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The city of Vienna follows a long-term initiative to become a Smart City. Within
2050 it aims to reduce 80% of the CO2 emissions (in comparison to 1990) and
looks forward to generate ways for a sustainable energy production. (Smart City
Framework Strategy 2014) Reaching this targets requires a complex planning
process which involves interdisciplinary stakeholders and decision makers. An
interactive multi-dimensional environment, comprising spatial objects and data
models, is a helpful tool during these planning processes. This paper proposes a
suitable path for the development of a structural framework for such an
environment. The benefits of such an environment are shown in detail, based on
an application of the economic solar heat potential in Vienna.
Keywords: 3D city model, decision / planning support tool, spatial analyses,
interdisciplinary approach, economic solar heat potential visualization

INTRODUCTION
Motivation
The city of Vienna has grown in population by 9.1%
within the last decade. Based on forecasts this development is going to continue in the future. According to regional statistics Vienna will host approximately two million people by 2029. (Peter Prenner 2014) Simultaneously the city of Vienna aims to
reduce CO2 emissions by 80% (compared to 1990)
with the "Smart City Framework Strategy". Sub targets arise from the ﬁelds of energy, mobility, buildings and infrastructure for the realization of an ecological and sustainable future of Vienna. (Smart City

Framework Strategy 2014) In this approach "sustainable" is synonymous with sustainable development
of cities and regions in an environmentally, ecologically and economic manner and excludes sociological appreciations. The development of the population in Vienna and the future targets above lead to
complex planning processes in the ﬁelds of urban
planning, energy portfolios, transport systems and
supply networks. Thus interdisciplinary ﬁelds, involving diﬀerent base models and calculation outputs,
have to be connected, located and visualized in spatial models for developing resilient planning paths.
For this purpose a scenario based visualization and

Towards Smarter Cities - Applied - Volume 1 - eCAADe 33 | 545

evaluation environment called URBEM - PLATFORM
for the city of Vienna is evolved within the crosssectoral PhD course URBEM (Urban Energy and Mobility Systems - Vienna University of Technology, see:
http://urbem.tuwien.ac.at/home/EN/). The URBEMPLATFORM constitutes a decision support and planning support tool for various stakeholders.

Research Question
This approach addresses the following research
question: "Which feasible method for the development of a simulation framework can provide interdisciplinary user interaction for decision support? How
can this method be used to build a prototype based
on a heating energy system model?"

State of the Art
In recent years a lot of approaches deal with the goal
to support choice processes through 3D models. Especially in urban regions concerning energy related
topics, this became a trend.
So with the aim of reducing CO2 emissions,
Daniel Segraves, Adrian Smith and Gordon Gill
and the Argonne National Laboratory Department
designed a "decarbonisation" tool for the city of
Chicago in 2011. It's a multi-scalar analytic model
which visualizes the included and discharged carbon
within an urban system. (Weinstock 2013)
While this project considers one ﬁeld of expertise, the ETH Zürich in collaboration with IBM, ESRI
and the Imperial College London developed a scenario based decision support tool in the ﬁelds of urban planning, interactive climate and land use prediction. "Smart Urban Adapt" is a decision support
tool which furthermore enables smart sensing data
connectivity to a GIS data warehouse. (Smart Urban
Adapt: http://sua.ethz.ch/)
The handling, connection and access to diﬀerent data sources, ﬁelds of expertise and distinct data
types as well as their spatial location is the main
requirement for the city data platform "Cityzenith".
The development started around 2009 and is used in
Chicago and Silicon Valley since 2014. "Cityzenith's
mission is to make data in cities useable and use-
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ful to city governments, businesses, and citizens."
(Cityzenith: http://www.cityzenith.com/) It is a cloud
based solution mapping city data of various sources
(Open Data, Internet of Things,...) to an interactive 3D
interface.
These projects give a short overview of approaches with visual support for sustainable developments in planning and choice processes. This
ideas create the basis for the evaluation and visualization environment (URBEM-PLATFORM) presented
in this paper. Furthermore the URBEM-PLATFORM is
extended with interdisciplinary analysis models.
The application used as an example focuses on
the buildings' heat demand and supply, especially
on the economic solar heat potential. Comparable
methods for 3D city models, developed for computing the theoretical potential for solar energy in urban
areas, without the economic and ecological focus are
for example (Hoﬁerka and Kaňuk 2009) and (Erdélyi
et al. 2014).

