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Abstract. A circular city builds upon the principles of cir-
cular economy, which key concepts of reduce, reuse, recy-
cle, and recover lead to a coupling of resources: products
and by-products of one production process become the in-
put of another one, often in local vicinity. However, sources,
types and available quantities of underutilised resources in
cities are currently not well documented. Therefore, there is
a missing link in the information flow of the circular city
between potential users and site-specific data. To close this
gap, this study introduces the concept of a site resource in-
ventory in conjunction with a new information model that
can manage the data needed for advancing the circular city.
A core taxonomy of terms is established as the foundation
for the information model: the circular economy is defined
as a network of circular economy entities which are regarded
as black boxes and connected by their material and energy
inputs and outputs. This study proposes a site resource in-
ventory, which is a collection of infrastructural and building-
specific parameters that assess the suitability of urban sites
for a specific circular economy entity. An information model
is developed to manage the data that allows the entities to ef-
fectively organise the allocation and use of resources within
the circular city and its material and energy flows. The appli-
cation of this information model was demonstrated by com-
paring the demand and availability of required alternative re-
sources (e.g. greywater) at a hypothetical site comprising a
commercial aquaponic facility (synergistic coupling of fish

and vegetables production) and a residential building. For the
implementation of the information model a proposal is made
which uses the publicly available geodata infrastructure of
OpenStreetMap and adopts its tag system to operationalise
the integration of circular economy data by introducing new
tags. A site resource inventory has the potential to bring to-
gether information needs and it is thus intended to support
companies when making their business location decisions or
to support local authorities in the planning process.

1 Introduction

The UN has set out Sustainable Development Goals (SDG)
to achieve a better and more sustainable future for all. In an
urban context, SDG11 (Sustainable Cities and Communities)
and SDG12 (Responsible Consumption and Production) are
of paramount importance when considering current problems
such as climate change, population growth, and urbanisation,
as well as the over-exploitation and pollution of natural re-
sources (UN, 2019). The European Commission has adopted
a new Circular Economy Action Plan – one of the main ele-
ments of the European Green Deal, Europe’s new agenda for
sustainable growth. The new Action Plan announces initia-
tives along the entire life cycle of products, targeting for ex-
ample their design, promoting circular economy processes,
fostering sustainable consumption, and aiming to ensure that
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the resources used are kept in the EU economy for as long as
possible (EC, 2020).

The concept of the Circular Economy (CE) has been de-
fined as an economic system which operates at the mi-
cro (products, companies, consumers), meso (eco-industrial
parks) and macro (city, region, nation and beyond) levels
with the aim to accomplish sustainable development, thus
simultaneously creating environmental quality, economic
prosperity and social equity, to the benefit of current and fu-
ture generations (Kirchherr et al., 2017). CE leads to a sus-
tainable value creation through its integral technological ele-
ments and its associated characteristics (Jawahir and Bradley,
2016). However, others have highlighted the limitation and
challenges of the CE concept with respect to environmen-
tal sustainability, including the critical definition of CE sys-
tem boundaries and the challenges of managing CE material
and energy flows between different organisations and sectors
(Korhonen et al., 2018). It seems that some of these limi-
tations can be overcome by an improved information flow
within the CE, providing in particular better knowledge of
the type, quantity, and spatial distribution of CE resources.

The circular city (CC) generally applies the concept, prin-
ciples and functions of CE and is thereby enabled by dig-
ital technology and foundationally designed as a regenera-
tive and even restorative urban living system (Sukhdev et al.,
2019). The CC aims to eliminate the concept of waste and
keep assets at their highest utility at all times (Katsou et al.,
2020). Its key 3R concept comprises reduce, reuse, and re-
cycle (Langergraber et al., 2020) and can be extended to a
6R concept by recover, redesign and re-manufacture (Jawahir
and Bradley, 2016). The CC leads to a coupling of resources:
products and by-products of one process become the produc-
tive input of another (King et al., 2015). The 3R philosophy
was underlined as an essential part of one core operational
principle: closing the system, being crucial to accomplish the
goals of CE (Suárez-Eiroa et al., 2019). In the following, the
abbreviation CE is used in wider contexts of circular econ-
omy, while CC is used in reference to specific urban applica-
tions.

