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1 Supplementary material
1.1 Supplementary material A
Table A.1 below lists the search terms we used in Scopus, Web of Science and Google Scholar to retrieve scientific and grey literature on the specific research focus of each case study. 
Table A.1: Data collection approach for the literature review.
	
	Search string
	Database
	Step 1
Identification
	Step 2
Screening
	Step 3
Eligibility
	Step 4
Included

	Case study: London (Search query: 1st September 2022)

	Innovation system
	("Innovation system" OR "actors" OR "elements" OR “interactions" OR "infrastructure" OR  "resources" ) AND ( "urban food production" OR "controlled-environment food production" OR "CEA" OR "Aquaponic" OR "hydroponic" OR "vertical farming" OR "container farming" OR "insect farming") AND ("United Kingdom" OR "England" OR "London")
	Scopus
	8
	5
	5
	6

	
	
	Web of Science
	86
	5
	0
	0

	
	("Innovation system" OR "technological innovation system" OR "agricultural innovation system" OR "urban innovation system") AND ( "urban food production" OR "controlled-environment food production" OR "CEA" OR "Aquaponic" OR "hydroponic" OR "vertical farming” OR "container farming" OR "insect farming") AND ("United Kingdom" OR "England" OR "London")
	Google Scholar
	150
	5
	1
	1

	Formal institutions
	("urban food production" OR "controlled-environment food production" OR "CEA" OR “Aquaponic” OR “hydroponic” OR “vertical farming” OR “container farming” OR “insect farming”) AND (“formal institution” OR “regulatory framework” OR “institutional framework” OR “laws” OR “regulations” OR “standards” OR “requirements”) AND ("United Kingdom" OR "England" OR "London")
	Scopus
	3
	2
	1
	18

	
	
	Web of Science
	17
	7
	4
	4

	
	
	Google Scholar
	1350
	50
	37
	12

	Informal institutions
	("urban food production" OR "controlled-environment food production" OR "CEA" OR “Aquaponic” OR “hydroponic” OR “vertical farming” OR “container farming” OR “insect farming”) AND ("culture" OR "values" OR "preferences" OR "habits" OR "behaviour" OR "norms") AND ("United Kingdom" OR "England" OR "London")
	Scopus
	5
	4
	2
	12

	
	
	Web of Science
	104
	1
	1
	4

	Total
	
	
	1723
	79
	51
	57

	Case study: Nairobi (Search query: 1st September 2022)

	Innovation system
	("Innovation system" OR "actors" OR "elements" OR “interactions" OR "infrastructure" OR "resources" ) AND ( "urban food production" OR "controlled-environment food production" OR "CEA" OR "Aquaponic" OR "hydroponic" OR "vertical farming" OR "container farming" OR "insect farming") AND ("Kenya" OR "Nairobi")
	Scopus
	0
	0
	0
	0

	
	
	Web of Science
	8
	2
	2
	2

	
	("Innovation system" OR "technological innovation system" OR "agricultural innovation system" OR "urban innovation system") AND ( "urban food production" OR "controlled-environment food production" OR "CEA" OR "Aquaponic" OR "hydroponic" OR "vertical farming” OR "container farming" OR "insect farming") AND ("United Kingdom" OR ("Kenya" OR "Nairobi")
	Google Scholar
	150
	4
	4
	4

	Formal institutions
	("urban food production" OR "controlled-environment food production" OR "CEA" OR “Aquaponic” OR “hydroponic” OR “vertical farming” OR “container farming” OR “insect farming”) AND ((“formal institution” OR “regulatory framework” OR “institutional framework” OR “laws” OR “regulations” OR “standards” OR “requirements”) AND ("Kenya" OR "Nairobi")
	Scopus
	5
	4
	3
	12

	
	
	Web of Science
	3
	2
	1
	1

	
	
	Google Scholar
	31
	5
	4
	3

	Informal institutions
	("urban food production" OR "controlled-environment food production" OR "CEA" OR “Aquaponic” OR “hydroponic” OR “vertical farming” OR “container farming” OR “insect farming”) AND (("culture" OR "values" OR "preferences" OR "habits" OR "behaviour" OR "norms")) AND ("Kenya" OR "Nairobi")
	Scopus
	4
	3
	3
	2

	
	
	Web of Science
	8
	1
	1
	1

	Total
	
	
	209
	21
	18
	25

	Case study: Singapore (Search query: 1st September 2022)

	Innovation system
	("Innovation system" OR "actors" OR "elements" OR “interactions" OR "infrastructure" OR "resources" ) AND ( "urban food production" OR "controlled-environment food production" OR "CEA" OR "Aquaponic" OR "hydroponic" OR "vertical farming" OR "container farming" OR "insect farming") AND ("Singapore")
	Scopus
	9
	7
	6
	5

	
	
	Web of Science
	8
	1
	1
	1

	
	("Innovation system" OR "technological innovation system" OR "agricultural innovation system" OR "urban innovation system") AND ( "urban food production" OR "controlled-environment food production" OR "CEA" OR "Aquaponic" OR "hydroponic" OR "vertical farming” OR "container farming" OR "insect farming") AND ("Singapore")
	Google scholar
	150
	6
	4
	0

	Formal institutions
	("urban food production" OR "controlled-environment food production" OR "CEA" OR “Aquaponic” OR “hydroponic” OR “vertical farming” OR “container farming” OR “insect farming”) AND (“formal institution” OR “regulatory framework” OR “institutional framework” OR “laws” OR “regulations” OR “standards” OR “requirements”) AND ("Singapore")
	Scopus
	1
	0
	0
	0

	
	
	Web of Science
	2
	2
	2
	2

	
	
	Google scholar
	1350
	86
	35
	5

	Informal institutions
	("urban food production" OR "controlled-environment food production" OR "CEA" OR “Aquaponic” OR “hydroponic” OR “vertical farming” OR “container farming” OR “insect farming”) AND ("culture" OR "values" OR "preferences" OR "habits" OR "behaviour" OR "norms") AND ("Singapore")
	Scopus
	5
	4
	2
	4

