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Executive summary 

The main objective of WP 9 is to validate the operation of the selected public use facilities comparing 
current practice and new capabilities enabled by HESMOS developments using the defined energy-
related Key Performance Indicators as well as expert rules and procedures.  

The work package is structured into four tasks: 

¶ T9.1  Requirements synthesis and energy-related key performance indicators (eKPIs) 

¶ T9.2  Recording evidence on benefits and costs (initial and final specification) 

¶ T9.3  System deployment and pilot demonstrators 

¶ T9.4  Evaluation of the deployed system and further needs 

This deliverable covers task T9.2.2 Recording evidence on benefits and costs [final specification] of 
the work performed in WP9 and comprises: 

¶ Introduction of the HESMOS Integrated Virtual Energy Laboratory (IVEL), including its function-
alities and components 

¶ Description of the methodologies to report evidence on benefits and costs, including the benefits 
of process and building performance optimisation and the implementation costs 

¶ Report of the benefits and costs on the performed pilot projects with regard to process and 
building optimisation 

¶ Conclusions 

The deliverable report is structured into 4 parts.  

In the first part the HEMOS IVEL, its components and the functionalities of the specific life cycle phases 
design and tendering, operation as well as retrofitting and refurbishment is introduced. The second 
part provides a set-up of methodologies to report evidence on benefits and costs. The methodology to 
report benefits on processes comprises the comparison of conventional processes performed on the 
pilot projects and the standardised processes supported by HESMOS IVEL as well as the documentation 
ƻŦ άǊŜŘǳŎǘƛƻƴ ƛƴ ǇǊƻŎŜǎǎ ǘƛƳŜέ ǿƘƛŎƘ ƛƴŦƭǳŜƴŎŜǎ ǇǊƻŎŜǎǎ Ŏƻǎǘǎ ŀƴŘ ƻŦ άƻǇǘƛƳƛǎŜŘ ǇǊƻŎŜǎǎ ǉǳŀƭƛǘȅέ ǿƘƛŎƘ 
influences employee satisfaction. ¢ƘŜ ƳŜǘƘƻŘƻƭƻƎȅ ŦƻǊ ǊŜǇƻǊǘƛƴƎ ƻŦ άƻǇǘƛƳƛǎŀǘƛƻƴ ƻŦ ǘƘŜ ōǳƛƭŘƛƴƎ 
ǉǳŀƭƛǘȅέ ŎƻƳǇǊƛǎŜǎ ǇǊŜǾƛƻǳǎ ŘŜŦƛƴŜŘ ŜƴŜǊƎȅ ς related Key Performance Indicators (eKPI) - final energy, 
greenhouse gas emissions, thermal comfort and life cycle costs ς for comparison of design alternatives 
during early design phase. Additionally, a Measurement & Verification (M&V) plan according to the 
International Performance and Verification Protocol (IPMVP) had to be set up to document energy 
conservation measures and energy, CO2 as well as cost savings. In the third part the HESMOS IVEL is 
validated on the two pilot projects of BAM Deutschland AG. The analysis of the processes comprises 
the expert point of view that compared their former way of working on the pilot projects with the new 
capabilities of the HESMOS IVEL. In addition the optimisations of the building quality and costs are 
documented in a sustainability assessment as well as a Measurement and Verification Plan. Finally, the 
fourth chapter summarises the conclusions of this deliverable. 

Three partners were involved in the RTD work: 

¶ BAM: Overall WP9 coordination, contributions in design optimisation,  realisation and  
  operation of PPP projects as well as two pilot projects for the validation of the  
  HESMOS IVEL. BAM provided also various experiences in BIM technology and  
  processes and is the main author of the deliverable report. 

¶ OPB: Contribution of its experience in energy-efficient design and engineering as well as  
  energy consulting and result testing 

¶ TUD-CIB: Structuring, reviewing, editing and final approval of the report. 
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1 LƴǘǊƻŘǳŎǘƛƻƴ ǘƻ ǘƘŜ I9{ah{ L±9[  

The HESMOS Integrated Virtual Energy Laboratory (IVEL) is a web-based design and lifecycle 

management platform based on an energy-enhanced Building Information Model (eeBIM). The 

integrated project team can log in to the HESMOS Virtual Energy Laboratory from everywhere where 

internet access is available and provide their data centrally for simulations, monitoring and decision-

making. For the design phase the HESMOS IVEL supports decision-making among different building 

shell design alternatives and during operation phase sensor data from Building Automation Systems 

(BAS) can be monitored regarding system performance of ventilation equipment as well as thermal 

comfort conditions. 

