
Innovation systems for controlled-environment food production in
urban contexts: a dynamic case study analysis of combined plant, fish
and insect production in Berlin
Victoria Dietze and Peter H. Feindt

Humboldt-Universität zu Berlin, Thaer-Institute for Agricultural and Horticultural Sciences, Agricultural and Food Policy Group,
Berlin, Germany

ABSTRACT
Producing enough healthy food for a globally growing urban population within
planetary boundaries requires more resource-efficient and localized food production
systems. Controlled-environmental food production systems (CEFPS) are a widely
discussed new approach for sustainable food production in urban contexts.
However, little research has addressed innovation processes of CEFPS in urban or
rural areas. This paper aims to address this research gap by adapting an innovation
system perspective, developing a conceptual framework for ‘urban food production
innovation systems’ (UFoPrInS) and applying it to a paradigmatic case study in
Berlin. Based on a content analysis of the relevant literature and 23 semi-structured
expert interviews, we analyse (a) the main characteristics and (b) the key elements
of the UFoPrInS and their relationships during different stages of the innovation
process. The case results show that UFoPrInS faces various challenges related to
possible structural failures that can occur in infrastructure, interactions, capabilities
of actors and institutions. The current institutional framework at EU and national
level was seen as the major barrier to innovations. To support new food production
innovations, a comprehensive regulatory framework for CEFPS is needed that
considers in an integrated approach the specifics of (1) the highly-intensive
production processes, (2) the diverse types of products and (3) the urban location.
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Introduction

Providing enough healthy food for a growing world
population (United Nations, 2019; World Bank
Group, 2020) within planetary boundaries is a global
challenge (FAO, 2019; OECD, 2015). At the same
time, a world-wide trend towards urbanization (Nam
& Pardo, 2011; Ojo et al., 2016) – the global number
of urban residents is expected to increase by up to
85% by 2050 (OECD, 2015; World Bank Group, 2020)
– will exacerbate competition for land as well as
spatial separation of agricultural and urban areas, i.e.
of food production and consumption (Eigenbrod &
Gruda, 2015; Nellemann, 2009; Specht et al., 2019).

In particular, in the evolving megacities (UN-Habitat,
2016) food supply chains which provide the local
population with sufficient fresh, healthy and high-
quality food products will likely become more
complex (Schmutz et al., 2018) and more vulnerable
to value chain disruptions as seen during the
COVID-19 pandemic (Meuwissen et al., 2021). Further-
more, climate change and negative environmental
impacts (e.g. loss of biodiversity and fertile soils, pol-
lution of air, water and soils) from ecologically
harmful farming practices will also reduce prospective
food production (Eigenbrod & Gruda, 2015; Nelle-
mann, 2009; Specht et al., 2019). Therefore, more
resource-efficient and local food production systems
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are needed that help to reduce the negative environ-
mental impacts of food production, to shorten food
supply chains and to create a resilient supply of
high-quality and nutritious food for a growing world
population (FAO, 1989; Herrero et al., 2020; Willett
et al., 2019).

One approach to address these complex issues is
controlled-environmental food production systems
(CEFPS), i.e. enclosed systems that protect food pro-
duction from external environmental influences (e.g.
seasons, climatic conditions) and enables fully con-
trolled growing conditions (e.g. temperature, carbon
dioxide, humidity, oxygen, light, nutrition) (Gómez
et al., 2019; Rorabaugh, 2015) to optimize production
efficiency, product quality and yields (Gómez et al.,
2019). The interest in CEFPS has increased in recent
years, in particular, as an option for food production
in urban contexts (Broad, 2020; Despommier, 2010;
Gómez et al., 2019). Different types of CEFPS have
already been implemented in cities in Asia, Europe
or the United States to enhance local food production
(Despommier, 2013; Kozai et al., 2016).

CEFPS are more or less high-tech food production
systems. While greenhouses fall under this category,
various innovations such as vertical farming, container
farming, hydroponics and aquaponics have created a
high-techportfolio of CEFPS (e.g.Despommier&Elling-
sen, 2008; Gómez et al., 2019; Ingram, 2018; Orsini et al.,
2013; Wezel et al., 2011). If located in urban areas,
CEFPS constitute a different type of urban food pro-
duction system thangenerally discussed as ‘urbanagri-
culture’ or ‘urban gardening’, which refer to low-tech
food production systems associated with social
values, cooperative forms of organization and co-
benefits for urban environments and social cohesion
(Duzí et al., 2017; Grebitus et al., 2017). In contrast,
CEFPS focus on resource-efficient and commercially
viable foodproduction (Gómez et al., 2019; Rorabaugh,
2015). Compared to the rich literature on ‘urban agri-
culture’ (e.g. Bannor et al., 2021; Di Fiore et al., 2021;
Dielemann, 2019), little research has addressed inno-
vation processes of CEFPS in either urban or rural
areas. This is surprising, given the need to explore all
available pathways towards sustainable food pro-
duction (Pretty et al., 2010; van der Gaast et al., 2022).

To address this research gap, this paper aims to
contribute to a better understanding of the innovation
processes surrounding the development and
implementation of CEFPS in urban settings. We
adopt an innovation system perspective (Markatou &
Alexandrou, 2015) to analyse the actors and elements

involved in CEFPS, their mutual relationships and their
interactions with the social, ecological and insti-
tutional context (Prové et al., 2016). Because prior con-
cepts of innovation systems have not considered the
analysis of urban CEFPS, we develop a conceptual fra-
mework referred to as ‘urban food production inno-
vation systems’ (UFoPrInS). We use the CUBES Circle
innovation in Berlin (CUBES Circle, n.d.) as a paradig-
matic case study (Flyvbjerg, 2006) for evaluating an
UFoPrInS. CUBES Circle aims to produce fish, plants
and insects in a modular, container-based system
with closed material and energy cycles. The techno-
logically ambitious research has been funded by the
German Federal Ministry of Education and Research
under the research programme ‘Agricultural systems
of the future’. The CUBES Circle case allows to
analyse and compare three overlapping controlled-
environment food production innovation systems,
namely for fish, plant and insect production, and the
combined production system. Each of them is linked
to different regulatory frameworks that might hinder
and/or support the implementation of CEFPS in
urban contexts. The case study therefore provides
rich material for the purpose of developing the con-
ceptual framework.

Apart from the technological development and
implementation, establishing a CEFPS – like the
CUBES Circle system – in urban areas also constitutes
a technological innovation that requires the develop-
ment of social and institutional contexts to overcome
potential barriers to implementation. In particular, four
barriers can be expected: (1) a possible lack of societal
acceptance, e.g. towards the production of insects or
combined fish and plant production in urban areas
(De Wilt & Dobbelaar, 2005; Milicic et al., 2017;
Specht et al., 2016), (2) cumbersome regulatory frame-
works (overlapping regulations for zoning, commer-
cial building operations, emissions, fish, plants and
insect production, etc.) (COST Action, 2013; Curry
et al., 2014; McEldowney, 2017), (3) general scepticism
towards high-tech food production systems among
European publics (De Wilt & Dobbelaar, 2005; Milicic
et al., 2017; Specht et al., 2016) and (4) a general pre-
ference for ‘natural’ and ‘traditional’ food production
in Germany and elsewhere (Specht et al., 2015;
Specht et al., 2016). The social aspects of the inno-
vation process are, of course, context-dependent and
the technology development is shaped by social influ-
ences that vary across social contexts. Such context
dependence must be reflected while developing the
conceptual framework from the case.
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In this paper, we adopt a dynamic perspective on
innovation systemsanddistinguishbetween theconcep-
tualization, development and implementation stage of
innovation. This helps to analyse the shifts from a focus
on technological to social aspects of the innovation
process over time. The conceptualization stage includes
the recognition of a problem and the emergence of an
idea for an innovation that can contribute to solve the
problem. One or more actors cooperate in order to con-
ceptualize the innovation and to find funding opportu-
nities for its development. The development stage
starts after sufficient funding has been attracted, e.g.
through grants or loans. Now, a group of actors works
together to develop the innovation while considering
the needs of potential users. This requires research and
development (R&D) and collaboration of different types
of actors.After successfuldevelopmentof the innovation,
the ensuing implementation stage includes the embed-
ding of the innovation in an existing or emerging
market and in an established institutional framework.
From this point onward, the innovation can be used by
potential users. The success of the innovation is typically
measured by the rate of adaption amongpotential users.
Dependingon the typeof innovation, thedurationof the
implementation stage can differ greatly. Finally, during
the diffusion stage, the innovation is communicated via
different channels over a period of time and established
inother social systems (Rogers, 1983). Thediffusion stage
will be not considered in this paper.

