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Abstract

Cities are a hotspot for resource consumption and related impacts. This is induced, among others, by transportation,
production and the use of products and services. Industrial production is commonly associated with negative
impacts, e.g. on the environment or traffic. Through positive integration of production sites into urban
surroundings, negative impacts can be eliminated, and even positive impacts achieved. To reach a higher degree
of integration of different utilizations in cities, resource-efficiency, new conceptual approaches are required for
urban factories, city authorities and further stakeholders. For this purpose, a methodology has been developed that
describes the planning processes of the involved disciplines and their interdependencies concerning content and
timing. Subsequently, an analysis of Urban Factories within a reference framework called the factory-city-system
and its key resources is carried out in an exemplary case study. Measures to enhance resource-efficiency are thus
identified, exemplarily described and examined regarding their potential to raise resource-efficiency.
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1. Introduction

Cities are the most vibrant and dynamic places in human civilization. Today, already the majority of the world’s
population is living in urban areas. This figure is prospected to reach more than 70 % until the year 2050 (United
Nations 2014). There seems to be no specific, single reason responsible for the peculiar attractiveness of cities, but
rather the mixture of different functional elements and their diversity coming together in close proximity to each
other. This density enables the generation of new products, new ways of value creation and fosters innovation
(Carlino et al. 2007; Jacobs 1969). The relationship between the factory and its city surroundings is defined by a
common spatial interface that can act as a barrier for interaction (Juraschek et al. 2016). This barrier is on the one
hand naturally overcome by logistics for supply, distribution and disposal. On the other hand it dampens the
impacts of other exchange flows related e.g to safety concerns or emissions. While the spatial layers of a city can
be analysed with structural models from the field of urban planning (e.g. Reicher 2014) and factories with their
spatial and functional structure are also well described in literature from an external and internal perspective (e.g.
Wiendahl et al. 2014), an integrated, holistic consideration of both systems is still seldom undertaken. However,
in the emerging field of urban production it is increasingly recognized (e.g. Lépple 2013; Verein Deutscher
Ingenieure 2015).

Empiric evidence shows that overcoming the spatial and functional separation can lead to efficiency gains and cost
saving for urban companies, for instance in the case of (urban) industrial symbiosis (van Berkel et al. 2009).
Interviews with companies producing in urban areas further suggest that there can be benefits for Urban Factories,
yet also challenges arising from their locations, depending on the characteristics of the production system and the
urban quarter surrounding them (Juraschek et al. 2018). In order to raise the potentials of urban production, the
spatial and functional separation involving multiple disciplines, such as production, spatial planning, energy supply
as well as transport and logistics, needs to be overcome. In the following, the discipline of logistics & transport
will serve as an example to explain the methodology of the proposed holistic planning and improvement process.

1.1. Interdisciplinary perspectives on Urban Factories

In order to identify and analyse the interdependencies of cities and their factories with the aim of finding suitable
measures for resource-efficiency, it is necessary to take an interdisciplinary approach. This initially requires the
identification of the relevant disciplines in context of Urban Factories, which can vary regarding specific
circumstances. Generally, they include the disciplines Production Engineering, Industrial Building &
Architecture, Logistics & Transport, Energy Design and Urban Planning.

The disciplines involved are responsible to create the framework and prosperous conditions for the production of
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Fig. 1: perspectives of involved disciplines

goods in urban space and at the same time to create and maintain cities and neighbourhoods worth living for the
urban society. However, these disciplines themselves operate under different conditions and with different
objectives, thus adopting different perspectives. Fig. 1 shows the relevant disciplines and illustrates their different
perspectives in terms of spatial and content focus. While Production Engineering and Industrial Building act
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locally and accordingly focus on economic aspects, Energy Design and Urban Planning mainly consider
administrative aspects focusing on regional or even national levels. Logistics & Transport occupies a mesoscopic
position. While the logistics company acts as a service provider for the factory and in its own interest, the
performed services, as for instance supply and disposal of materials from the production system, involves a more
or less complex supply chain or supply network comprising several other urban sub-systems.