The actual integration of CE principles in cities and the
scaling-up of networks of circular, interconnected companies
within the CC, whether by connecting (retrofitting) existing
companies or by establishing new operations, is challenging
and requires new tools for future planning. This study de-
scribes the basics of one such tool: a new information model
that could provide and manage important datasets needed for
advancing the circular city.

Food production is the greatest burden on the Earth’s
ecosystems (Willett et al., 2019; Albrecht et al., 2018); how-
ever, within the CC, the food production sector has the poten-
tial to operate sustainably if resource-efficient technologies
are used (Proksch, 2016; Buehler and Junge, 2016; Lohrberg
et al., 2015; Blay-Palmer and Donald, 2006). Aquaponics,
the coupled production of fish and vegetables, is one such

food production technology (Kloas et al., 2015; Palm et
al., 2018).

The present study introduces a methodology to improve
the information flow in the CC and pursues three objec-
tives: (1) To define a core taxonomy of CE terms as the
basis for a CE information model. (2) To develop this in-
formation model for comparing demand and availability of
required resources at a given site with aquaponics as a hypo-
thetical example. And (3) to propose an implementation of
the information model by the introduction of new tags into
the OpenStreetMap public spatial data infrastructure.

Thus, this study shows how the proposed information
model could help to embed an enterprise like aquaponics
more successfully within the CC.

2 Infrastructural Frameworks

For the purpose of this study, the authors refer to con-
ventional technical infrastructure as standard infrastructure.
Standard infrastructure consists of utility grids for the supply
of water, electricity, gas, or heat and the disposal of sewage
and waste. The planning of such infrastructure is geared to-
ward the requirements of the consumers (households, en-
terprises, institutions, etc.). In general, these are forecasted
needs, which are determined on the basis of indicators such
as population numbers, commercial development, and city
structure. One important feature of these urban utilities is
the standardisation of services. Where available, the stan-
dard infrastructure (water, electricity, or heat) is usually of
consistent quality and has, if adequately dimensioned, a rel-
atively small impact on the selection of a new business lo-
cation (Howard, 2001) at least in most cities of the Global
North (Coutard and Rutherford, 2016). However, the situa-
tion is different in the circular economy which attempts to
utilise alternative resources such as storm water, greywater,
excess heat and organic waste.

The sources, types and available quantities of these un-
derutilised resources in cities are still widely unclear, they
are currently not well-documented and there are no specific
software applications for this purpose. Therefore, it is diffi-
cult for planners and CE actors to take advantage of these
resources or strategically search for business locations and
where they are available. The information model developed
in this study (cf. Fig. 2), attempts to close the information
gap between potential users and underutilised resources. It is
a new approach and the necessary data has to be collected,
managed, and distributed; but solving this problem might
contribute to better resolution of the information flow – a
key challenge in realising the CC. This becomes more im-
portant when Smart City concepts – which rely heavily on
the availability of data – are to be integrated into the CC.
The definition of the CC system boundaries must be done for
each CC on the basis of its specific conditions; however a
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Table 1. Hypothetical Circular Economy Entities.

Location
Entity name Entity type (point)

Biogas Coop Biogas plant lat/lon∗

Fine Fish & Veggies Aquaponics lat/lon
Skyscraper 7 Residential buildings lat/lon
South Porcelain Manufactory lat/lon

∗ Position: latitude/longitude.

good approximation is the administrative border because the
administrative responsibilities remain the same.

3 Circular Economy Entities

For the purpose of this study, circular economy is defined
as a network of elements which can be seen as black boxes.
These elements have a specific location and are connected
by their resource inputs and outputs. The authors call each of
these elements (or black boxes) a CE entity. The by-products
of CE entities (often considered waste) are used as the inputs
of other CE entities. These entities can be different in nature
and could be grouped into types by their specific activities,
e.g. aquaponics, brewery, etc.