The innovation system concept is a useful
approach to identify the different elements (actors,
organizations, institutions) that contribute to the
development and implementation of an innovation.
Formal and informal institutions are crucial in this
context because of their impact on the innovation
process (Edquist, 1997; Edquist & Johnson, 1997).
Using the CUBES Circle innovation and its prospective
location in Berlin as a case, we address the following
two research questions to characterize the UFoPrInS
as an innovation system for a CEFPS:

(1) What are the main elements and relationships of
an UFoPrInS during the conceptualization, devel-
opment and implementation stages of the inno-
vation process?

(2) How does the institutional framework enable or
hinder the conceptualization, development and
implementation of an CEFPS in urban contexts?

This study contributes to the analysis of innovation
systems in the area of food production, with a

particular view on urban settings, and identifies
specific features of innovation systems for CEFPS.
The development of the UFoPrInS concept aims to
systematically capture the differences to non-food
innovation systems or agricultural innovation
systems in rural areas (Klerkx, van Mierlo, et al.,
2012). This helps to better understand the precondi-
tions for a successful establishment of CEFPS in
urban areas. While the UFoPrInS concept has been
developed with a specific view to CEFPS in urban set-
tings, it can also be applied to other types of high-
tech food production in urban areas. Whether the
concept is also useful to understand urban gardening
or urban agriculture projects without a predominant
focus on production must be left for future
discussions.

The paper proceeds as follows: Section 2 provides
the theoretical and conceptual framework. The case
study area, data collection and data analysis are
explained in Section 3. Section 4 presents the results,
followed by their discussion in Section 5. Section 6
contains overall conclusions and an outlook.

Conceptual framework: urban food
production innovation systems

Dimensions and types of innovation systems

While the possible contribution of CEFPS to local food
security has been widely discussed (Broad, 2020;
Despommier, 2010; Gómez et al., 2019), the novelty
of high-tech CEFPS implicates considerable uncer-
tainty of their successful embedding into social, in par-
ticular, urban contexts and existing food trends. The
success of CEFPS will therefore depend on the devel-
opment of viable production processes and attractive
products and the implementation under suitable
context conditions at prospective locations (Cooke
et al., 1997; Grebitus et al., 2020; Klerkx et al., 2010).

To analyse the development of CEFPS and their
implementation in urban settings, we build on the
concept of innovation systems – a heuristic approach
(Lundvall, 1992) that has been developed for analysing
structural elements and dynamics of innovation pro-
cesses in a social context (Dielemann, 2019; Edquist,
1997; Markatou & Alexandrou, 2015; Putra & van der
Knaap, 2018). The structural elements of an innovation
system (actors, institutions, infrastructure, interaction)
contribute to a common aim – the development and
implementation of an innovation. Their interactions
are characterized by the exchange of resources
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(Coenen & Díaz López, 2009), with knowledge as a key
factor for the formation of an innovation process
(Freeman, 1987; Freeman, 1995; Nelson, 1993). During
the innovation process, various actors are involved.
They can join and leave the innovation process
anytime (Putra & van der Knaap, 2018). In recent years,
various types and contexts of innovation systems (e.g.
national, regional, agricultural or urban) have been dis-
tinguished (Markatou & Alexandrou, 2015). Three of
these concepts – agricultural innovation system (AIS),
technical innovation system (TIS) and urban innovation
system (UIS) – are potentially relevant for CEFPS.

The AIS concept focusses on the organization
involved in technological, social and institutional inno-
vations in the agricultural sector (Kilelu et al., 2013;
Turner et al., 2016). It is usually applied at the national
and sectoral level or to a specific technology (Pigford
et al., 2018). AIS consist of networks of organizations,
entrepreneurs and individuals who aim to develop
new products, processes and organizational forms.
Over time, AIS develop through a co-evolutionary
process that is aligned with established institutions
which influence interactions among the actors as well
as the exchange of and access to knowledge (Chave
et al., 2012; Eidt et al., 2020; Hall, 2005; Hall & Clark,
2010; Kilelu et al., 2013; Klerkx, van Mierlo, et al., 2012;
Pigford et al., 2018). AIS analysis aims to understand
the regulation of actors’ interactions, the role of inno-
vation policies and innovation-supporting structures
(e.g. research and consulting) within the innovation
process (Hall et al., 2003; Klerkx, Schut, et al., 2012).

TIS analysis focuses on the development, diffusion
and utilization of new technologies. TIS consist of
actors (e.g. firms, universities, civil societies or poli-
ticians), networks and institutions. The development
of the technological innovations occurs through the
entry of firms and other organizations, the creation of
networks, the responses to institutional changes and
the accumulation of knowledge. The innovation
process is understood as a cumulative process that
can take a long time and is characterized by high uncer-
tainty about the technology under development and its
acceptance, markets and regulatory frameworks. Fur-
thermore, institutions are crucial for the development,
diffusion and application of specific technologies
(Bergek et al., 2008). In contrast to the AIS concept,
the TIS concept does not include an a priori spatial
and context boundary (Carlsson et al., 2002; Edquist,
2005). For a successful innovation, a TIS must fulfil
seven functions: entrepreneurial activities; knowledge
development; knowledge diffusion; guidance of the

search; market formation; resources mobilization and
creation of legitimacy (Hekkert et al., 2007).

In contrast to the AIS and TIS concepts, the UIS
concept was developed to explain the development
of institutional, political and technological inno-
vations within the boundaries of a city and their con-
tribution to economic growth of a nation (Markatou &
Alexandrou, 2015). An UIS can be defined as a
network that consists of a set of actors (e.g. firms, sup-
pliers, start-ups, research institutes, investors, inter-
mediaries or governmental agencies), networks,
platforms and institutions with a shared purpose of
developing and implementing one or more inno-
vations in an urban context (Athey et al., 2007; Gros-
setti, 1999; Liu & Jiang, 2018; Sanyang et al., 2016;
van Winden et al., 2014). Within an UIS, urban hubs
and local links can be distinguished. Urban hubs
(e.g. urban assets, urban markets) are needed to
establish sectors and clusters and to develop large
markets. Local links (e.g. urban networks, urban insti-
tutions) are required for the interlinkage of sectors
and knowledge exchange (Athey et al., 2007).
Especially, strong local links for innovations are
needed that require high levels of knowledge (Marka-
tou & Alexandrou, 2015). Urban areas that provide
good conditions for UIS (e.g. well-developed com-
munication and transport infrastructure, access to
local and global markets, available workforces, high
financial capital) are more likely to enable the devel-
opment of an innovation (Athey et al., 2007; Markatou
& Alexandrou, 2015). Particularly, urban capital and
local actors support innovative activities and the inno-
vation process (Markatou & Alexandrou, 2015).

