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Acronyms and Abbreviations
Term

Definition

RTA

Rail Tec Arsenal GmbH

EC

European Commission

DH

District Heating

PV

Photovoltaic

HP

Heat-Pump

HTS

High-Temperature Storage

LTS

Low-Temperature Storage

TB

TECHBase building

EB

ENERGYBase building

FB

FUTUREbase building

Add. Build

Additional Building

AVG

Average

PE

Primary Energy

APROS

Process Simulation Software

TRNSYS

Transient System Simulation Tool
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Executive Summary
The goal of the Vienna study case is to integrate the existing thermal energy supply systems with the
cooling system of RTA’s climatic tunnel in a thermal network that will make use of the waste heat to
cover the office buildings’ heating demand. In this study case the design of this district heating
network will be set including the requirements on thermal storage to match the time dependence of
waste heat production with the heat demand in terms of primary energy savings, CO2 emissions and
costs. CITYOPT Planning tool will be used as “laboratory testing”. Additionally, Several workshops
will be performed with several stakeholders to evaluate the CITYOPT Planning tool and the Vienna
study case in terms of technical usability, applicability for business purposes and exploitation of the
generated results in the decision making process.
The CITYOPT Planning tool allowed simulating various scenarios, calculating specific metrics
(energy, environmental and economic metrics) and finding the best scenario among the scenarios
simulated, through a Database Search Optimization algorithm. As the overall model of the Vienna
study case was quite detailed and runs on heavy simulations, a limited number of simulations were
run in CITYOPT and applied the Database Search Optimization algorithm.
The analysis of the results, indicates that when only the metrics Primary energy and CO2 emissions
are taken into account, the best scenario for each reference REF1 and REF2, is a scenario which does
not imply the LTS, but only the HTS: 100m3 when 3 buildings are considered and 150m3 when 4
buildings are considered. From a cost point of view, the best scenario involves a 1960m3 LTS and a
150m3 or 100m3 HTS. For both cases (only 3 buildings involved or 4 buildings and a connection to
the main DH of Vienna), the best scenario in terms of operational costs is also the worst scenario in
terms of Primary energy used and CO2 emissions.
The use of high temperature storage alone, for industrial waste heat, is not economically feasible, if
its capacity is limited, because this leads to high operational costs due to the gas boilers use. Low
temperature storage allows using a high share of waste heat, has low operational costs but generates
non-negligible CO2 due to the need of a heat pump booster to raise up the temperatures to the level
required by the customers.
At first glance, the replicability of the Vienna study case can seem limited, because of the limited
amount of customers and all its specificities, but considering all the different combinations possible
in this case, the flexibility of the APROS models and all the challenges it addresses, such as
fluctuating energy supply, low-temperatures, integration of new buildings, this Vienna study case
can be scaled up and suitable for many other cases.
The tool is well appreciated by the participants, because it gives the user a visual hint about the whole
system, by abstracting from the many metrics and the way they are connected together, and it helps
in first step of decision making. However, the research highlighted a number of problems affecting
the user experience of the CITYOPT Planning tool, which should be addressed in order to guarantee
a better usability and user experience. Findings of the research are listed in chapter 6, prioritized by
gravity, and possible solutions to address them are provided for the development team.
Three main critical issues have been elicited:
The model dataset that users have to upload upon project creation is an “unknown entity”
for users. It is not clear how this file will be provided, nor which components are included in
the dataset and which data they contain, and this result in difficulties to manipulate the
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parameters contained in the dataset district model file. This is solved uploading specific
information about the model which can be visualized when the project is opened
The lack of guidance, like for example an introductive tutorial, makes it difficult for a
first-time-user to understand what can be done and where to find all the features, that
sometimes are at the very bottom of the page or they take a few steps to be accessed. A user
manual for CITYOPT planning tool has been created to address this issues.
The definition of a mathematical expression for metrics and objective functions is not
completely clear: users don’t really know what type of expression is to be written. Moreover,
having to retype the variable names is also negatively affecting the user experience. A user
manual for CITYOPT planning tool has been created to address this issues.
The research also highlighted other usability issues, such as misleading labels and missing
information as insights to improve the intuitiveness and the ease of the usage.
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1. Introduction
The Vienna study case is based on three office buildings located on the 21st district of Vienna named
TECHBase, ENERGYBase and FUTUREbase. FUTUREbase is still under construction. They lie in
close proximity to the facilities of Rail Tec Arsenal GmbH (RTA). This facility tests the operation of
vehicles at low temperatures using for this purpose a climatic wind tunnel of big dimensions. During
these tests a huge amount of waste heat is rejected from the chillers to the air employed to cold down
the climatic wind tunnel. The layout of the area of the buildings is showed in Figure 1.

Figure 1: Aerial view of the demonstration site of the Vienna study case.
The current thermal energy system of the office buildings consists on ground heat pumps, a solar
thermal system and a centralized gas boiler. The goal of the Vienna study case is to integrate the
existing thermal energy supply systems with the cooling system of RTA’s climatic tunnel in a thermal
network that will make use of the waste heat to cover the office buildings’ heating demand and reduce
RTA’s cost to cool down the climatic wind tunnel. To achieve this goal, an APROS model of the overall
Vienna study case will be created and used as virtual template to study the different configurations
and scenarios and linked to CITYOPT planning tool to identify the best scenarios in terms of energy,
CO2 emission and costs. CITYOPT Planning tool will be used as “laboratory testing” because the
different configurations and scenarios cannot be implemented in a real-world demonstration case
as the implementation of the district heating network will not take place during the scope of the
CITYOPT project. Several workshop will be performed with several stakeholder to evaluate the
CITYOPT Planning tool and the Vienna study case in terms of technical usability, applicability for
business purpose and exploitation of the generated results in the decision making process.
This deliverable starts with a description of plans and processes in Section2, the overall methodology
to analyze the Vienna study case is explained to give a general picture about the different issues
presented into this report. The APROS model documentation to be use as virtual template to be
applied in the Vienna study case is reported in Section 3. The partial validation of the different
element of the model and the overall validation of the model base is addressed in Section 4. The
configuration, scenario simulations, interviews with the stakeholders are described in Section 5. The
main technical result and the outcome from the workshop with the stakeholders are presented and
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discuss in Section 6. The main conclusions in terms of impacts and benefits of the CITYOPT Planning
Tool in the Vienna study case are summarized in Section 7.

2. Plans and process description
In this section the overall methodology to analyze the Vienna study case is explained to give a general
picture about the different issues presented into this report. In the subsequence points the different
aspect of the methodology are developed and analyze in detail. The methodology applied follows the
next steps:
1. Integration of the elements modelled in APROS to create the overall template for the Vienna
study case. The elements modelled by APROS where the energy system of the different
building (gas boilers, heat pumps, solar panel, ground heat exchanger), the building
(ENERGYBase, TECHBase and FUTUREbase), the district heating network including pipes,
water pumps and heat-exchangers, the thermal storages (a water tank which is a High
Temperature Storage (HTS) and ground heat exchangers which are a Low-Temperature
Storage (LTS)) and the control system. Furthermore, the model was extended including and
additional building and a connection to main district heating network to generalize the
model and therefore to extend the replicability and scalability of the results and the use of
the overall template of the study case.
2. Four configurations have been set to study the Vienna study case. Configuration A which
study the connection of the building, energy system, RTA and a water tank as thermal
storage, Configuration B which is as Configuration A but extended including a ground the
exchanger, Configuration C, which is as Configuration A but connected to the district
heating network with an additional office building and Configuration D which is as
configuration C including a ground heat storage. Configurations C and D are developed to
generalize the study case to increase its replicability and scalability. The direct connection
and disconnection of the elements of the study by the control system allows to adopt the
template to different configurations
3. The Vienna study case will not building during the scope of the CITYOPT project avoiding
to have an overall validation of the system with real data. Therefore, partial validation of the
different elements of the system was performed. Real data for the RTA´s wind tunnel, heat
pumps, solar panels, gas boiler and ground heat exchanger were recorded to validate and
calibrate the model create in APROS. The technical characteristic of the buildings where use
created and calibrated the office building models. Additionally, the over model has been
compared with the results from the Austrian national project RECOVERHeat which model
the study case but using Matlab-Osmose tool [1].
4. Several scenarios have been defined to explorer the optimal solution according with the
configurations previously defined. Two reference scenarios, where the buildings are
working autonomously, have been set together with 26 alternative scenarios which explorer
different possibilities for the design of the Vienna study case. These scenarios have been
design concerning the expert opinion and then a sensitivity analysis of the variables has
been explored. The limitation of the in the number of scenarios is constrain by the timing of
the simulation which is around 7 hours per scenario. For this reason, in the design of this
study case Database Search Optimization has been used instead of the genetic algorithm.
5. The results from the scenarios and the subsequence analysis were done to explore the
optimal solutions in terms of primary energy consumption, CO2 emissions and costs
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Finally, several workshops were set with the stakeholder to evaluate CITYOPT Planning tool from
technical point of view, the usability and replicability of the results from the Vienna study case and
the use of the tool in other study cases. The results from these workshops are presented in this
document.

3. Model documentation
The overall APROS model of the Vienna case is presented in Figure 2. It concerns only the highest
structure of the model and each component model consists of several substructures depending on
its complexity.

Figure 2: overall Vienna case study modelled in APROS
For instance the Additional Building model is rather simple, see Figure 4, composed of a heat
exchanger and interfaces to the other sub-models.

Figure 4 : Additional Building model in APROS.
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Another more complex example is the ground storage as it can be broken down into three different
structures: the boreholes field structure, the borehole structure (composed of 16 different sections)
and the borehole section structure as illustrated in Figure 5.

Figure 5: Three different layers of the Ground storage model in APROS.

