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Abstract 

Cities are very diverse and highly dynamic systems. For analysis, planning and control of those kind of complex systems, simulation is frequently 
used. To cope with the vast complexity of a city or even a small district, simulation models usually focus on distinct spatial and functional 
subsystems. In this paper, city-planning gaming software is analyzed, modified and evaluated regarding its potential for application in simulation 
of urban production while modelling a real city district. A comprehensive, simulation-based understanding of the influences of urban factories 
on their urban surrounding and vice versa allows a more environmental, economic and social beneficial value creation and more livable city 
quarters. 
 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 24th CIRP Conference on Life Cycle Engineering. 

 Keywords: Urban Factories; Simulation; Gaming Technology; Sustainable Urban Production; 

 
1. Introduction 

Cities can be considered as complex systems. They act as 
booster and catalyst for innovation and creativity as they are 
places of interaction for manifold people and organizations. 
Today, the urban population experiences rapid growth with 
already more than half of the world’s inhabitants living in cities 
and urban areas [1]. The challenges related to sustainable 
development are closely linked with cities and urban areas [2]. 
Historically, living and working was situated in close proximity 
to each other in cities until industrialization concentrated 
production in large factories. This concentration led to various 
conflicts and to the spatial disjunction of factories and 
residential areas. Currently, for the knowledge intensive 
economies cities are again becoming a major part of the value 
creation chains [3]. 

1.1. Cities and urban factories 

Factories located in urban areas can benefit from the 
dynamic surrounding and proximity to potential customers. 

The cities can benefit from locally produced goods and 
services, jobs and positive working conditions offered by urban 
factories [4]. A factory requires energy, materials, resources 
and information inputs and transforms these into wanted 
products and unwanted outputs (by-products, waste, emissions 
etc.). Often production sites are associated with negative 
impacts on their surroundings and the environment, neglecting 
the manifold positive effects factories can offer in the system 
of a city. 

For decades, the displacement of production sites from 
urban areas to the outskirts of cities was mainly triggered by 
conflicts such as limited urban space, noise or emission to air 
and water. But with factories, and therefore jobs, located far 
away from the places where people live, various new conflicts 
arose for citizens and workers by separating and unbalancing 
work and life of the employees. This is caused by long 
commuting times among other negative impacts. At the same 
time companies experience a growing logistic demand per 
product, mostly due to fragmentation of production processes 
[5]. Today, we find a rapid rising logistic effort in the urban 
areas of the world on the “last mile”. Together with the trend 
towards highly segmented shipments, the inner city freight 
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traffic and its negative effects have considerably risen. The 
interactions of factories and surrounding urban areas are 
manifold. A selection is shown in figure 1. 

1.2. Planning tools and participation 

As a reaction to the growing conflicts in the urban areas 
participation formats are employed. The aim of participation 
and comprehensive information strategies is to minimize 
conflicts by involving various groups of people. These 
involvements can be carried out e.g. as public information and 
discussion events. Furthermore, the so called crowd 
intelligence can be utilized for new projects and planning tasks 
by asking openly for ideas and input in the planning phase of a 
project [6]. For successful implementation of participation 
formats and efficient planning, knowledge about the system 
under investigation is necessary. This knowledge should also 
include how the system will react in different planning 
scenarios. But as cities are very complex systems (and so are 
factories), existing modelling and simulation approaches 
mainly focus on certain spatially or functionally restricted 
subsystems. However, to better understand the 
interdependencies between urban factories and their urban 
surroundings a model- and simulation-based tool is desirable. 
Several challenges have to be overcome. 
Simulation of cross impacts: Cities are made up of many 
subsystems, e.g. humans, infrastructure and traffic, while being 
influenced by internal and external factors as shown in figure 
1. A particular challenge for simulating cities is given by the 
fact that these subsystems influence each other in manifold 
ways. Thus, many simulation models focus on specific spatial 
or functional subsystems with no or very low detailed 
consideration of the other influencing and influenced 
subsystems. This can lead to the underestimation of impacts 
and interactions. As cities are made up of both systems and 
agents with their actions, a combination of different simulation 
approaches such as (time-continuous) system dynamic or 