Although the AIS, TIS und UIS approaches have
identified similar elements that are needed for the
success of an innovation, none of them explicitly
focuses on urban food production. Prior studies on
innovation systems have touched on innovations in
urban food production (see e.g. Driscoll, 2017;
Pfeiffer et al., 2015; Prain & de Zeeuw, 2007) but
have not systematically linked these elements. We
have therefore developed the UFoPrInS concept to
address this research gap by identifying the relevant
elements of food production innovations in urban
contexts and their mutual relationships.

Urban food production innovation systems
(UFoPrInS)

Conceptual frameworks are a useful tool for develop-
ing qualitative research when theoretical frameworks

4 V. DIETZE AND P. H. FEINDT



for a specific issue are not existing or not applicable
(Ravitch & Carl, 2015). The UFoPrInS concept under-
stands urban food production systems as a set of
identifiable actors who are connected through
different networks, institutions and relationships
that are characterized by the exchange of various
resources. The involved actors share an intention to
establish a specific food production innovation in an
urban area. The UFoPrInS concept builds on elements
from the AIS, TIS and UIS concepts. Moreover, it
emphasizes the role of institutions and the urban
context within the innovation process. It is geared
towards, but not limited to, applications with regard
to CEFPS innovations.

Urban settings are usually characterized by
complex social, ecological and institutional contexts
(Prové et al., 2016). The ecological context comprises
all abiotic (e.g. nutrient flows, climate) and biotic pro-
cesses (e.g. dynamics of populations) (Di Fiore et al.,
2021). The social context is shaped by individual and
collective actors and their relationships. Their
actions and behaviours are influenced by formal and
informal institutions (Edquist & Johnson, 1997;
Termeer et al., 2019). Conversely, the actors’ behav-
iour and actions can also shape institutions over
time (Giddens, 1984). Institutions represent the ‘rules
of the game’ and can be understood as established
social expectations (March & Olsen, 1989; North,
1990; Williamson, 2000). Formal institutions are
binding rules, laws and regulations or legal require-
ments that are backed by specified sanctions. They
regulate interactions and specify what is allowed or
not (Coenen & Díaz López, 2009). In contrast, informal
institutions are unwritten rules and expectations such
as tacit norms, habits or customs (Bizer & Führ, 2014;
Coenen & Díaz López, 2009; Cooke et al., 1997; Jacobs-
son & Bergek, 2011; Wenzelburger & Zohlnhöfer,
2014). Formal and informal institutions differ
between nations, places, sectors or companies
(Edquist & Johnson, 1997). The institutional frame-
work can support or hinder an innovation process.
In particular, it can decrease uncertainties that occur
during the innovation process (Coenen & Díaz
López, 2009; Edquist & Johnson, 1997; Liu & Jiang,
2018).

The UFoPrInS framework is visualized in Figure 1.
At the centre is the innovation, here a CEFPS. The
innovation is conceptualized, developed and
implemented by networks of actors with direct or
indirect relationships, which can be either formal or
informal. Formal relationships are based on either

long-term or short-term contracts among two or
more parties who agree on compliance with
specified behaviours for expected mutual benefit.
Noncompliance with contractual conditions is linked
to sanctions (Campbell & Harris, 1993; Sosik et al.,
2005). In contrast, informal relationships among two
or more actors can be based on collaboration in
prior projects and/or similar values, life experiences
or attitudes (Sosik et al., 2005) and can for example
serve to exchange information and knowledge and
to advance personal career goals (Sosik et al., 2005).
Indirect relationships are connections between two
or more actors that are not directly linked but
through relations with other actors, e.g. through dedi-
cated networks or organization (Saxena et al., 1990).

The relationships among actors within an UFoPrInS
are characterized by the specific patterns of resource
exchange. We differentiate between exchange of
knowledge, services, material resources (e.g. technol-
ogies, hardware), financial resources and mutual
access to networks. UFoPrInS are therefore character-
ized by a complex and dynamic structure, where
actors can join and leave the innovation system over
time. Besides the innovation actors in a narrow
sense, the UFoPrInS framework emphasizes the role
of local residents, in particular neighbours, whose
acceptance is crucial for the success of food pro-
duction innovations, in particular CEFPS, in urban
contexts.

Methods and data

The case: CUBES Circle

Case studies are a research strategy for in-depth
investigation of a social phenomenon. They consist
of a detailed analysis of one or several cases that
provide relevant representation and validity for a
bigger scale and contribute to the development of
knowledge (Flyvbjerg, 2006). Case studies usually
apply multiple methods of data collection and analy-
sis, e.g. interviews, archival research, surveys or obser-
vations (Creswell, 2009; Eisenhardt, 1989; Yin, 2017).
Furthermore, case studies contain narrative elements
that explain the complexity and contradictions of real
life (Eisenhardt, 1989; Flyvbjerg, 2006; Yin, 2017).

Our selected case is the CUBES Circle innovation
(CUBES Circle, n.d.), an example of a complex CEFPS
under development, which aims to produce food at
sealed or uncultivated urban locations that are other-
wise not suited for food production. The CUBES Circle
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concept involves the modular and flexible combi-
nation of container elements in which either
plants, fish or insects are produced. The ambition
of the CUBES Circle innovation is to create a
system with internally closed energy and material
cycles that can be linked to its urban environment.
The interlinkages between plants, fish and insect
production are highly complex and fulfil various
functions to create a circular system. In particular,
fish water and nutrients from a fish CUBE are
induced into a plant CUBE, based on real-time nutri-
ent analysis, while transpired water from a plant
CUBE is led back into a fish CUBE. The fish is fed
back with insect-based feed from an insect CUBE.
Vice versa, the sediments from a fish CUBE and the
harvest residues from a plant CUBE are used as
insect food. The carbon dioxide emitted during the
production of insects and fish is induced into a
plant CUBE for enhanced photosynthesis. Acti-
vated-carbon filters prevent odour nuisance by
cleaning gaseous emissions from insect CUBEs.
Nevertheless, the CUBES Circle system still needs
various energy and material inputs (e.g. supplemen-
tal feed additive water, energy, additional nutrients)

for delivering the expected outputs (e.g. oils, pro-
teins, harvest). The CUBES Circle concept requires a
number of parallel innovations in the areas of horticul-
tural greenhouse production (e.g. tomatoes, straw-
berries), aquaponics (e.g. Tilapia fish) and insect
production (e.g. black soldier flies) (CUBES Circle,
n.d.) alongside innovative control technologies.

For our research, we selected Berlin as the case
study because it represents the pilot location of the
CUBES Circle innovation. Implementation of the pilot
is planned at the agricultural campus of Humboldt
Universität zu Berlin in Dahlem, which is surrounded
by residential areas. Counting 3.6 million inhabitants
(Berlin.de, 2019), Berlin is by far Germany’s biggest
city (Statista, 2021). Its ethnically diverse population
is forecast to reach 3.9 million inhabitants by 2030
(Senatsverwaltung für Stadtentwicklung und
Wohnen, n.d.). Berlin is also a science hub with three
big universities and 42 different research institutes
(Berlin.de, 2019). Niche markets for urban food pro-
duction systems have already been established.
Examples for commercial urban food production
systems include Dachfarm Berlin, Vita City Berlin,
IBZ-Dachfarm (http://www.dachfarmberlin.com/),

Figure 1. Conceptual framework for the analysis of an urban food production innovation system (UFoPrInS).
Source: Authors’ visualization.
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roof water farm (http://www.roofwaterfarm.com/),
infarm (https://www.infarm.com/) and ECF Farm
Berlin (https://www.ecf-farm.de/).