	
	
	Web of Science
	11
	1
	0
	0

	Total 
	
	
	1536
	104
	47
	23


Source: Authors’ compilation (2023).
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1.2 Supplementary Material B
Table B.1 provides a comprehensive overview of the stakeholder groups in each case study that are relevant to the implementation of the CEA in urban settings.
Table B.1: Relevant actor groups for the implementation of CEA in London, Nairobi and Singapore.
	Actor Groups
	London
	Nairobi
	Singapore

	
	Actors
	Functions
	Actors
	Functions
	Actors
	Functions

	Public sector actors
	Greater London Authority 
	Develops the London Food Strategy.
	Ministry of Agriculture, Livestock, Fisheries and Co-operatives
	Formulates and regulates agricultural policy. Aims to ensure 100% food and nutrition security.
	Housing & Development Board (HDB) 
	Contributes to the process of sustainable urban development. Provide land for different uses.

	
	London Mayor
	Aims to create a sustainable and healthy food system. Supports the development of the London Food Strategy.
	Nairobi City County
	Formulates and regulates local policies in Nairobi.
	Urban Redevelopment Authority (URA)
	Aims to integrate greenery into buildings. Defines land use. Helps developers meet planning requirements for land use and intensity.

	
	Food Standard Agency
	Sets the standard for safe and healthy food.
	Kenya Bureau of Standards
	Gives legal permission for insects to be used as animal feed.
	Agri-Food & Veterinary Authority
	Promotes the use of vertical farming

	
	Department for Environment, Food and Rural Affairs (DEFRA)
	Responsible for improving and protecting the environment by creating a green economy.
	National Environment Management Authority
	Gives permission for the facility.
	National Parks Board
	Promotes gardening initiatives

	
	Department for Levelling Up,
Housing & Communities
	Helping communities create great places to live and work.
	Agriculture Food Authority
	Checks food quality
	Singapore Food Agency (SFA)
	Launched the 30 by 30 strategy. Ensures that urban farms achieve a high level of productivity. Leases land and grants licences for food production.

	
	Local authorities in London 
	To promote, support and guide the process of urban food production. Promotes sustainable development.
	Ministry of Environment and Natural Resources
	Formulates policies to achieve climate-smart agriculture.
	Environment and Water Resources Ministry
	Provides actions to achieve the goals of the 30 by 30 strategy

	
	House of Commons
Environment, Transport and Regional Affairs Committee
	Encourages the maintenance of allotments. 
	Ministry of Water and Irrigation
	Formulates policies to achieve climate-smart agriculture.
	National Environment Agency
	Monitors water quality parameters. It ensures that farming operations are not harmful to the environment.

	
	London boroughs
	Improve residents' access to healthy and affordable food.
	Ministry of Lands and Physical Planning
	Formulates policies to achieve climate-smart agriculture.
	Ministry of National Development
	Responsible for national land use and development planning. Issues permits for urban food production systems.

	
	London Resilience Forum
	Sets strategies for the Greater London Authority. 
	Ministry of Devolution and Planning
	Formulates policies to achieve climate-smart agriculture.
	Singapore Civil Defence Force
	Ensures the fire safety requirements of the business.

	
	
	
	Water Resources Authority
	Formulates policies to achieve climate-smart agriculture.
	Building and Construction Authority
	Checks that sites are safe to use and accessible to different people.

	
	
	
	National Land Commission
	Formulates policies to achieve climate-smart agriculture.
	Inland Revenue Authority of Singapore
	Supports the inclusion of property and income tax in the urban farm's financial plan for business growth and development.

	
	
	
	National Biosafety Authority
	Formulates policies to achieve climate-smart agriculture.
	Land Transport Authority
	Ensures the farm is well connected with safe roads and parking.

	
	
	
	Agriculture and Food Authority
	Formulates policies to achieve climate-smart agriculture.
	Singapore Land Authority
	Offers a range of land premiums to help farmers make the best use of their land.

	
	
	
	Directorate of Veterinary Services 
	Formulates policies to achieve climate-smart agriculture.
	Singapore’s National Water Agency
	Manages stormwater and run-off water to minimise the risk of flooding.

	
	
	
	Kenya Plant Health Inspectorate Service
	Formulates policies to achieve climate-smart agriculture.
	
	

	
	
	
	Fish Quality Assurance
	Formulates policies to achieve climate-smart agriculture.
	
	

	
	
	
	Fisheries Department in Charge of Monitoring
	Formulates policies to achieve climate-smart agriculture.
	
	

	
	Planning offices
	Plans land use and facilities.
	
	
	
	

	
	Community
	Will be integrated into the planning of urban food production systems.
	Nairobi City County Urban Agriculture Promotion
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Advisory Board
	Advises the government on how to achieve various policy objectives.
	JDC Corporation Singapore Branch
	Creates and identifies spaces for new industrial ventures.

	
	Consulting agency
	Advises on the development and implementation of an urban food production system.
	Media
	Promotes urban food production.
	Community
	Will be integrated into the development process of food production systems.

	
	TRiFOCAL (Transforming City Food Habits for Life)
	A behaviour change initiative that aims to raise awareness of healthy eating and promote sustainable practices.
	Community 
	Promotes issues of urban food production.
	
	

	
	Agricultural Productivity Working Group
	Advises the government to integrate consumer demand for food.
	FAO
	Supports local government in food system planning through various research projects. 
	
	

	
	
	
	The Nairobi Food System Core Team task force
	Identifies food issues that need to be addressed within the food strategy.
	
	

	Knowledge institutes
	Research institutes 
	Conduct R&D. Provide educational programmes. 
	Consultative Group
on International Agricultural
Research
	Aims to achieve sustainable food security and poverty reduction in developing countries, based on scientific research. Works in partnership with political parties, civil society organisations and the private sector around the world.
	National University of Singapore
	Conducts research. Increasing local food production through high-tech urban marine farming.

