Water test kits 

Ph meter: 1 2 2 2 3 3  

Thermometer: 1 2 2 2 3 3  

Oxymeter: 1 2 2 2 3 3  

EC meter: 1 2 2 2 3 3  

Ammonia strips: NA       

Nitrite strips: 1 2 2 2 3 3  

 Nitrate strips: 1 2 2 2 3 3  

 Phosphate strips: 1 2 2 2 3 3  

Other equipment 

Other 
equipment 

Generator: NA       

Drills: 1 3 3 2 2 3  

Filing machines: 1 3 3 2 2 3  

Saws: 1 3 3 2 2 3  

(add rows as 
deemed 
necessary) 
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Appendix 12: City-region resource stream in NUSL LL, Moyamba 
 

Table 49: Technology and infrastructure inventory of NUSL LL 

Which of the 
following  agri-food 
technologies were 
adopted in your LL? 
(use 1, when 
adopted, and 0, 
when not adopted 
in your LL) 

Infrastructure items 
for all agri-food 
systems practiced 

Number of each 
infrastructure item 

Location details 
(city, longitude, and 
latitude) 

Remarks 

(any information 
that can help us 
understand your 
responses) 

RAS:  0 Solar system 1 

 

NUSL has state-of-
the-art RAS in place 
before INCiTiS 

Aquaponics: 1 Greenhouses: 1 
Completely indoor 
type 

Hydroponics: 1 Screen houses: 1 Indoor type 

Insect farming: 1 Offices: 1 1 Indoor type 

Snail farming: 0 
Training facility, i.e., 
LL, lecture 
room..(specify): 

0 
Department of 
Wildlife anchors 
snail farming 

Other, specify: 
Outdoor farm 

Other (specify) (e.g. 
store,…): 

1 
Outdoor traditional 
farming for 
comparison 

 

      

Figure 6: NUSL LL, Moyamba resource map 
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Table 50: Resource inventory of NUSL LL 

LL Resource 

type 

Resource 

subtype: 

1=yes, 0=no 

Direction 

(IN (1), or 

OUT(2) of LL, 

(3) not 

applicable-NA) 

Local availability 

score (top =3):  

1=no,  

2=not regular 

3=yes 

Accessibility 

Score(top=3):   

1=no 2=sporadic, 

3=yes 

Reliability score 

(top=2): 

1= low 

2=intermittent 

3= steady 

Quality 

score (top=3):  

1=low, 

2=medium, 

3=high 

Cost score (top=3) 

1=low, 

2=Affordable, 

3=expensive 

Remarks 

(any information that can help us 

understand your responses) 

Natural resource inventory 

Electricity 
National grid: 0  NA 1 1 1 1 1 NU is not connected to national grid 

Solar: 1 1 3 3 2 3 3  

Water 

Grey water: 0 1 3 3 2 2 1 Slightly acidic 

Natural water 

source: 1 
1 3 3 2 2 1 Slightly acidic 

Biomass 

Fingerlings: 1 1 3 3 2 3 2  

Fish: 1 2 3 3 2 3 2  

Vegetables: 1 2 2 2 2 2 2  

Vegetable 

leftovers: 0 
1 1 1 1 1 1  

Waste water 
Sewage: 1 NA 1 1 1 1 1  

Sludge: 1 2 1 1 1 1 1  

LL utilities and equipment 

Construction 

PVC pipes: 1 1 3 3 3 3 3  

IBC tanks: 1 1 3 3 3 3 3  

Granite: 1 1 3 3 3 3 3  

Pebbles: 1 1 3 3 3 3 1  
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Water pumps: 1 1 2 2 1 2 3 Sourced from Ghana or Nigeria 

Air pumps: 0 NA 2 2 1 2 3 Sourced from Ghana or Nigeria 

Rafts: 1 1 2 2 1 2 2  

Substrates 

Saw dust: 1 1 3 3 3 3 3  

Wood shaving: 0 NA 3 3 3 3 3  

Coconut fibre: 0 NA 2 2 2 2 2  

Coffee chaff: 0 NA 2 1 1 1 1  

Wheat bran: 0 NA 2 1 1 1 1  

Data collection equipment  

Water test kits 

Ph meter: 1 1 1 1 1 1 3  

Thermometer: 1 1 2 1 2 2 3  

Oxymeter: 1 1 1 1 1 1 3  

EC meter: 1 1 1 1 1 1 3  

Ammonia strips: 