The energy flow in the all model is not simple to control, because of the different temperature levels
involved both from the supply side, with the fossil based heat source, the renewable sources and the
industrial waste heat, and the demand side, with standard and low-energy buildings connected to
the same micro-DH network. Figure 6 illustrates the variety of temperature levels involved in the
Vienna case. As prosumers, TECHBase and ENERGYBase have the possibility to supply heat to the
network as well as the connection to the main DH of Vienna increase the energy supply combination
and in the same time the complexity of the model.
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Figure 6 : Temperature levels of the different consumers and producers of the Vienna study case.
The network is designed in a way that the three main buildings (TB, FB, EB) and the HTS are always
included in the network and all the flow circulating in the pipes has to go through the HTS.
A ground heat pump is connected to the boreholes and used to heat up the boreholes output
temperatures (20-35°C) to the appropriate temperature levels of the HTS (35-100°C) which is also
the temperature circulating in the whole network.
To explain the energy flows in the model, the case where all the components are included in the
network is considered, it is later on presented as Configuration D (Figure 12). At each time step, the
APROS model tries to satisfy the buildings heating needs using the cheapest heat supply option
available:
TECHBase, equipped with gas boilers, and ENERGYBase, equipped with solar panels and a
heat pump, are prosumers. They can either take heat from the network or provide heat to the
network.
ENERGYBase takes heat from an internal storage tank, fed by its thermal solar panels, which
are considered to supply free energy, but also by the network and if necessary by its own heat
pump.
FUTUREbase and the Additional Building do not have any heat production source (except
when they are not connected to the network, in that case they are supplied by a ground heat
pump, similar to the one of ENERGYBase) and are only supplied by the network.
It is important to note that the waste heat goes to either to then High Temperature Storage
(HTS) or to the Low Temperature Storage (LTS) according to the temperatures rejected by
RTA. However if the HTS is fully loaded, the heat rejected from RTA at high temperatures, if
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any, goes also to the LTS. When both storages are full, the heat rejected from RTA cannot be
recovered anymore and is released in the atmosphere.
The main Vienna DHN is used when it is cheaper than to run the heat pumps (connected to
the LTS and the one of ENERGYBase), according to the value of the COPs:
o COP < X : DH Vienna used
o COP > X : LT S with heat pump used
In the APROS model each single component, except from the HTS (which takes the RTA waste heat
available as input), can be connected or disconnected from the micro-DH network, which makes the
overall model very flexible. Indeed, it is possible to model and simulate many different
configurations, 85308 combinations in total, of networks including or not renewable heat sources,
fossil sources, industrial waste heat and one or several buildings. Some examples of possible
combinations of components are given in Table 1, where the blue cells correspond to the components
that are inherent to the network and the grey cells correspond to the components included in the
network for the scenario considered. Moreover by modifying the heat demand of the buildings or the
available waste heat (which are modelled as time series), an increase or a decrease of the heat
demand and heat supply available can be simulated. By adding the connection to the main DH of
Vienna, the model allows simulating a potential extension of the main grid in a more general
approach.
The high flexibility of the APROS model increases the replicability of the Vienna case. The model can
be used with other inputs and a new dimensioning of the components, in order to simulate different
cases of micro-DH networks or extensions of DHN.

Table 1: Examples of possible combinations of the components from the Vienna case study.

4. Validation of the model
The Vienna study case will not be built during the scope of the CITYOPT project. This avoids having
an overall validation of the system with real data. Therefore, partial validation of the different
elements of the system was performed. Additionally, the over model has been compared with the
results from the Austrian national project RECOVERHeat which model the study case but using
Matlab-Osmose tool [1].
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Partiaa validation for the office buildings, gas boiler, heat pump, solar collectors, ground heat
exchanger and RTA´s Wind Climate tunnel has been performed (See Annex 9.1).
In APROS, the buildings are modelled through time series of their hourly heat demands for
TECHBase and ENERGYBase. This modelling was performed in TRNSYS [2]. FUTUREbase,
not built yet, will be a low-energy building with similar size and features as ENERGYBase.
Therefore the time series corresponding to the heat demand of FUTUREbase will be the same
time series as ENERGYBase.
To validate the APROS gas boiler model, we compare the gas consumption calculated by
APROS with the gas consumption indicated on the invoices corresponding to the gas boiler
of TECHBase. As it was not able get real monthly values, but only yearly figure, we chose to
compare the annual gas consumption the years 2014 and 2015 (for which we could get the
gas consumption from the gas invoices).
The validation of the APROS heat pump model is based on the comparison of two parameters
calculated in APROS, the electricity consumption and the COP, with the real data from the
heat pump of ENERGYBase. The validation set up of the heat pump model used monitored
values of the heat pump’s heat output to simulate electricity consumption. The cumulated
electricity consumption is then compared to monitoring data for the same year 2014 (so for
the same requested heat load).
The validation of the APROS solar collectors model is based on the comparison of the output
power calculated in APROS, with
, the output power calculated with the monitoring data
from the solar collectors of ENERGYBase, using the following equation:
= . .
The APROS model is under validation, it is being compared with the results from another
software, FEFLOW [3] used by the AIT Environmental Department.
In APROS, the waste heat rejected by the testing facility RTA is modelled through time series
of the hourly heat released by 5 components: 3 oil coolers, a desuperheater and a condenser.
This waste heat represents between 3 and 4 different temperature levels. To take advantage
of these multiple temperature levels it is beneficial to use specific storages (high-temperature
storage and low-temperature storage).
In order to validate the overall APROS model, a comparison with the results from another project,
RECOVERHeat, was carried out. This project also simulated the same case study as in CITYOPT, but
considering some different variations and using a OSMOSE tool for simulation of the study case.
As not many data were available from RECOVERHeat, it was decided to compare the costs
(investment costs and operational costs) calculated in both projects.
The system considered in the RECOVERHeat project is presented in Figure 7. Even if it has similar
components as the case considered in CITYOPT, the connections between some of them are
different. For instance, the seasonal storage (ground heat exchanger) is connected to both lowtemperature heat pumps and a low-temperature storage (water tanks), the high-temperature heat
pump, used to heat-up the temperature at the required level for the buildings is directly connected
to the network (in CITYOPT project it is connected only to the ground storage). One main difference
between the configurations in the two projects is that in CITYOPT only daily high-temperature
storage is considered when in RECOVERHeat, both a daily high-temperature and a daily lowtemperature storages (water tanks) are considered. All these difference influence of course the
matching of the results in their comparison.

31 October 2016 2014

CITYOPT D3.3 Vienna Demonstration

15

Figure 7 – Vienna case considered in the RECOVERHeat project

Table 2 and Table 3 summarize the main parameters values used in the scenarios comparison. That
scenario was chosen because it was the scenario which gave the best results in the RECOVERHeat
project in terms of investment costs and operational costs. It is important to note that in the
CITYOPT scenario there is no extra high-temperature heat pump involved.

RECOVERHeat

Seasonal storage

High-temperature
heat pump

Daily Storage

943m/borehole

84 kW

43 m3

Table 2 – Scenario from the RECOVERHeat project used for the comparison with the CITYOPT
project.

CITYOPT

Low-temperature
storage

High-temperature
Storage

943m/borehole

43 m3

Table 3 - Scenario from the CITYOPT project used for the comparison with the RECOVERHeat
project.
Additionally the heat available from RTA is different in RECOVERHeat and in CITYOPT. Indeed,
because of the different input data use for the two models the total heat supplied by RTA is
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2830MWh in RECOVERHeat (where a typical 9-days profile was used) and 390MWh in CITYOPT
(where an hourly measured data were used for one year). That difference leads to a difference in the
operational costs.
After running the model in APROS, the investments costs and operational costs are calculated with
the same costs parameters as used in RECOVERHeat (see Table 4).

Investment
costs

Operational
costs

Gas price: 0.012 €/kWh
Electricity price: 0.015€/kWh
Table 4 – Parameters used to calculate costs.

The results are illustrated by Figure 8. The difference in investment costs between the two models is
due to the investment costs of the high-temperature heat pump in the case of RECOVERHeat and
the related piping and pumping costs. The difference in operational costs is mainly due to the waste
heat profile used in the two models. The profile used in RECOVERHeat leads to 15% more heat
availability compared and consequently 28% more operational costs. To sum up, the differences
between the results from the two models can be explained by the difference in the case study
configuration, in the inputs provided, and the inherent differences in the tools used.

Figure 8 – Costs comparison between RECOVERHeat and CITYOPT scenarios.

Based on this comparison, between (almost) the same case study, from one hand using the OSMOSE
tool in the RECOVERHeat project and on the other hand using APROS in the CITYOPT project, the
overall model for the Vienna case can be considered validated.
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5. Configurations and Interviews description
As it was explained in the previous sections, to evaluate the CITYOPT Planning tool, a two-ways
process was carried out. First of all, the Vienna study case was simulated through 26 scenarios in
CITYOPT and an Optimization via the Database search algorithm was performed, in order to assess
the Vienna study case feasibility and find the best available scenarios as well as to test the
performances of the CITYOPT Planning tool. Secondly, the CITYOPT Planning tool was evaluated
by potential users, through individual interviews, during which either they had to use the tool or they
were shown the tool and the results of the Vienna study case. The section 5 describes the different
configurations simulated and the users’ interviews process.

5.1. Configurations and Scenarios
For the Vienna case study it was decided to run, within the CITYOPT planning tool, scenarios which
differ in terms of configuration of the network and values of very specific parameters. Besides,
considering the computing time required to complete a single simulation of one year (7 hours), the
Vienna case study is analyzed based on 12 simulation runs of variant scenarios from 2 different
reference scenarios, for a total of 26 scenarios.
These scenarios are chosen, taking into account the fixed components of the case study, which
cannot be changed (all the energy systems related to the buildings and the industrial waste heat) and
the components which are not existing yet and can be sized to optimized the network performances
(high-temperature and low-temperature storages). The different configurations represent the
different connections that can be set between all the components.
In the reference scenario 1 the three buildings are working autonomously with independent heating
systems (this is actually how the buildings are heated in reality). The Configuration A is the simplest
configuration. It involves the standard building TECHBase, the two low-energy buildings
ENERGYBase and FUTUREbase is represented in Figure 9. In this configuration, the waste heat
produced by RTA goes first through high temperature storage (HTS) for temperatures from 35°C to
100°C and is then distributed to the buildings according to their needs.
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Figure 9: Configuration A
In Configuration B (Figure 10), a ground storage is added, it’s a low temperature storage (LTS) used
to store temperatures below 35°C via boreholes heat exchangers.

Figure 10: Configuration B
The second reference scenario is based on four buildings working autonomously with independent
heating systems; a low-energy building with a heat pump is added compared to the reference
scenario 1. in order to consider an increase of the heat demand.
In Configurations C and D (Figure 11 and Figure 12) the District Heating of Vienna is added, to
evaluate back-up possibilities, but also to increase the replicability of the Vienna case, as it was ask
by the European Commission during the last review meeting. However these two components
(additional building and district heating of Vienna) are mostly added to the micro-district heating
for replicability purposes.
Configuration C is the same than the configuration A but adding an additional building.
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Figure 11: Configuration C
Configuration D is the same than the configuration B but adding an additional building.