In addition, for the involved disciplines a temporal offset in the planning can be determined. Fig. 2 shows the
different planning phases and activity levels of the individual disciplines. An in-depth analysis of the spatial,
temporal and content-related orientation and perspective of the planning and operations of Urban Factories is
presented in Kreuz et al. (2019).

Cycle
A
£=
=
-£=
z
o
=
o
el
P
¥
= o
= o
2 b
L
[ %]
® 3
[:T']
£ pu— .
= £5 N r\ ~
(== . = k= ko= s o e o e =
L = &E /' \.\ - I, \‘--—_-____,__-—.—.—.—-—.—._._
-3 = w2 4 Nyl # ~
o _.,' \ . )Iv
2 /
s 3 |/ \__
bl = S
o
o
E .
8 @ Urban Factory 2 .
+ time
design & planning production & operations
— Production Engineering
. ve Industrial Building
t.,: start of factory planning process ~  ==== 'E-"!""‘:‘I'"“m"
. - . ) - ) . . — +« =  EnergyDesign
ty: i.e. product change, production technigue innovation, increase in production volume etc. — e Urban Planning &

Development

Fig. 2: Planning activities of involved disciplines (Kreuz et al. 2019)

Against this background of different perspectives, interests and dependencies, it becomes apparent that a holistic
approach is required to enable an interdisciplinary examination of Urban Factories. Under the objective of
increasing resource efficiency, this approach must comprise a common set of resources which are embedded into
a reference framework for operationalization.

1.2. Establishing the factory-city-system

For the consideration of the various material and immaterial interactions between city and factory the resources of
Urban Factories and its surrounding city are fundamental. An Urban Factory can be understood only in its
functional and spatial connection with the surrounding city and the history of the location. As shown, an
interdisciplinary approach is indispensable for the integration of factories in the urban fabric as a positive urban
building block. Within this framework, eight key resources are considered as central fields of action. The definition
of these eight resources is based on the following terminology in the context of urban production.

e AnUrban Factory is defined by Juraschek et al. (2016) as a factory situated in an urban environment that
acts as a multifunctional settlement area with complementary uses for production entities in close
proximity. In general, two motivations can be identified for research on Urban Factories (Juraschek et al.
2018a): (i) reducing or eliminating negative impacts and (ii) enabling the potentials for cities and
factories.

e Aresource is a means to perform an action or to allow a process to proceed. A resource can be a
material or immaterial good. Any resource is tied to time and capital. (Juraschek et al. 2018b)

e The exchange relationship is, in general, defined as the relationship between the material or immaterial
transfer of resources and the effects resulting from the use of resources. In terms of resource-efficient
Urban Factories, exchange relationships have effects beyond the factory fence.



e All resources and exchange relationships take place within a reference framework, which encompasses
spatial and functional system boundaries and includes the time and capital framework for action. This
reference framework is called the factory-city-system.

e Efficiency describes the goal of achieving the greatest possible benefit with the least possible effort.
Resource efficiency means the utilization of resources in the sense that they have the greatest possible
benefit.

e The use of a resource is considered to be sustainable if the rate of use is not greater than the rate of
regeneration of a resource or the carrying capacity of the use in the providing system over time.

The systematic approach towards a holistic understanding of Urban Factories and the underlying methodology is
based on eight key resources shared by cities and their factories, described briefly below. All activities in the Urban
Factory system influence the shared resources positively or negatively. These resources therefore form the basis
to analyse factory-city-systems and are key to identify and implement suitable measures in order to establish
resource-efficiency. For an in-depth derivation and description of the resources of the factory-city-system refer to
Juraschek et al. (2018).