	
	
	
	Kenya Agricultural and Livestock
Research Institute
	Conducts research to develop appropriate policies for urban agriculture.
	Marine Aquaculture Centre (MAC)
	Developing large herds and open cages to increase annual fresh fish production

	
	
	
	International Centre of Insect Physiology and Ecology
	Conducts research on insects.
	Aquaculture Innovation Centre (AIC)
	Increasing local food production through high-tech urban marine farming.

	
	
	
	International Livestock Research Institute
	Emphasises the importance of urban agriculture.
	Agency for Science Technology and Research
	Increasing local food production through high-tech urban marine farming.

	
	
	
	Urban Harvest – CIP
	Conducts research on urban agriculture and develops appropriate policy instruments.
	
	

	
	
	
	University of Nairobi
	Conducts research on urban food production.
	
	

	Value chain actors
	Retailers
	Invest in urban food production systems.
	Traditional farmers
	Grows crops and raises livestock for personal consumption and sale.
	Retailer
	Controls the domestic food market.

	
	Incredible Edible 
	Runs a community garden.
	Migrants and their families
	Cultivates all available land for subsistence. Engages in subsistence farming.
	Consumers
	Buying food

	
	Forty Hall Farm
	Runs a community garden.
	Processor 
	Processes the food produced
	Oh Chin Huat Hydrophonic Farm
	Operates a hydroponic system

	
	Organiclea
	Runs a community garden.
	Retailers
	Buying food in the supermarket
	Ky Green Farms
	Operates an aeroponic system

	
	Growing Communities Dagenham Farm
	Runs a community garden.
	Consumers
	Buy the food 
	Skyfarm
	Operates a vertical farming

	
	Sutton Community Farm
	Runs a community garden.
	Middle man
	Distributes food from the farm to the markets.
	Comcrop
	Operates an aquaponic system 

	
	London Grown
	Runs a community garden.
	Supplier
	Sells inputs (e.g. seed, fertiliser) to farmers.
	Changi General Hospital
	Operates a rooftop hydroponic garden.

	
	Cultivate London
	Runs a community garden.
	Entrepreneurs
	Initiate urban food projects.
	Fairmont Singapore hotel
	Integrated a rooftop gardening

	
	
	
	
	
	Swissotel the Stamford
	Integrated a rooftop gardening

	Private sector
	Investors
	Invest in urban food production systems.
	
	
	
	

	
	Industry
	Supports small businesses. Develops urban food production systems.
	
	
	
	

	Civil society organisations
	London Food Board
	Advises the Mayor of London and the Government on food issues. Responsible for developing the London Food Strategy.
	Mazingira Institute
	Creates institutions to overcome food crises. Conducts research into urban agriculture.
	
	

	
	Sustain
	Influences the food system through the provision of school meals, planning decisions and public health interventions.
	A well-Fed Kenya
	Provides food for people 
	
	

	
	International food policy networks
	Promotes healthier and more sustainable food choices and eating behaviours.
	Nairobi Food not Bombs
	Provides food for people
	
	

	
	Sustainable Food Cities Network
	Shares best practice on healthy, sustainable food priorities. Promotes urban food production.
	DAAD
	Supports the exchange of students abroad and the establishment of partner universities to promote research and development.
	
	

	
	C40 Cities Food Systems Network
	Promoting healthier and more sustainable food systems.
	
	
	
	

	
	London Economic Action Partnership (LEAP)
	Signposts for food businesses to support and develop food opportunities.
	
	
	
	

	
	Capital Growth Network
	Creating new food growing spaces in London (e.g. in schools, housing)
	
	
	
	


[bookmark: _GoBack]Source: Authors’ compilation (2023) based on expert interviews (n=39) and on Abro et al. (2020), Bukachi et al. (2021), Cashman (2018), Dixon et al. (2007), Dobson et al. (2021), Dobson et al. (2021), Edmondson et al. (2014), FAO (2018), Fu (2020), Fuldauer et al. (2018), Government of the Republic of Kenya (2017), Greater London Authority (2018), Greater London Authority (2021b), Hasson (2019), He and Lee (2013), He (2017), Howe (2003), Jans-Singh et al. (2019), Kalantari et al. (2017), Kalantari et al. (2018), Kendall (2020), Kosorić et al. (2019), Lee-Smith (2010), Lee-Smith (2019), Lloyd and Kalagas (2021), Martin and Marsden (1999), Mok et al. (2020), Nairobi City County (2018), Nischalke et al. (2020), Ozor et al. (2021), Spina et al. (2021), Suresh et al. (2019), Trottet et al. (2021), Waithanji et al. (2020), Wascher et al. (2015), Wood et al. (2020) and Yoon et al. (2021). 


1.3 Supplementary Material C
Table C.1 shows the relevant formal institutions in London for the implementation of the CEA in urban areas. 
Table C.1: Formal institutions for implementing urban food production in UK and London.
	Level
	Formal institutions
	Examples
	Focus of the formal institution

	Global level
	Strategies
	C40 Cities Food System Network
	Aims to develop healthy, equitable and accessible food systems that also reduce food loss and waste.

	
	
	Milan Urban Food Policy Pact
	Encourage the integration of urban food production into local planning policies.

	
	
	Paris Agreement
	Aims to limit global warming by reducing greenhouse gas emissions.

	UK level
	Strategies
	“Net zero agriculture” strategy by 2050
	Aims to reduce carbon emissions from agriculture to zero by 2050 through innovative agricultural practices.

	
	
	UK Government’s Agri-Tech Strategy
	Offering £90 million investment in agricultural innovation.

	
	
	25 Year Environment Plan
	The plan addresses aspects of clean food production and water consumption. It sets targets for reducing environmental impact.