Figure 12: Configuration D
For each configuration, the size of the storages (when included in the configuration) takes three
different values as it is represent in Table 5. This allows simulating and evaluating the behavior and
performances of the network and then being able to find the best sizing of the storages for the Vienna
case study. By simulating these different sizes, the aim is to determine the best size of the storages,
which is a compromise between maximum recovery of waste heat, minimum thermal losses in
storage tanks and maximal use of that heat to satisfy the energy demand of the buildings. This gives
in total 24 configurations are simulated via CITYOPT Planning tool and compared to 2 different
reference scenarios, REF1, which has three buildings as customers, and REF2 which has the same 3
buildings plus and additional low-energy building

Table 5: Summary of all the configurations and scenarios simulated.
The three different sizes for the high-temperature storage were 50m3, 100m3, 150m3 and three
different sizes for the low-temperature storage 1960m3, 2352m3, 2744m3 were considered. All the
configurations and scenarios simulated are summed up in Table 5 and Table 6.

31 October 2016 2014

CITYOPT D3.3 Vienna Demonstration

20

Table 6: Description of all the configurations and scenarios with the corresponding storages sizes
The control strategies has been selected considering that the waste heat rejected by RTA is included
in different temperature levels (between 3 and 4 different temperature levels, as shown in Annex
9.1.6), it is more interesting from an economical and energy use point of view to consider two
storages with different temperature levels and control systems. On the one hand, a high-temperature
storage supplied by the high-temperature levels of waste heat rejected by RTA, is considered in the
Vienna case as a heat source which supplies the network when needed in the short-term. On the
other hand, low-temperature storage is fed by the lowest temperature levels of waste heat rejected
by RTA and when necessary, this low-temperature heat is heated-up by a heat-pump to reach a level
high enough to fed the high-temperature storage and later the buildings connected.
Three metrics are created to assess the micro-network performances: CO2 emissions (tons/MWh),
Primary Energy consumption (GWh) and costs (k€). The storages sizes are related to these metrics,
in the sense that a good sizing allows using a maximum waste heat and so reduces the CO2 emissions,
primary energy consumption and costs (associated to gas and electricity use).
The objective of the Database Search Optimization is to minimize the CO2 emissions. It means that
the scenario presenting the best configuration and storages sizes will be the one with the lowest value
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for the metric concerning the CO2 emissions. The results are also further analyzed depending on the
other metrics calculated.
As one single simulation is very demanding in terms of computational resources (time and memory
space), it was decided not to test the Genetic Algorithm Optimization but to use the Data Base
Optimization functionality

5.2. Interviews with the Stakeholders
Interviews with potential stakeholders took place in October 2016 and involved different typologies
of potential users or stakeholders:
AIT engineers, not involved in the previous CITYOPT research phases, because they
represent the perfect potential users of the CITYOPT Planning Tool.
Vienna’s pilot stakeholders, as the results provided by the CITYOPT Planning Tool could
influence their decision process.
For each of the above user segment, tailored research activities have been conducted, the description
of such activities is described in section 6.1.
Goals differ according to the different participants’ role:
For AIT engineers (individual interviews): evaluate tool’s ease of use, understand if the
tasks are conducted seamlessly or if usability issues or other barriers are detected,
understand if the tool provide the required information or which data is missing.
For Vienna’s pilot stakeholders (individual interviews): understand if tool’s results are
meeting their expectations, which improvements could make the results more interesting for
their objectives, and evaluate their interest in the tool.
In general, understand participants’ satisfaction level, doubts, concerns and expectations for future
releases of the tool and exploitation.
A description of the methodology and a full report and analysis of interviews and workshops with
potential users and stakeholders will be available in Annex 9.2.

6. Results and discussions
6.1. Simulations results
After running the different scenarios for one year, some metrics were calculated from the results,
when using the CITYOPT Planning tool. They are presented in the following tables and each metric
comparison is illustrated by a bar chart.
For each scenario, different type of metrics were calculated:
-

-

Energy metrics:
the energy supplied by each source (Table 7)
the total primary energy consumption (Table 10 and Table 11)
Environmental metrics:
the CO2 emitted by each source (Table 8)
the total CO2 emissions (Table 10 and Table 11)

31 October 2016 2014

CITYOPT D3.3 Vienna Demonstration

-

22

Economic metrics:
the operational costs of each source (Table 9)
the total operational costs (Table 10 and Table 11)

Some assumptions were made for these calculations. In the high temperature storage column, only
the energy that comes from RTA is considered. In the low temperature storage column, the heat
supplied by the LTS to the HTS are considered. The network column considers the contribution from
HTS, LTS, EB, TB, DH of Vienna. The two storages are considered to have no primary energy use,
no CO2 emissions and no operational costs. In the Table 7, the column Solar Panels represents the
heat consumed by EB coming from the solar panels not the total heat produced by the solar panels.

NB: These metrics were chosen because they are relevant for these specific scenarios comparison.
Other metrics can also be calculated within CITYOPT, such as investment costs or payback time;
however, as the scenarios compared are very similar in terms of investment and therefore in terms
of payback time, it was decided to compare only the different configurations through a simple
economic analysis and not to perform further economical investigations, which were not needed
within the CITYOPT project framework.

Table 7: Energy supplied (MWh) by each source for all the scenarios.
On the one hand this table allows checking that the results are consistent, for example for a specific
scenario, when the share of heat supplied to the network from the HTS increases, then the share of
the heat supplied coming from the other sources decreases. The scenarios 1, 2, 3 illustrate well that
situation, when the HTS injects more heat into the network (from 158MWh to 168MWh and
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175MWh), then there is a decrease in the heat supplied to the buildings by the solar panels (from
149MWh to 145MWh and 142MWh) as well as by the heat pump (from 105.4MWh to 105MWh and
103MWh) and the gas boilers (from 747MWh to 743MWh and 741MWh). The results consistency
can also be verified with the scenarios 13, 14, 15. When no LTS is involved, but the main district
heating of Vienna is connected to the micro-district heating network of the study case, the heat
coming from the HTS increases (177MWh, 186MWh, 193MWh) as the storage size increases (50m3,
100m3, 150m3). Also the heat produced by the gas boilers decreases (261MWh, 241MWh, 234MWh)
as the heat supplied by the DH of Vienna increases (843MWh, 859MWh, 863MWh). When the LTS
is added, for instance in scenario16, compared to scenario13 (a similar scenario without LTS), much
less heat is supplied to the network by the HTS (2MWh in SC16 vs 177MWh in SC13) and the DH of
Vienna (746MWh in SC16 vs 842MWh in SC13) and the heat sources of the different buildings
produce less (88MWh in SC16 vs 109MWh in SC13 for the solar panels, 211MWh in SC16 vs 261MWh
in SC13 for the boilers) only the heat pump of EB keep a constant production level, due to cheaper
production costs for some time periods.
On the other hand more information can be drawn out of this table through a cross-reading
approach. Indeed, for each block of scenarios (scenarios related to the reference 1 and scenarios
related to reference 2), a line analysis can show for each scenario the heat production distribution
and for instance which source has a higher share in the heat supply of the micro-district heating
network. On the other side, a column analysis brings up information about the heat production of
the different components regarding the configuration chosen. As a reminder, a configuration is
defined by the components involved and a scenario defines precisely the size of the storages in the
configuration where there are involved (see the section about the description of the configurations
and scenarios). To know in which scenario one specific component contributes the most to the heat
supply, a column analysis is suitable. For instance, in the second set of scenarios, a line analysis of
the scenario 22, shows that the district heating of Vienna, respectively the LTS, is the component
which supplies the most heat (760MWh), respectively the less heat(4MWh) to the micro-DH. In the
same way, through a column analysis of the component HTS, it can be seen that the HTS provides
the most heat to the network in the scenario15 (193MWh), which leads to the conclusion that the
configuration C which implies 4 buildings, the HTS and the connection DH of Vienna is the one
which allows a maximal use of the HTS.
Different graphs were then drawn to compare in terms of energy supply for each component the
scenarios SC1 to SC 12 with the REF1 (Figure 13) and the scenarios SC 13 to SC 24 to REF2 (Figure
14), based on
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Figure 14: Energy supplied by each source for the variants of the reference scenario 2.
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When comparing the scenarios 1 to 12 with the REF 1, some general tendencies can be noticed. In all
the scenarios, except the three last ones (SC10, SC 11, SC 12), the boiler production is more important
than in the scenario REF1, due to the fact that in these scenarios, the boilers supply heat to TB and
to the network, whereas in the scenario REF1 as no network exists, the boilers just produce heat for
TB. For all the scenarios the heat pump production as well as the solar production is quite stable,
because they are used in priority to satisfy EB needs. When involved in the network, the LTS
contribution is steady (SC 3 to SC12), except in the sc10 where it has a higher contribution and all
the other sources have a smaller contribution.
Similarly, when comparing the scenarios 13 to 24 with the REF 2, general conclusions can be
underlined. The heat pump production in all the scenarios is reduced to almost nothing compared
to the scenario REF2. The boilers and solar production is quite stable among all the scenarios. The
contribution from the main DH of Vienna is slightly varying around 743MWh for the sc16 to sc24,
however in the first three scenarios it is more used because of the increased heat demand (4
buildings) and due to the fact that there is no LTS. The HTS is contributing for approximately
185MWh in the sc13, 14 and 15, when the LTS is added, the HTS is almost not used anymore. The
LTS is supplying the most the network in the sc16, 17 and 18, when the HTS is at its minimum size
and there is no connection to the main DH of Vienna.
The following Table 8 concerning the CO2 emissions of the different components and Table 9 related
to the operational costs of the different components can be understood and read as the previous
Table 7 and they are illustrated by Figure 15, Figure 16 and Figure 17, Figure 18.

Table 8: CO2 emissions (tons) of each source for all the scenarios.
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The CO2 emissions are only calculated for three components, the gas boilers of TB, the heat pump
of EB and the LTS (which actually represents the CO2 emissions due to the electric heat pump
associated to the LTS to boost the temperatures to the required level of the buildings). The other
components are assumed to be CO2 neutral.

