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 The Vertical Urban Factory concept reclaims production in 
multi-storey buildings as part of the cityscape. Today, factories 
are mostly located in monofunctional industrial areas outside 
of cities due to high land prices and restrictions on motorised 
individual transport. However, production must be taken into 
account as a necessary element of lively and mixed urban 
structures. New urban development concepts are therefore in 
demand for efficient and space-saving use of commercial and 
industrial space. We analysed how multi-storey production can 
be reintegrated in European cities and developed five 
prototypes considering urban structure and logistics concepts. 
The prototypes show that multi-storey construction is indeed a 
realisable alternative for limited space resources. While 



 

●●● 
146 

integrating individual production facilities in densely built-up 
areas fulfils the current transport policy objectives best, the 
greatest potential of vertical production is located in mixed 
commercial areas. The vertical urban factory concept 
promotes sustainability goals on many levels and we therefore 
recommend it to cities. In this paper, we focus on the 
transportation aspects and present three of the five 
prototypes. 

 
1. INTRODUCTION 

Production plants in backyards and multi-storey buildings integrated into the street 
front have been part of the cityscape since industrialisation. Today, they are mostly 
relocated to monofunctional industrial areas. Mass motorization and the availability 
of cheap raw materials have massively changed the form of economy and 
production. The catchment area of raw materials for further use and processing 
could be expanded as well as the space for a possible sales market. Economies of 
scale enabled economic and production-specific concentration processes to take 
place while at the same time providing an extensive sales market [1]. 

The mixture of residential and working areas contributes significantly to energy-
efficient urban development and the achievement of ambitious smart city goals. 
The potential contribution of urban factories to the sustainable development goals 
has been analysed in [2]. However, urban commercial properties are scarce in 
many places and are not affordable for manufacturing companies with 
correspondingly large space requirements. In addition, there is the pressure to 
develop new locations for residential construction due to increased immigration into 
cities. In Vienna, for example, since 2001 the space for manufacturing companies 
has declined by 16.5%, in pure industrial areas the decline is even 30% [7]. 

The decline in the number of business premises, and thus in many cases of urban 
workplaces, requires measures to be taken to prevent the spatial segregation of 
living and working areas. The consequences of this spatial decoupling are not only 
opposing energy spatial planning objectives, but also synergy potentials cannot be 
used sustainably (such as the use of energy/waste heat, closed-loop and cascade 
management, urban value creation, microeconomic local networks). New urban 
development concepts are therefore in demand for efficient and space-saving use 
of commercial and industrial space. 

Alternative concepts to make production in the city attractive again for companies 
are currently still the exception. While the digital transformation of industrial 
production is preparing the return of urban industry to mixed-use neighbourhoods 
(cf. [3]), there are considerable obstacles on the other side. While digital production 
can either be bundled spatially efficient or organized in small decentralized areas, 
there are challenges for integration into city-compatible logistics systems and 
intelligent transport and traffic concepts. New driving technologies and flexible 
transport containers offer the possibility of making freight transport more 
compatible with urban conditions. Nevertheless, elements of an urban freight 
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transport are still predominantly designed for the distribution of goods. How the 
system has to be designed in order to offer flexible and acceptable conditions for 
production processes inside the city has so far received little attention. The role of 
logistics is becoming increasingly important in the globally networked economic 
process based on the division of labour. Based on the spatial distribution and 
separation of production and consumption, huge distribution centres are emerging 
outside cities, so-called "logistics landscapes" (see [4] and [5]), with enormous 
effects on traffic volume and energy consumption. The integration of this link into 
the urban fabric is a central challenge. Various European cities, such as Berlin, 
have adopted an area protection concept ("Berlin Integrated Commercial Transport 
Concept" [6]). Vienna has developed the "Productive City" concept [7] for this 
purpose. 

This study was part of the research project “Vertical Urban Factory” [8] that 
assessed architectural, legal and transportation parameters for vertical production 
in cities. For the project, we built on the concept of the vertical urban factory [3]. 
The objective was to assess the possibility of reintegrating multi-storey production 
in European cities. To this end, we took Vienna as an example of a typical 
European city and developed five prototypes of “vertical urban factories” 
considering the existing urban structure, legal restrictions, global and local 
objectives, production needs and urban freight logistics. In this paper, we focus on 
the transportation aspects and present three of the five prototypes.  