	
	
	Industrial Strategy
	The strategy aims to transform agriculture into an efficient and sustainable system, but focuses on precision agriculture rather than urban food production.

	
	
	National Food Strategy
	The strategy highlights the link between environmentally sustainable agriculture and an efficient food supply chain, and makes recommendations for policy makers.

	
	
	Innovation Strategy
	According to the National Food Strategy, alternative food production systems such as vertical farming or alternative proteins could be funded under the Innovation Strategy.

	
	
	Sustain alliance's strategy (2021-2025)
	The strategy aims to provide the local population with good, fair and sustainable food. Different groups of actors should work together to achieve a good food system and food culture. 

	
	
	Carbon and Energy Reduction Strategy
	The strategy contributes to the reduction of carbon emissions to achieve the net-zero target for agriculture.

	
	
	Climate Change
Adaptation Strategy
	The strategy recommends actions to address the effects of climate change in order to meet carbon emission targets. Climate change is seen as a risk to food supply. It requires a food supply chain that is resilient to climate change.

	
	Laws and regulations
	General Food Law
	Regulates food imports, traceability and labelling.

	
	
	Agricultural Bill
	The Bill provides the legal framework for replacing the CAP's agricultural support schemes. It has the power to implement new approaches to farm payments and land management.

	
	
	Agricultural Act
	The Act requires ministers to report on food, animal welfare and environmental standards.

	
	
	Environment Act
	The Bill sets long-term, legally binding environmental targets.

	
	
	The Food Environment and Protection
Act
	The Act prohibits activities that endanger the food being consumed.

	
	
	The Food Safety Act
	The Act provides the framework for all national food legislation. It ensures that food is safe to eat.

	
	
	The Food Standards Act
	The main purpose of this Act is to establish a Food Standard Agency with functions and powers in relation to food safety and standards.

	
	
	The Food Information Regulations 2014
	Regulates the packaging, labelling, marketing and advertising of food.

	
	
	The Fish Labelling Regulations 2013
	Proposes rules for the labelling of aquaculture products.

	
	
	Animal Feed Law
	Regulates the primary production up to the placing on the market of animal feed.

	
	
	Employment law
	Regulates employment rights, contracts, working hours, etc. 

	
	
	Regulation on Nutrient Flow
	Regulates food businesses that want to sell food. Food businesses must comply with nutritional rules.

	
	
	Control of Substances Hazardous to Health (COSHH)
	This law requires employers to control substances that may be hazardous to health.

	
	
	Labour Law
	The legislation aims to safeguard the rights of both employers and employees. It provides measures concerning dismissal, holidays, pay, discrimination and various other aspects.

	
	
	Water Supply (Water Quality) Regulations
	The legislation governs the provision of water by every water provider.

	
	
	Climate Change Act 2008
	The Act sets targets for reducing greenhouse gas emissions and establishes a Committee on Climate Change.

	
	Statutory requirements
	Food Standards: Labelling and composition
	Provides legal standards for the labelling and composition of foods such as fish.

	
	
	National Planning Policy Framework
	This framework sets out the Government's planning policy for England and how it should be applied. Planning policies should aim to create healthy, inclusive and safe places and provide access to healthier food and allotments.

	
	
	Planning practice guidance
	In particular, PPG3 and PPG17 aim to maximise the reuse of urban brownfield land for new housing and to protect urban open spaces while maintaining the quality of life in urban areas. PPG1 controls development within the urban fringe and has implications for land values and the form of urban areas. They focus on urban agriculture.

	
	
	Guidance on health and identification marks
	Responsible for products of animal origin. 

	
	
	Guidance for regulated products 
	Requires certain food and feed products to be authorised, including novel foods.

	
	
	Guidance for novel food
	Regulates novel foods that require authorisation before being placed on the UK market.

	
	
	Guidance on Importing Non-Native Animals
	

	
	
	Food Hygiene Rating Scheme
	Provides a scheme and information on the hygiene standards of businesses.

	
	Funding institutions
	Industrial Strategy Challenge Fund
	£90m investment to transform food production.

	
	
	UK Research and Development Roadmap
	Fosters innovation for sustainable agriculture and food supply chains.

	
	
	Environmental Land Management (Scheme)
	Replaces CAP direct payments. Farmers are paid for providing public goods, but urban food production is not included.

	
	
	Innovation Research & Development Scheme
	Supports research to improve the productivity, sustainability and resilience of agriculture. It also supports projects that develop insect-based food production systems or new farming systems that reduce environmental impact and use integrated and advanced automation.

	
	
	New Entrant Support Scheme
	It supports the creation of innovation centres for start-ups.

	
	
	Transforming Food Production Challenge Fund
	Funding opportunities for industry and academia to develop applied innovation proposals.

	Regional level (England)
	Laws and regulations
	The Animal Feed (Basic Safety Standards) Regulations  
	Regulates radioactive materials in animal feed.

	
	
	The Animal Feed (Composition, Marketing and Use) Regulation
	Regulates feed safety, genetically modified feed, undesirable substances in feed.

	
	
	The Animal Feed (Hygiene, Sampling and Enforcement) Regulation
	It sets out requirements for feed hygiene and ensures rules on animal health and welfare, plant health and plant production products.

	
	
	The Food Additives, Flavourings, Enzymes and Extraction Solvents Regulation
	Regulates food additives. 

	
	
	The Food Information Regulation
	Regulates the packaging, labelling, marketing and advertising of food.

	
	
	The Food Supplements Regulation
	Regulates the sale of dietary supplements.

	
	
	The Food Safety and Hygiene Regulation 2013
	Provides temperature control rules.

	
	
	The Novel Foods Regulation 2018
	Specifies the procedure for novel foods, but does not explicitly mention insects as novel foods.

	
	
	The Official Feed and Food Controls Regulations 2009
	Provides feed and food controls.

	
	
	The Fishery Products Regulations 2007
	Regulates fish products placed on the market for human consumption.