By signing the Milan Convention’s ‘Urban Food
Policy Pact’ in October 2015, Berlin committed to
implement a comprehensive, long-term and equitable
food policy. The governing coalition (coalition period:
2017–2021 and 2021–2023) agreed in its coalition
treaty to support the development of a sustainable,
regionally oriented food strategy for Berlin to
address major challenges such as the reduction of
food waste, strengthening regional food supply
chains and the extensive use of the economic and
ecological potential of recycling to reduce resource
consumption. To reach these aims, an action plan
with objectives, concrete measures and recommen-
dations was adopted by representatives of civil
society organizations, the food sector, science,
policy and administration in December 2018 (Sen-
JustVA, n.d.). The establishment of the Berlin Food
Policy Council (n.d.) indicates lively interest by civil
society organizations in food-related topics.

Data collection and analysis

Research for this paper combined a qualitative
content analysis of scientific and grey literature and
semi-structured expert interviews. The content analy-
sis of scientific and grey literature aimed to identify
relevant formal and informal institutions at European,
national (Germany) and local level (Berlin) that might
influence the conceptualization, development and
implementation of CEFPS. Here, we applied a sys-
tematic review procedure (the PRISMA statement)
that includes a search strategy, screening, extraction
of records and the report of the results. Such a litera-
ture review is appropriate for providing an overview
of research in a specific field (Snyder, 2019). Using a
deductive content analysis, we analysed the publi-
cations with regard to our research question.

Literature was searched by using the search string:
(‘urban food production’ OR ‘controlled-environmental
food production’ OR ‘aquaponics’ OR ‘vertical farming’
OR ‘insect feed’ OR ‘insect food’ OR ‘container
farming’) AND (‘institutional framework’ OR ‘informal
institutions’ OR ‘formal institutions’ OR ‘acceptance’
OR ‘cultural aspects’ OR ‘habits’ OR ‘laws’ OR ‘regu-
lations’ OR ‘EU-policy’ OR ‘German policy’) in the data-
base Scopus. Scopus is one of the largest and most
widely recognized databases of abstracts and cita-
tions for academic research (Baas et al., 2020). We

chose Scopus as the database because it includes
journals with an international and regional academic
focus. Furthermore, data can be more easily extracted
compared to other databases such as Google Scholar
(Hackfort, 2021).

The first search was conducted on 05.08.2020 and
limited to publications that appeared between
January 2012 and July 2020. In total, 72 publications
were identified via Scopus. To update the sample, a
second search was conducted on 02.12.2021. By
using the same search string, we focussed on literature
that had been published between July 2020 and
November 2021. This search resulted in 30 more publi-
cations (see Appendix A). By manual screening of title,
abstract and keywords, publications were selected that
were identified as relevant for our analysis and for
answering our research questions, namely with an
explicit focus on the institutional framework for
urban food production. In this connection, publications
were removed that focussed on natural sciences or on
case studies outside of the EU. This reduced the text
corpus to 27 publications (18 from the first and 9
from the second search). Subsequently, we read
these publications and excluded those that did not
contain explicit statements about the institutional fra-
mework for high-tech food production systems (e.g.
CEFPS, aquaponics, vertical farming or container
farming) in urban areas. This reduced the text corpus
to 15 publications (nine from the first and six from
the second search). Following the snowball principle,
we added publications and grey literature rec-
ommended by colleagues or interview partners. The
final sample of 48 publications was analysed with a
deductive coding strategy, using codes that were
derived from the research focus. The analysis of the
final sample considered formal and informal insti-
tutions related to urban food production systems as
well as social acceptance toward these types of food
production systems. To identify relevant actors within
the innovation process we used the project proposal
and the homepage of the CUBES Circle project.

Semi-structured expert interviews were con-
ducted for supplementing the results of the litera-
ture and document analysis. The expert interviews
focussed on identifying and analysing institutions,
actors and their relationships that are relevant for
the development and implementation of the
CUBES Circle innovation.

Experts were selected by purposive sampling
(Meuser & Nagel, 1997; Rapley, 2014), based on their
position and competencies in the innovation
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process, their interest in the implementation and util-
ization of the CUBES Circle innovation and their capa-
bility to influence the innovation process. Interview
partners fell into three groups:

. Members of the project team: The consortium of
the CUBES Circle project, which is involved in the
development of the CUBES Circle innovation and
has an interest in its implementation.

. External partners: Practical partners and actors from
the scientific advisory council of the CUBES Circle
project, who have an interest in the implementation
and adoption of the CUBES Circle system.

. Institutional environment: Actors from relevant
institutions and organizations which provide the
framework for the development, implementation
and adoption of the CUBES Circle innovation.

Further relevant experts were identified through
snowball sampling during the interviews (Rapley,
2014). To reflect different degrees of involvement in
the innovation process, three different semi-struc-
tured interview guidelines were developed. The inter-
view guideline for the first group focussed on relevant
actors and institutions in the development and
implementation stage of the CUBES Circle innovation.
Interview guidelines for the two other groups concen-
trated on institutions and actors in the implemen-
tation stage of the CUBES Circle innovation. Open
questions in the interview guidelines referred to insti-
tutions, actors and their functions during the inno-
vation process, whereas closed questions addressed
preferred impacts of actors or institutions on the
development and implementation of the CUBES
Circle innovation, using five-point Likert scales.

Overall, we conducted 23 expert interviews via
video conference software Zoom between October
2020 and March 2021 (nine interviews with
members of the project team, 10 interviews with
external partners and four interviews with experts
from the institutional environment). Following
Grounded Theory (Baur & Blasius, 2014), sampling
was closed when theoretical saturation was reached.
On average, interviews lasted 90 min with project
members and 60 min with the other groups. All inter-
views were recorded, manually transcribed and ana-
lysed according to qualitative content analysis
guidelines (Gläser & Laudel, 2008). For coding, we
developed a combined deductive and inductive cat-
egory system, with most deductive categories
derived from the literature analysis and additional

codes added inductively, based on insights gained
during the interviews and their analysis (Bortz &
Döring, 2015). The coding scheme was repeatedly dis-
cussed between the authors and revised when
necessary. The closed questions were analysed via
descriptive statistics and overview tables. They did
not aim at representativeness but as anchors to
assess interviewees’ positions. All quotes from the
interviews in the results section were translated by
the authors from German to English.

Results

This section presents the findings on the composition
and characteristics of the UFoPrInS for the CUBES
Circle innovation during the conceptualization, devel-
opment and implementation stage. At the time of the
interviews, the CUBES Circle innovation was at an
early development stage, which is therefore often
referred to as the present stage. In contrast, the con-
ceptualization stage denotes the past and the
implementation stage a prospective future of the
innovation process. Due to the novelty of the inno-
vation as a CEFPS, statements by the interviewees
about the kinds of actors and institutions that might
become relevant or should be considered during
the implementation stage are mostly based on
assumptions and expectations.

