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9ȄŜŎǳǘƛǾŜ {ǳƳƳŀǊȅ  

The objective of WP8 is to ensure the provision of the central product of HESMOS, which is the 

Integrated Virtual Energy Laboratory (IVEL) organised as a web-based platform according to the SOA 

approach. A main task is thereby the integration of the system components developed in the WPs  

3-7 so that they shall appear to the end user as one homogenous simulator serving different end user 

groups with different attitudes, viewpoints and abilities, and to prepare the HESMOS product and 

component services and tools for exploitation. This includes the development of integrative inter-

operability methods and configuring them to the particular user needs, development of process 

scenarios based on the identified use case scenarios and orchestration of the implemented services 

and tools, including integration of all required support/middleware components 

Deliverable D 8.3 comprises the realisation of the complete software prototype and this supporting 

report, thereby fulfilling the third and fourth task of the overall work in WP8, namely: 

T8.3:  Process model, web service orchestration and management system 

T8.4:  Full integrated prototype of the IVEL 

The deliverable report is structured into three sections: 

In the first section, we give an overview of the deliverable with regard to the technical scenarios 

which were defined in Deliverable D2.2 (Katranuschkov et al., 2011). 

In the second section, we present the core services of the IVEL Core. These services consist of several 

components with general methods like registration or login of a user, model specific methods which 

are mainly based on the IFC model, simulation methods for starting the appropriate energy solvers, 

visualization methods for the nD navigator and further service methods such as the monitoring of the 

real pilot building. This section provides also an overview on the underlying link model which 

combines information from several models that will be stored on the platform server so that the user 

can use or modify it later on, during the ōǳƛƭŘƛƴƎΩǎ ƭƛŦŜ ŎȅŎƭŜΦ 

The last section presents a conclusion enumerating the most important achieved results and some 

experiences and problems which were gathered during the development. 

Three partners were involved in the RTD work and each partner has contributed from their expert 

viewpoint as follows: 

OG:   Overall concept and configuration of the Facility Management tools; 

TUD: Overall concept, IVEL Core implementation, Energy Simulation Tools  

  and interface development; 

NEM: Realisation of the IVEL Connector and the nD Navigator. 
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1. ¢ŜŎƘƴƛŎŀƭ ǎŎŜƴŀǊƛƻǎ ŀƴŘ ǘƻƻƭǎ 

In Deliverable D2.2 (Katranuschkov et al., 2011) three different technical scenarios for the realisation 

of the HESMOS Integrated Virtual Energy Lab (IVEL) ǿŜǊŜ ŘŜǊƛǾŜŘ ŦǊƻƳ ƻǇǘƛƳƛȊŜŘ ά¢O-BEέ processes 

worked out in the first stage of the project. The outcome is presented schematically in Figure 1. 

Firstly, we created for the design phase the technical schema that would allow users like architects 

and building services engineers to predict energy and emissions behaviour properly. Secondly, we 

developed the principal approach to integrate actual device data from BAS with facility management 

tools for the operational phase. Thirdly, we developed a general stand-alone scenario that would 

enable public access to the IVEL by owners, tenants or building authorities.  

 

Figure 1: Technical Scenarios 

In the design integration scenario, it was planned to bind a BIM-CAD system in the IVEL. The interface 

of the CAD system that will launch the nD Navigator is, at this time, not been implemented. The 

decision against was part of the development process during the project. To create the results of the 

HESMOS project more generic, not bind at one or two special softwares, register the user 

automatically and allow the upload of the BIM files that need to be analysed. Scenario three, the 

stand-alone scenario, is the most-focused one so that every person who has a building model which 

provides some pre-requirements can use the integrated laboratory. After initializing the core of the 

IVEL, the nD Navigator will be opened and shown in the web browser of the client. The users can 

then configure the simulations, start the desired simulation and visualize the obtained results from 

different perspectives. 

Figure 2 shows the design workflow where (1) the building model is created in Allplan and exported 

as IFC2x3 file so that the user can upload it in the IVEL portal. After the upload (2) the preparation of 

energy-enhanced details is done like the transformation of first level to second level space 
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boundaries, assignment of climate data and a pre-check of needed information like the availability of 

IfcSpaces, IfcSite, IfcBuilding etc. in the building model. 

 

Figure 2: Design workflow in the IVEL 

When the preparation is completed (3) the user can modify eeTemplates like construction or space 

type templates and can upload new climate templates. We introduced a traffic light that shows if all 

needed information are available in the eeBIM for starting a thermal simulation. The simulation can 

be configured by the user in various detail levels (4). We allow the simulation of single or multiple 

zones. After starting the simulation the user can set parameters for the post-processing like cost or 

heating parameters. The post-processing (5) is based on these parameters and uses the simulation 

results to create chart data which can be filtered by time and locations and possible formatted by 

specific time steps and time units (hour, week ,month) so that the user can easily visualize a snapshot 

e.g. for the summer period. Finally, this chart data is visualized in the nD navigator (6). 