	
	
	The Welfare of Animals at the Time of Killing Regulations 2015
	Regulates the killing of animals. 

	
	Requirements
	Code of Practice for Using Plant Protection Products
	Provides guidelines for plant protection products (pesticides), e.g. in horticulture.

	Local level (London)
	Strategies
	The London Food Strategy
	Aims to address the challenges of childhood obesity, health impacts and environmental impacts. It defines 'good food' as, for example, sustainably produced food that is local and has environmental benefits. The strategy focuses on strengthening low technology systems (community gardens, allotments).

	
	
	The London Plan 2021
	Encourages small-scale food growing, such as community gardens. Provides space for food growing, for example in educational playgrounds.

	
	
	Tower Hamlets Policy Core Strategy
	Promotes and supports local food production and urban agriculture

	
	
	The Mayor’s Food Strategy
	Promotes healthier lives for Londoners and a food system that excludes negative environmental impacts. However, the strategy only focuses on low technology food production systems.

	
	
	London’s Environment Strategy
	The strategy sets out a path to achieve a number of targets. One target is to reduce food waste.

	
	
	London Health Inequalities Strategy
	The strategy aims to ensure that all Londoners have access to healthy food.

	
	
	The Mayor’s Economic Development Strategy
	The strategy aims to tackle food insecurity in London.

	
	
	Mayor’s Vision for a Diverse and Inclusive City
	The strategy aims to ensure that Londoners have access to healthy food.

	
	
	The City of London Waste Strategy 2013 –
2020
	The strategy sets out targets and regulations to reduce waste.

	
	
	Climate Action Strategy 2020-2027
	The strategy aims to achieve net-zero, climate-resilient and sustainable growth. The aim is to reduce the unnecessary use of resources (water, food).

	
	
	Responsible Procurement Strategy
	The strategy encourages innovation, optimises the use of resources and improves the lives of those involved in supply chains.

	
	Laws and Regulations
	Redbridge Local Development Framework Borough Wide Primary Policy
	Provides explicit insurance cover for allotment gardens.

	
	
	Hillingdon UDP planning policy
	Protects agricultural and food-growing land.

	
	Statutory requirements
	Food Law Code of Practice 
	The Code provides guidance to local authorities on the enforcement of food law.

	
	
	Food Law Practice Guidance
	Practice Guidance complements the Code of Practice and provides general advice on how to approach enforcement.

	
	
	Feed Law Practice Guidance
	Practice Guidance complements the Code of Practice and provides general advice on how to approach enforcement.

	
	Funding institutions
	Good Growth Fund
	The fund supports innovative regeneration projects, such as the creation of diverse workspaces.

	
	
	London Co-Investment Fund
	Offers investment in science, digital and technology SMEs (small and medium-sized enterprises)

	
	
	European Regional Development Fund
	Supports business, innovation and low carbon activities.

	
	
	Challenge LDN
	Supports innovative ideas that help solve London's biggest challenges.


Source: Author's compilation (2023) based on 12 expert interviews in London and on Benton et al. (2019), C40 Cities Climate Leadership Group (2022), City of London (n.d.), City of London (2020), DEFRA (2006), DEFRA (2013), DEFRA (2020a), DEFRA (2020b), DEFRA (2020c), Dimbleby (2020), Dimbleby (2021), Food Standards Agency (2018),  Food Standards Agency (2020a), Food Standards Agency (2020b), Food Standards Agency (2020c), Food Standards Agency (2021a), Food Standards Agency (2021b), Food Standards Agency (2021c), Gov.UK (2021), Graham (2020) , Greater London Authority (2010), Greater London Authority (2018), Greater London Authority (2021b), Greater London Authority (2021c), Greater London Authority (2021d), Greater London Authority (2021e), Hasson (2019), Health and Safety Executive (n.d.), HM Government (2020), HM Government (2021), Horizon Insects (2021), Howe (2002), Howe (2003), Kendall (2020), legislation.gov.uk (2008), Lydgate and Anthony (2022), Mayor of London (2017), Mayor of London (2018a), Mayor of London (2018b), Ministry of Housing Communities & Local Government (2021), Ministry of Justice (2018); Ministry of Justice (2020), Ridler (2021), Sustain (2021).


1.4 Supplementary Material D
Table D.1 shows the relevant formal institutions in Nairobi for the implementation of the CEA in urban areas.
Table D.1: Formal institutions for the implementation of urban food production systems in Kenya and Nairobi.
	Level
	Formal institutions
	Examples	
	Focus of the formal institution

	Global level
	Strategies
	C40 Cities Food System Network
	Aims to develop healthy, equitable and accessible food systems that also reduce food loss and waste.

	
	
	Paris Agreement
	Aims to limit global warming by reducing greenhouse gas emissions.

	
	
	Milan Urban Food Policy Pact
	Encourage the integration of urban food production into local planning policies.

	African Union level
	Strategies
	African Union’s Agenda 2063
	Provides a strategic approach to achieving Africa's socio-economic transformation.

	
	
	Science, Technology and Innovation Strategy for Africa - 2024 (STISA-2024)
	Emphasises the need for innovation in agriculture to achieve economic transformation.

	
	
	Comprehensive Africa Agricultural Development Programme (CAADP)
	Provides a framework of activities aimed at achieving agricultural transformation across Africa. The programme supports member states to increase investment and productivity in the agricultural sector.

	National level (Kenya)
	Strategies
	National Agriculture and Livestock Extension Programme
	Legalise urban farming activities.

	
	
	Kenya Vision 2030
	Aims to ensure food security through innovative, commercial and modern agriculture.

	
	
	Harare Declaration
	The declaration commits Kenya to developing urban agriculture.

	
	
	Kenya Climate Smart Agriculture Strategy
	Promotes climate-smart agriculture to transform and reorient agriculture to ensure food security in a changing climate.

	
	
	National Climate Change Response Strategy
	Addresses climate change and recommends climate-smart agriculture.