Figure 15: CO2 emissions (tons) of each source for the variants of the reference scenario 1.

Figure 16: CO2 emissions (tons) of each source for the variants of the reference scenario 2.
The two set of scenarios present here results quite different. Indeed for the first set of scenarios (SC1
to SC12) most of the CO2 emissions are due to the gas boilers production and approximately 30% of
the CO2 emissions are due to the operation of the LTS (actually because of the heat pump booster
coupled to the LTS). The CO2 emissions due to the heat pump in the scenario REF1, 67t are
drastically cut down to around 12t in the other scenarios, but replaced by the CO2 emissions from
the operation of the LTS.
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In the second set of scenarios, in the REF2, 62% of the CO2 emissions are due to the boilers of TB
and 38%due to the heat pump of the EB, FB and Additional building. In the SC13, SC 14 and SC 15,
where no LTS is involved, only the boilers cause the CO2 emissions. In the following scenarios, the
CO2 emissions are essentially due to the operation of the LTS (in reality, the heat pump booster
coupled to it) up to 64% and the gas boilers up to 36%.

Table 9: Operational costs (€) of each source for all the scenarios.
The operational costs are only calculated for four components, the DH of Vienna (actually the price
of the heat sold by the DH of Vienna operators), the gas boilers of TB, the heat pump of EB and the
LTS (which actually represents the operational costs due to the electric heat pump associated to the
LTS to boost the temperatures to the required level of the buildings). The other components are
assumed to have no operational costs.
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Figure 17: Operational costs (€) of each source for the variants of the reference scenario 1.

Figure 18: Operational costs (€) of each source for the variants of the reference scenario 2.
In REF1 and REF2, the costs are composed of the costs of the heat pumps and the costs of the gas
boilers, with a similar share 80% - 20%.
As expected for the first set of scenarios (Figure 17), the main part of the costs is due to the gas boilers
of TB, the LTS contribute to the costs only for a very minor part of 7%. The costs of the heat pump
are negligible (1% of the total costs for each scenario).
In the second set of scenarios (Figure 18), the DH of Vienna is responsible for most of the costs,
between 67% to 75%. The gas boilers are then costing 23% to 28% of the total costs. When the LTS
is part of the network, its operation especially the operation of its coupled heat pump booster costs
between 6% to 9% of the total costs.
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Additionally, the total Primary Energy consumed (MWh), the total CO2 emissions (tons/MWh of
demand) and the total operational costs (€/MWh demand). In each table, the best values
(respectively worst) are highlighted in green (respectively red). Table 10 and Table 11 can be
understood and read in the same way as Table 7.

Table 10: Energy, environmental and economic metrics for the variants of the reference scenario 1.

Table 11: Energy, environmental and economic metrics for the variants of the reference scenario 2.
Considering only the first block of scenarios, SC2 with a 100m3 HTS and no LTS is the less primary
energy demanding scenario, but also the scenario responsible for the least CO2 emissions. Although
it is cheaper than the scenario REF1 (55€/MWh), the SC1 is the most expensive scenario with
53€/MWh. The SC10 has this particularity to use the most primary energy and so to emit the most
CO2, but it is at the same time the cheapest one, with 46€/MWh.
Regarding now the second block of scenarios, the SC15, with HTS of 100m3 and no LTS is the least
demanding in terms of primary energy and CO2 emissions. The SC13 is the most expensive scenario,
with 54€/MWh, which is even more expensive than the scenario REF2 (49€/MWh). The SC19 with
HTS of 100m3 and a LTS of 1960m3 needs the most primary energy and emits the most CO2
emissions, but is the cheapest one, with 45€/MWh.
Similarly to the metrics for the different heat sources, the overall metrics are illustrated by the Figure
19 for the scenarios related to scenario REF1 and REF2.
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Figure 19: Primary Energy consumption (MWh), CO2 emissions (tons/MWh demand) and
Operational costs (k€/MWh demand) for the variants of the reference scenario 1 (REF1) and the
reference scenario 2 (REF2)
A simple economic analysis was then carried out, based on investment costs and operational costs of
the main configurations A, B, C and D with the HTS= 100m3 and the LTS=1960m3 (scenarios2, 7,
14, 19). The parameters values considered for the calculation in CITYOPT are presented in Table 12.
We consider two possible investment costs scenarios for the LTS: one low value scenario with
125€/m3 and one high value scenario with 275€/m3.
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Investment costs
500€/m3

HTS
LTS
low value

125€/m3 water equivalent

high value

275€/m3 water equivalent

Heat pump (160250kW)

300€/kWth

Other costs (pipes, heat
exchangers, pumps,
planning etc.)

30% of the total investment
costs for storages and heat
pumps

Connection pipes to DH
of Vienna

300€/m

Table 12 – Costs considered to calculate the payback time of the configurations A, B, C, D.

Table 13 summarizes the results from the payback time calculations for the configurations A, B, C,
D. The scenario REF1 and REF2 have only operational costs because no investments are required
(no network is existing, but only independent buildings with their own heating system).
An important point to note from this economic analysis is that the scenario A and C are never
beneficiary compared to their reference scenarios REF1 and REF2, these two scenarios will not pay
off the investment costs. Indeed the operating costs of the scenario REF1 and REF2 are lower than
the operating costs of the scenarios A and C, due to the high share of the gas boiler in the heat
production of these last ones. The scenarios B and D, which have wide range of investment costs
(from 295k€ to 685k€ and from 477k€ to 867k€) have a long payback time. Scenario B, which
includes three buildings and the two storages, will pay off after 21 to 49 years, whereas the scenario
D, which includes the connection to the DH of Vienna (additionally to the scenario B), has a payback
time period included between 47 and 85 years.
REF1

A

B

REF2

C

D

Operational costs
(k€)

78.4

92.8

64.7

79.2

95.3

69.8

Low investment
costs for LTS (k€)

-

65.0

295.5

-

246.6

477.0

X

20.9

x

46.8

-

685

-

867

Payback time
(years)
High investment
costs for LTS (k€)
Payback time T
(years)

-

48.6

-

85.0

Table 13 – payback time calculated the configurations A, B, C, D
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6.1. Interviews with AIT Engineers
The usability test workshop was run by Experientia and AIT, where the participants were to execute
certain tasks with the tool, give feedback and reply to specific questions asked by the facilitators. The
interview followed a qualitative approach in order to go deeper inside the emerging themes of the
user experience.
The main purposes were the inquiry of the expected potential of the tool according to the different
participant’s roles, of the expected information and if the tool provided the required ones, the
existence of any usability issues or other usage barriers, and people’s satisfaction level, doubts,
concerns and expectations for the future release of the tool.
The participants gave an overall positive feedback of the tool, thanks to the high potentiality of the
tool application in their daily work tasks. In particular the tool is seen as a ready-to-use visual
support for the first steps in decision making process, given its features of envisioning and changing
variables, comparing different scenarios, and speeding up the initial evaluation process.

6.1.1. Learnability
The first usage of the tool is not straightforward and requires preliminary preparation (i.e. read
instructions and follow example tutorials), mainly because the navigation is still fragmented and
labels do not provide an unique interpretation so the users are not sure whether to go for
implementing their commands. In particular, it seems to be a matter of visual layout (for engineers,
already experienced with modelling software usage).

6.1.2. Efficiency
Participants reported that after having used the tool for some times, it is easy to perform the tasks
and get the required results. Graphs and charts made it easy to interpret the results.

6.1.3. Errors
No major errors have been observed during the usage of the tool. Minor ones were due to
repetitiveness of the tasks (e.g. edit long lists of parameters), while others can be easily solved (e.g.
not understanding if data has been saved) by providing clearer UI elements. Participants also
reported that having not clear what was the source model of data made it hard to know exactly which
type of expression/function was required.

6.1.4. Satisfaction
The participants were overall satisfied by the tool, thanks to the high potentiality of its application
in their daily work tasks. In particular the tool is seen as a ready-to-use visual support for the first
steps in decision making process in energy modelling, given its features of envisioning and changing
variables, comparing different scenarios, and speeding up the initial evaluation process.
Further and more detailed results and methodology will be described in Annex Annex: Interviews
with stakeholders and potential users9.2.
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6.2. Interview with the Stakeholders
The goal of the interviews conducted with the stakeholders of the Vienna study case is to evaluate
how the functionalities of the tool, its flexibility and results can support their decision making
process for new infrastructure investments from the technical point of view but also from the
economic aspect and how CITYOPT tool can support them in future projects.
The general outcome of the interviews is that the tool can support to the stakeholder in making
decisions and support the discussion among the different stakeholders. In this sense, it was very
important capability of CITYOPT Planning tool to create metrics to evaluate the economic viability
of an investment
The flexibility to be able to link in an easy way any type of energy model was highlighted as this allows
using specific models to get optimal solution depending of their needs and constrains.
Further and more detailed results and methodology will be described in Annex 9.2.

7. Conclusions and recommendations
7.1. Technical conclusions
The CITYOPT Planning tool allowed simulating various scenarios, calculating specific metrics
(energy, environmental and economic metrics) and finding the best scenario among the scenarios
simulated, through a Database Search Algorithm. The Vienna study case was evaluated through the
CITYOPT Planning tool. The results can help decision makers to get a better understanding of the
situation and some key metrics together with the optimization results can be useful to make a
decision according to specific criteria.
As the overall model of the Vienna study case was quite detailed and runs on heavy simulations, a
limited number of simulations were run in CITYOPT, resulting to a limited amount of results. The
optimization carried out, a database search, gave back some best scenarios according to either
Primary energy consumed or CO2 emissions or operational costs. The results are consistent;
however the best scenarios are actually the best scenarios among all the scenarios simulated and
maybe not the optimal scenarios.
The analysis of the results from the simulations of the Vienna study case in CITYOPT, indicate that
the best scenario, no matter the reference case chosen, is never the same if only the costs are
considered or if only the Primary energy and CO2 emissions are considered. In case that only the
metrics Primary energy and CO2 emissions are taken into account, then the best scenario, for each
reference REF1 and REF2, is a scenario that does not imply the LTS, but only the HTS: 100m3 when
3 buildings are considered and 150m3 when 4 buildings are considered. For the point of view of the
cost, this means considering only the metric Costs, then the best scenario involves a 1960m3 LTS
and a 150m3 or 100m3 HTS. For both cases (only 3 buildings involved or 4 buildings and a
connection to the main DH of Vienna), the best scenario in terms of operational costs is also the
worst scenario in terms of Primary energy used and CO2 emissions.
The use of high temperature storage alone, for industrial waste heat, is not economically feasible, if
its capacity is limited, because this leads to high operational costs due to the gas boilers use, making
the all investment non-profitable. A low temperature storage allows using a high share of waste heat,
has low operational costs but generates non-negligible CO2 due to the need of a heat pump booster
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to raise up the temperatures to the level required by the customers. A simple economic analysis
shows that cases with a LTS and a HTS can pay off, but only on a long term period.
At first glance, the replicability of the Vienna study case can seem limited, because of the limited
amount of customers and all its specificities, but considering all the different combinations possible
in this case, the flexibility of the APROS models and all the challenges it addresses, such as
fluctuating energy supply, low-temperatures, integration of new buildings, this Vienna study case
can be scaled up and suitable for many other cases.