dynamic system simulation (discrete) agent based simulation 
would be required. 
Simulation of boundary conditions: Across the system 
boundary of the city district under investigation many volatile 
flows of materials, energy, people and information occur. As 
argued before, these flows have significant influence on the 
actual system under investigation. It is very important to model 
those boundary conditions and cross-border flows for urban 
simulation. Furthermore, an appropriate simulation model 
should allow to derive different indicators to derive economic, 
environmental and social aspects. 
Accessible human-simulation-interface: Especially in the 
case of city planning or urban participation the use of 
simulation approaches should not be limited to experts. On the 
contrary, the simulation approach should allow all stakeholders 
to participate. The group of stakeholders can be very diverse 
and stretch from production engineers, logistics specialists, 
energy suppliers, urban planners, traffic planners and architects 
to citizens and politicians. To ensure a high quality information 
transmission to all possible users, an accessible user-interface 
is necessary. 

2. Simulation and gaming software 

2.1. Modelling and simulation 

Simulation helps to describe systems that are too dangerous, 
expensive or complex to explore experimentally. Modelling 
and simulation techniques are used as a convenient method 
utilizing advantages like prediction, scenario analysis and 
intrusion free investigation. The workflow can be divided into 
four steps with their respective results: modeling (model), 
implementation (simulation), execution (results) and analysis 
(insight) [7]. These steps should be executed repetitively to gain 
even more detailed insights into a system. 

For factory and production simulation numerous approaches 
have been extensively described in scientific literature with 
discrete event simulation tools being one of the most frequent 
methods [8]. Different commercial and open source software 
distributions allow the simulation of production processes, 
process chains and the whole factory building. Multi-scale or 
multi-level simulations are increasingly gaining attention for 
joint simulation of interacting systems [9]. Generally, 
production and factory simulation software requires the user to 
have a certain degree of expert knowledge [10]. 

2.2. Game based simulations 

Gaming software is mainly focused on the user experience, 
not on scientific accuracy. However, already today city 
planning games offer a quite accurate representation of the real 
world including many urban subsystems (e.g. traffic, public 
transport etc.), because this is an essential part of a positive user 
experience. Thus, the question arises whether the underlying 
models can be used in serious applications as well. Extending 
and modifying an existing city planning game while utilizing 
already provided user interfaces and implemented simulation 
subsystems is seen as a promising approach. 

Fig. 1. Fields of interaction of urban factories 
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The roots of tactical games with realistic settings for leisure 
or educational purposes can be traced back to ancient times. A 
major part of these games are set in a military context (e.g. 
[11]). These “serious games” were frequently used in military 
education along the observation that they provided  
accessibility as model-scale systems and that real, costly and 
ethically questionable military action could be avoided. The 
games from the SimCity series have been utilized in education, 
training and research several times [12] [13], as has the game 
Cities: Skylines [14]. Some experts argue that gaming 
simulations are not to be seen as games in the narrower sense, 
but rather as game-based learning [15].  

2.3. City construction and management simulations 

Games incorporating an at least partial urban setting can be 
traced back to ancient Greek times (e.g. the board game “polis” 
[16]), although these games seem to be connected to a tactical 
element as described before. At the latest with the rise of video 
games, construction and management games (CMS) appeared. 
CMS can have different settings depending on the time era, 
grade of realism and main simulation focus. For the purpose of 
utilization of gaming software for urban production an analysis 

was conducted among selected, currently available CMS. 
There are only CMS taken into account with a contemporary 
setting and a high grade of realism. An overview of reviewed 
CMS software is given in table 1, whereby only recent games 
and – if applicable – the most recent titles of a series were 
reviewed. Criteria for the selection of a suitable CMS for the 
simulation of urban production were the simulation focus, the 
accessibility and interface, simulated subsystems and the 
easiness of applying modifications. Regarding these criteria, 
the software title “Cities: Skylines” from the developer 
Colossal Order was chosen. In all reviewed games the concept 
of zoning can be found as reoccurring element. With zoning, 
players are only able to mark specific areas for a desired 
utilization such as residential houses. The actual development 
of a residential area is then part of the simulation and depends 
on several parameters. Complementary to zoning, streets and 
other traffic infrastructure as well as service buildings are set 
to defined locations by the user. This aims to represent real 
planning and building mechanisms in cities as planning 
schemes and land utilization plans are set up by city authorities 
(similar to zoning), whereas certain public buildings and areas 
are directly developed by the authorities. 