 
Figure 1: HESMOS Integrated Virtual Energy Laboratory 

1.1 Components of the HESMOS IVEL 

The main components of the HESMOS IVEL are: 

¶ Design Module: A CAD system which supports the design team by establishing a 3D model for 
model based quantity take off, energy simulations as well as facility management. 

¶ Energy Computing Module: Energy solvers which support energy simulation of construction 
elements, single spaces as well as the overall building, based on energy-enhanced Building 
Information Model data.  

¶ Reporting and Analysis Module: A post-processing module for analysis of simulation results and 
recording of energy-related Key Performance Indicators (eKPIs). 

¶ Public Access Module: A navigator which provides the results of energy performance simulation 
regarding energy-related key performance indicators (eKPI) for informed decision-making in all 
lifecycle phases.  

¶ Monitoring Module: Intelligent access services to Building Automation Systems (BAS) incorporate 
BAS data in simulation studies and control strategies. 
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¶ Facility Management Module: WebROOMEX to monitor thermal comfort conditions and 

Granlund Manager Metrix to monitor system performance. 

1.2 Functionalities of the HESMOS IVEL 

The HESMOS IVEL components provide different types of functionalities. In this chapter an overview 

of HESMOS components and their respective functionalities is provided for the building life cycle 

phases design and tendering as well as operational and optimisation phases. 

1.2.1 Design and Tendering Phase (Use Case 1) 

During the design and tendering phase, the HESMOS Integrated Virtual Energy Laboratory facilitates 

decision-making to identify the optimum type of the buildings shell components (roof, exterior walls 

and windows) by transparently comparing different alternatives early in the design process. The 

design scenario and the functionalities of the HESMOS IVEL are described step by step in the 

following flow chart. 

 

Figure 2: Guidance through the Design Scenario 
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Create the Building Information Model (BIM) 

As basis for quantity take off, comfort and energy simulations the 3D geometry model should be 

created according to modelling standards. For these purposes it is necessary that e.g. parts of the 

building shell which should have different qualities are modelled as separate elements. In the early 

design phase it is sufficient that e.g. the walls are created as one layer and enriched with 

construction type templates including all building physical properties from IVEL data base, because 

alternatives should be analysed first before detailing the model.  

 

Figure 3: Differentiation of elements with different qualities 

For an easy enrichment of the model with standard templates from the data base it is necessary to 

agree with the architect on a naming convention. To fasten the requirements management process 

the architect should give the rooms besides the name and function a classification, in HESMOS we 

use the DIN 277 classification, because both pilot projects are in Germany, that the requirements 

from EU norms or specific client requirements do not have to be mapped room by room but can be 

mapped to the group which belong to the same classification. 
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Figure 4: Classification of rooms 
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Prepare the energy-enhanced Building Information Model (eeBIM) 

To prepare the BIM for simulations and estimation, it is uploaded as IFC file ς the standard exchange 

format - in the nD Navigator, the web-based graphical user interface of HESMOS IVEL. Once uploaded 

to the nD Navigator the first level space boundaries defined by surfaces of the building elements are 

converted for thermal energy simulations to second level space boundaries which are subdivided in 

any of the following cases: differences in materials and/or material assemblies, differences in spaces 

or zones on the other side of the building etc. And the climate data has to be uploaded either as test 

reference year from the German weather service or as measured weather data from the location 

where the project should be realised. 
 

 

Figure 5: HESMOS platform ς upload of IFC and conversion for simulations 

Create eeTemplates to enrich the model 

In an early design phase if a relatively simple model is provided by the architect and the alternative 

with the best cost-quality ratio should be identified, sets of material properties which define a 

construction type can be chosen from the HESMOS IVEL data base or can be created on the Graphical 

User Interface (GUI) of the data base to enrich the model. In these construction templates there is 

also the possibility to assign a cost figure for the specific construction type as input for LCC 

estimation and comparison of alternatives. Additionally, on the HESMOS IVEL data base there are 

also space templates available as a predefined set of parameters from EU norms e.g. min./ max. 

temperatures, air flow rates etc., which can also be adapted according to specific client 

requirements. 