	
	
	Kenya National Adaptation Plan 2015-2030
	Aims to strengthen long-term resilience and adaptive capacity.

	
	
	Urban and Peri-urban Agriculture, Livestock and Fisheries Strategy
	The aim is to promote sustainable development in agriculture, livestock and fisheries and to improve incomes, food security, living standards and employment.

	
	Laws and regulations
	National Land Policy
	Integrates urban agriculture. 

	
	
	National Food Security and Nutrition Policy
	Integrates urban agriculture. Aims to achieve food security.

	
	
	Urban Areas and Cities Act
	Integrates urban agriculture.

	
	
	County Government Act
	Requires each country to prepare a county-integrated urban plan.

	
	
	Kenyan National Urban Policy
	Aims to strengthen the right to the city for residents of informal settlements.

	
	
	The Constitution of Kenya 2010
	Aims to achieve sustainable management of land, environment and natural resources. It emphasises the use of climate-smart agriculture.

	
	
	The Climate Change Act 2016
	Aims to improve adaptation to climate change in order to achieve low-carbon development. Promotes sustainable development.

	
	
	Environmental Management and Coordination Act
	Includes a number of activities relevant to climate-smart agriculture, such as the development of biotechnology.

	
	
	The Water Act No. 43 of 2016
	Regulates the development and use of water resources and water and wastewater services.

	
	
	Land Control Act of 2012
	Provides rules for the sustainable administration and management of land and land-based resources. It provides the legal framework for land contracts, leases, charges, easements and related rights.

	
	
	Land Registration Act of 2012
	It regulates the registration of land. It sets requirements to protect the sale of land.

	
	
	National Land Commission Act of 2012
	It stipulates that land should be managed according to the principles of land policy.

	
	
	Standards Act
	Regulates quality standards. 

	
	
	Energy Act
	Regulates the development and use of renewable energy.

	
	
	Peri-Urban Agriculture and Livestock policy
	Promotes and regulates sustainable urban agriculture to improve food security, create jobs, reduce poverty and improve living standards in urban and peri-urban areas. 

	
	
	Ethical Approval Regulation
	It provides ethical approval for facilities that integrate animal husbandry.

	Local level (Nairobi)
	Strategies
	Nairobi City Council Food System Strategy
	Listed legal frameworks relevant to Nairobi's food system. Promotes the implementation of urban agriculture to improve food security.

	
	
	County Integrated Development Plan (CIDP)
	Emphasises the importance of innovative urban food production systems to produce food efficiently on limited land. Container gardens are mentioned as one method of innovative food production.

	
	Laws and regulations
	Nairobi City County Urban Agriculture Promotion and Regulation Act 2015
	Promotes and regulates urban agriculture. It supports agricultural activities such as greenhouses, livestock structures, fish structures, storage facilities such as silos and hay barns, produce stalls and classrooms.

	
	
	Public Health Act
	Regulates urban agriculture, but bans cultivation and irrigation around townships.

	
	
	Local Government Act
	It legalises that the government can offer its land for temporary use (e.g. cultivation). Urban agriculture should only be practised for self-sufficiency aspects.


Source: Author's compilation (2023) based on 16 expert interviews in Nairobi and on Abro et al. (2020), African Union Commission (n.d.), African Union Commission (2015), Ayaga et al. (2004), C40 Cities Climate Leadership Group (2022), Cabannes and Marocchino (2018), Cashman (2018), FAO (2019), Foeken and Mwangi (2000), Gore (2018), Government of the Republic of Kenya (2007), Government of the Republic of Kenya (2017), Heidtmann (n.d.), Heller et al. (2020), Joshua et al. (2020), Lee-Smith and Memon (1994), Lee-Smith and Lamba (2000), Lee-Smith (2010), Nairobi City County (2015a), Nairobi City County (2015b), Nairobi City County (2017), Nairobi City County (2020),  Nischalke et al. (2020), O'Neill (2015), Ozor et al. (2021), Republic of Kenya (2011), Republic of Kenya (2015), World Population Review (2022). 


1.5 Supplementary Material E
Table E.1 shows the relevant formal institutions in Singapore for the implementation of the CEA in urban areas.
[bookmark: _Hlk106795192]Table E.1: Formal institutions for the implementation of urban food production systems in Singapore
	Level
	Formal institutions
	Examples	
	Focus of the formal institution

	Global level
	Strategies
	C40 Cities Food System Network
	Aims to develop healthy, equitable and accessible food systems that also reduce food loss and waste.

	
	
	Paris Agreement 
	Singapore has committed to reducing its greenhouse gas emissions to 36% of 2005 levels by 2030.

	National and local level (Singapore)
	Strategies
	“30 by 30” Strategy
	Aims to increase local food production to 30% of the nutritional needs by 2030 through the introduction of high-tech and efficient food production systems (e.g. vertical farming) and future food solutions (e.g. alternative protein sources).

	
	
	Landscaping for Urban Spaces and High-Rises (LUSH) Programme
	Aims to integrate food production and greening within buildings. Rooftop farming, vertical greening and communal roof gardens are specifically mentioned.

	
	
	Solar Capability Building Programme
	Aims to increase the integration of solar panels on buildings. 

	
	
	Singapore Food Security Roadmap
	Outlines key strategies for diverse food sources and optimised local food production.

	
	
	Singapore’s Resilient Strategy
	Aims to increase the resilience of various sectors (e.g. food system) in Singapore.

	
	
	Sustainable Singapore Blueprint
	Provides a framework to guide Singapore towards a more sustainable and liveable city by 2030. Increased focus on rooftop and vertical greening.

	
	
	Industry Guideline
	Provides a comprehensive overview about relevant permits and statutory requirements for the establishment of CEA in urban settings. 

	
	
	Singapore Green Plan 2030
	It sets out guidelines for achieving the SDGs and long-term net zero emissions. It includes 5 pillars: City in Nature, Sustainable Living, Energy Reset, Green Economy and Resilient Future.