Energy is required for the execution of all operations and actions and thus represents a fundamental resource for
all processes. Energy can occur and be used in various forms and can also be converted from one form to another.
The efficient use of the resource Energy by Urban Factories aims at the lowest possible use of energy for desired,
energy-demanding activities, also with regard to the factory-city-system.

Materials includes all material, physically existing matter and things. These are in particular all material substances
that are present in the factory-city-system. For the production of physical products, materials are indispensable as
input. Due to concentration of consumption, output materials also accumulate in the factory-city-system. The
efficient use of the resource materials is subject to a two-fold objective. On the one hand, the specific material
requirement or input must be reduced while on the other hand, materials with the most resource-efficient extraction
possible or sources with the least possible impact should be used. Within the factory-city-system,circular concepts
and cascading use of materials between the individual system elements can support these goals.

In the factory-city-system, the Human being is understood as a resource, as long as theiractions are connected with
urban production. This includes, among other things, the workforce employed, the generation of innovation or the
consumption of the goods produced. In addition to this, the resource Human in the sense of neighbourhood,
acceptance, need for protection and well-being is also a significant factor for the ability to integrate production
into urban space. For further operationalization, the resource Human can be subdivided into different stakeholders
of the factory-city-system. In the context of Urban Factories, there are a large number of stakeholders who in
aggregation fall into the categories of city authorities, factory and other production businesses and residents resp.
the urban society.

On the one hand, the resource Space refers to the available ground surface that can be used in various ways. In
addition, this view includes the uppermost layer of the earth, which in its natural form fulfils multiple
environmental functions. On the other hand, the resource describes the availability of three-dimensional space for
objects and activities. In factory-city-systems, there are often conflicting objectives between the intended types of
use. The goal of the efficient use of the resource Space is the full exploitation of the potentials, for example through
multiple uses and a reasonable balance of interests.

Knowledge is an intangible resource and consists of linked information. It is an indispensable resource to carry out
a desired action or to execute processes. Knowledge is also decisive for the selection of potential action
alternatives. Knowledge is only stored in humans. As a resource in the context of the factory-city-system, the
purposeful use of knowledge allows solving problems and is a prerequisite for innovation.

The resource Justice enables the socially guaranteed enforcement of claims and allows activities to be carried out
within defined action frameworks. Justice consists of generally valid rules of conduct, and therefore is part of the
culture of a society. For the factory-city-system, through the implicit and explicit use of the resource Justice, the
possible framework of action for Urban Factories is defined.

Mobility enables the spatial transformation of material and immaterial objects through movement. Both, material
objects, such as people or goods, and immaterial objects, such as energy or information, require infrastructure to
be transported. In the factory-city-system there is a high, spatially concentrated demand for mobility. An efficient
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use of the resource mobility aims at the lowest possible effort for necessary spatial movement.

The resource Image describes the effects of entities and objects on human consciousness and the related
associations. Image is thus an immaterial, emotional resource and indirectly influences actions. In connection with
the shape of the entities and objects, Image creates the identity of e.g. products, buildings, companies or persons.
By influencing actions and effects, image is a usable resource in the factory-city-system.

2. Establishing resource-efficiency in factory-city-systems

The challenge remains to identify suitable measures and actions for specific Urban Factory cases. For this purpose,
the factory-city-system can be implemented as supporting tool based on the resources of the Urban Factory and
the three-level model. This allows support of a factory analysis and improvement of resource efficiency from a
holistic point of view. As illustrated in Fig. 3, the factory-city-system is shaped by its exchange relations.
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Fig. 3: Exchange relations of the factory-city-system

These exchange relations, which are based on the resources of the factory-city-system, are core to analyse factory-
city-systems and to apply measures to enhance resource-efficiency. In order to do so, a four-step approach is
proposed as illustrated in Fig. 4. For a more detailed description of the applied approach, refer to Bucherer et al.
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Fig. 4: Four-step analysis of Urban Factories

e Step 1: As-is analysis

Analysing a factory-city-system starts by examining the actual state of a factory and its surroundings. The
individual disciplines first compile information independently based on general or discipline-specific
methods and tools. This as-is analysis can be carried out on different system levels (e.g. workplace, building,
site, quarter or city). The aim is to identify the deficits and potentials within a specific factory-city-system
as well as the stakeholders, which are actively or passively involved in the development of the factory or
the city. Based on this, it is possible to identify potential offers (e.g. excess waste heat) and demands (e.g
heating) within the factory-city-system.