7.2. Workshop with AIT Engineers
The CITYOPT Planning tool allowed simulating various scenarios, calculating specific metrics
(energy, environmental and economic metrics) and finding the best scenario among the scenarios
simulated, through a database search algorithm. The Vienna study case was evaluated through the
CITYOPT Planning tool. The results can help decision makers to get a better understanding of the
situation and some key metrics together with the optimisation results can be useful to make a
decision according to specific criteria.
As the overall model of the Vienna study case was quite detailed and runs on heavy simulations, a
limited number of simulations were run in CITYOPT, resulting to a limited amount of results. The
optimization carried out, a database search, gave back some best scenarios according to either
Primary energy consumed or CO2 emissions or operational costs. The results are consistent;
however the best scenarios are actually the best scenarios among all the scenarios simulated and
maybe not the optimal scenarios.
The analysis of the results from the simulations of the Vienna study case in CITYOPT, indicate that
the best scenario, no matter the reference case chosen, is never the same if only the costs are
considered or if only the Primary energy and CO2 emissions are considered. In case that only the
metrics Primary energy and CO2 emissions are taken into account, then the best scenario, for each
reference REF1 and REF2, is a scenario that does not imply the LTS, but only the HTS: 100m3 when
3 buildings are considered and 150m3 when 4 buildings are considered. For the point of view of the
cost, this means considering only the metric Costs, then the best scenario involves a 1960m3 LTS
and a 150m3 or 100m3 HTS. For both cases (only 3 buildings involved or 4 buildings and a
connection to the main DH of Vienna), the best scenario in terms of operational costs is also the
worst scenario in terms of Primary energy used and CO2 emissions.
The use of high temperature storage alone, for industrial waste heat, is not economically feasible, if
its capacity is limited, because this leads to high operational costs due to the gas boilers use. Low
temperature storage allows using a high share of waste heat, has low operational costs but generates
non-negligible CO2 due to the need of a heat pump booster to raise up the temperatures to the level
required by the customers.
At the first glance, the replicability of the Vienna study case can seem limited, because of the limited
amount of customers and all its specificities, but considering all the different combinations possible
in this case, the flexibility of the APROS models and all the challenges it addresses, such as
fluctuating energy supply, low-temperatures, integration of new buildings, this Vienna study case
can be scaled up and suitable for many other cases.
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7.3. Interviews with the Stakeholders
The general outcome of the interviews is that the tool can support to the stakeholder in making
decisions and support the discussion among the different stakeholders. In this sense, it was very
important capability of CITYOPT Planning tool to create metrics to evaluate the economic viability
of an investment.
The flexibility to be able to link in an easy way any type of energy model was highlighted as this allows
using specific models to get optimal solution depending of their needs and constrains.
CITYOPT tool can greatly support planning companies due the fact, that the application allows
setting up various scenarios and optimizations on top for a given study case.
The possibility of applying different kinds of optimization methodologies in conjunction with
individually defined optimization goals makes it even more attractive. Offering multiple scenarios
and various arguments for decision-making, with relatively little expenditure of time and money
could strike advantages over competitors and therefore might be of interest for this sector, either in
terms of planning a new energy system or for refurbishment actions, this no matter the scale of the
system considered. Furthermore positive stood out that changes in the configuration of scenarios
are not necessarily triggering simulation re-runs, which could cause substantial costs and delays.
The exploitation and commercial success of CITYOPT highly depend on the effort spent to develop
and calibrate the simulation models, which represent the heart of each study case.
The tool can help to the company to define to ideas, objective and structure the problems concerning
to the building and energy infrastructure developments given support to the decision makers with
specific information about the optimal solutions in terms of energy consumption, efficiency, CO2
emissions and especially economic cost.
The possibility the represent the key information by charts and tables in a simply way is very useful
including the possibility to create specific metrics. Specially, relevant is that CITYOPT Planning tool
is the possibility to evaluate the investment cost and also the payback periods characterizing if a
development is profitable and interesting for the company.
The CITYOPT planning tool can be very useful for the energy company (e.g WienEnergy) to optimize
their energy system and support them for the development of new business models in the area of
district heating. This tool could be used to evaluate the possibility to address this problem making a
general contract with different type of buildings (service building, schools, multi-family house) all
together creating an energy community instead to have individual contracts.
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9. Annex
9.1. Validation of the models
9.1.1. Buildings
In APROS, the buildings are modelled through time series of their hourly heat demands for
TECHBase and ENERGYBase. These time series represent the heat demand profile for a typical year
based on the actual data about the technical characteristics of these office buildings. This modelling
was performed in TRNSYS by a building simulation subroutine named TYPE 56, which is a multizone, non-geometrical model, where the thermal behaviour of a building is calculated from time step
to time step with an ideal heating and cooling approach [2]. These time series are ready to be
simulated in APROS.
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The Figure 20 and Figure 21 shows the Sketchup geometry and the time series of heat demand by
the TRNSYS model for TECHBase and ENERGYBase respectively.

Energy needs (kWh)

Figure 20 - Geometry of TECHBase and heat demand (TRNSYS results).
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Figure 21 - Geometry of ENERGYBase and heat demand (TRNSYS results).
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FUTUREbase, not built yet, will be a low-energy building with similar size and features as
ENERGYBase. Therefore the time series corresponding to the heat demand of FUTUREbase will be
the same time series as ENERGYBase.
In order to increase the replicability of the Vienna case study and thus to enhance the relevance of
the CITYOPT project, an additional “virtual building” will be included in the model. This is because
ENERGYBase and FUTUREbase, both being passive houses, are perceived as not reflecting the
majority of the building stock. Therefore the virtual building will be based on TECHBase, which is
heated using radiators and requires much higher supply temperatures and potentially represents a
greater proportion of buildings in the EU.

9.1.2. Gas boiler
The TECHBase building is the only building of the Vienna study case to have gas boilers. To validate
the APROS boiler model, we compare the gas consumption calculated by APROS with the gas
consumption indicated on the invoices corresponding to the gas boiler of TECHBase.
As we couldn’t get real monthly values, but only yearly data, we chose to compare the annual gas
consumption the years 2014 and 2015 (for which we could get the gas consumption from the gas
invoices).
The simulations are run with the following parameters:
-

Lower heating value: 50MJ

-

Maximal power: 600kW

-

Nominal power: 500kW

-

Standby efficiency : 85%

-

Partial load efficiency: 90% whenever the boiler is loaded above 30% of nominal power

Total requested heat load: 954MWh for 2014, 1001MWh for 2015 (monitored data
indicated on the heat meters of the TECHBase boiler).
The cumulative heat demand for 2014 and 2015 of the TECHBase building is illustrated in the
Figure 22.
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Figure 22: Cumulative heat demand for 2014 and 2015 of the TECHBase building
The results are illustrated by Figure 23. The difference between the gas consumption calculated by
APROS and the monitored data is of 8% for both years.

Figure 23 - Difference between the gas consumption calculated by APROS and the monitored data

9.1.3. Heat pumps
The validation of the APROS heat pump model is based on the comparison of two parameters
calculated in APROS, the electricity consumption and the COP, with the real data from the heat
pump of ENERGYBase.
The heat pump model is run within APROS for a one-year simulation with the inlet ground source
temperature and outlet sink temperature illustrated by the Figure 24. These temperature levels were
obtained from the monitoring data of the heat pump of ENERGYBase.
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Figure 24 - Inlet ground source temperature and outlet sink temperature from the heat pump of
ENERGYBase.
The validation set up of the heat pump model used monitored values of the heat pump’s heat output
to simulate electricity consumption.
The cumulated electricity consumption is then compared to monitoring data for the same year 2014
(so for the same requested heat load). The electricity consumption of the APROS model is very close
to the monitoring data obtained, as illustrated in Figure 25. The average error between the two sets
of data is of 1.2%.

Figure 25 -Comparison of the cumulated electricity consumption from the heat pump APROS
model and the monitoring data.
Besides, the average COP of the heat pump calculated by the APROS model is of 3.99, which is very
close to the COP calculated from the monitoring data of 3.92.
Additionally, the Figure 26 illustrates how the electricity consumption profile from the monitored
data matches the electricity consumption calculated by APROS during one day.
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Figure 26 - Comparison of the electricity consumption from the APROS model and monitored data.
The above points suggest that the APROS heat pump model may be considered validated.

9.1.4. Solar panels
The validation of the APROS solar collectors model is based on the comparison of the output power
calculated in APROS, with
, the output power calculated with the monitoring data from the solar
collectors of ENERGYBase, using the following equation:
= . .

stands for the mass flow in the collectors (kg), for the heat capacity of the water-glycol mixture
fluid in the collectors (4.2kJ/kg.K) and
is the temperature difference between the outlet and inlet
temperatures of the collectors.
The APROS model calculates the output power, from the following Equation:
= .(

(

(

) )

where is the area of the solar collectors ( ), is the global radiation at normal incidence and
are Heat losses coefficients (detailed in deliverable D2.1) is the ambient temperature and
=
(
)/2 (°C).

The data used as inputs in the APROS model to calculate the output power produced by the solar
collectors are presented in the Table 14. These data were also used.

a1

3.1

a2

0.019

n0

0.54

Table 14: APROS parameters of the solar collector model.
The graph of the Figure 27 and Figure 28 respectively illustrate the profiles and the cumulated values
of the output power from the solar collectors, calculated from the monitored data and calculated in
the APROS model, from the 01/10/2011 to the 31/03/2012 (every 5 minutes). The two profiles are
similar, with the same variations, only a deviation of some kW can be noticed. The average difference
between the two sets of output powers is around 20%.
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Figure 27- Profiles of the output power from the solar collectors, calculated from the monitored data
and calculated in the APROS model, from the 01/10/2011 to the 31/03/2012.