3. Conceptual Development: Simulation of urban 
production 

The simulation scope is set to a time dynamic simulation of 
an urban district with spatial resolution. Simulation elements 
are the routines of citizens, retail, recreation, individual and 
public transport, energy, water, waste, public services and 
production. System boundaries are crossed by all flows of the 
simulation elements. To ensure these flows across the system’s 
border, game mechanisms have to be used. In this case, the 
concept of satellite districts provides simple structures outside 
the system under investigation inducing cross-border flows and 
offering the inner-city import and export of goods, services, 
information and people. Satellite districts are 
simplified/compact building structures which imitate the 
behavior of neighboring districts and their interconnections. 
Thus, realistic interdependencies, e.g. in terms of people 
movements, can be simulated without the necessity of 
modelling the whole city in detail, as ex-city interface traffic 
connections are made available between the districts. The 
simulation framework is displayed in figure 2. 

A major part of every city’s infrastructure is related to 
traffic. Taking a closer look at the supply networks of urban 
areas, these can mostly be found aligned to the street network. 
Drinking water, sewage, information and communication 
technology and electrical energy is mostly supplied from grids 
along the road layout. This can be modelled in “Cities: 
Skylines” where also the streets are the major element of 
construction. As in real life, citizens need (public) services for 

Name Developer Year Engine Focus Modifications 

Cities: Skylines Colossal Order 2015 Unity Buildup, traffic management Possible (Steam Workshop) 

Sim City (2013) Maxis 2013 Glassbox Buildup, (social) multiplayer Possible but restricted 

Cities in Motion 2 Colossal Order 2013 Unity Traffic management Possible but restricted 

Cities XXL Focus Home Interactive 2015 Own development Buildup, trade Possible (Steam Workshop) 

Mobility GLAMUS 2001 Own development Traffic management, buildup Not possible 

Table 1. Selection of available city planning gaming software and main focus. 

Fig. 2. Simulation system boundary and flows. 
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their well-being, which are also implemented in the game. 
These needs and corresponding buildings are stated in table 2. 

The implemented logic models industrial production and 
manufacturing as the process which turns resources into 
products while requiring labor, materials and water, energy and 
requires a specific building. Different kinds of production are 
implemented from chemical industry, appliances to food. 
Production induces freight transport to retail stores where the 
products are being sold to the citizens. As resource extraction 
or import and waste disposal is also part of the model, a basic 
value chain is already implemented. As it is the goal of the 
game to entertain the user the success of the player is constantly 
evaluated and displayed as key performance indicators. The 
built-in evaluation scheme is very detailed in most aspects and 
can be extended by modifications. Data is available for each 
simulated entity such as citizens, buildings or vehicles as well 
as aggregated for whole city districts and the overall 
performance. Available indicators are, amongst others, overall 
happiness, health of the citizens and education. Further, 
pollution, noise emissions, travel times and infrastructure 
utilization can be monitored. This data is available as in-game 
visualization in maps and overlays and in detailed value tables. 
All information can also be exported from the game as values 
in data lists with the use of modifications and for example 
written to a database or displayed via a browser interface. 

Table 2. Simulated needs of the citizens, corresponding providers. 

4. Implementation of urban factory simulation 

4.1. Workflow 

For a proof of concept, a model of a city district was set up 
in Cities: Skylines. The first step is to gather key data on the 
city that is to be modelled and to set the system boundary to the 
urban district of interest. In this case, the German city of 
Braunschweig was chosen and the system boundary set to an 
area in the northern part of the city. For the modelling following 
data is necessary: topographic data, street and other traffic 
infrastructure, residential and employment figures (with spatial 
resolution), residential, commerce and industrial zones, 
location of service buildings and the layout of the public 
transportation network. 

After the structured analysis of these information, the model 
is to be set up. Firstly, the topography is imported into the 
program environment. This can be either completed manually 
with the onboard map creation tools or by integrating data from 
geographic data providers. The next step is the construction of 
the traffic infrastructure in the city district under investigation. 