In the next sections we follow this workflow and describe how this works in detail and which service 

is used to overcome the requirements and process the data. 

1.1 9ƴŜǊƎȅ ǘǊŀŦŦƛŎ ƭƛƎƘǘ 

The traffic light in the nD navigator shows if an energy simulation can be started (green) or not (red). 

It is a pre-check of the input data from the user. The absolut necessary input data consists of the IFC 

file, the assignment of climate data to it and the space boundary conversion so that thermal 

transmittances are provided. Other important information like materials or room usage is not 

absolutely necessary because the energy solvers assign default values if no assignment is available 

ƭƛƪŜ άŎƻƴŎǊŜǘŜέ ŀǎ ƳŀǘŜǊƛŀƭ ƻǊ ŀƴ άƻŦŦƛŎŜέ ŦƻǊ ǊƻƻƳ ǳǎŀƎŜΦ 
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1.2 ¢ŜƳǇƭŀǘŜǎ 

In the integrated virtual laboratory portal the project management is available that contains the 
upload of the building model, the geometry model for the nD navigator and the assignment of 
climate data is presented which was worked out in WP7. Furthermore, it includes the template 
management where the user can change construction templates, which provide information about 
material layers and their thicknesses, and space type templates, which contains occupancy 
information, and he can upload new climate templates. The user does not need any software. He can 
manage all templates within his web browser. Figure 3 shows the temperatures of the test reference 
year of Munich, Germany. It is also possible to take a look on diffuse and direct radiations of the 
whole year but the cannot change some values. He can upload new templates in the template data 
format of TUD-IBK (Grunewald et al., 2012b).  

 

Figure 3: Temperatures of Munich, Germany 

Space type templates (Figure 4) describe the usage of rooms and implicitly how many users live or 
work in them based on set points for heating and cooling. The user gets a chart for a standard week 
so that he has an overview and can set new set points for work days, weekends or holidays.  

  

Figure 4: Space type template management 
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The same functionality which is provided for space type templates is also given for construction 

templates. Construction templates consist of different material templates provided by the TUD-IBK 

material database. Material templates include the thermal transmittance for each material. The 

intelligent construction service calculates the new thermal transmittance (u-value) for all materials 

based on the user settings. Furthermore, it is possible to specify costs per square meter which is 

necessary for the lifecycle costs key performance indicator. 

 

Figure 5: Construction template management 

The templates can be assigned in the nD navigator in the middle left tree by clicking on building 

elements or group of building elements os that multiple assignments can be performed. The same 

can be done for rooms to assign the appropriate space type templates (Figure 6). 

 

Figure 6: Space type template assignment 
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1.3 {ƛƳǳƭŀǘƛƻƴǎ 

Simulations can easily be started by selecting the rooms, storeys or buildings in the nD navigator. 
Dependent on these selections the IFC model is scanned by the requested GlobalIds. The geometry is 
taken and assigned templates are evaluated. Several simulations can be started in parallel but we 
limited it because of resources. Therefor a queue was implemented which saves the simulation 
requests and executes them based on the FIFO (first-in-first-out) principle. After starting the 
simulation the user can configure the eKPIs like final heating energy, final cooling energy, greenhouse 
gas emissions and lifecycle costs. This includes factors for the post-processing and a combustible 
catalogue where the user can select the used elements for heating and cooling like solar power, gas 
or heating oil. Figure 7 presents the combustible catalogue. Each element is defined by a price per 
unit, a basic price, CO2 and SO2. By selecting different combustibles the user have the possibility to 
specify a percentage of heating and cooling. The selection of these elements affects the post-
processing results while they are combined with the simulation results. 

 

Figure 7: Combustible selection 

The lifecycle costs configuration (Figure 8) contains the investment costs based on the cost section of 
the construction templates, energy-related costs based on the selected combustibles and non-
energy-related costs like cleaning and maintenance for a defined assessment period. The price 
increase, discount rate and the assessment period can be specified by the user. This enables the 
calculation of lifecycle costs for a long period which is common for PPP projects. The area of windows 
and the façade is calculated based on the IFC data and the maintenance depends on the investment 
costs with a given percentage. 

1.4 tƻǎǘ-tǊƻŎŜǎǎƛƴƎ 

The post-processing analyses the outcome of the simulation and converts the data to chart data so 
that it can be presented in the nD navigator. The four main charts are given in Figure 9 so that final 
heating, final cooling, room profiles and lifecycle costs can be visualized in different forms. More 
examples and details can be found in the Appendix, in D7.3 (Siroky A., 2014) and in section 2.2.6. 
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Figure 8: Lifecycle costs configuration 

 

  

  

Figure 9: Examples of the required diagram types 
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2. /ƻǊŜ {ŜǊǾƛŎŜǎ 

The IVEL Core is the important service that enables the connection of every used tool in HESMOS. 
The specification of D2.2 (Katranuschkov et al., 2011) is the basis and the development in WP8 
followed this concept. Figure 10 shows another view on the specified software architecture. The 
overall structure is three layered where the applications like Allplan, nD navigator and requirement 
tools from Granlund are in the top layer which contains tools for the end users. The service layer 
consists of the important Core which provides access to the simulations, models and data with the 
Intelligent Access Service which was described in the deliverable D8.2 (Laine et al., 2012b). The 
bottom layer consists of different components from other work packages like the simulation tools, 
the BIM, the eeBIM and post-processing tools and tools like the space boundary conversion. In the 
next sections we describe the layers more detailed and show basic functionalities by examples. 