While detailed economic considerations of the CE are not
taken into account in this study, the assumption is that CE en-
tities benefit economically from using previously unused re-
sources and create a positive environmental impact. Some
examples of CE entities which might use or provide under-
utilised resources are shown in Table 1: a residential building
equipped with dual piping capable of supplying greywater
separately, a manufactory which releases excess heat, an en-
tity which accepts organic waste as input (biogas plants), and
an aquaponic facility (Million et al., 2018; King et al., 2015).

Through an interconnected network of CE entities, the CC
can increase the number of available alternative resources,
bringing resources that were previously not available within
the city’s system boundaries into the CC. This increases the
CC’s resilience due to decreased dependencies on resources
from outside its system boundaries. On the other hand, the in-
creased number of direct provider (output) to consumer (in-
put) resource relationships in closed loops create increased
mutual dependencies which can lead to greater vulnerability
of the CC. In order to foster resilience in the CC, an adequate
number and proportion of CE entities must be identified and
incorporated.

4 Aquaponics as a CE entity

Aquaponics is the coupled production of fish and vegetables
(Goddek et al., 2019). This resource efficient and sustainable
food production technology is well suited to use CC’s re-

Figure 1. Black boxes: two use cases with (a) one respectively
(b) four CE entities.

sources within urban and peri-urban agriculture (UPA) (Skar
et al., 2019; Proksch and Baganz, 2020; Goddek and Körner,
2019; Keesman et al., 2019). This technology has inherent
circular elements, as the fish effluent is used as an input (fer-
tiliser) for the plant production unit. Regardless, this study
focuses on the performance of the operation within a CE net-
work in which each facility (CE entity) is a black box. If the
elements of an aquaponics operation are split into separate
units such as a recirculating aquaculture system (RAS), a hy-
droponic greenhouse, or vertical greening apparatus, all of
these components would be considered discrete black boxes
themselves, potentially with different owners or operators
(cf. Fig. 1).

Although it is possible to abstract internal mechanisms
as separate black boxes within a CE entity, this is precisely
not the case with respect to spatial prerequisites; here, not
only spatial parameters, but also socio-economic parameters
must be taken into consideration. Surface area and spatial
building-specific parameters (e.g. unused space, rooftop con-
figuration) are resources, but they are not part of the material
flow and are therefore not considered here at first. Due to the
competition of different usages for the limited space avail-
able in cities, professional urban aquaponics is compelled
to be lean and locally adapted business strategies are help-
ful to increase the profitability of such facilities (Baganz et
al., 2020). In most locations, aquaponic operations require
an enclosure, in the form of either a greenhouse or an indoor
grow space with electrical lighting, in order to be run year-
round as controlled environment agriculture (CEA). In cities,
greenhouses can be installed on rooftops, as long as the host
building can provide enough structural capacity and indoor
growing facilities can be located within existing warehouses
(Proksch et al., 2019).
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Figure 2. Core CE information model, arrow direction indicates
access to model elements.

Models of aquaponic operations (Goddek and Körner,
2019; Karimanzira et al., 2016) and their accompanying con-
trol mechanisms (Reyes Lastiri et al., 2018; Witzel et al.,
2019) can be used (1) to parameterise a facility, (2) to de-
termine productivity, resource use (input) and, waste gen-
eration (output), and (3) to best fit a facility into the urban
context of a CC for future planning. A CE entity such as an
aquaponics facility regarded as a black box within the infor-
mation model is characterised by its demand or provision of
resources. Each resource or by-product of such a black box
has certain key properties such as reliability (constant or in-
termittent supply), quality (level of treatment or processing
required), and an interface direction (Fig. 2): input (required)
or output (provided). Whereas the flow of every resource in-
terface is unidirectional, each CE entity may own multiple
interfaces, thus enabling bidirectional resource flows or feed-
back loops.

The resources are typified at the standard infrastructure
level (e.g. thermal energy) and given a subtype (e.g. excess
heat). Table 2 shows examples of records for an aquaponics
operation considered as a CE entity. The types of all CE re-
sources available in a given CC result in a resource catalogue,
which is needed to classify and describe the resource flows
within the CC in a structured way.