Complex road connection in some cases need workarounds to 
be fitted into the game environment. This can be the case at 
crossings with many roads or unusual road shape changes. The 
employment of available modifications has proven successful 
in these cases. With a stable road network, the subsequent step 
is the construction of the remaining infrastructure. The 
electrical grid, water and waste water networks are not 
modelled like their real counterparts, but serve only to supply 
the buildings. For the satellite districts a generic rectangular 
grid is established with traffic connections at the streets 
crossing the district boundaries. Subsequently, the traffic links 
outside the city boundary are implemented with regard to the 
actual layout of the major roads such as motorways. All these 
actions can be accomplished in the map editor of the software. 

For zoning and placing certain public buildings and 
landmarks the modelling is done in the game environment. As 
the simulation is dynamically evolving over time and the 
principle of zoning is utilized, one can gain insight into the 
growing city district and the resulting development hot spots. 
Consequently, it can be very time consuming setting up the 
current state of an urban district, as some elements depend on 
the simulation state. The public service buildings can be set up 
immediately either from available in-game designs or imported 
as assets. These assets can be any building shape designed with 
a CAD program and certain properties assigned during the 
import routine. There also more than 54,000 designs (as of 
August 2016, [17]) freely available provided by other users 
including famous architecture, but also public services and 
features to the simulation. Also the public transportation 
network can now be constructed according to its real 
counterpart. Again, some assets are to be used to adjust the 
available transport capabilities. The same procedure is applied 

Need Provided by 

Healthcare/Deathcare Hospital, crematory, cemetery 

Education Elementary school, high school 

Leisure Park, stadium 

Security Police station, fire station 

Mobility Public transport 

Shopping Business area 

Living Residential area 

Employment Business area, industrial area 

Fig. 3. Map of the urban district [19] and final city model (bottom).  
D: District under investigation; Si: Satellite district. 
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to the satellite districts to provide realistic population and 
traffic for the urban district under investigation. 

Several modifications that are freely available in the Steam 
Workshop are implemented to shift the original game towards 
a more realistic simulation [17]. These modifications include 
raising population per building (Realistic Population v7.6), 
extending the traffic management capabilities (Traffic 
Manager) or eliminating gaming mechanisms (Unlimited 
Money). Once the modelling of all subsystems is completed, 
the simulation can be used to learn about interdependencies of 
urban production looking at different key indicators after a 
validation of the model data. For validation the population 
figures are compared to the statistical data available on the city 
and its districts and also the average travelling times along 
randomly picked routes were compared to real travelling 
efforts in the urban district both showing good accordance to 
the real counterpart. 

4.2. Results 

As described before for the investigation of the applicability 
of the proposed conceptual approach, a case study was 
implemented into the game environment. The model in the 
running simulation environment is pictured in figure 4(a). For 
the research question how urban production sites influence the 
surrounding city the impact model elaborated in a current 
research project on urban factories is utilized [18]. This model 
states eight main categories of impact: emissions, traffic, 
utilization structure, appearance, image, human factors, 
flexibility and energy. All categories are evaluated with 
different impact factors. The simulation offers tools for the 
evaluation of many parameters as these are part of the game. 
Although there are only qualitative models implemented for 
e.g. pollution or noise emissions of a factory, these models can 
be used to get qualitative trends and insights on how the urban 
production influences the complex city system. It was found 
that nearly all parameters from figure 1 are implemented in the 
gaming software. Only by-products and innovations as an 
ongoing process are not to be found in the standard software 
distribution.  

The graphical user-interface for evaluation of selected 
simulated parameters is displayed in figure 4(b)-(d). In the 
simulation it could be seen that industrial sites placed in- or 
outside the cities have a significant influence on the inner-city 
traffic situation. Concentrated industrial parks at the outskirts 
of the city lead in the simulation to congestion on the main 
roads connecting these areas to the residential areas. Also 
particle and noise emissions induced by production are 
concentrated here. Following an urban production approach, 
subsequently factories distributed throughout the urban district 
were placed. This led in the simulation to an alteration of the 
traffic flows and also changed the distribution of emissions and 
energy consumption of the city. Travelling times along the 
routes remain quite unchanged, but a significant decrease in 
travel times of employees to their workplaces was expected and 
could be found. The average modal share measured on all main 
streets in the quarter changed to 67% (from 79%) motorized 
private transport, 13% service traffic (14 %) and 20% (7%) 
HGV traffic. Pollution and noise emissions were simulated not 

only by the production itself, but also by all changed traffic 
induced by the factory and its employees. 