DATA
Data set
The data base for the heating energy system module consists mainly of two data sets, the "Solar potential registry of Vienna" (Solarpotenzial Kataster Wien)
provided by the municipal department 41 (Magistratsabteilung 41 der Stadt Wien) and the "Heat registry of Vienna " (Wärmekataster Wien) provided by
municipal department 39 (Magistratsabteilung 39
der Stadt Wien). The Solar potential registry of Vienna (GIS data set) is a land register for the solar
potential in Vienna and includes the area suitable
for solar thermal and photovoltaic potential for every single building. The Heat registry of Vienna (table data set) contains every single building from Vienna with it's geometry like total gross ﬂoor area,
ground area, number of ﬂoors, etc., the construction year and actual heat demand. For the visualization GIS data sets representing streets, parks, etc.
of the Open Government Data Platform are used.
(https://open.wien.gv.at/site/open-data/)

METHODOLOGY
Evaluation and visualization Environment
(URBEM-PLATFORM) Setup Method
Basically the evaluation and visualization environment in this approach requires handling interdisciplinary data, diﬀerent data types and models and interweaves calculation outputs spatially. Thus the hub
of the described URBEM-PLATFORM represents the
URBEM-DATA-CLOUD. The URBEM-DATA-CLOUD is
based on an elastic microservice architecture (MSA).
The main components in this MSA are a Data Repository Manager that provides a REST (Representational
State Transfer - new web standard based on http
methods) based interface to two diﬀerent distinct
type of data silos (for structured, semi-structured and
unstructured data) as well as a set of model microservices used for diﬀerent aspects of the simulation.
The data silos are a relational GIS extended Postgres
database as well as a document oriented database for
storing semi- and unstructured data artefacts. This
allows storing all relevant artefacts including numerical, structural data as well as unstructured artefacts
like documents and maps. The model microservices

in turn utilize a message bus to interact with each
other and are orchestrated via an on demand workﬂow.
All disciplines are connected as modules to the
URBEM-DATA-CLOUD. Each module holds required
calculation, optimization and simulation models.
Thus the modules supply the cloud with data and
use the results of dependent modules. The Following image gives an overview of the structural framework and data ﬂows in the URBEM-PLATFORM (see
Figure 1). Depending on planning issues or analyzed
future scenarios each module (and model within a
module) deﬁnes data and results, which become implemented in the VISUALIZATION-PLUGIN.
Thus this allows the visualization of all module
output data within one plugin. It enables the user
interaction and visualizes the calculation results spatially, multi-scalar as well as within speciﬁed time
horizons. Furthermore it allows the comparison of
the results for diﬀerent time horizons and varying future scenarios.
The output of each module or model within a
module belonging to spatial objects of space (visible as well as invisible in reality) are transferred to

Figure 1
Structural
Framework
URBEM-PLATFORM
(Own Illustration
following (Source:
Smart Urban Adapt:
http://sua.ethz.ch/))
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the data cloud, equipped with identiﬁcation numbers referencing to the spatial objects inside the
visualization-PLUGIN. This enables a dynamic illustration of results based on user requests and enables a predeﬁned information visualization of the
objects by changing their visual appearance (colorizing, transparency, size, etc..).
The visualization-PLUGIN is created with a game
development software (UNITY). This allows the visualization of various three dimensional models, can
handle a high number of objects and enables easy
GUI design developments. The spatial objects (buildings, streets, pipelines,...) of the three dimensional
models in the VISUALIZATION-PLUGIN are generated
via a rule based procedural software (ESRI City Engine) based on GIS data sets. This enables easy generation of three dimensional objects based on GIS feature attributes within the predeﬁned rules (shape extrusion, roof modeling,...).
The results of each model are accessed via Prefabs that are then in turn used to place the relevant
artefacts in the visualization. A prefab can be imagined as a container, attached to every object in the
visualization-PLUGIN, which allows to check about
the type (building, roof, street,...) and data back-

ground as well as the belonging to other objects (gas
grid knot, pipes, ...) via an identiﬁcation number of
every single element. The system as a whole can be
accessed by a service interface that allows to access
simulation aspects. Each request triggers a speciﬁc
model composition that allows to analyze diﬀerent
aspects in the scenario.
In section "APPLICATION: "HEATING ENERGY SYSTEM: SOLAR HEAT MODEL"" one module of the
URBEM-PLATFORM is depict and explained in more
detail. Therefore the heating energy system module
for the development of the buildings heat demand
with a special focus on the future role of solar heat
to supply it, is used. The economic potential (Probability of installing solar heat per building and used
roof area for installation) is visualized within a 3D city
model.