Some example records of a resource catalogue are dis-
played for aquaponics as a CE entity in Table 2. The
aquaponic products fish and vegetables are not considered
CE resources even if they are part of the urban metabolism
since they only become resources after conversion (blackwa-
ter, food waste). However, whether resources are considered
part of the CC system is subject to change. Inputs (cf. Fig. 1)
are brought into the CC system by the usage of CE resources,
whereas unused outputs represent the potential of the CC. For
example, fish food is not listed in the catalogue because it is
coming from outside the CC system boundaries. If, for exam-
ple, there would be a producer of sustainable fish food within
the CC, the fish food would be considered a CC resource and
input of the aquaponic facility; and the biomass by-products
output of the aquaponic facility could be directed as input to
the fish food producer as well, forming another closed, cir-
cular loop.

5 Site Resource Inventory

Considering the spatial distribution of CE resources in a city,
there are spatial zones of interest, such as: (1) resource clus-
ters, either emergent or planned, (2) specially designated ar-
eas or CE business zones, and (3) areas that are in focus for
other reasons. These zones are referred to here as sites of a
certain type, e.g. “urban area” and their characteristics are
micro location factors within the CC. The spatial demarca-
tion of such a site is flexible, depending on the respective
requirements and all CE entities within the site make up the
site occupancy (cf. Fig. 2).

For an investor or operator planning a new CE entity, it
is crucial to link this operation with urban resources. Starting
with the requirements of this planned CE entity with a known
configuration at a given location, comprehensive information
is needed on (1) the available infrastructure, (2) where other
usable CE entities are located, and (3) what types, quantities
and corresponding qualities of resources they might offer or
demand. CE entities often require a location close to other
suitable CE entities within the built environment to take ad-
vantage of synergies (greywater, fish waste water). However,
CE entities can also take advantage of standard infrastructure
to be connected over long distances to other CE resources
(photovoltaic, excess heat).

At this point, the need for information necessary to con-
nect complementary CE entities in the CC becomes obvious.
This study proposes a site resource inventory, a collection of
infrastructural and building-specific parameters to assess the
suitability of potential urban sites for a CE entity. The follow-
ing assumptions were made for a given site: (1) if possible,
all CE entities and their resources are known, and (2) remote
CE-sources are added via the standard infrastructure (utility
grid). Different data sources must be used to reveal the urban
resources available at a given site, as the effectiveness of the
site resource inventory system depends on them. A hypothet-
ical urban area “New Block” may serve as an instance, con-
sisting of a commercial aquaponic facility which produces
21.5 t a−1 fish and 42 t a−1 tomatoes (Baganz et al., 2020) as
well as a 16 story residential building with around 380 resi-
dents (cf. Table 3). Environmental and economical boundary
conditions are neglected in this example. Some CE-resources
are used within the site area (greywater), while others are me-
diated via utility grids (power, district heating).

In Table 3 the hypothetical quantities of available re-
sources are given annually, and whether proximity is needed
for using a resource is indicated. This kind of site resource in-
ventory is intended to support companies when making their
business location decisions or to support local authorities in
the planning process.
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Table 2. Resource catalogue excerpt – example records for aquaponics as a CE entity.

Resource type Direction Grid Resource subtype Unit Reliabilty Comment Quality

Electricity IN Power grid Electricity MWh steady

Thermal Energy IN District heating Excess heat MWh steady

Water IN Greywater m3 steady Requirement: double pipe Treatment
system for house drainage required

Water IN Stormwater m3 not constant Useful: rainwater retention Treatment
required

Biomass OUT Plant leftovers t not constant Tomato plant leftovers

Biomass OUT Sludge t not constant

Electricity OUT Power grid CHP∗ electricity MWh steady

Sewage OUT Sewerage network Wastewater m3 steady Specific local
regulations

Thermal Energy OUT District heating CHP∗ heat MWh steady

∗ CHP combined heat and power unit.

Figure 3. Proposed names for OSM tags within the namespace “ce:”.