 
2. METHODS 

Firstly, we analysed the existing urban structure of Vienna (which is similar to those 
of other historic European cities) in the context of land use and transportation. This 
included the assessment of building density and height as well as the accessibility 
by walking, cycling, public transport (PT) and private motorized vehicles. 
Simultaneously, we visited existing production facilities with vertical concepts. 
Secondly, we carried out a multi-criteria analysis by comparing the needs of 
factories, spatial and legal restrictions of cities and global to local objectives in 
terms of land use and transportation. As a third step, we developed prototypes of 
vertical urban factories reflecting the considered criteria (one prototype for each 
type of area). The prototypes are 3D models showing the size, rough floorplans 
and transportation concept of the schematic factories. In addition, we specified the 
relation of the building with its surroundings, such as the transport system and land 
use of adjoining buildings. 

 

3. RESULTS 

3.1. Urban structure 

For the purpose of this study, the urban structure of Vienna can be divided into 
three major different types of areas for production facilities: integrated individual 
production facility, mixed commercial area and industrial-commercial area. These 
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types correspond to the areas defined in the city’s thematic concept “productive 
city” [7]. The integrated individual production facility is a single factory, embedded 
in a dense urban structure with mainly residential use. Existing factories of this type 
are usually historic ones that were built in an industrial area where residential 
buildings have approached with city expansion. Mixed commercial areas combine 
residential, commercial and industrial use. Such areas have generally been 
densified more recently and still show lower building density. Industrial-commercial 
areas can be found usually on the outskirts of the city. They have no residential 
buildings, mostly hall constructions and spacious traffic areas. Table 1 gives an 
overview of how the three types correspond to transportation parameters that are 
relevant for production. 

 

Table 1. Three types of areas for production facilities and their transportation parameters 

Transportation 
parameters 

Integrated 
individual 

production facility 

Mixed 
commercial area 

Industrial-
commercial area 

Logistics area 
Densely built-up; 

limited logistics area 
Variable availability 

of logistics area 

Generally high 
availability of 
logistics area 

Parking area 
Mixed use and 

densely built-up; 
limited parking area 

Rather sufficient 
parking area 

Sufficient parking 
area 

Accessibility 
(public transport, 

walking and 
cycling) 

High accessibility, 
short distances 

Medium quality of 
accessibility; 

acceptable access 
by public transport 

Insufficient 
accessibility 

Accessibility 
(motorised 
vehicles) 

Limited accessibility Good accessibility 
Very good 

accessibility 

Delivery 
restrictions 

Strict restrictions 
Restrictions are 

important 
Little restrictions 

 

3.2. Multi Criteria Analysis 

Objectives that are relevant for urban production reach from global (such as the 
UN Sustainable Development Goals [9] or the Paris Agreement [10]) to national 
(e.g. climate and energy strategy of Austrian government [11]) to local (e.g. urban 
development plan of Vienna [12]). The current overall goal is decarbonisation. This 
demands restrictions for private motorized transport, better conditions for 
alternative modes of transportation including more density and mixed use to 
support short trips. Fortunately, these measures also promote sustainability and 
liveability in cities and align with the local city objectives. The concept of the 
vertical urban factory promotes the goals in shortening trips for freight, employees 
and customers, adding to the density of the city and providing mixed use. 
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Nevertheless, there are also challenges for incorporating vertical factories in cities. 
Neighbours can be disturbed by delivery traffic and production itself. Population 
growth puts pressure on administrations to construct residential buildings instead 
of preserving old production facilities and constructing new ones. Public space is 
limited in denser areas. This can result in conflicts of interest for that space. Figure 
1 shows the relations between transportation parameters of cities and production 
parameters of factories. Interdependencies between transportation parameters are 
indicated with two-sided arrows. 