  

BIM

Space boundaries

Climate
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Space Templates 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Construction Templates 

 

 

Figure 7: Construction Templates on the IVEL data base 

Figure 6: Standard Space Templates on the IVEL data base 
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Prepare and perform simulation 

For a fast creation of building shell alternatives, construction type eeTemplates with the necessary 

building physical properties are automatically assigned to the elements either by name of the 

element in an early design phase or in a more detailed design phase the materials are read from the 

IFC and the appropriate construction type is mapped to the element. To create an additional 

alternative the assignment of another construction type can be easily done by multi-selecting all 

elements for which the type has to be changed. To streamline the requirements management 

process for the end-user space templates or specific client requirements are automatically assigned 

to the classification of the rooms agreed with the architect. If the preparation of the simulation is 

ǊŜŀŘȅ ƛǘ Ŏŀƴ ōŜ ǇŜǊŦƻǊƳŜŘ ǿƛǘƘ b!b5w!5 ŀ ǎƛƳǳƭŀǘƛƻƴ ǎƻƭǾŜǊ ŘŜǾŜƭƻǇŜŘ ōȅ ¢¦5ǎΩ LƴǎǘƛǘǳǘŜ ƻŦ 

Building Climatology. This solver provides a very detailed simulation of net energy and thermal 

comfort conditions. Because the zones which can be simulated are limited, the size of the building 

causes long simulation runs and because different building shell alternatives should be compared to 

find the one with the best cost quality ratio, the HESMOS project team agreed to simulate one 

representative part of the building and process the result for the whole building. The NANDRAD 

simulation solver is still under  development and does not include at the moment a comprehensive 

HVAC simulation model. However, NANDRAD is really open for integration of specialized simulation 

models. The simulation results are hourly data for heating and cooling net energy as well as 

temperatures, data which will be aggregated for decision-making in the post-processing. 

 

Figure 8: nD Navigator graphical user interface to enrich the model to an eeBIM 

Process energy-related Key Performance Indicators (eKPI) 

The simulation results are hourly data of heat and cooling net energy as well as temperatures which 

have to be processed regarding eKPIs for transparent decision-making among building shell 

alternatives. With the user input of a plant expenditure figure for heating and cooling the final 

energy is calculated in the post-processing view.  
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To evaluate the impacts on the environment the energy concept can be evaluated regarding 

greenhouse gas house emissions and energy costs by choosing combustibles from the HESMOS IVEL 

database which can also be altered based on requests to the energy supplier. The investment costs 

are calculated for the building shell and windows based on the areas from the IFC and the cost 

figures from the specific templates chosen. 

Final energy 

 

 

 

 

 

 

 
 

 

 

 

 

Greenhouse gases and energy prices 

 

Figure 10: Choose combustible with emissions and energy prise 

Figure 9: Prepare the simulation results ς conversion from net energy to final energy 
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Figure 11: Estimation of greenhouse gas emissions based on the chosen energy concept 

Life Cycle Costs 

 

Figure 12: Estimation of life cycle costs of the building shell and windows 
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Evaluate eKPI 

By transparently comparing alternatives regarding the eKPI  

- Final energy 

- Temperature profiles  

- Temperature over- / underruns 

- Greenhouse gas emissions 

- Life Cycle Costs 

in the nD Navigator diagrams, value tables as well as highlighted elements in the 3 D model, the 

alternative with the best cost quality ratio can be identified.  

 

Figure 13Υ ŜYtL ŎƘŀǊǘ άŜƴŜǊƎȅέ ƛƴ nD Navigator for comparing different alternatives  

 

Figure 14: eKPI chart άƭƛŦŜ ŎȅŎƭŜ Ŏƻǎǘǎέ in nD Navigator for comparing different alternatives 
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1.2.2 Operation Phase (Use Case 2) / Retrofitting and Refurbishment Phase (Use Case 3) 

Requirements management with WebROOMEX and RIUSKA 

WebROOMEX as part of the HESMOS IVEL FM module allows the continuous monitoring of indoor 

conditions in the building. This enables the FM team  to check wether client requirements are met 

even under changing external conditions or during the implementation of energy saving measures. 

During the operational phase, information can be browsed and visualised by colour coded floor plans 

with WebROOMEX. On the GUI user requirements such as minimum / maximum temperatures, air 

flow rates as well as the internal loads per room can be displayed and assigned to floor spaces 

according to DIN 277 and to certain HVAC zones.  