0 
NA NA NA NA NA NA We use reagents 

Nitrite strips: 0 
NA NA NA NA NA NA We use reagents 

 Nitrate strips: NA NA NA NA NA NA We use reagents 

 Phosphate strips: 

0 
NA NA NA NA NA NA We use reagents 

Other equipment 

Other 

equipment 

Generator: 0 NA 0 0 0 0  Available but not used in the LL 

Drills: 1 1 2 2 2 2 3 Purchased in Ghana 

Filing machines: 

0 
NA 0 0 0 0  Available but not used in the LL 

Saws: 1 1 3 3 3 3 1  
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Appendix 13: City-region resource stream in USTM LL, Franceville 
 

Table 51: Technology and infrastructure inventory of USTM LL 

Which of the following  agri-

food technologies were 

adopted in your LL? (use 1, 

when adopted, and 0, when 

not adopted in your LL) 

Infrastructure 

items for all agri-

food systems 

practiced 

Number of each 

infrastructure 

item 

Location details 

(city, longitude, 

and latitude) 

Remarks 

(any information that 

can help us understand 

your responses) 

RAS:  0 Solar system 0 

Coordinates: 

1° 37′ 15″ sud, 

13° 34′ 58″ est 

 

Aquaponics: 1 Greenhouses: 2  

Hydroponics:1 Screen houses: 0  

Insect farming:0 Offices: 2  

Snail farming:0 

Training facility, 

i.e., LL, lecture 

room..(specify): 

Training space: 1 

Lecture/training 

hall: 1 

Meeting hall: 1 

All the existing 

greenhouses and offices 

have been refurbished 

and financed by and for 

the project, so that each 

member of staff can be 

properly installed 

Other, specify: 0 
Other (specify) 

(e.g. store,…): 
Store:1  

     

 

 

 

Figure 7: USTM LL, Franceville resource map 
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Table 52: Resource inventory of USTM LL 

LL Resource 
type 

Resource 
subtype: 
1=yes, 0=no 

Direction 
(IN (1), or 
OUT(2) of 
LL, (3) not 
applicable-
NA) 

Local 
availability 
score (top =3):  
1=no,  
2=not regular 
3=yes 

Accessibility 
Score(top=3):   
1=no 
2=sporadic, 
3=yes 

Reliability 
score (top=2): 
1= low 
2=intermittent 
3= steady 

Quality 
score 
(top=3):  
1=low, 
2=medium, 
3=high 

Cost score 
(top=3) 
1=low, 
2=Affordable, 
3=expensive 

Remarks 
(any information that can help 
us understand your responses) 

Natural resource inventory 

Electricity 
National grid: 
1 

1 3 3 3 3 2  

Solar: 1 NA NA NA NA NA NA  

Water 
Grey wate: 0r 3 NA NA NA NA NA  

Natural water 
source: 1 

2 2 2 2 2 1  

Biomass 

Fingerlings:1 1 1 2 2 2 3  

Fish:1 2 1 2 2 2 3  

Vegetables:1 2 3 3 2 2 3  

Vegetable 
leftovers:1 

2 2 2 2 2 2  

Waste water 
Sewage:0 2 NA NA NA NA NA  

Sludge:0 2 NA NA NA NA NA  

         

LL utilities and equipment 

Construc-
tion 

PVC pipes:1 1 3 3 3 2 3  

IBC tanks:1 1 2 2 3 3 3  

Granite:1 1 3 3 3 3 3  

Pebbles:0 1 3 2 3 3 3  

Water 
pumps:1 

1 1 2 2 2 3 Oredered from China 

Air pumps:1 1 1 2 2 2 3 Oredered from China 

Rafts:1 1 3 3 3 3 3  

Substrates 
Saw dust:1 1 3 3 3 3 1  

Wood 
shaving:1 

3 3 3 3 3 1  
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Coconut 
fibre:1 