6 Core CE information model

The following terms have been defined: (1) CE-resource
catalogue – the total CE resources of a CC, distributed via
the municipal grids or in the vicinity (2) CE entity – a black
box with CE-resources as input and/or output, and (3) Site
resource inventory – inputs and outputs of all CE entities
at a given location. The terms and their definitions should be
discussed in order to achieve greatest possible clarity and to
avoid ill-conceived concepts. For example, (1) the term entity
was preferred to the terms component or unit as it is based
on the Entity-Relationship-Model (Chen, 1976) in which it
represents an abstract or physical object of the real world.
(2) The term site was used instead of the terms location or

area because of its proximity to the term building site, even
if site is moved in the direction of virtual reality by the usage
in the term website. (3) As the information model concerns
the CE, the term CE entity was preferred to CC entity (even if
all CE entities of a use case are within the system boundaries
of the respective CC).

As a result of these considerations, a core CE informa-
tion model is proposed, using a newly developed taxonomy
(cf. Fig. 2). First, the type of site (cf. Table 3), entity (cf. Ta-
ble 1) and resource (cf. Table 2) are described, which are then
used in the corresponding CE information elements. The ar-
rows in Fig. 2 do not indicate resource flows but access rela-
tions between model elements as e.g. in the Unified Model-
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ing Language (UML) class diagram. CE sites and CE entities
have a standardised information profile in this draft model,
whereas the diverse CE resource characteristics which de-
pend on the entity type may be described by extended re-
source specifications (cf. Fig. 2).

The resource usage model element then describes how the
individual resources are used by the entities, whether they
are input or output and whether the standard infrastructure is
used. The occupancy of a site with CE entities (cf. Sect. 4)
as basis of the site resource inventory can be determined by
a simple GIS function.

The site resource inventory can be the basis for a site pro-
file by automatically including additional data such as dis-
tances to resource access or other dossiers of similar infor-
mation.

7 Proposal: Implementation

One potential data source for a site resource inventory is the
geodata infrastructure maintained by municipalities, e.g. the
Berlin Geodata Portal. Berlin pursues an open data policy;
its Geodata Portal covers a wide range of data from differ-
ent areas and is complemented by additional, topic specific
portals such as the Berlin Energy Portal. The information
is collected and published centrally, which has some limita-
tions: the databases have a rather fixed information structure,
a low update rate, and no possibility for error correction by
the users.

User generated content (UGC) or more specifically, vol-
unteered geographic information (VGI) is another way to
access and distribute CE information, because geographi-
cal data are of importance here. A well-known platform that
can be used for many different purposes is OpenStreetMap
(OSM). Anyone who registers with the platform can add
and change content. Maps created by OSM are “Open Data”
available under the Open Data Commons Open Database
License (ODbL) through the OpenStreetMap Foundation
(OSMF). OSM relies heavily on tags which describe specific
features of map elements. The tags are key-value pairs which
can be extended by namespaces to group closely related keys.

The standard tags of OSM are of little use for in-
formation processing in the CE, so an ongoing “Circu-
larEconomy” project (https://wiki.openstreetmap.org/wiki/
WikiProject_CircularEconomy, last access: 1 June 2020) on
OSM is improving semantic granularity by introducing spe-
cific CE-tags. This CE-project focuses on points of interest
(POI) for community circular economy and Table 4 shows
an excerpt of its detailed documentation.

The OSM platform represents a publicly available GIS
infrastructure which could support businesses in deciding
where to locate new CE entities. Though, since the “Cir-
cularEconomy” project is about locations relevant for con-
sumers, it does not have the means to describe material and
energy flows and therefore its tags are not sufficient to sup-
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Table 4. Some tags of the consumer OpenStreetMap project “CircularEconomy” (https://wiki.openstreetmap.org/wiki/WikiProject_
CircularEconomy#Existing_tags, last access: 1 June 2020) (examples translated from French).