Conceptualization stage

According to the project proposal, the actors that
were involved in conceptualizing the CEFPS inno-
vation fall into three categories: knowledge insti-
tutions (e.g. universities, technical colleges and
research institutes), private sector (e.g. production,
industry and consultancy) and value chain actors
(e.g. retailer). These actors knew each other from
prior projects and their relationships were based on
existing networks. The innovation concept pursued
a highly interdisciplinary approach, involving
researchers from a broad range of specialized knowl-
edge areas (Ulrichs et al., 2017).

The research proposal and the website of the
project explained that research was divided into
nine subprojects with specific objectives during the
innovation process (see Appendix B). The involved
actor groups were meant to contribute complemen-
tary resources and competencies to develop the inno-
vation. The conceptualization of the innovation was
mainly based on the combination of existing
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knowledge of the involved actors, mostly gained from
prior research projects, making knowledge a crucial
resource during the conceptualization stage (Ulrichs
et al., 2017; CUBES Circle, n.d.).

The most important formal institutions during the
conceptualization stage were, apart from the formal
elements of the involved organizations, funding insti-
tutions since financial resources were needed for the
development of the innovation. The research consor-
tium was formed in response to a call by the German
Federal Ministry of Research and Education, titled
‘Agricultural systems of the future’, which invited
research proposals to develop innovative solutions
to overcome major challenges facing the food
sector. The requirements and volume of the research
programme guided the conceptualization of the inno-
vation (BMBF, 2022; CUBES Circle, n.d.).

Development stage

The results of the expert interviews show that a
variety of actors are involved in the development
stage. They fall into seven different categories: the
project partners, private sector (e.g. technological
and industrial entrepreneurs), knowledge institutes,
value chain actors (e.g. retailers, consumers), the pro-
ject’s scientific advisory council, civil society organiz-
ations, the broader public (e.g. media) and political
actors. Project partners, private sector and knowledge
institutes were mentioned most frequently as relevant
for the development stage. The interviewees attribu-
ted the greatest influence during the development
stage to the project partners, followed by private
sector, knowledge institutes, value chain actors,
public actors and political actors (moderate
influence). The influence of the scientific advisory
board and civil society organizations was seen as
rather low. The actor constellations in the develop-
ment stage are characterized by a high degree of
interdisciplinarity with different knowledge areas
and competencies contributing. The majority of the
interviewees saw the project leader as the central
actor because he was looking for new project partners
and is responsible for public relations:

‘[…] project management, we coordinate what we do and
it is also this networking character […]’ (Interview 04: 53f.)

The interviews identified various important func-
tions of the innovation system during the develop-
ment stage. In particular, the development of
hardware, software and various partial innovations,

the collection and provision of data, experimentation,
the creation of knowledge and consultancy (see
Appendix C). To enable the development of the inno-
vation, project partners contributed patents from
prior research projects (see e.g. Kloas et al., 2008;
ZINEG, 2014).

According to the interviewees, the crucial resource
during this innovation stage is knowledge that was
created by experimentation. Knowledge is also the
primary resource that is exchanged among the actor
groups. The relationships between the actor groups
were described by the interviewees as mostly informal
at this stage. Additionally, formal, indirect and other
types of relationships (e.g. dependencies) are
present but were seen as being of minor importance.
Less mentioned but also important for the develop-
ment of the innovation is the exchange of material
and financial resources, services and the mutual
access to networks (see Appendix C).

While the interviewees attributed only medium to
low influence on the development of the innovation
to informal institutions, several of them were men-
tioned as requiring consideration: values, preferences,
cultural aspects, habits and religious aspects. Values
encompass for example a vegan or vegetarian lifestyle
but also a preference for ‘naturalness’. The latter could
inhibit the success of the innovation, given its highly
artificial production environment which for example
contradicts principles of organic agriculture:

‘[…] then we have to consider that there are quite a few
people whom we have to convince that what we are
doing is sustainable […] because there are just many
who think that such technical systems do not correspond
to nature. This is not a natural production, which we
make, but an artificial hemisphere, in which we produce
here and nevertheless we must show outward that it
makes sense, in the sense of a future agriculture’ (Interview
01: 150-155)

Preferences include e.g. customers’ demand for
food products or their expectations about urban
food production systems. Cultural aspects mostly
referred to perceived critical attitudes of potential
customers towards food production within an artifi-
cial environment. Habits involve the year-around
availability of food in homogenous high quality.

According to the interviews, laws and regulations
were seen as the most relevant formal institutions
for the development stage. Interviewees explicitly
mentioned the German Food and Feed Code,
Animal Welfare Act, Federal Building Code, Federal
Regional Planning Act, Federal Law on Nature
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Protection, Patent Act, Federal Immission Control Act,
Federal Nature Conservation Act, Plant Protection Act
and Genetic Engineering Act. Although some of these
laws and regulations will only become relevant during
the implementation stage, they already need to be
considered at the development stage. Other impor-
tant formal institutions with a big influence on the
development stage are funding institutions, statutory
requirements and insurance.

The results from the literature review supplement
the finding from the interviews, in particular, that
CEFPS are confronted with a complex and incoherent
regulatory framework (see Appendix D for an over-
view). Urban food production receives little consider-
ation by European, national and local legislation
(Curry et al., 2014). Generally, the European Regulation
(No 305/2011) for the marketing of construction pro-
ducts is implemented by the building law in
Germany. All construction products have to conform
with this European Regulation. The German building
law contains also technical standards that have to be
considered when building an urban food production
facility. However, there is neither a common legal fra-
mework (Joly et al., 2015; Milicic et al., 2017; Reinhardt
et al., 2019) nor a clear permit procedure for urban
CEFPS such as aquaponics and hydroponics (König
et al., 2018). Different aspects of aquaponic and hydro-
ponic systems (e.g. food security, hygiene, pest
control, slaughter and animal welfare) are covered
by different laws at national, local and EU level
(Cammies et al., 2021; Hoevenaars et al., 2018; Joly
et al., 2015; König et al., 2018; Reinhardt et al., 2019)
with partly contradictory requirements (König et al.,
2018). Urban food production systems that use a circu-
lar system are not subject to the regulations of the
Waste Water Ordinance. The multiple uses of water
within the facility are not regulated by the German
Water Law if there is a central wastewater treatment.
German fertilizer law is not applicable if the fish
waste is used within the facility as plant fertilizer
(DüngG, 2009). The German Plant Protection Law pre-
scribes that natural solutions shall be used for pest
control before pesticides are applied (Reinhardt
et al., 2019).

Implementation stage

The results of the expert interviews with all three
groups indicated that the implementation stage
would be characterized by a higher variety of involved
actors which can be categorized into ten groups:

private sector (e.g. building companies, technology
firms), value chain actors (e.g. retailers, consumers),
civil society organizations, administrative actors,
project partners, knowledge institutes, political
actors, public sector (e.g. schools, kindergarten) as
well as local residents and veterinarians. Private
sector and value chain actors were expected by the
interviewees to be most relevant because they will
be responsible for building and operating the CEFPS:

‘[…] you have a product that needs to be sold and we need
someone to sell it, that’s the supermarket chains and gen-
erally those who are supposed to sell it have to offer it first,
so we need a platform’ (Interview 18: 77ff.)

According to the interviews administrative and
political actors will become more relevant in the
implementation phase:

‘If they are not really behind it then I think you have no
chance of success. […] If they are convinced that it could
be gonna help to supply affordable and acceptable food
for urban consumers in a more environmentally friendly
way, they can help so much. They can organize meetings,
they can lobby out of consumer groups. They could give
you subsidies’ (Interview 16: 103-107).