1 2 2 3 3 3  

Coffee chaff:1 1 3 3 3 2 1 In experiment in the LL 

Wheat bran: 3 3 2 3 3 1  

Data collection equipment  

Water test 
kits 

Ph meter:1 1 1 1 2 2 3 
Water test Kit was ordered 
from Belgium 

Thermometer
:1 

1 3 3 1 1 1  

Oxymeter:0        

EC meter:1 1 1 2 3 3 3  

Ammonia 
strips:1 

1 2 2 2 3 3 Gift from training 

Nitrite 
strips:1 

1 2 2 2 3 3 Gift from training  

 
Nitrate 
strips:1 

1 2 2 2 3 3 Gift from training 

 
Phosphate 
strips:1 

1 2 2 2 3 3 Gift from training 

Other equipment 

Other 
equipment 

Generator:0 1 3 3 2 2 2  

Drills:1 1 3 3 2 2 3  

Filing 
machines:0 

1 2 2 2 3 3  

Saws:1 1 3 3 3 2 2 Oredered from China 

grinding 
machine: 1 

1 1 2 3 3 3 Oredered from China 

pelleting 
machine : 1 

1 1 2 3 3 3 Oredered from China 

dehulling 
machine : 1 

1 1 2 3 3 3 Oredered from China 
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Appendix 14: City-region resource stream in UDS LL, Tamale 
 

Table 53: Technology and infrastructure inventory of UDS LL, Tamale 

Which of the following  agri-

food technologies were 

adopted in your LL? (use 1, 

when adopted, and 0, when 

not adopted in your LL) 

Infrastructure 

items for all agri-

food systems 

practiced 

Number of each 

infrastructure 

item 

Location details 

(city, longitude, 

and latitude) 

Remarks 

(any information that 

can help us understand 

your responses) 

RAS:  0 Solar system 0 

NL-1255-0246 

All infrastructure were 

started from scratch 

Aquaponics: 1 Greenhouses: 0 Yes  

Hydroponics: 1 Screen houses: 0 Yes  

Insect farming: 0 Offices: 0  

Snail farming: 0 

Training facility, 

i.e., LL, lecture 

room..(specify): 

0  

Other, specify:  
Other (specify) 

(e.g. store,…): 
1 

Manually operatored  

Chop and flip adopted 

from Aglobe LL 

 

 
Figure 8: UDS LL, Tamale resource map 

 



D.1.3. Comprehensive inventory of local resource streams and WEFE indicators 

76 
 

Table 54: Resource inventory of UDS LL, Tamale 

LL Resource 

type 

Resource 

subtype: 

1=yes, 0=no 

Direction 

(IN (1), or 

OUT(2) of LL, 

(3) not 

applicable-NA) 

Local availability 

score (top =3):  

1=no,  

2=not regular 

3=yes 

Accessibility 

Score(top=3):   

1=no 2=sporadic, 

3=yes 

Reliability score 

(top=2): 

1= low 

2=intermittent 

3= steady 

Quality 

score (top=3):  

1=low, 

2=medium, 

3=high 

Cost score (top=3) 

1=low, 

2=Affordable, 

3=expensive 

Remarks 

(any information that can help us 

understand your responses) 

Natural resource inventory 

Electricity 
National grid:  1 3 3 1 2 3  

Solar:  NA NA NA NA NA NA  

Water 

Grey wate:  NA NA NA NA NA NA  

Natural water 

source:  
1 3 2 3 1 3  

Biomass 

Fingerlings: 1 3 3 3 2 2  

Fish: 1 3 3 3 2 2  

Vegetables: 1 3 3 3 1 2  

Vegetable 

leftovers: 
NA NA NA NA NA NA  

Waste water 
Sewage: NA NA NA NA NA NA  

Sludge: 1 2 3 2 1 1  

LL utilities and equipment 

Construction 

PVC pipes: 1 3 3 3 2 2  

IBC tanks: 1 3 3 3 2 2  

Granite: 1 3 2 3 2 2  

Pebbles: 1 3 2 2 1 2  

Water pumps: 1 2 1 2 2 3  
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Air pumps: 1 2 1 2 1 3  

Rafts:        