5. Conclusion and outlook 

This work aims at investigating the potential of an urban 
construction and management simulation game to be used as a 
scientific simulation tool. The main advantages of this 
approach are the use of an available, extensive software 
environment with many subsystems already implemented and 
an accessible and appealing interface. In the field of urban 
factories these are very beneficial features, as cities are very 
complex systems with many interactions and there are many 
participants involved. In the course of a case study, a feasible 
workflow was established to simulate an urban district. 

5.1. Discussion 

The approach appears to bear high potential. The 
accessibility and recognition of the program was very well 
received by different stakeholders. With just the original 
simulation game and freely available modifications and assets 
an urban district in the city of Braunschweig was modelled.  

The concept of satellite districts for creation of the boundary 
conditions and flows across the system boundary proved to be 
successful. Citizens are modeled as single agents following 
routines and a set of actions. With the simulation model traffic, 
pollution and energy scenarios were investigated for distributed 
urban production in this district. Despite relying on the 
qualitative modelling of the production system from the 
original game engine the simulation was able to determine 
traffic hot spots as well as changes in noise and particle 
emissions. The main advantages are summarized in table 3. 
During the modelling and simulation some challenges 
occurred. As for now no automated script for transferring the 
topological data into the game is available that produces high 
quality results. This can make the creation of the model very 
time consuming in the beginning. In most of the simulated 
subsystems of the city the implementation and algorithms were 
sufficient for the purpose of urban simulation. But some 
models and game mechanisms need to be extended to 
comprehensively simulate urban production and its impact. 
The same applies to evaluation tools. Within this simulation 

Fig. 4. (a) game scene; (b) noise emissions of modelled factories; (c) traffic 
simulation in industrial area, (d) pollution simulation. 
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setup just qualitative, respectively default values were used for 
noise, pollution etc. for industrial, residential and commercial 
areas. In a next step, these values should be changed to specific 
and more dynamic values, e.g. depending on utilization, shift 
system or energy intensity of factories. As for now a conflict of 
goals between presentation and accessibility (gaming software) 
with scientific analysis suitability (scientific simulation 
software) can be noted. With the high modifiability of Cities: 
Skylines these challenges should be manageable in the future.  

 

5.2. Future work 

As this work is only a first investigation on the applicability 
of construction and management games for serious simulation 
based research on urban production, many models of the 
original game are not scientifically accurate. Especially the 
extension of the production models regarding different product 
types, working shifts, realistic fluctuating energy and resource 
demand as well as pollution is required in the next step. All 
models should be validated with real available data to ensure 
the viability of results. New assets will be created as digital 
counterparts of real existing companies. The models and 
algorithms of interest need to be implemented in the available 
asset and modification templates and constraints. A connection 
to existing models could be set up with a specially designed 
middleware to avoid a reengineering of these models. Further 
constraints are given by the game engine itself which is not 
suitable for all existing simulation techniques in the field of 
urban production. The evaluation methods and data output 
available needs to be extended to match the demands of the 
application. This includes a graphical and text based automated 
export of results tailored for the specific evaluation 
requirements. A further development could be to create an open 
simulation platform to involve citizens in planning processes 
that could be visualized through the software with its interface. 
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Advantages Challenges 

Accessible and appealing 
graphical interface 

The modelling process is very time 
consuming without automated 

scripts 

Many parameters and subsystems 
of a city already implemented 

Extension of the evaluation 
possibilities required 

Simulation reacts reproducibly to 
changes 

Extension of some models and 
software mechanics (economics, 
dynamic factories, ..) required 

Many modifications and assets 
available 

Large models and cities require 
powerful hardware 

Good modifiability 
Time scale and spatial scale 

(relative size of buildings etc.) 
needs to be adapted 

Table 3. Advantages and challenges utilizing Cities: Skylines for simulation 