According to the interviewees, the extended actor
constellation will have important functions during this
innovation phase, in particular, design, building, oper-
ating, optimization, commercialization, processing,
selling of the products, giving permissions, R&D, pro-
vision of a legal framework and financial support of
the innovation (see Appendix E).

In relation to the interviews, the expected primary
resource will be knowledge that will be exchanged
among the actor groups. Informal relationships are
expected to prevail. However, formal relationships
will become more important at the implementation
stage. Further important resources are expected to
be services, mutual access to networks, financial and
material resources.

A new challenge at the implementation stage will
be the acceptance of the CEFPS innovation by consu-
mers and by local residents in urban areas. According
to the interviews, eventual adoption of the innovation
will likely depend on several factors: transparency and
design of the innovation, location, production of com-
petitive products, willingness of consumers to pay for
these products and involvement of partners and net-
works who diffuse the idea of the innovation. Accep-
tance of this innovation type will be influenced by
informal institutions. Interviewees expected values,
preferences, cultural and religious aspects to be
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relevant at the implementation stage. Potentially rel-
evant values include personal attitudes towards
animal welfare, vegetarian or vegan lifestyles or
environmental awareness. Preferences include costu-
mers’ predilection for and associations to food pro-
ducts but also aesthetic aspects and acceptance of
food production in urban areas. Cultural challenges
could arise from lacking acceptance of insects as
food and scepticism towards food production in artifi-
cial, ‘unnatural’ systems.

Whether religious aspects, e.g. faith-related rejec-
tion of specific animal products, would affect the
innovation, is unclear. Interviewees had different
views how strongly each informal institution would
influence the prospective implementation of the
innovation. A rather big influence during the
implementation stage was attributed to cultural
aspects, followed by preferences (moderate
influence), values (rather low influence) and religious
aspects (low influence). Interviewees from all groups
saw awareness of current sustainability challenges
(e.g. feeding an increasing world population, climate
change or expansion of urban areas) and increasing
societal demand for sustainable, healthy and fresh
food as catalysts for the implementation and as pre-
condition for a successful adoption of the innovation.
One interviewee suggested to link the prospective
production sites with shopping experiences, e.g. pro-
ducing food in front of a supermarket. This would
create trust in the production system.

The assessments from the expert interviews regard-
ing acceptance of this CEFPS innovation resonate with
the results of the literature review. High-tech food pro-
duction systems such as aquaponics, hydroponics, ver-
tical farming or agroparks are commonly less accepted
by consumers and the public (De Wilt & Dobbelaar,
2005; Di Fiore et al., 2021; Milicic et al., 2017; Specht
et al., 2016; Specht et al., 2019). Main reasons for
refusal of CEFPS are lack of awareness about these pro-
duction types (Jürkenbeck et al., 2019; Milicic et al.,
2017; Specht et al., 2016), negative affective attitudes
(e.g. towards the combination of fish and plant pro-
duction, loud noises, polluted air and water resources
through fertilizers) (Grebitus et al., 2020; Milicic et al.,
2017), negative perception of aspects of animal
welfare (Honkanen et al., 2006; Milicic et al., 2017;
Specht et al., 2019; Zander & Hamm, 2010) and per-
sonal attitudes (e.g. vegan or vegetarian lifestyle)
(Collins et al., 2019; Milicic et al., 2017).

Against the background of increasing demand for
healthy, safe, nutritious, fresh and sustainable food

(Grebitus et al., 2017; Ruggeri et al., 2016), the litera-
ture emphasizes that most consumers in Germany
have a ‘traditional’ vision of good agriculture and
food production. The majority prefers agricultural pro-
ducts that are ‘natural’, produced with traditional pro-
duction processes and not in ‘artificial’ production
systems (Specht et al., 2015; Specht et al., 2016;
Specht et al., 2019). Several studies have shown that
respondents are more sceptical about urban animal
production (e.g. meat, milk, cheese, fish or eggs)
than urban plant production (De Wilt & Dobbelaar,
2005; Specht et al., 2015; Specht et al., 2016; Specht
et al., 2019). Perception of insect production is gener-
ally ambivalent. In many countries, consumption of
insects and algae is quite common, whereas in
Western societies insect consumption would require
a change of dietary patterns (Dagevos, 2021; Elorinne
et al., 2019; Hartmann & Siegrist, 2017; House, 2016;
Iannuzzi et al., 2019; Kauppi et al., 2019; Kornher
et al., 2019; Mancini et al., 2019; Onwezen et al.,
2019; Poortvliet et al., 2019; Rumpold & Langen,
2019; Sidali et al., 2018; Sogari et al., 2019; van der
Weele et al., 2019; Verbeke, 2015). Nevertheless,
younger people were found more open to eat
insects compared to the older generation (Naranjo-
Guevara et al., 2021; Orsi et al., 2019; Verbeke, 2015).
Moreover, utilization of insects as feedstuff is assessed
as a less risky alternative for Western markets with
relatively low legal requirements on the production
procedure, whether in urban or rural food production
systems (Oroian et al., 2015; Stamer, 2015).

Formal institutions featured highly in the expert
interviews when the prospective implementation
of the CUBES Circle innovation was considered.
According to the interviews, laws and regulations,
statutory requirements, market, funding institutions
and insurance were all attributed a large influence
at the implementation stage. Laws and regulations
that were explicitly mentioned by the interviewees
are Animal Welfare Act, German Food and Feed
Code, Federal Building Code, Federal Regional Plan-
ning Act, Federal Nature Conservation Act, Labour
Protection Law, Federal Immission Control Act,
Consumer Protection Law, Federal Water Act,
Patent Act, Waste Water Directive, Levy Act,
Common Agricultural Policy (CAP), Federal Emission
Control Law and Federal Land Utilization Ordi-
nance. Moreover, local regulations were summarily
added in this context.

The literature review showed that the implemen-
tation of CEFPS in urban contexts faces a complex
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regulatory framework (see Appendix D). The local
level is responsible for various overlapping per-
mission procedures, in particular the building per-
mission, permission for water quality and
discharge, emission protection and finally the oper-
ational license (Reinhardt et al., 2019). In addition,
the operation of an urban CEFPS has to conform
with planning, building and water regulations as
well as specific regulations for animal, fish and
plant production, depending on the products
(König et al., 2018; Reinhardt et al., 2019). The Plan-
ning Act applies to the preparation of a land plot for
utilization based on land use and development plans
(§1 Building Law). Planning permissions for aquapo-
nic facilities depend on the nature and location of
the farm (Cammies et al., 2021). However, aquaponic
facilities are regarded as ‘too agricultural’ for urban
areas for considering them in the German Planning
Acts (König et al., 2018; Reinhardt et al., 2019) or
the federal state planning of Berlin (Specht et al.,
2015). Relevant EU policies for aquaponics include
the EU Animal Welfare Strategy, Food and Nutrition
Policy and Environmental Policy.

Surprisingly, the Common Agricultural Policy
(CAP) was mentioned in the interviews as relevant
legislation for urban CEFPS, while the publications
in the literature review came to a different con-
clusion. Although targets are set in the CAP and
Common Fisheries Policy (CFP) to improve the sus-
tainability and competitiveness of aquaculture and
agriculture (Massot, 2020), there are no initiatives
to include novel forms of food production into agri-
cultural policy (Curry et al., 2014; McEldowney,
2017). Notably, market orders at European level
cover agricultural products, independently of their
origin. However, not all products are covered by
market orders. The income support of the CAP is
confined to agricultural producers. Aquaponics and
similar systems are not considered as ‘agricultural’
and can therefore not receive payments reserved
for ‘farmers’. At the same time, due to their
locations, urban CEFPS are excluded from most of
the rural development programmes of the second
pillar (COST Action, 2013; Curry et al., 2014).