Figure 28 - Cumulated output power from the solar collectors, calculated from the monitored data
and calculated in the APROS model, from the 01/10/2011 to the 31/03/2012.

9.1.5. Ground Storage (borehole heat exchangers)
To validate the APROS model of borehole heat exchangers (BHE), several steps were necessary. Le
validation process is illustrated in Figure 29.
The objective was to get comparable outputs - such as energy exchanged and the outlet temperature
- by comparing the APROS model with another already validated model of the ground storage
implemented in Earth Energy Designer Designer (EED1).

1

http://www.buildingphysics.com/index-filer/Page1099.htm
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Intermediate
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Figure 29 – BHE validation process.
The (hydro)geological model was elaborated in the program FEFLOW2, which is used to model
groundwater flow, groundwater age and heat transport. However, the calculations for the design of
an appropriate borehole heat exchanger field were done in the program EED on the basis of the
FEFLOW-model concerning the underground properties. The use of EED allows for the calculation
of brine temperatures for monthly heating/cooling loads.
To get similar results from both APROS and EED models, a BHE model was implemented in APROS
to be used as a reference model in terms of geometry and material properties. This model was then
improved step by step to give similar results as the EED model. The reference model from EED has
5100 m of borehole length, which are distributed to 51 BHE (double U shape) with a length of 100 m
in three rows in a rectangle, i.e. 17 BHE per row. The 51 BHE were then implemented in the APROSmodel. Each borehole had an active length of 100 meters (between the depths of 15 and 115 meters
below earth surface). For simplicity, the liquid of the ground loop was water. The geometrical
characteristics are summarized in Table 15 1 and the properties of materials and ground in Table 16.
Number of boreholes/row

17

Number of rows

3

Distance between boreholes, m

7

Distance between rows, m

7

Total depth [m]

115

Active depth [m]

100 (from 15 to 115)

Total active length [m]

5100

Diameter of borehole [mm]

170

External diameter of pipes [mm]

32

Thickness of pipe walls [mm]

2.9

Diameter of pipe bundle [mm]

110

Table 15 - Characteristics of the ground heat exchangers model implemented in EED and APROS

2

https://www.mikepoweredbydhi.com/products/feflow
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HDPE
(pipes)

Material

GROUT
SOIL
(backfilling) (Apros/EED)

Vol. heat capacity [MJ/(m3*K)]

1.76

1.996

2.2/2.6

Heat conductivity [W/(m*K)]

0.5

2

2.1/1.73

Density [kg/m3]

970

1940

2500/2600

Table 16: Properties of materials used
The validation scenario simulated in APROS software consisted of two years. During the first year,
the water was being fed into the boreholes field at 35°C and the resulting heat injection was
calculated from simulated return temperatures and mass flow rate. During the second year, the heat
was extracted from the borehole’s return flow until the heat carrier was cooled down to 0.5°C, which
was kept as constant inlet temperature.
This validation scenario was implemented for the models in EED (reference model) and APROS
(intermediate 17 x 3 BHE model). The Figure 30 compares the results from the two models.

Figure 30 – Comparison between the outlet temperatures from EED and APROS for the17x3 BHE
model, for a 2 years simulation.
Although the outlet temperature curve from the APROS model has a sharper behavior than the one
from the EED model (the APROS model works with ideal values), the average difference between the
two curves representing the outlet temperature is of 2.5°C and 80% of the year, this difference is less
than 4°C. The differences between the two curves can be explained by the different assumptions
taken in the two models. For instance the APROS model uses a mean specific heat transfer value of
45W/m, while the EED model uses a variable specific heat transfer value (from 0 to 39W/m). This
assumption in APROS results in higher injected and extracted energy, and consequently higher
outlet temperatures. From this comparison of the outlet temperatures, we can conclude that the
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intermediate APROS model implemented performs well in comparison with the EED reference
model.
The model of boreholes and ground storage required for the Vienna study case is smaller than the
reference model, and based on conclusions drawn from the RecoverHeat project3, 9 boreholes are
sufficient. The 3 rows by 3 boreholes configuration was implemented in APROS and performed
similarly to the validated larger model (intermediate model 17 x 3 BHE), as it can be seen in the

Figure 31.

Figure 31 - Comparison between the outlet temperatures and the injected and extracted energy
from 17x3 BHE and the 3x3BHE in APROS, for a 2 years simulation.

9.1.6. RTA´s wind climatic tunnel
RecoverHeat is a previous project dealing with the same Vienna case study, but using the OSMOSE tool for
simulations of the whole micro-DH network. FFG-Nr: 838769 - Deliverable D2.1: Subjects report Geothermal
use of the subsurface at the site Giefinggasse 4, 1210 Vienna
3
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In APROS, the waste heat rejected by the testing facility RTA is modelled through time series of the
hourly heat released by 5 components: 3 oil coolers, a desuperheater and a condenser. This waste
heat represents between 3 and 4 different temperature levels. To take advantage of these multiple
temperature levels it is beneficial to use specific storages (high-temperature storage and lowtemperature storage).
Two sets of monitored data (for 2013 and 2014) were obtained from the facility and they are ready
to be used as simulations inputs in APROS. The Figure 32 represents the total waste produced by
RTA during the years 2013 and 2014 and the Figure 33 shows the resultant various temperature
levels.

Figure 32: Total waste heat produced by RTA in 2013 and 2014.
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9.2. Annex: Interviews with stakeholders and
potential users
9.2.1. Interviews with AIT engineers
This section describes the methodology used to conduct this test, including goals, participants and
interview structure.
As part of the WP3 activities Experientia and AIT conducted some heuristic evaluations and user
experience testing of the CITOPT Planning tool, at an advanced stage of development.
The insights and comments listed in Section 5 are aimed at ensuring the tool remains focused on the
objectives outlined in the original project goals, and suggesting areas that we feel could be suitable
for further refinement.
Due to the operative nature of this document, the focus will be on problems and user experience
issues and recommended solutions. Problems and usability issues highlighted in this document
should take into account that the tests took place with a non-final version of the tool’s UI. Some of
the issues mentioned were already known by the development team and are already been addressed
during the writing of this document.
Our findings are presented openly, with the understanding that the development team may not feel
it necessary to address all of them, but can nonetheless review the recommendations made, and asses
the feasibility, urgency and timing as they see fit.

9.2.1.1. Methodology
Research details
Date: 7 October 2016
Location: AIT office (participants workplace), Vienna
Duration: 1 hour per interview
Researchers: 1 Experientia researcher + 1 AIT researcher
Participants: 3 participants
Recruitment criteria:
First-time users of the CITYOPT Planning Tool
Engineers or technical professionals involved in energy system modelling process

Date

07 October 2016

Location

ENERGYBase building, AIT offices, Vienna

Duration

1 hour per interview
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Researchers

1 Experientia researcher + 1 AIT researcher

Participants

3 participants

Recruitment
criteria

Stakeholders with sufficient knowledge to understand the
CITYOPT Planning Tool and the data to manage with the tool.
3 AIT engineers

9.2.1.2. Participants
The following is the list of people that took part to the user experience testing session.

date & time

name

role

notes

Friday 7th Oct
9:00 – 10:o0

Antonio GarridoMarijuan

Scientific
research, energy
modelling

Familiarity with this kind of
tools and energy modelling

Friday 7th Oct
10:00 – 11:o0

Demet Suna

Scientific
research, energy
economist,
working on energy
modelling
and impact
assessment,
project accusation

Former experience with
energy modelling, haven’t
worked on this topic for a
while

Friday 7th Oct
11:00 – 12:00

Bernhard Skarbal

Scientific
Familiarity with this kind of
research, energy
tools and energy modelling
modelling and
impact assessment

9.2.1.3. Goals
The main goals of this session of user experience tests has been:
Understand expected potential of the tool according to the different participant’s roles.
Understand if the tool provide the required information, or which data is missing.
Understand if the tasks are conducted seamlessly or if usability issues or other barriers are
detected.
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Understand people’s satisfaction level, doubts, concerns and expectations for the future
release of the tool.

9.2.1.4. Interview structure
1. Introduction (10 min): the facilitator introduces him/herself, the CITYOPT project and
the specific objectives of the Vienna pilot, and explains the goals of the interview.
2. Warm up (10 min): the facilitator asks questions about people's jobs, common work tasks
and tools commonly used to perform them.
3. CITYOPT Tool usage (5 min): the facilitator asks questions to understand how much the
participant is familiar with the CITYOPT Tool, if it has already been used by the participant,
for how long and which activities has been performed with it.
4. Usability test (25 min): the facilitator asks the participant to perform specific tasks using
the CITYOPT tool and observes which problems are encountered by him/her.
5. Final questions (15 min): the facilitator asks questions to measure participant’s level of
satisfaction with the CITYOPT Tool and which aspects of the application s/he would improve.
The interviews are semi-structured and the facilitator is free to modify the order of the questions
and/or adapt the protocol based on the specific feedback provided by each participant.

Figure 34. One of the user experience test session

9.2.1.5. Main findings
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The following is the list of findings elicited during the user experience testing sessions with end-users
of the CITYOPT Planning tool. Findings have been grouped into 7 categories:
1. Positive aspects. Features most appreciated and judged as immediately useful by the
participants, in relation to their current job tasks.
2. Missing information. Missing data or information that participants lacked or was looking
for during the usage of the tool.
3. Lack of guidance. Difficulties to navigate within the tool and to understand how specific
tasks could be achieved.
4. Usability issues. Problems during the interaction with the software or procedures that
could become lighter and faster if organized differently.
5. Labelling and interpretation issues. Issues in understanding the tool’s terminology or
in interpreting texts or visual cues.
6. Participants’ comments. Other comments worth being mentioned that did not fall in any
of the other categories.
7. Bugs. Technical issues encountered during the usage of the tool. Some of them are probably
already known.

Next to each finding its level of gravity is reported, on a scale of three values, as follows:
***, high gravity. The problem is critical and some of the users could got stuck in the
execution of their tasks. It should be fixed before releasing the tool.
**, medium gravity. The problem is encountered by several participants and negatively
affects the ease of use of the tool. It should be fixed.
*, low gravity. The problem is encountered by few users and users are able to proceed with
their tasks execution without big troubles. However, fixing it could improve the tool usability.