 

Figure 15: Requirements stored in WebRoomEX thermal comfort monitoring 

¦ǎƛƴƎ ǘƘŜ άŎƻƳǇŀǊƛǎƻƴέ ŦǳƴŎǘƛƻƴŀƭƛǘȅΣ ǘŀǊƎŜǘ ǾŀƭǳŜǎΣ ǎƛƳǳƭŀǘƛƻƴ ǾŀƭǳŜǎ ŀƴŘ ƳŜŀǎǳǊŜŘ ǾŀƭǳŜǎ Ŏan be 

compared. For these comparisons, a shared data base to store multiple simulation results was 

developed and the sensor data of BAS can be accessed through Intelligent Access Services (IAS).  

The IAS response will deliver measured values for the specifƛŎ ǊƻƻƳǎ ƛƴ ǘƘŜ LC/ ŦƛƭŜ όLŦŎ{ǇŀŎŜ άƴŀƳŜέύ 

within the requested time interval to easily detect deviations. On the basis of these analyses, the FM 

team can localise inefficiencies in thermal comfort and develop optimisation measures.  
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Figure 16: Guidance through the WebRoomEX thermal comfort monitoring scenario 

The energy manager can then verify these measures with a RIUSKA energy simulation on the basis of 

an energy-enhanced Building Information Model (eeBIM). For preparation of building operation 

optimisations the original eeBIM from the design phase should be updated to comply with the 

alterations made during construction and commissioning to an as-built building model. Due to the 

fact that energy use data, measured weather data and other operating data which closely represents 

the current operation of the building is available in the as-built eeBIM, optimisation measures can be 

verified by energy simulations. 

Web based monitoring / analyses / optimisation with Granlund Manager Metrix and RIUSKA 

Using the Granlund Manager Metrix web interface, the FM team can monitor the performance of 

ventilation equipment and avoid non-load operation as well as unsatisfactory heat recovery 

efficiency. For this purpose, sensor data obtained from BAS with regards to ventilation equipment - 

supply and exhaust air temperatures, status of ventilation fans and heat recovery units as well as 

outdoor temperatures - are utilised by Granlund Manager Metrix. The Granlund Manager Metrix web 

interface is divided in three levels which contain differing levels of detail for fast and intuitive access 

to relevant information. 

 

Performance Analysis, Monitoring

Measurements

Simulation

Target Measured OptimisedTarget

WebROOMEX Monitoring
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Identification of optimisation measure!
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Figure 17: System performance monitoring with Granlund Manager Metrix 

On the 1rst level of the graphical User Interface (GUI), a performance metric is published comparing 

measured values of the ventilation equipment against pre-determined target values for the entire 

building. If this metric is between 90 and 100 %, the ventilation equipment is functioning well. If it is 

between 80 and 90 % it is functioning satisfactorily, but if it is less than 80 %, a detailed analysis is 

necessary to identify the reasons for this weak performance and develop optimisation measures. 

This performance metric is calculated as the average of two indicators which are identified as most 

important in influencing the ventilation system performance. The first indicator is time schedule 

efficiency to monitor if the ventilation system is running according to the predefined optimal time 

schedule to avoid non-load operations. The second indicator is heat recovery efficiency to monitor if 

the heat recovery unit is functioning according to the manufacturers specification. Furthermore, a 

trend view is generated for the past three years, the past twelve months and the past 30 days.  In 

addition an overview is presented - worst equipment view ς which displays the ventilation systems 

that do not function satisfactorily. The causes for unsatisfactory performance of the ventilation 

systems can be analysed on the 2nd level of the web interface. Here time schedule efficiency and 

heat recovery efficiency of ventilation systems can be studied independently in greater detail. On the 

3rd level of the web interface, time schedule efficiency and heat recovery efficiency can be evaluated 

using time series plots. In these plots, the target value is always represented as a zero line enabling 

the FM team to easily detect when the ventilation system is running longer than expected or the 

heat recovery coefficient cannot be met due to exhaust air flow rates being lower than supply air 

flow rates, leakages in the ventilation pipes, pressure losses which cause a higher ventilation 

equipment power or an obsolete heat plate exchanger.  

1rst level 

2nd level 

3rd level 












































