 

 
Figure 1. Relations between transportation parameters of cities and production parameters 

of factories 

 

We identified that the production parameters that correspond to the transportation 
parameters are depending more on the scale of production and less on the type of 
industry. The scale of production determines the frequency of deliveries and size of 
transport vehicles. Therefore, the prototypes are not assigned to specific industry 
types but to production scales. Unsurprisingly, in the current state, small scale 
productions best fit the area type integrated individual production facility while big 
scale productions are best suited for industrial-commercial areas. This is mainly 
due to the fact that in industrial-commercial areas, there are no delivery 
restrictions, better accessibility for motorised vehicles and more available area for 
parking and logistics. 

On the other hand, considering the global and local objectives, integrated individual 
production facilities fit the objectives best. They offer very good accessibility for 
non-motorised modes of transportation and mixed use. Nevertheless, the highest 
potential for vertical urban factories can be found in mixed use areas. There, 
accessibility for motorised as well as non-motorised modes of transportation is 
acceptable and there is still space available for densification. If we consider the 
needs for production facilities and sustainable transportation in future planning of 
densification and land use, good conditions for vertical urban factories can be 
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achieved. Industrial-commercial areas can also be a use case for vertical factories 
in the process of densification. However, for now, they have rather poor 
accessibility and monofunctional land use and are therefore less attractive for 
applying the concept. 
 

3.3. Prototypes 

We present three different prototypes of vertical urban factories, one for each type 
of area. They reflect common challenges according to the type of area as well as 
suitable solutions. Certain principles of transport planning are part of all the 
prototypes. These include priority access by public transport, walking and cycling 
and bicycle parking close to the entrance. Yellow shaded areas inside the buildings 
are “access cores” featuring logistics areas, elevators and staircases. 

Underground parking in the basement floors of the buildings was included to 
account for existing laws requiring car parking (e.g. WGarG 2008 in Vienna). At 
this point, we would like to note that on-site parking is not in line with global and 
city objectives to reduce private car use. It creates an advantage for the use of 
private cars compared to public transport, since walking distance to the parking 
place is shorter than to the public transport stop. The effect of parking distance on 
mode choice was shown for example in [13] and [14]. 

Integrated individual production facility 

The challenge for this prototype is primarily the conflict of space in the densely built 
environment. Solutions for this are for example sharing concepts that are part of 
the typology. The courtyard serves as a shared logistics and meeting area. Large 
delivery trucks can access the courtyard in a one-way manner, though use of 
smaller vehicles such as cargo bikes is encouraged by designated cargo bike 
parking. Outside the building, in public space, is a “multifunctional lane” which can 
serve as delivery zone, parking space or seating area depending on the time of 
day and year. Figure 2 to Figure 4 show the 3D visualization, material and people 
flows and transportation concept of the prototype. 
 

 
Figure 2. 3D visualization prototype integrated individual production facility 
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Figure 3. Transportation concept integrated individual production facility 

 

 
Figure 4. People and material flow integrated individual production facility 

GF…Ground floor, B…Basement 
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Mixed commercial area 

For the mixed commercial area, we developed a concept where the building serves 
as a buffer between a high-ranked transportation axis (e.g. a busy road or a railway 
line) and a residential area. This shields residents from noise and exhausts while 
providing access for delivery vehicles. The access for people to the building is 
located on the backside at a lane closed for motorized vehicles. At the side facing 
the transportation axis, delivery trucks can access and exit the delivery area. This 
design creates a protected area at the backside that serves simultaneously as a 
pleasant pathway and meeting area for employees and residents, making a 
positive contribution to the neighbourhood. The prototype for mixed commercial 
areas is shown in Figure 5 to Figure 7. 

 
Figure 5. 3D visualization prototype mixed commercial area 

 

 

 
Figure 6. Transportation concept mixed commercial area 
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Figure 7. People and material flow mixed commercial area 

GF…Ground floor, B…Basement 
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Industrial-commercial area 

The prototype for industrial-commercial areas is based on a common hall 
construction, expanded by two multi-storey buildings. It shows how an industrial 
area dominated by single-storey buildings can be densified. Delivery and people 
accesses are separated. At the street-side, people can access the building from a 
PT stop, by walking or cycling. The large area in front of the hall features customer 
parking, a logistics area and bicycle parking close to the entrance but can also be 
used for events and as a meeting area. Access for delivery trucks is located at the 
other side of the building. Figure 8 to Figure 10 show the Industrial-commercial 
area prototype. 