The above scale only takes into account users’ ease of use of the tool. Our findings are presented
openly, with the understanding that the development team may not feel it necessary to address all of
them, but can nonetheless review the recommendations made, and asses the feasibility, urgency and
timing as they see fit.

Positive Aspects
The participants gave an overall positive feedback of the tool, thanks to the high potentiality of the
tool application in their daily work tasks. In particular the tool is seen as a ready-to-use visual
support for the first steps in decision making process, given its features of envisioning and changing
variables, comparing different scenarios, and speeding up the initial evaluation process.
The optimizer
Participants did appreciate the possibility of having an optimized version each scenario they create,
that allows them to anticipate energy needs and requirements of the system from a broader
perspective.

31 October 2016 2014

CITYOPT D3.3 Vienna Demonstration

55

Visual comparison of different parameters
The possibility of visualising the behaviour of the parameters that have been included in the
simulated scenario is considered very helpful to have a first overall picture of how the system might
work and take the first steps in the decision making of energy modelling process.
Visualisation tool
The participants appreciated the tool mainly because, by giving visual outputs of the models, it can
be used as a common platform for collaborators as it gives simple and intuitive visual artefacts as a
information base for developing scenarios and proceed further with decision making.
Chart export and save
The possibility of export and save the charts on external archives is well appreciated as a useful
feature.
Display and structure
The menu on the left side is well structured and organised, the logic behind it is well intuitive and
easy to follow.

Missing information
Obscure model dataset (create new project) ***
In order to use the CITYOPT Planning tool, users have to upload a dataset model file upon project
creation containing several information about the district. However, it’s not clear how this file will
be provided (e.g. who should fill the information in it? Which is the format this file should respect?).
Moreover, it’s not clear for the users which components are included in the dataset and which data
they contain, and this results in difficulties to manipulate the parameters contained in the dataset
district model file.
Recommendation: provide detailed instructions on the dataset file structure. The CITYOPT
Planning tool should also contain basic information on what this file is, and what it contains (e.g.
after uploading the file it could show a paragraph detailing its content: “This dataset contains
buildings detailed information). Provide description for each dataset component to briefly explain
the data contained in it.
Solution: CITYOPT planning tool has a functionality where the information and description of the
model can be uploaded to increase the transparency for the users
Lack of data description and unit measures (general) ***
Data visualized within the CITYOPT Planning tool does not provide informative descriptions of the
data itself and users can easily get lost when they have to browse through a number of variable
names. Moreover, the lack of unit measures sometimes makes it harder to understand values and
charts.
Recommendation: provide a description field for each of the components and parameters available
to end-users. Always provide unit measures.
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Solution: The description of the components can be included in the description of the model explain
in the previous point. Additionally, CITYOPT application is able to import the units the inputs of
each component and output of the model, additionally the user can define the units of the metrics
Scenario running status update (create a scenario) **
The user has to click the button “open scenario” to refresh the status of the process
Recommendation: Provide an automatic update about the status of the simulation
Solution: Automatic upload about the status of the simulation will be implemented

Lack of guidance
Not clear what should be done to create a chart (visualization chart) ***
To create a chart it is necessary to select the scenarios first, and then to set the metrics or the external
parameters (this applies for creating scatter plots, bar charts and a pie charts, while for creating time
series the procedure is different). However, this is not suggested anywhere in the screen, leaving the
users in doubt on how to proceed to visualize graphs.
Recommendation: provide an introductory description to specify how visualizations should be
created. For example: “To create a chart select first the scenarios, then the metrics and external
parameters that you want to compare, finally click on the button ‘create visualization’.”
Solution: A user guidelines has been created to support the user in the use of the CITYOPT
planning tool including visualization.
Lack of visual connection between related tables (edit scenario/…) **
It’s not easy to understand that it’s necessary to first select a component in order to see the list of its
input parameters in the table next to it. The two tables, in fact, despite being related with each other,
look exactly the same as other tables available in different screens. Moreover, the ‘select’ button is
often unnoticed.
Recommendation: visualize the ‘select’ option as a button rather than as a link as it would make it
more visible. Provide a visual cue (e.g. an arrow) that the input para meters are an explosion of
the selected component.
Solution: This is solved uploading specific information about the model which can be visualized
when the project is opened. Improvement in the ‘select’ option will be done.
Input parameters ordering (general) **
Whenever the input parameters are shown, they seem not to have a proper ordering and are
presented with a different sorting in different parts of the application.
Recommendation: order the parameters listed in a consistent way and, if possible, provide the
possibility to order the parameters by names alphabetical order, unit measure, etc.
Solution: The information the list of component are short in alphabetic order, the order of the
parameters of each component is define by the model linked to CITYOPT application but it
remain the same in all the screen of the CITYOPT Planning application
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‘Upload’ buttons to define the parameters in a new scenario is not visible (general) **
The ‘Upload’ buttons (e.g. the ‘next’ button used to advance to the next step of a process, or the ‘run
search’ in the ‘create optimization set’ screen) are not visible enough. Being on the top-left corner of
the screen after filling the required data people is often focusing on lower elements of the page.
Recommendation: visually highlight the ‘Upload ’ buttons, for example by making the bottom
larger and with a different background color.
Solution: The ‘Upload ’ will be moved to the top of the screen to be more visual for the user
Status update (optimization set) *
It’s not clear whether the scenario status is automatically updated or if it requires a manual refresh.
Recommendation: provide an estimate on the average time required to generate the results (e.g.
“The optimization is currently running, it will take about 2-3 minutes to be ready. You can continue
to use the CITYOPT Planning tool and come back when it will be ready.”). Prefer an automatic
update of the project status with no need to refresh the page. If a refresh is required, provide an
explanation (e.g. “Refresh the page to check the optimization status.”).
Solution: An estimation of the average time will be added

Usability issues
Expressions creation too complex (create metrics/optimization set) ***
The definition of an expression for metrics and objective functions requires high knowledge on the
system and on the available data and has been considered too complex by most of the participants.
Moreover, having to retype the (sometimes long) variable names is also negatively affecting the user
experience.
Recommendation: a tool for supporting the creation of an expression would be helpful. Users
should be able to select an existing function (e.g. minimization), and function’s parameters could
be chosen by a list of the available variables, without the need to type the variable name manually.
Solution: The CITYOPT planning tool gives the possibility to upload the variables to be used in the
functions, a description of the functions which can be used by the user is included into the tool, the
possibility to upload directly the function will be explored.
Input of values has too many steps (edit external parameters/input values) **
Entering new parameters and their values is more complex than expected and requires several steps.
Recommendation: simplify the process of creating/editing parameters and their values.
Parameter’s name and value should be entered within the same screen. Ideally, making it possible
to edit the parameters directly from the table listing them would simplify a lot the process when
many parameters need to be changed (i.e. edit many values and save only once).
Solution: The CITYOPT planning tool has a simple process to add the input values. The usere needs
to select the “input parameter set” of the new scenario, then select the component and then to add
the value of the parameter. Additionally, the CITYOPT planning tool can have default values for
all the scenarios in a project, which can be directly import from the model or defined when the user
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is creating a project. In case case that the user need to import a huge amount of parameter the
CITYOPT Planning tool gives the possibility to import the parameters in a CSV file.
Input parameters at project level (general) *
It’s not possible to edit the input parameters in the project phase, but only after having created a
scenario. Editing the input parameters from within the project, would be beneficial in case many
scenarios are sharing similar parameters.
Recommendation: provide the possibility to edit input parameters at project level.
Solution: CITYOPT planning tool gives the possibility to the user the update the input parameters
at project level by the functionality “Edit Project”

Labelling and interpretation issues
Navigation until visualisation (open scenario/edit scenario) **.
After creating a scenario, it is not clear where to go to visualise it: the feature “Time series chart” is
not immediately read as a direction that brings to visualise the scenario. Also, when
adding/removing components from the list the system does not automatically update the chart, and
it is not immediately clear to press the button “draw chart”.
Recommendation: more shortcuts to the commands, at least more intuitive navigation journey,
avoiding the user to go back and forward and to proceed by “trial and error”.
Solution: The automatic refresh of the chart and additional information of the variables
represented into the chart will be added
Optimization algorithms (optimization set) *
The option between two different optimization algorithm is shown, but no information on the
differences between this two algorithms is provided, leaving the users in doubt of which method
would be more appropriate for their use case.
Recommendation: provide a quick description of the optimization algorithms.
Solutions: The created User Guidelines will content information to the user concerning the
optimization algorithms
Constraints and feasible/unfeasible (optimization set) *
It’s not always clear which are the criteria for feasible and unfeasible results and this information
does not seem related with the possibility to set one or more constraints.
Recommendation: provide a more descriptive summary of the results such as: “2 feasible
scenarios, 0 infeasible scenarios, etc. based on the constraints you specified.”
Solutions: The created User Guidelines will content information to the user concerning the
optimization algorithms.
Input parameters values inconsistency (edit scenario/change input parameters) *
Sometimes (e.g. in ‘edit scenario’) input parameters are already shown, without the need to select
the correct component. However, this behaviour confuse users, who were used to have to select the
component: it’s difficult to understand why these data are already shown.
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Recommendation: provide data in a more consistent way. If a different behaviour is needed (e.g.
auto-select a component) provide a text explanation of this different behaviour (e.g. “XYZ is the last
component you have selected.”)
Solution: The recommendation will be followed in updated versions

Participants’ comments
Selected variables display
When visualising a chart it would be useful to have a reading key related to the chart where the user
can easily see which variables has selected, the key should be just below the chart, as suggested
below:

Figure 35. Screenshot of the tool: where the user would expect to have a reading key for the chart.

Multiple scenarios and cost variable
Some participants suggested that it may be useful a parallel visualisation of different scenarios, and
also the inclusion of the variables of costs.
Imported files display
The users would like to see the name of the files that have been imported, and not just if they are
imported.
Variables’ colours
Colours of the variables in the chart should stay stable when adding/removing variables.
Chart selection
The chart selection button is too small, it should be better displayed with emphasizing the type of
the chart available.
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Figure 36. Screenshot: the chart selection button is expected to be more emphasized.