Aquaponic as a newly emerging field must
compete with already established horticultural prac-
tices, infrastructure and support (Cammies et al.,
2021). The CAP and the CFP both affect aquaponic
facilities (Cammies et al., 2021; Hoevenaars et al.,
2018). However, there are no specific regulations pro-
vided for aquaponic within the CFP (COST Action,

2013; Curry et al., 2014; McEldowney, 2017; Milicic
et al., 2017). The CAP is responsible for regulating
the hydroponic part of an aquaponic facility. Here,
fewer regulations are relevant compared to aquacul-
ture. Main regulations for hydroponic production
involve planning permission and food safety
(Cammies et al., 2021). Furthermore, EU fishery
funds are primarily distributed to maritime and tra-
ditional freshwater aquaculture rather than to aqua-
ponics (König et al., 2018).

A further problem is the labelling of products
from urban CEFPS. The fish and plant products
from e.g. aquaponic systems cannot be certified
with the ecolabel of the EU because the organic cer-
tification for plant production prescribes that nour-
ishing of plants shall occur primarily through the
soil ecosystem. As a consequence, hydroponic culti-
vation does not qualify for organic certification. Even
though fish waste is used as a natural fertilizer
within an aquaponic system, EU organic certification
does not permit its utilization (Cammies et al., 2021;
Fruscella et al., 2021; Kledal et al., 2019; Milicic et al.,
2017; Reinhardt et al., 2019). Furthermore, the fish
products within an aquaponic system cannot be
considered for organic certification because the
use of Recirculating Aquaculture Systems (RAS) is
prohibited. In contrast, the Aquaculture Stewardship
Council (ASC) allows the use of recirculating systems
of farmed fish (Cammies et al., 2021; Fruscella et al.,
2021). While the EU assists mainly research projects
to develop aquaponics, financial measures for sup-
porting the sector in commercial development are
lacking (Hoevenaars et al., 2018).

According to the literature analysis, the legal fra-
mework for insect production has progressed in
recent years. Since January 2015, whole insects and
their parts are explicitly mentioned in the EU regu-
lation (No. 2015/2283) on novel food (Lähteenmäki-
Uutela et al., 2018; Reinhardt et al., 2019; Sidali
et al., 2018; van der Weele et al., 2019). Moreover,
the use of insects and insect protein as fish feed
has been legalized in the Food and Feed Code
(Lähteenmäki-Uutela et al., 2018; Reinhardt et al.,
2019), conditional on a safety assessment authorized
by the European Food Safety Authority (EFSA)
(Lähteenmäki-Uutela et al., 2021). Noticeable, author-
ization is restricted to seven insect species, including
black soldier fly (Lähteenmäki-Uutela et al., 2018).
The specific hygiene rules for insect foods are stipu-
lated in the Regulation (EC) No. 853/2004 (Lähteen-
mäki-Uutela et al., 2021).
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From the case study to the UFoPrInS
concept

Relevance of the UFoPrInS concept

The development and implementation of an inno-
vation requires not only technical changes but also
changes in social dimensions such as user practices,
regulations, processes, organizations, networks,
actors’ behaviour or their relationship to each other
(Cooke et al., 1997; Geels, 2002; Klerkx et al., 2010).
It is never certain whether novel innovations such as
CEFPS in urban settings will be accepted, what adap-
tations they will require and how they will be
embedded into the institutional environment. The
innovation system concept is useful to analyse the
interplay of actors, institutions, relationships and
structures during an innovation process (Dielemann,
2019; Edquist, 1997; Markatou & Alexandrou, 2015;
Putra & van der Knaap, 2018). We have suggested to
introduce the concept ‘urban food production inno-
vation system’ (UFoPrInS) to understand the specific
challenges of CEFPS innovations in urban contexts.

Figure 2 represents the findings for the CUBES
Circle innovation system for the different innovation
stages. To start with, this innovation aims to establish
a high-tech food production system. Strongly
advanced by the creation of new knowledge and
driven by research institutes, it can be regarded as a
radical innovation due to its scientific basis, the
complex innovation process and the intended new
way of producing food (van Winden et al., 2014). If
successful, the CUBES Circle system would constitute
a CEFPS that does not qualify as an agricultural
system as for example defined in CAP regulations.
The case therefore differs significantly from the agri-
cultural innovations typically discussed in the AIS
literature.

At the same time, the case does not fit the typical
characteristics of an urban innovation system as dis-
cussed in the UIS literature. The key actors during the
conceptualization anddevelopment stage are research-
ers and knowledge institutes with selected private and
value chain actors, connected through mostly informal
networks. Relationships with urban society and
economy are negligible in the conceptualization stage
and limited in the development stage (see Figure 2).
However, eventual implementation at urban locations
is an essential part of the innovation concept and its
value proposition. During the prospective implemen-
tation stage, the innovation system would therefore

need to develop intensive relations with urban society
for acceptance and support and with the urban
economy for commercial success. Furthermore, the
implementation concept requires adaptation of the
innovation to the specific institutional framework at
the urban location, which implies specific challenges
due to regulations that aim to manage interactions
between production activities and other uses and
users of the city under conditions of high spatial
density. In this regard, CUBES Circle differs from food
production innovations aimed at no specific or at
rural locations, making the ‘urban’ component of the
UFoPrInS concept an essential and distinctive feature
of this case.

Given its technological focus, CUBES Circle could
be considered as a case of a TIS. However, establishing
a typically rural activity at urban locations is essential
to the value proposition. Such an explicitly spatial
component is not included in the TIS concept, even
less so as the defining characteristic of innovation.
The case study also shows that the intended urban
location creates specific implementation challenges
which are likely to shape the development of the
innovation in response to issues of trust and accep-
tance among a heterogenous urban population,
city-specific institutional and regulatory requirements
and an urban/rural divide in the funding environment.
The UFoPrInS concept emphasizes a thorough analy-
sis of these particularities.

Challenges faced by UFoPrInS

Since the characteristics of the CUBES Circle case
support the relevance of the UFoPrInS concept, we
now discuss which specific challenges for UFoPrInS
can be derived from the case study.

The success of innovation generally requires that
all involved actors share a common vision. Missing
or wrong interaction could hinder a successful
implementation. Innovation systems fail if structural
components are weak (Bergek et al., 2008). Structural
failures can occur in infrastructure (related to actors),
interaction (related to networks), capabilities of the
actors, or institutions (Klein Woolthuis et al., 2005).
We discuss these four dimensions in turn.

First, CEFPS at urban locations can benefit from
available infrastructures. In the case study, the avail-
ability of an advanced research infrastructure was
decisive for the location of most development stage
activities in the metropolitan area of Berlin. More
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generally, available infrastructures are likely a factor in
attracting food innovations to urban areas. Due to the
relatively high costs of space and the lack of open eco-
logical systems in cities that would be suitable for
food production, urban food production innovations
are likely to entail CEFPS, which in turn require a soph-
isticated and reliable infrastructure.