Tag Description Example

repair=assisted_
self_service

mandatory

It’s a workshop

amenity=
workshop

mandatory

workshop most of the case.
Repair Café if the organizers
sign relative commitment

service_
times=*

mandatory Sa[3] 09:00–12:00; Aug Off

Hours of the workshop Mo[1,3] Jan, Mar 09:00–12:00
Th[-1] 09:00–12:30

name=* mandatory Repair computer café
name of the workshop

operator=* optional Association Repair Café du
Pays d’Ancenis

the charity/organization
running the workshop

description=* mandatory If you have a used electrical
appliance, come repair it with

Description

port the siting of new CE entities within the CC. To make the
platform an effective tool for professional CE planning pur-
poses, the range of tags describing CE entities and their re-
source flows for the purposes of CC siting must be expanded.
This study therefore proposes to introduce OSM-tags for pro-
fessional CE applications.

The root namespace of these new tags could be “ce:”, as it
is not yet used in OSM. In Fig. 3 tags for the items ce:entity
and ce:site are listed, following the OSM naming conven-
tions (https://wiki.openstreetmap.org/wiki/Tags, last access:
1 June 2020). The values are taken from the aquaponics
example and include, among others (ce:entity:name=) Fine
Fish & Veggies needs (ce:resource01:subtype=) greywater
as input, but these tags and corresponding values could also
represent any other CE entity. Each CE entity would have
a set of tags. A software solution could ensure that these
tags are used correctly with respect to syntax and hierar-
chy, e.g. the tag “ce:site” should not be used as a property
of “ce:entity” since this is determined by the spatial relation-
ship of site and entity.

CE is about the coupling of resource inputs and outputs,
and these resource loops must sometimes be reorganised due
to both slow and rapid changes, such as in the event of failure
of a CE entity. The OSM is a publicly accessible informa-
tion platform that enables quickly editing and updating data,

which is important in order to be responsive to changing con-
ditions.

It would further strengthen the unity principle, i.e. the user
interface and the tag naming conventions would be the same
for all use cases, whereas local geodata software portals dif-
fer greatly in their user interfaces and operating philosophy.
However, the possibilities may be limited for data protection
or security reasons. But even then, the methodology could be
applied within a municipality and the information could be
released by the local authorities on request.

8 Conclusions

This study introduces an information model which systemat-
ically collects data to enable CE entities to effectively or-
ganise the allocation and use of resources within the CC.
The proposed method for the implementation of this model
uses the publicly available geodata infrastructure of Open-
StreetMap and its tagging system to operationalise the inte-
gration of CE data. A hypothetical urban aquaponic facility is
used to develop exemplary new OSM tags. These tags might
evolve into a CE tagging system: a new circular city geodata
management approach, which would support both the public
and private sector. Site resource inventories have the potential
to be the link between difficult to obtain on-site information
and the CE entities needing it.
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At this early stage in the development of the CC, the uni-
form treatment of data may not yet be compulsory. However,
with the envisaged extension of the CC (Langergraber et al.,
2020; Daigger et al., 2016; Gravagnuolo et al., 2019), the
possible upscaling of urban and peri-urban agriculture, the
increased use of nature-based solutions (NBS) (Krauze and
Wagner, 2019), and other elements of the CC, the number
of resource interdependencies will increase to such an ex-
tent that an appropriate methodology is needed to keep track
of them.

The availability and standardisation of this data would also
reduce the vulnerability of the CC to disruptions; in the case
of a CE entity failure, the information needed to find the most
effective replacement of specific resource demands and pro-
visions would be easily accessible. It remains to be seen to
what extent this site-specific CE approach is suitable to sim-
plify CC planning. This should be investigated in a further
study in which the developed information model is applied
in a case study with real data. One of the questions to be in-
vestigated is how the obtained information can be best used
for planning issues.

The CC is an excellent concept, however in order to re-
place standard infrastructures on a large scale with alterna-
tive and decentralised resources, appropriate measures must
be put in place to maintain secure supply chains and resilient
cities. The model proposed here, which serves information
exchange requirements, could be one of these measures. A
start has been made, the concept and its terms have to be dis-
cussed, and further research is needed to be able to bring this
idea as a safe application into practice.
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