Substrates 

Saw dust: NA NA NA NA NA NA  

Wood shaving: NA NA NA NA NA NA  

Coconut fibre: 1 3 3 3 3 1  

Coffee chaff: NA NA NA NA NA NA  

Wheat bran: NA NA NA NA NA NA  

Data collection equipment  

Water test kits 

Ph meter: 0 0 0 0 0 0 
This equipment is often borrowed for 

use 

Thermometer: 0 0 0 0 0 0 
This equipment is often borrowed for 

use 

Oxymeter: 0 0 0 0 0 0 
This equipment is often borrowed for 

use 

EC meter: 0 0 0 0 0 0 
This equipment is often borrowed for 

use 

Ammonia strips: 1 1 1 1 2 3  

Nitrite strips: 1 1 1 1 2 3  

 Nitrate strips: 1 1 1 1 2 3  

 Phosphate strips: 1 1 1 1 2 3  

Other equipment 

Other 

equipment 

Generator: 0 0 0 0 0 0  

Drills: 1 1 1 1 1 1  

Filing machines: 0 0 0 0 0 0  

Saws: 1 1 1 1 1 1  
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Appendix 15: City-region resource stream in KU LL, Nairobi 
 

Table 55: Technology and infrastructure inventory of KU LL 

Which of the following  agri-

food technologies were 

adopted in your LL? (use 1, 

when adopted, and 0, when 

not adopted in your LL) 

Infrastructure 

items for all agri-

food systems 

practiced 

Number of each 

infrastructure 

item 

Location details 

(city, longitude, 

and latitude) 

Remarks 

(any information that 

can help us understand 

your responses) 

RAS:  1 Solar system  

City: Nairobi 

 

Coordinates: 

1.1800° S 

latitude and 

36.9272° E 

 

Aquaponics: 1 Greenhouses: 1  

Hydroponics: 0 Screen houses: 1  

Insect farming: 1 Offices: 1  

Snail farming: 0 

Training facility, 

i.e., LL, lecture 

room..(specify): 

1  

Other, specify:  
Other (specify) 

(e.g. store,…): 
  

 

 

Notes: (1) All households are connected to clean tap water. (2) X is open market, n.b in all the estates, there are also small vending 

kiosks and supermarkets that sell vegetables, fruits, and other groceries. On average, you can find one kiosk every 150 meters. (3) A is 

agrovet that provide seed and seedlings, fertilizer, animal/ fish feed, veterinary supplies, etc. (4) Hardware stores are also plentiful in the 

estates (about 1.6 km you get one), providing access to accessories for constructing aquaponic systems. However, these stores are 

generally expensive. It is advisable to buy from manufacturers in industrial areas, which are approximately 15 km from Kenyatta 

University. 

Figure 9: KU LL, Nairobi resource map 
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Table 56: Resource inventory of KU LL 

LL Resource 

type 

Resource 

subtype: 

1=yes, 0=no 

Direction 

(IN (1), or 

OUT(2) of 

LL, (3) not 

applicable-

NA) 

Local 

availability 

score (top =3): 

1=no, 2=not 

regular, 3=yes 

Accessibility 

Score(top=3):   

1=no, 

2=sporadic, 

3=yes 

Reliability 

score (top=2): 

1= low, 

2=intermittent

, 3= steady 

Quality 

score 

(top=3):  

1=low, 

2=medium, 

3=high 

Cost score 

(top=3) 

1=low, 

2=affordable, 

3=expensive 

Remarks 

(any information that can help 

us understand your responses) 

Natural resource inventory 

Electricity 

National 

grid:1  
1 3 3 3 3 3  

Solar: 0 3       

Water 

Grey water:0  3       

Natural water 

source: 1 
1 3 3 3 3 2  

Biomass 

Fingerlings:1 1 3 3 3 3 2  

Fish:1 1 3 3 3 3 2  

Vegetables:1 1 3 3 3 3 2  

Vegetable 

leftovers:1 
2 2 2 2 1 2  

Waste water 
Sewage:0        

Sludge:1 2 3 3 3 3 2  

LL utilities and equipment 

Construction 

PVC pipes:1 1 3 3 3 2 3  

IBC tanks:1 1 3 3 3 3 3  

Granite:1 1 3 3 3 3 3  

Pebbles:0        

Water 

pumps:1 
1 1 1 2 1 3 Opt for European product 

Air pumps:0 3       

Rafts:1 1 3 3 3 2 3  

 steel metal:1 1 3 3 3 2 3 
for the screen house and 

supporting the grow beds 
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Substrates 