Components and metrics display
Users suggest to put the list of the components and the list of metrics one beside the other, so it’s
possible to read the in parallel, and not one below the other, because too much scrolling affects
negatively the usage of the tool.
Data comparison
It would be useful to visualise all the relevant data in parallel in order to compare them and easily
check out which are the most relevant for the scenario.

Bugs
The listed bugs will be fixed in the next updated. Nevertheless, the listed bugs didn´t affect to the
main functionalities and the working flows into the tool
Missing feedbacks on parameters entered (create external parameters)
When external parameters are created they are not shown in the external parameters table.
Entering new parameters
When entering/removing new parameters in the scenario, the software changes the orders of the
other parameters that had been previously entered.
Input parameters changing order (edit input parameters & other screens)
The order of items contained in the input parameters table change in different screens of the
application and also when accessing it at different times.
Wrong redirection (simulate scenario)
When the user is creating a new scenario and is pressing the ‘simulate scenario’ button, the user is
redirected to the visualization, chart page. This seems to be an incorrect redirection, many of the
user were expecting to see the results instead. Also, after naming a new scenario, the user has to save
it, but it is not clear what s/he should select to proceed.
Error detection missing (create scenario)
When entering parameters values, it is not immediate how to fix the error, the software recognises
the error but it does not provide a straight way to recover. The user should be informed whether s/he
put wrong information into the fields and which is the information needed.
System bug
After creating a scenario, if the users goes back to the previous page, a new scenario is automatically
generated by the software and listed as (0), (1), (0)(0), etc. with the original one.
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9.2.2. Interviews with stakeholders
This section describes the methodology used to conduct these interviews, including goals,
participants and interview structure.

9.2.2.1. Methodology
Date

20 October 2016

Location

RTA offices; Schottentor ; ENERGY base building. [Vienna]

Duration

1 hour per interview

Researchers

2 AIT researchers

Participants

3 participants, 1 for each session

Recruitment
criteria

Vienna pilot’s stakeholders with sufficient knowledge to
understand the CITYOPT Operational Tool and the data to manage
with the tool.
1 participant from RTA
1 participant from Business Agency of Vienna (VBA)
1 participant from Siemens

9.2.2.2. Participants
The following is the list of people that took part to the interviews. The interview with RTA Director
took place at RTA offices in Vienna, the interview with VBA/Wirtschaftsagentur employee took place
at Schottentor, in Vienna, whereas the interview with the Siemens’ manager took place at
ENERGYBase office.

date

Name

role

Profile

17th October
2016

DI. Manfred
Kreitmayer

RTA. Director
Facility Managemer
and Measuring
Equipment
Managemer

Expert in the operation and
equipment in RTA facility

20th October
2016

Mr. Weiss

VBA. Employee in
the Real Estate
Department

Responsible of building
developments

31 October 2016 2014

CITYOPT D3.3 Vienna Demonstration

20th October
2016

Werner
Wiedermann

62

Siemens. Facility
Management &
Services G.m.b.H

Expert in facility
management

9.2.2.3. Goals
The goal of the workshops conducted with the stakeholders of the Vienna study case is to evaluate
how the functionalities of the tool, its flexibility and results can support their decision making
process for new infrastructure from the technical point of view but also from the economic aspect
and how CITYOPT tool can support them in future projects.

9.2.2.4. Interview structure
1. Introduction (10 min): the facilitator introduces him/herself, the CITYOPT project and
the specific objectives of the Vienna pilot, and explains the goals of the interview.
2. Warm up (5 min): the facilitator asks questions about people's jobs.
3. CITYOPT Tool demonstration (20 min): the facilitator shows the CITYOPT Planning
Tool, demonstrating its main features.
4. Results analysis (30 min): the facilitator shows the results and collects feedbacks from
the participants.
5. Conclusion (5 min): the facilitator summaries the main achievements of the interview and
thanks the participants.
The interviews are semi-structured and the facilitator is free to modify the order of the questions
and/or adapt the protocol based on the specific feedback provided by each participant.

9.2.2.5. Main findings
RTA – Wind Climate Tunnel
RTA Company saw in a positive way that the information and the functionalities implemented into
the CITYOPT Planning tool can support them to analyse how to use the heat rejected by RTA´s
Climate Tunnel into a local district networks and to assess the impact in terms of CO2 emissions,
energy efficiency and economic cost of the different options including the possibility to give a
monetary values to this waste heat.
The schedule of the tests makes very irregular the waste heat production in terms of production
periods and temperature ranges along the year. Only in the summer period, July and August, the
facility has a programmed stop because of the maintenance works. The possibility to link to the
CITYOPT Planning tool dynamic models, as APROS, and to analyse them was very interesting as this
type of models allows analyse in a proper way the potential use of the waste heat in the RTA´s Climate
Tunnel
The possibility to use to different type of optimization methodologies into CITYOPT planning tool
are also useful as they allow different approaches. GA algorithm allows creating automatically
thousands of scenarios for a same study case to pick up the optimal one and the Data Search
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Optimization more oriented in a models whit high simulation times or to test some specific options
into the design of the energy issue.
It was remarkable the assessment about the potential of the different type of thermal storages to be
used for waste heat form RTA´s Climate Tunnel identifying which of them is the best option for the
irregular heat production. The water tank use as mid-term storage was more constrained by the
higher temperature levels needed and the irregular waste heat production from the facility giving
lower potential than the ground heat storage. The ground heat storage has more potential as it is able
to decouple in a bigger period heat production and heat consumption with a higher temperature
range absorbing better the irregularities in the heat production.
It was very positive for RTA facility to the capacity of the CITYOPT planning tool to support to
identify the optimal design the different components of the model as the dimension of the water
tanks.
It was also interesting for RTA the possibility to analyses the negative aspect of the use the waste
heat from RTA´s Climate Tunnel as the increase of the heat demand to compensate the losses into
the district heating network and the ground heat exchanger and the subsequence increase on the
energy consumption by heat pumps to boost the heat to the temperature to be used into office
buildings.
Especially highlighted was the possibility to estimate the investment cost for the implementation for
the local district heating network and the estimation of the payback period as this opens the
possibility for different agreement among the actors for the investments defining new business
models. For example, the ground heat exchanger represent a big investment with an estimated
payback period of around 20 years out of the 3-5 years (maximum 10 years) of the payback period
ranges for RTA facility to make and investment. This situation can open a discussion of between RTA
and operator of the district heating network to find solution for this investment.
The capacity of the tool in terms of scalability of the model of the model was very interesting and
some discussion about the possibility to create a detailed specific model for RTA Climate Tunnel
facility and to optimize its design. Actually, it was highlighted this idea as future project where
CITYOPT Planning tool can be used for this purpose.

Business Agency of Vienna (VBA) – Wirtschaftsagentur Wien
The tool can help to the company to define to ideas, objective and structure the problems concerning
to the building and energy infrastructure developments given support to the decision makers with
specific information about the optimal solutions in terms of energy consumption, efficiency, CO2
emissions and especially economic cost.
The possibility the represent the key information by chart and tables in a simply way is very useful
including the possibility to create specific metrics. Specially, relevant is that CITYOPT Planning tool
is the possibility to evaluate the investment cost and also the payback periods characterizing if a
development is profitable and interesting for the company.
The flexibility of the CITYOPT Planning to be linked to different type of models is very interesting.
This gives the possibility to link a specific model for energy building design (e.g. EnergyPlus) to
identify which are the optimal mix of technologies and measure or to identify optimal design (e.g. in
air-conditioning). This is very useful for the company for the decision process as in this processes
you introduce clear technical information. For example, to identify if the optimal solution to cover
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the heat demand of a building is to install a heat pump, to connect to the district heating network or
to get hybrid solutions that consider heat pumps & thermal solar panels.
Following the previous paragraph, a practical example was discussed, the current design of
FUTUREbase, is an innovative building which is economically profitable. Nevertheless, CITYOPT
planning tool could be used, to explore new solutions or to optimize the design to get higher profit
at the same time that you improve the energy the performance. In the same line, the building Aspern
IQ, is a Surplus energy Building, but it is not economically profitable for the company without public
subsidies. CITYOPT planning tool can be used to optimize the design to reduce public subsidies at
the same time that you keep the high standards.
One of the main problems of the company is that some of the investments are profitable by the users
but not for the owners. PV panels should be installed in the new buildings but those who invest in a
higher quality do not benefit from the result i.e. lower operating cost. Therefore, Wirtschaftsagentur
Wien is making the investment to install of the PV panels but not getting the revenue, making this
investment economically unprofitable for them. In this context, CITYOPT Planning tool can support
the discussions between the owner of the building and the users to create business model to address
this situations finding a compromise solution for both parts.
The CITYOPT planning tool can be very useful for the energy company (e.g WienEnergy) to optimize
their energy system and support them for the development of new business models in the area of
district heating. For example, currently, it is not profitable for the WienEnergy to connect service
building to their district heating network due to their current low heat demand from these buildings.
CITYOPT planning tool could be used to evaluate the possibility to address this problem making a
general contract with different type of buildings (service building, schools, multi-family house) all
together creating an energy community instead to have individual contracts.

Siemens
Werner Wiedermann as facility manager of the ENERGYBase mainly maintains and monitors the
building’s energy infrastructure. The CITYOPT planning tool is focusing on the planning phase or
refurbishment of energy systems and therefore not serving major benefits and insights for his
current core activities.
Since the CITYOPT tool is not an operational tool, its use is not appropriate for daily operation of
energy systems. Nevertheless, Mr. Wiedermann remarked that CITYOPT tool can greatly support
planning companies due the fact, that the application allows setting up various scenarios and
optimizations on top for a given study case. The possibility of applying different kinds of optimization
methodologies in conjunction with individually defined optimization goals makes it even more
attractive. Offering multiple scenarios and various arguments for decision-making, with relatively
little expenditure of time and money could strike advantages over competitors and therefore might
be of interest for this sector , either in terms of planning a new energy system or for refurbishment
actions, this no matter the scale of the system considered. Furthermore positive stood out that
changes in the configuration of scenarios are not necessarily triggering simulation re-runs, which
could cause substantial costs and delays.
Mr. Weidermann highlighted that the exploitation and commercial success of CITYOPT highly
depend on the effort spent to develop and calibrate the simulation models, which represent the heart
of each study case. From his point of view the usage of various simulation vendors in different
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granularities is very important to cover more potential customers and domains in terms of
modelling.
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