 

Figure 10: Overview of the service-oriented architecture of the IVEL 

2.1 {ŜǊǾƛŎŜ [ŀȅŜǊ 

The Intelligent Access Service is the web interface of the IVEL Core. Most of its functions are presented 
in D8.2 (Laine et al., 2012b). We decided to split that web service into an EnergySimulationService 
(Figure 11), PostProcessingService (Figure 12) and MonitoringService (Figure 13) to separate concerns. 

The EnergySimulationService is responsible for starting simulations, retrieving the simulation status 
and retrieving the simulation results. The important methods are: 

¶ convertSpaceBoundaries(): This method initialize the space boundary conversion process. 

¶ isSimulationRunning(): Returns the status of the simulation - άǊǳƴƴƛƴƎέΣ άŎǊŀǎƘŜŘέ or άŎƻƳǇƭŜǘŜŘέ. 

¶ listSimulations(): Lists all simulations of a specific user with their results. 

¶ startEnergySimulation(): Start a new energy simulation for specific locations. 

¶ getSpaceType(): Returns the space type template of a given room. 

¶ getSimulationResultSet(): Returns the simulation results of a specific time period, specific 
locations and a specific simulation. 
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Figure 11: energy simulation service interface 

The PostProcessingService calculates the energy key performance indicators or other aspects of the 

building e.g. building shell area and window area which are needed for the calculation. The 

important functions are: 

¶ calculateBuildingshellArea(): Based on the building model this method calculates the building 
shell area to enable the cost analysis of the façade. 

¶ calculateWindowArea():Based on the building model this method calculates the building shell 
area to enable the cost analysis of the façade windows. 

¶ calculateInvestmentCosts(): Calculates the investment costs based on the assigned construction 
templates. 

¶ doPostProcessing(): General post-processing method for energy-related, non-energy-related and 
investment costs with time-dependent, location-dependent and result-dependent filters. 

¶ listCombustibles(): Returns all available combustibles for heating and cooling. 

 

Figure 12: post-processing service interface 

The MonitoringService communicates with the web service developed in WP4 and documented in 

D4.2 (Ploennigs et al., 2012). Main functions are: 

¶ getAirHandlingUnitMeasurements(): Based on the building model this method search the 

ƳŜŀǎǳǊŜƳŜƴǘ Ǉƻƛƴǘǎ ƻŦ ǘƘŜ ǊŜǉǳŜǎǘŜŘ ǊƻƻƳǎ ŀƴŘ ǊŜǘǊƛŜǾŜ ǘƘŜ άƻǳǘŘƻƻǊ ǘŜƳǇŜǊŀǘǳǊŜέΣ άǎǳǇǇƭȅ 

ŀƛǊ ŀŦǘŜǊ ƘŜŀǘ ǊŜŎƻǾŜǊȅέΣ άŘǳŎǘ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜ ŜȄƘŀǳǎǘ ŀƛǊέΣ άŘǳŎǘ ŀƛǊ ǇǊŜǎǎǳǊŜέΣ άƘŜŀǘ ǊŜŎƻǾŜǊȅ 

ǾŀƭǾŜ Ǉƻǎƛǘƛƻƴέ ŀƴŘ άǎǳǇǇƭȅ ŀƛǊ Ŧŀƴ Ǌƻǘŀǘƛƻƴ ǎǇŜŜŘέ ŦƻǊ ŀ ǎǇŜŎƛŦƛŎ ǘƛƳŜ ǊŀƴƎŜΦ 
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¶ getAverageMeasurementDataInGranlundFormat(): Based on the building model this method 

retrieves the average values (if multiple sensors are present for a zone) of requested zones in a 

specific time range in XML format. 

¶ getMeasurementPointsOfRooms(): Based on the building model it search the measurement 

points of the requested rooms. 

¶ getMonitoringResultSet(): same as getAverageMeasurementDataInGranlundFormat() but not in 

XML format. It returns Java objects instead. 

 

Figure 13: Monitoring service interface 

Each function returns XML files which contain hourly values e.g. room temperatures or an 

accumulated view like maximum and minimum room temperatures in a requested time period with 

regard to the cooling and heating set points (Figure 14). 

 

Figure 14: Minimum and maximum temperatures within a time period 