Saw dust:1 1 3 3 3 2 2  

Wood 

shaving:0 
       

Coconut 

fibre:0 
       

Coffee chaff:0        

Rice husk: 1 3 3 3 2 2  

 Pumice :1 1 3 3 3 2 3  

Data collection equipment 

Water test 

kits 

Ph meter: 1 1 2 1 2 2 3  

Thermometer

:1 
1 3 3 2 2 2  

Oxymeter:1 1 2 1 2 2 3  

EC meter:        

Ammonia 

strips: 
       

Nitrite strips:        

 Nitrate strips:        

 
Phosphate 

strips: 
       

Other equipment 

Other 

equipment 

Generator:0        

Drills:0        

Filing 

machines:0 
       

Saws:0        
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Appendix 16: City-region resource stream in EGE LL, Nakuru 
 

Table 57: Technology and infrastructure inventory of EGE LL 

Which of the following  agri-

food technologies were 

adopted in your LL? (use 1, 

when adopted, and 0, when 

not adopted in your LL) 

Infrastructure 

items for all agri-

food systems 

practiced 

Number of each 

infrastructure 

item 

Location details 

(city, longitude, 

and latitude) 

Remarks 

(any information that 

can help us understand 

your responses) 

RAS:  0 Solar system 6 

Nakuru City 

Egerton 

University  

 

Aquaponics:  Greenhouses: 1  

Hydroponics: Screen houses:   

Insect farming: Offices: 4  

Snail farming: 

Training facility, 

i.e., LL, lecture 

room..(specify): 

1  

Other, specify:  
Other (specify) 

(e.g. store,…): 
  

     

…… …..    

 

 

 Fish feeds and fingerlings  
 hardware accessories  

Figure 10: EGE LL, Nakuru resource map 
 

Living Lab 
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Table 58: Resource inventory of EGE (Nakuru) LL 

LL Resource 
type 

Resource 
subtype: 
1=yes, 0=no 

Direction 
(IN (1), or 
OUT(2) of LL, 
(3) NA 

Local availability 
score (top =3):  
1=no,  
2=not regular 
3=yes 

Accessibility 
Score(top=3):   
1=no 
2=sporadic, 
3=yes 

Reliability score 
(top=2): 
1= low 
2=intermittent 
3= steady 

Quality 
score 
(top=3):  
1=low, 
2=medium, 
3=high 

Cost score 
(top=3) 
1=low, 
2=Affordable, 
3=expensive 

Remarks 
(any information that can help us 
understand your responses) 

Natural resource inventory 

Electricity 
National grid:  1 3 3 3 3 1  

Solar:  1 3 3 3 3 1  

Water 
Grey water:   3 3 3 3 1  

Natural water 
source: YES  

3 3 3 3 2 2 Rainwater is only collected during 
the rainy season 

Biomass 

Fingerlings: 
YES 

2 2 2 1 1 2 Access to quality affordable 
quality fingerlings is a problem 

Fish: YES 1 3 3 3 3 2  

Vegetables:  3 3 3 3 2  

Vegetable 
leftovers: 

1 3 3 3 3 2  

Waste water 
Sewage: 1 3 3 3 3 2  

Sludge: 1 3 3 3 3 2  

LL utilities and equipment 

Construction 

PVC pipes: 1 3 3 3 2 3  

IBC tanks: 1 3 3 3 3 3  

Granite: 1 3 3 3 3 3  

Pebbles:        

Water pumps: 1 1 1 2 1 3  

Air pumps: 1 1 1 2 1 3  

Rafts: 1 3 3 3 2 3  

Substrates 

Saw dust:        

Wood shaving:        

Coconut fibre:        

Coffee chaff:        

Wheat bran:        

Data collection equipment  

Water test 
kits 

Ph meter:  1 1 1 2 3  

Thermometer:  1 1 1 2 3  

Oxymeter:  1 1 1 2 3  
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EC meter:  1 1  2 3  

Ammonia 
strips: 

 1 1 1 2 3 We only have access to only incitis 
water test kit  for measuring the 
parameters. Water kits are 
expensive, insitu measuring kits 
not locally available. 

Nitrite strips:  1 1 1 2 3  

 Nitrate strips:  1 1 1 2 3  

 
Phosphate 
strips: 

 1 1 1 2 3  

Other equipment 

Other 
equipment 

Generator: 2 3 3 2 3 3  

Drills: 2 3 2 2 2 3  

Filing 
machines: 

2 3 2 2 2 3  

Saws: 2 3 3 2 2 2  
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