 

 
Figure 8. 3D visualization prototype industrial-commercial area 

 

 
Figure 9. Transportation concept industrial-commercial area 
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Figure 10. People and material flow integrated individual production facility 

GF…Ground floor, B…Basement 
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4. DISCUSSION 

Our prototypes show that it is possible to reintegrate vertical urban factories in 
typical European urban structures, in terms of transport systems and available 
space. However, there are also legal issues that have to be considered. One of the 
reasons companies choose to relocate production sites outside of cities is the legal 
situation that favours residents’ rights. While it is necessary to shield residents from 
dangerous emissions, even factories that have been built long before neighbouring 
housing units can be forced to shut down due to complaints. This aspect is not part 
of our study but should be addressed by cities if they choose to encourage urban 
production.  

Another limitation of our study is the consideration of single handicraft facilities. 
While they are an important part of cities and should be promoted, such facilities 
are not subject of this study. Instead, we focused on larger factories that comprise 
at least one building. 

Regarding such larger factories, new and rediscovered technologies can be of aid 
to overcome current challenges. Production techniques such as 3D printing, 
computer numerical control milling and laser cutting make it possible to produce 
decentralized on a low scale down to lot size one. This enables the use of smaller 
factories with lower transport volumes per site. Smaller vehicles and alternative 
engines help in making the logistics of urban factories more compatible with traffic 
calming measures and objectives of reduced CO2 emissions. Cargo bikes could 
play a major role in future urban logistics. Demand for and production of cargo 
bikes are on the rise again [15]. A German study calculated that already 23% of all 
commercial trips can be substituted with cargo bikes [16]. Vehicle manufacturers 
are working on traditional delivery vehicles with electric engines as well as new 
types of vehicles that are smaller and more efficient in urban environments. 
Sharing concepts further facilitate the incorporation of production facilities in 
densely built areas. Concepts such as multifunctional lanes and shared loading 
yards are already in use in different cities (e.g. [7], [17]). This multi-use of private 
and public space can help relieve tensions due to limited space and conflicting 
interests. Therefore, our prototypes include such concepts, e.g. in the form of 
parking places for cargo bikes or multi-use areas. Many solutions already exist; 
they only have to be incorporated by city administrations, planners, developers and 
companies. 

 

5. CONCLUSION 

We conclude that multi-storey construction represents indeed a realisable 
alternative for limited space resources and urban production. Depending on the 
type of area, type of development or infrastructural conditions, very different space-
saving concepts are possible, which can be adapted to company-specific 
requirements.  

The integrated individual production facility best fulfils the transport policy 
objectives with regard to traffic influencing factors. Although there are restrictions 
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for motorised individual transport (e.g. number of parking spaces) and higher costs 
due to logistics, these production locations are easily accessible with the public 
transport system. However, the greatest potentials for vertical factories are located 
in mixed commercial areas, which have been developed as a result of urban 
densification and in the sense of busy urban spaces with mixed use. 

Vertical urban factories promote sustainability goals on several levels. They can 
shorten trips for freight, employees and customers and help strengthening local 
economic cycles. They add to the density of the city and provide mixed-use areas. 
We recommend to cities to promote vertical production. For this, it is necessary to 
include production land use in city codes and reserve space for logistics. 
Additionally, cities should provide a legal framework that enables factories to stay 
in cities whilst protecting residents from harmful emissions.  

Future research on vertical urban factories could analyse quantitatively the impact 
of these on economic and sustainability indicators or analyse how our prototypes 
can be transferred to other cities. Real world applications should be encouraged 
and existing vertical factories should be supported by cities. They can further serve 
as case studies to deepen the knowledge about vertical factories and their 
integration to existing urban structures. 
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