e Step 2: Evaluation of potentials
After analysing the existing potential offers and demands potential exchange relations between a factory
and the urban surroundings are examined. For this purpose, all identified potential relations are assessed
regarding their possible connection with any other relation. This requires a comprehensive, interdisciplinary
comparison of the results of the as-is analysis and identifies possible potentials for optimising the factories
or neighbourhoods. The individual connection of offers and demands sets the framework for possible
measures to enhance resource-efficiency.

e Step 3: Measures
Step 3 is a compilation of all potentially suitable measures for the identified exchange relations. In general,
measures are derived from literature reviews, best-practice analysis as well as surveys and expert interviews.
Relying on a filtering and rating algorithm of measures, a pre-structured collection of suitable methods and
measures can be generated. This also ensures an interdisciplinary evaluation of the factory-city-system,
enabling a more resource-efficient operation of Urban Factories and their urban surroundings.

e Step 4: Target state
Based on the possible measures identified for the specific case, this step identifies concrete practical options
for action for an improvement along the objectives of the key stakeholders. The measures can be
implemented according to various scenarios - short term if immediate action is required or long term as a
future scenario for the further development of the company or neighbourhood.

2.1. Identifying measures to enhance resource-efficiency in transport & logistics
For the measures of the discipline logistics & transport in urban areas different descriptive approaches are proposed

(e.g. Russo and Comi (2010); Mufiuzuri et al. (2005)). Based on Dahmen et al. (2017) the measures can be grouped
5



into the following categories:

regulative,

pricing,

infrastructural & urban planning,
technical innovation,

information & communication and,
organisational & operational measures.

Regulative measures change the operative framework conditions under which transport is carried out in urban
areas. These include, for example, the definition of exhaust gas limit values as well as the definition of loading
zones and access restrictions for certain vehicles.

Price policy measures change the financial framework conditions under which transport is carried out in urban
areas and therefore intervene in the pricing of the transport market. These measures either reward desired behaviour
or punish unwanted behaviour. Examples of such measures are (energy) taxes, congestion charging or (penalty)
charges.

Infrastructural & urban planning measures regulate land use and should provide an adapted or sufficient
(transport) infrastructure. Such measures thus directly influence the extent of infrastructural resources available
for transport. Infrastructural & urban planning measures have a direct stakeholder reference to the city authorities
or the municipality, which implements them as sovereign tasks. Examples are land use plans or the dimensioning
and extension of traffic facilities such as roads or crossroads.

Technical innovation measures relate to the further technical development of transport and, where appropriate,
handling and storage equipment used. Prominent examples are alternative drives or new vehicle types that are
better adapted to the transport purpose and traffic in urban areas. Far-reaching technical innovations can also lead
to the development of new logistics concepts. One example of this is the conversion of an inland waterway vessel
that serves as a mobile depot for parcel shipments (Dizian et al. 2014).

On the one hand, information & communication technology measures are intended to raise general awareness of
negative effects of traffic and, on the other hand, to help road users or planners in making more ecological or
efficient decisions through the availability of information and communication options. Examples are traffic
signalling systems such as guidance systems or traffic jam indicators and forecasts.

Organisational & operational measures intervene in operational processes or change the underlying transport
concept in order to increase efficiency potentials in the own organisation. As a rule, these measures originate from
companies that implement them independently or in cooperation with other companies. This category of measures
has strong references to city logistics concepts. Examples are delivery cooperation between transport service
providers, ordering cooperation between recipients or changes to the vehicle fleet up to the use of alternative
vehicle types such as cargo bikes.