Second, urban locations might facilitate network
interactions that are necessary for CEFPS innovations.
In the case study, the number and variety of involved
actors increased from the conceptualization to the
development and the implementation stage (see
Figure 2). Our results show that actors connect and
disconnect with new people or resources and ideas
over time in a continuous process of interactions
and changes (van der Gaast et al., 2022). Notably,
network interactions in the case study were not
limited to one location. The development of a real-
time data exchange infrastructure across remote
locations was a key element of the innovation. This
suggests to conceptualize the urbanity dimension of

the UFoPrInS not merely in physical terms but with
reference to discussions about cities as nodes in net-
works (Sassen, 2013). In general, CEFPS innovations
will move to urban locations if they can benefit from
location-specific advantages generally ascribed to
UIS, thereby creating a UFoPrInS. This might entail
access to networks of developers, to markets, or to
other elements of an innovation ecosystem as well
as greater collaboration between entrepreneurs,
policy actors and knowledge institutes, as these will
foster the development and implementation of sus-
tainable food innovations through policy support
(van der Gaast et al., 2022). Due to the internet, it is
now easier to create more decentralized and smaller
forms of cooperation and networks that reduce
dependency on larger organizations and allow entre-
preneurs to acquire essential knowledge (Knickel
et al., 2017).

Third, capabilities of the actors are activated
through the exchange of resources. In the case
study, knowledge was the most important resource

Figure 2. The urban food production innovation system during the different innovation stages.
Source: Authors’ visualization, 2022.
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during the conceptualization and development
stages. It was mostly exchanged through informal
relationships, facilitated by trust built through pre-
vious projects and long-standing relations. The
implementation stage was expected to require a
broader range of resources. This is likely true for
CEFPS more generally. To the degree that necessary
resources can be more easily leveraged in urban con-
texts, where more heterogenous populations and
organizations are in close proximity than in rural
areas, more UFoPrInS are likely to emerge. However,
availability of space and natural resources are limiting
factors.

Fourth, CEFPS generally face a complex, partially
contradictory institutional environment. The case
study points to specific institutional challenges for
UFoPrInS that can lead to structural failure. A
common regulatory framework or permission pro-
cedure for CEFPS does not exist (Joly et al., 2015;
Milicic et al., 2017; Reinhardt et al., 2019). Aquaponics,
plant and insect production are covered by different
regulations. Their combination in order to close
material cycles therefore increases both technological
and institutional complexity. Regulatory complexity
can be further exacerbated at urban locations where
legal exemptions for agricultural holdings in planning
law and other legislation are unlikely to apply.
However, the growing demand for local, sustainable
and healthy food and the potential of urban CEFPS
to contribute to meeting these demands requires a
change of land use and planning policy that increas-
ingly consider novel types of food production
(Knight & Riggs, 2010). In the EU, urban CEFPS have
no access to funding under the CAP since they are
not considered as ‘agriculture’ and fall outside the
spatial scope of rural development funding (Joly
et al., 2015; Reinhardt et al., 2019). UFoPrInS therefore
depend on other funding instruments, in particular
from R&D programmes and venture capital, and
must make up the lack of state support in comparison
to CAP-supported competitors.

Finally, acceptance of CEFPS in urban locations
depends on informal institutions such as values, pre-
ferences and trust. The case study indicates that
these can become inhibiting factors since food pro-
duction in urban locations and in controlled environ-
ments challenges prevailing conceptions of urban
and rural space, naturalness and sustainability. An
important task for UFoPrInS is therefore the pro-
motion of food production within urban settings
and their various benefits (e.g. healthy food, job

provision) (Knight & Riggs, 2010), the early involve-
ment of relevant stakeholder groups (e.g. consumers
or actors in urban settings) and the anticipation of
their preferences, values and needs through public
debates or surveys during the development process.
Trust-building is essential (de Vries et al., 2019), with
measures to enhance visibility and transparency, e.g.
branding and development of a labelling system
(Reinhardt et al., 2019). As the case study indicates,
while many of the formal and informal institutions
become relevant at the implementation stage, they
already need to be considered during the develop-
ment stage of a UFoPrInS.

Conclusions

Resource-efficient and sustainable food production
systems are needed in order to provide sufficient and
high-quality food products to a growing urban popu-
lation. CEFPS in urban locations are widely discussed
as an option to enhance local food production in a resi-
lient and sustainable way. However, such solutions
require technical, organizational and social innovations.
This study therefore aimed to contribute to the under-
standing of innovation systems for controlled-environ-
ment food production in urban areas. Adopting an
innovation system perspective, we developed the UFo-
PrInS concept to emphasize the specific characteristics
and challenges of CEFPS innovations in urban settings.
We suggest that the UFoPrInS concept can also be
applied to other types of high-tech food production
systems that could be implemented in urban areas.
Further research is needed to determine whether this
concept could also be usefully applied to low-tech
food production systems such as urban agriculture or
gardening projects or extending to peri-urban areas
as possible locations for CEFPS.

To study the usefulness of the UFoPrInS concept,
we used the CUBES Circle innovation as an exemplary
case study, deploying a combination of literature and
document analysis and semi-structured expert inter-
views. We analysed the elements involved in this
innovation process, their mutual relationships and
their interactions with the social and institutional
environment during three different innovation
stages – conceptualization, development and
implementation. The analysis showed that the
CUBES Circle innovation has several specific character-
istics that distinguish it from the innovations usually
discussed in the AIS, UIS and TIS literatures, justifying
the UFoPrInS concept.
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Based on the case study, we conclude that UFo-
PrInS have complex and dynamic characteristics. We
can derive several expectations for future case
studies: First, the number and variety of involved
actors increases and mutual relationships are becom-
ing more complex over time. Second, while the con-
ceptual and development stages are dominated by
research institutes, private sector and value chain
actors are becoming dominant in the implementation
stage. Third, knowledge is a crucial resource in all
innovation stages and mostly exchanged through
informal relations of trust.

On this basis, we were able to identify specific chal-
lenges to UFoPrInS in the areas of infrastructure, inter-
actions and networks, capabilities and resource
exchange, and formal and informal institutions.
Formal and informal institutions were identified as
major barriers to innovation. Support for new types
of food production systems, in particular CEFPS,
would require a comprehensive regulatory framework
that considers in an integrated approach the specifics
of (1) the highly-intensive production processes, (2)
the diverse types of products and (3) the urban
location. Furthermore, innovations must be aligned
with values, perceptions and preferences of the
broader public, making measures to enhance trans-
parency and trust-building essential elements of the
innovation process.

The challenges according to the infrastructure,
interactions and networks, capabilities and resource
exchange, and formal and informal institutions of
the UFoPrInS could guide future research. Areas of
particular interest are how infrastructures, networks,
capabilities and resources might attract food inno-
vations to urban contexts; perceptions and accep-
tance of CEFPS in urban contexts among
neighbours, residents, key actors in business, policy
and administration, and urban publics; and the role
of implementation of CEFPS at urban locations for
their value proposition. Further research is also
needed to better understand the processes and
dynamics through which UFoPrInS fulfil the functions
needed for a successful innovation process as ident-
ified in TIS analyses. Application of the UFoPrInS
concept to more cases would help to address the
main limitations of this study: its reliance on one
case study and the affiliation of the authors with the
consortium under study (which at the same time
enabled access). Whether peri-urban areas are more
suitable locations for CEFPS than urban areas due to
more available land, less restrictive regulations or

other support programmes requires further analysis
of the innovation system. However, the ambition of
this paper was as much conceptual as empirical: to
contribute to a better understanding of the precondi-
tions for the establishment of CEFPS in urban areas
and thereby to facilitate better solutions for resilient
urban food systems.
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