	
	Laws and regulations
	Landscape replacement policy
	Requires developers to replace the loss of green space in other areas.

	
	
	Sale of Food Act
	Specifies how products must be labelled before they are sold.

	
	
	Building Control Regulations
	Sets out the objectives and performance requirements to be met in the design and construction of buildings. It includes the community's expectations for safe, accessible and energy efficient buildings.

	
	
	Fire Safety Act
	Makes provisions for fire safety and related matters.

	
	
	Animals and Birds Act
	Requires farms to be licensed before keeping animals.

	
	
	Control of Plants Act
	Requires farms to obtain a licence before growing plants.

	
	
	Food Regulation
	Set rules, e.g. on labelling, additives, use of pesticides.

	
	Funding institutions
	Agriculture Productivity Fund 
	Assists local farmers to adopt sustainable aquaculture techniques to expand production capacity, increase yields and improve productivity.

	
	
	Seeds Capital
	Provides financial investment for agri-food business start-ups.

	
	
	Research, Innovation & Enterprise Fund
	Provides financial support for agri-food R&D.

	
	
	30-by-30 express
	Provides financial support to encourage the development and innovation of local production systems.

	
	
	Skyrise Greenery Incentive Scheme 2.0
	Provides financial assistance towards the cost of installing green roofs and vertical greenery. 

	
	
	Agri-Food Cluster Transformation Fund
	Offers $23 million for research and development in sustainable urban food production systems.

	
	
	Enterprise Development Grant
	Supports the implementation of deeper transformation in business modernisation, innovation and internationalisation.

	
	Statutory requirements
	Temporary Fire Permit
	Allows the building to be used for a limited period of time. Fire safety works must be assured.

	
	
	Food Safety Standards
	Mandates that food must be safe for consumption.

	
	
	Development Control guidance
	Ensures that developments are in line with Singapore's overall land use plan.

	
	
	Fire Safety Certificate
	Certifies that a building is safe for its occupants.

	
	
	Certificate of Statutory Completion
	Ensures that all building regulations are fully complied with.

	
	
	Temporary Occupation Permit
	Allows occupancy when building requirements have been satisfactorily met.

	
	
	Building Plan
	Ensures the structural integrity and usability of a building.

	
	
	Land Use zoning
	Each land zone has a specific use. For land that is not zoned for agriculture, an outline proposal can be submitted that considers the request to rezone the land.

	
	
	Light Industrial Requirements
	Must be used for vegetable production.

	
	
	Planning permissions
	Requires work to comply with all planning guidelines for agricultural development. Facilities must not cause nuisance, annoyance or inconvenience to nearby users.

	
	
	Code of Practice on Environmental Health
	No gutters, rainwater outlets, downpipes or scupper drains shall be installed in any new development without permanent and safe access.

	
	
	Best Management Practices
	Discharges of waste water and industrial effluent from the farm shall be prevented. Farm activities should not cause odour nuisance to neighbouring properties.

	
	
	Farm Licence
	Requires a licence to operate a farm.

	
	
	Organic certification
	Requires food products that are to be labelled as organic to have organic certification.


Source: Author's compilation (2023) based on 11 expert interviews in Singapore and on Building and Construction Authority (2019), Burchard-Dziubińska (2021), C40 Cities Climate Leadership Group (2022), Diehl et al. (2019), Fu (2020), Kosorić et al. (2019), Ministry of National Development (n.d.), Ministry of Sustainability and the Environment (2022), SFA (2020), SFA (2022), THE STATUTES OF THE REPUBLIC OF SINGAPORE (2021), Teng (2020), Trottet et al. (2021), Wei Da and Hong (2019), Wood et al. (2020).


1.6 Supplementary Material F
Table F.1 provides an overview of the limiting and enabling factors for the implementation of the CEA in the three case studies. 
Table F.1: Constraining and enabling factors for the implementation of CEA in London, Nairobi and Singapore.
	
	London
	Nairobi
	Singapore

	Constraining factors
	High rent for land (IL_01, IL_05, IL_08, IL_09, IL_11, IL_12, Wascher et al., 2015) 
	Land scarcity (IN_01, IN_02, IN_03, IN_04, IN_06, IN_10, IN_11, IN_13, IN_15, Foeken and Mwangi, 2000; Gallaher et al., 2013; Cashman, 2018) 
	Land scarcity (IS_01, IS_02, IS_03, IS_04, IS_05, IS_08, IS_10, IS_11, Kosorić et al., 2019; Wood et al., 2020) 

	
	High competition for land for different uses (e.g. housing) (IL_09, Greater London Authority, 2010; Wascher et al., 2015; Edmondson et al., 2020) 
	Lack of resources (e.g. technology, water) (IN_01, IN_02, IN_03, IN_06, IN_07, IN_09, IN_10, IN_15) 
	Lack of workforce (IS_03, IS_04, IS_05, IS_06, IS_09, IS_10) 

	
	Land scarcity (IL_01, IL_05, IL_06, IL_12) 
	Unclear land ownership (IN_07, IN_08, Lee-Smith and Memon, 1994; Sonko and Igathe, 2017; Cashman, 2018) 
	High operation costs (IS_02, IS_03, IS_04, IS_05, IS_10) 

	
	High operating costs (e.g. energy, technology) (IL_01, IL_02, IL_05, IL_09) 
	Inadequate implementation of policies (IN_03, IN_10, IN_12, Government of the Republic of Kenya, 2017; Cashman, 2018) 
	Lack of natural resources (e.g. energy and water) (IS_02, IS_03, Kosorić et al., 2019; Trottet et al., 2021)  

	
	Unclear land ownership (IL_05, Wascher et al., 2015) 
	Rapid urbanization (IN_03, IN_04, IN_07, IN_14) 
	Lack of skills and knowledge (IS_02, IS_03, IS_05, IS_08, Wood et al., 2020)

	
	Low investment rate (IL_01, IL_03) 
	Lack of transport infrastructure (IN_05, IN_07, IN_11, IN_14) 
	High price sensitivity of consumers (IS_02, IS_03, IS_04, IS_05, Wood et al., 2020; Ares et al., 2021) 

	
	Access to resources (IL_05, IL_06) 
	Lack of refrigerator facilities (IN_05, IN_08, IN_14)
	High competition for land for different uses (e.g. municipal, residential, military) (Rut and Davies, 2018; Low, 2019). 