Through literature research (including Holgiun-Veras et al. (2014), Browne et al. (2012), Munuzuri et al. (2012),
Mufiuzuri et al. (2005), Klein-Vielhauer (2001), Taniguchi und Heijden (2000)), expert interviews and a survey at
a model site of an Urban Factory, in total 120 measures (Bucherer et al. 2019c), of which 37 refer to transport &
logistics, were identified that could potentially increase the resource efficiency of factory-city-systems.

2.2. Applying measures to enhance resource-efficiency in transport & logistics

In order to prove the applicability and influence of measures in transport & logistics, a case study with cargo bikes
was conducted, which applied the during analysis identified measure using cargo bikes for urban distribution.
This case study comprised two electric cargo bikes, which were supposed to compete with a car, which was
regularly used for distribution in the city. The cargo bike was used to transport goods for home delivery (e.g.
groceries, medicine, etc.). Table 1 summarizes the basic data of the model test.

Table 1. Operation data of the cargo bike case study

Cargo bike Car
Operating days 30 30
Total number of shipments delivered 97 471
Share of shipments delivered 17% 83%
Avg. number of shipments per day 2.84 13.16
Avg. distance travelled per tour [km] 1341 60.72




In addition, the costs and CO, emissions of the cargo bike and car were determined for the two types vehicles used
in the case study. Based on an annual mileage of 10,000 km, the total costs for the cargo bike (excluding personnel
costs) are € 0.08 per km, while the costs for the passenger car are € 0.32 per km. The cargo bike therefore cuts
operating costs by 75%. However, personnel costs have not been taken into account, which usually account for
the majority of distribution costs. Table 2 gives an overview of the comparative calculation for one year.

Table 2. Costs of cargo bike and car

Cargo bike Car
Purchasing costs [€] 3,690 € 10,000 €
Operating life [years] 5 5
Value after operating life [€] 554 3,000
Operating days per year 200 200
Daily distance travelled [km] 50 50
Fuel costs per 100 km [€] 0.23 6.27
Maintenance and repair per year [€] 120 500
Insurance & taxes per year [€] 0 700
Total costs per km [€] 0.08 0.32

The CO; emissions were calculated based on the electricity and fuel consumption of the vehicles. The electric
cargo bike emitted 5.384 g CO; per km. In comparison, the car used, with a consumption of 8 litres of fuel per 100
km, caused 200 g CO, per km.

In addition to the calculations on the data collected during the case study, interviews were conducted with the users
of the cargo bikes. From these, further findings were obtained on factors inhibiting or promoting the use of cargo
bikes in distribution. Fig. 5 summarizes the findings of these interviews.
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Fig. 5: Promoting and inhibiting factors for the use of cargo bikes

Most apparent promoting factor is the potentially lower costs due to the use of (electric) cargo bikes depending on
the application. In addition, the use of cargo bikes does not cause local emissions and less global emissions per
kilometre. Additionally, new job opportunities arise, as no driving licence is required. Also, cycling is health-
promoting. Cargo bikes are also (often times) allowed to enter pedestrian zones, which makes them more flexible
in operations as there is no need to search for parking space. A lack of employee acceptance was identified as a
relevant, inhibiting factor making it necessary to find a solution to motivate the employees to use bikes for
distribution. Furthermore, the shorter range and the capacity of cargo bikes can be inhibiting factors. However, the
model experiment has shown that in urban transport the range is hardly an obstacle and the limited capacity is only
of secondary importance. Despite the lower capacity, it is possible, depending on the shipment structure, to bundle
orders and deliver them within a tour. Another frequently mentioned obstacle is the lack of or poorly developed
bicycle infrastructure. In addition, the parking facilities at the urban distribution or production site can pose a
particular challenge for smaller, inner-city companies.