APPLICATION: "HEATING ENERGY SYSTEM: SOLAR HEAT MODEL"
The heating energy system module simulates the
development of the buildings' heat demand for
Vienna and the used energy carriers up to 2030
with a focus on the usage of solar heat (see FigFigure 2
Theoretical
Framework of
economic solar heat
potential
computation (Own
Illustration)
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ure 2). Therefore the existing bottom-up technosocio-economic simulation-model Invert/EE-Lab (for
detailed description see Müller 2015) is used and
adapted. Mainly, the model determines the development of the buildings heat demand and the installed share of each heating technology, including
solar heat, within the simulation horizon due to thermal refurbishments and change of heating systems
for diﬀerent predeﬁned scenarios.
The computation is carried out on diﬀerent
building groups with similar technical and physical structure. In particular there are building categories distinguishing between primary building
types. Building classes distinguish mainly between
building geometry data, construction period and envelope quality, while in the segments a distinction
dependent on the installed heating system is done.
Since the buildings geometry (mainly length, width
and height of the buildings) and theoretical solar
heat potential can diﬀer slightly within this grouping in segments, mean values for these variables are
used.
The time of investments in renovation of the
building or the change of the heating system is
determined by Weibull distributions (Müller 2015,
p.82). These distributions are used to deﬁne the
lifetime of building and heating components. The
decision for the quality of the refurbishment or the
new heating systems depends on diﬀerent owner
types, assigned to building categories and is predicated with a cost-based algorithm: For this purpose a nested logit approach is used (Müller 2015, p.
96), where the total heat generation costs are considered, consisting of the consumption-dependent
costs, consumptions-independent annual operating
costs and the levelized investment costs. This approach determines the market share of each technology within the building segments.
Based on INVERT/EE-Lab the computation of
probabilities of solar heat installments and roof area
required for an average building within a building
group is carried out. The theoretical solar heat potential (available for every building as input data)

is then used to calculate the expected roof area
with installed solar heat units per building additionally. Furthermore the results of the simulation
module include the development of the buildings'
heat demand, the installed heating systems and
the resulting costs as well as CO2 emissions. The
VISUALIZATION-PLUGIN displays the required size of
solar panels per building in square meters for every
building as well as the probability of installment per
year.
This model framework is applied for three diﬀerent scenarios, based on those described in (Müller
and Kranzl 2013), adapted for Vienna. The authors
want to emphasize that the considered scenarios
should point out potential developments dependent
on diﬀerent policy frameworks. They do not necessarily represent the actual and future political situation in Vienna. All the considered scenarios respect
subsidies for investments in heating systems and for
refurbishments up to 2030.

RESULTS AND PROTOTYPE
Based on the predeﬁned scenarios, the computation
output data of all modules is visualized in a 3D model
for diﬀerent time steps. The switch between diﬀerent
policies and points in time are the main control parameters for the user. Furthermore detailed and corresponding information of individual objects (buildings, pipes,...) is available via selection within the 3D
city model.
Connections between objects belonging and/or
acting together or depending from each other (for
instance supplied buildings and energy hubs) are
shown highlighted via selection of one of them. Figure 3 - Figure 5 show examples of the VISUALIZATIONPLUGIN.

DISCUSSION AND CONCLUSION
The implemented prototype of the VISUALZATIONPLUGIN and Figure 3 - Figure 5 give an insight of the
whole URBEM-PLATFORM, which will be fully operating in September 2016. The environment reacts already on data changes in the URBEM-DATA-CLOUD
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automatically. If additional computations are requested by the participants of the planning process,
an automatized integration in the VISUALIZATIONPLUGIN is obtained apart for some restrictions. Only
predeﬁned data additions corresponding to already
existing spatial objects and connections to control
parameters can be integrated. For future developments partly instantaneous adaption of the data

(e.g. new buildings) and their visualization within the
VISUALIZATION-PLUGIN are desirable too.
A test-run involving the ﬁelds building energy
demand, energy portfolios and supply networks carried out in March 2015 helped the URBEM developers to ﬁnd diﬀerences in the impact of strategies (scenarios) more easily and improved the development
of each single module. Local disparities can be iden-

Figure 3
Heating Energy
System Module in
combination with
the Urban
Development
Module. The
colored Roof Area
displays the
probability for the
installation of solar
heat units until the
year 2020 (Red –
Low Probability,
Orange – Medium
Probability, White Unlikely). The blue
colored building
parts represent
potential building
additions under
current legal
restrictions. (Own
Illustration)

Figure 4
Building Module.
The buildings are
colored based on
their computed
heating demand in
2030. (Green – Low,
Red – High) The
User can select
speciﬁc buildings
for additional
information (Lower
left corner). (Own
Illustration)
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Figure 5
Module
Distribution
Network. Selection
of one building
complex and its
connection to the
corresponding
energy hub within
the district heating
grid. (Own
Illustration)

tiﬁed at one glance compared to a rather diﬃcult
task when only numerical values are used. The multi
scalar visualization enables a multi level and procedural planning process as well as a cooperative planning instrument. (like suggested by (Schönwandt
2011))
Next steps and test runs will involve policy makers as well. These will show the applicability within
the use for diﬀerent types of stakeholder. The aim is
to create a tool which is applicable for all kinds of interested.
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