	
	Unclear and complex regulatory framework (IL_07, IL_09) 
	Rural to urban migration (IN_04, IN_07, IN_14) 
	Risk of hackers manipulating the system (IS_04, Wood et al., 2020) 

	
	Lack of skills and knowledge (IL_09, IL_12) 
	Food safety concerns (IN_01, IN_03, IN_11) 
	High land costs (IS_05, IS_10) 

	
	High price sensitivity of consumers (IL_12, Ares et al., 2021) 
	Restrictive policy framework (urban food production is prohibited in urban areas) (IN_05, IN_11, IN_15).
	Restrictions on the use of residential rooftops for urban food production (Kosorić et al., 2019) 

	
	Highly bureaucratic processes to obtain a permit for an urban food production facility (IL_03) 
	Lack of knowledge and skills (IN_02, IN_03, IN_05) 
	Complex regulatory framework (Wood et al., 2020) 

	
	Problems in transport logistics due to the size of the city (Wascher et al., 2015) 
	Lack of information flow between government and people in informal settlements (IN_10, Cashman, 2018) 
	Lack of awareness of sustainable consumption (Wood et al., 2020) 

	
	Lack of storage capacity (Wascher et al., 2015) 
	Low investment rate (IN_04, Lee-Smith and Memon, 1994) 
	Most of the land is owned by the HDB (Kosorić et al., 2019). 

	
	
	Growing urban population (IN_10, Croft et al., 2014) 
	Effects of climate change (e.g. rising sea level) (IS_02)

	
	
	Very poor people who cannot afford healthy food (IN_05, IN_08) 
	A rigorous political system that allows for the innovative ideas they want (IS_01). 

	
	
	Cultural aspects and the perception that food production belongs to rural areas (IN_13, IN_15). 
	Concerns about food safety (IS_04) 

	
	
	High competition for land for different uses (e.g. housing) (IN_04, Cashman, 2018) 
	

	
	
	Availability of clean water (IN_12) 
	

	
	
	Financial corruption (Sonko and Igathe, 2017) 
	

	
	
	High operation costs (e.g. for energy and rent) (IN_03, IN_11) 
	

	
	
	Lack of security for the system's technologies (e.g. theft, risk of vandalism and political violence) (IN_06, Cashman, 2018) 
	

	
	
	Limited access to finance for climate-smart agriculture (Government of the Republic of Kenya, 2017)
	

	
	
	Limited research on climate-smart agriculture (Government of the Republic of Kenya, 2017)
	

	Enabling factors
	Growing interest in local production (partly due to Brexit) (IL_02, IL_03, IL_05, IL_10, IL_11). 
	Political support (IN_03, IN_04, IN_05, IN_06, IN_08, IN_09, IN_10, IN_12, Government of the Republic of Kenya, 2017) 
	Strong political support (IS_02, IS_03, IS_04, IS_05, IS_06, IS_08, IS_09, IS_10, IS_11, Rut and Davies, 2018; Trottet et al., 2021) 

	
	Increasing social demand for healthy, fresh and local food (IL_01, IL_02, IL_03, IL_10, IL_12)
	Growing awareness and demand for healthy, fresh and safe food (IN_02, IN_07, IN_12, IN_14, IN_15). 
	High investment in R&D (IS_01, IS_03, IS_04, IS_05, IS_06, IS_09) 

	
	Tackles current challenges (e.g. climate emergency) (IL_05, IL_07, IL_09, IL_10)
	Existing networks and organisations supporting sustainable urban food production (IN_03, IN_08, IN_14) 
	Consumer openness to CEA (IS_01, IS_05) 

	
	Policy strategies ('net zero' agriculture by 2050 strategy) (IL_01, IL_02, IL_10)
	Good context (e.g. high proportion of sealed land) (IN_14). 
	Supported by existing niche market (IS_02) 

	
	Positive attitudes of urban planners towards urban food production (IL_03, IL_12).
	Covid pandemic lockdown and food supply chain shutdown (IN_12) 
	Supporting external conditions (e.g. soil contamination) (IS_02) 

	
	Sources of funding available for innovation (IL_02, IL_07).
	Access to raw materials (IN_09) 
	University education programmes (IS_03) 

	
	Existing networks supporting sustainable urban food production (IL_05)
	Increase in number of supermarkets (IN_08) 
	CEA as a good way to produce food efficiently and sustainably in a densely populated city (IS_10, Kosorić et al., 2019) 

	
	
	Already an established niche market for urban food production (IN_09)
	High interest in alternative forms of urban food production (Wood et al., 2020)

	
	
	Urban food production with the potential to reduce post-harvest losses (IN_14) 
	

	
	
	Job creation potential (IN_12, Nischalke et al., 2020) 
	

	
	
	Financial support for innovative projects by local banks (IN_03)
	


Source: Author's compilation (2023) based on expert interviews (n=39) and on Dimbleby (2021), Greater London Authority (2010), Greater London Authority (2021b), Fuldauer et al. (2018), He and Lee (2013), Howe (2002), Howe (2003), Jans-Singh et al. (2019), Kendall (2020), Martin and Marsden (1999), Mok et al. (2020), Ozor et al. (2021), Waithanji et al. (2020), Wood et al. (2020) (bold = highest evaluated enabling and constraining factors for implementing CEA in urban areas) (Enabling and constraining factors in bold represents the most important ones mentioned by experts in the interviews). 
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