In summary, it can be stated that cargo bikes will not completely replace cars in urban distribution. It is possible,

however, to put cargo bikes to a profitable use in urban traffic. In order to do so the following aspects should be

considered:

e The size of shipments should not exceed the loading equipment.

e The distribution radius should be restricted to inner-city areas. Otherwise, an additional battery charge must
be carried along and possibly longer driving times must be accepted.

e The shipment structure should mainly consist of small shipments, so that cargo bikes are able to achieve
bundling effects.

e Employee acceptance can be the decisive criterion for the establishment of electric cargo bikes.

2.3. Evaluating measures to enhance resource-efficiency in transport & logistics

Based on the results of the case study, the potential of the use of cargo bikes as a measure to increase resource
efficiency in the factory-city-system can be estimated. To this end, the positive or negative contribution of the
measure for the affected resources is described. Additionally, the measure can be evaluated against the (general)
objectives of the identified key stakeholders in order to support or impede a positive influence for all stakeholders
and the overall system. The evaluation is based on the assumption that the use of cargo bikes is economically
reasonable.

For the resource Energy it can be stated that the use of cargo bikes requires less fossil energy than the use of cars
for performing the same function. In addition, it does not cause any local and less global air pollutant emissions.
For the resource Human it must be noted that not all employees have a positive attitude towards the use of cargo
bikes but that the use of cargo bikes has a health-promoting effect, which can increase the overall well-being of
the employees. In addition, the use of cargo bikes generates less noise. The measure therefore positively affects
the efficiency of the resources Energy and Human beyond the factory fence as an exchange relation because the
distribution of the factory products emits less air pollutants and noise to the surrounding city.

Cargo bikes need less Space and less infrastructure for their operations and are generally more compatible with
other uses (e.g. green spaces), so that a combined use of space can be achieved, both of which positively affects
the efficiency of the resource space. In terms of positive effects beyond the factory fence, the use of cargo bikes
consumes less city space for distribution. For the resource Mobility, the use of cargo bikes offers better accessibility
to inner-city locations, less time spent searching for parking spaces and fewer entry restrictions. Finally, the use
of cargo bikes can have a positive impact on the company's Image, a resource which can only be created across
the factory fence and thus always acts as an exchange relation of the Factory-City-System. With respect to other
disciplines involved in Urban Factories, the use of cargo bikes can have effects on the production system and its
operations. Differences in shipment size, flexibility and frequency can on the one hand limit the production
capacity but on the other hand enable new business models, as for instance the manufacturing and transportation
of small, personalized lot sizes. The factory building and infrastructure can also face changed requirements
resulting in new designs of the construction, layout and the material flow to and from the logistics interface or as
a result of the afore mentioned impacts from changes in the discipline production engineering.

Fig. 6 summarizes the evaluation of the use of cargo bikes, regarding the (general) objectives of the stakeholders.
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Fig. 6: Evaluation of the use of cargo bikes — stakeholder perspective



3. Conclusion and outlook

When taking an integrated viewpoint by including other disciplines, there is a corresponding challenge to avoid
conflicts of objectives. Each discipline undertakes great efforts to achieve an optimum within its own system and,
in analogy to the mathematical field of analysis, each discipline can reach a local maximum. Considering the entire
system context, however, the goal must be to reach a global maximum. But a holistic view of Urban Factories has
so far been largely neglected. A clearly defined set of shared values and an encompassing reference framework
are essential for the mutual understanding between disciplines and as a basis for the development of a common
planning system. The presented analysis of the Resources of the Urban Factory and interactions of the Factory-
City-System enable this holistic approach.

Due to the different scopes, perspectives and the complex and dynamic interactions, the identification and
description of all options for action of the factory-city-system remains challenging. Nevertheless, the extensive
creation of common grounds proves to be advantageous, as it already constitutes a first step towards
interdisciplinary cooperation. With this approach, the manifold, already existing measures originating from
individual disciplines or stakeholders can be re-evaluated for their suitability for overall resource efficiency
improvements.
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