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The objetive of WP8is to ensurethe provision of the central product of HESMOS, which is the
Integrated Virtual Energy Laboratory (IVEL) organised as easdul platform according to the SOA
approach. A main task teereby the integration of the system componendeveloped in the WPs

3-7 so that they shall appear to the end user as one homogenous simulator serving different end user
groups withdifferent attitudes, viewpoints and abilities, and to prepare the HESMOS product and
component services and tools fexploitation. 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 scenamolorchestration of the implemented servise

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

DeliverableD 8.3 compriseshe realisation ofthe complete software prototype and this supporting
report, thereby fulfilling the third and fourthtask 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 intthree sections

In the first section we give aroverviewof the deliverablewith regard to the technical scenarios
which were defined iDeliverableD2.2(Katranuschkoet al., 2011)

In thesecond sectionwe present thecore servicesf the IVEL Core. Theservices consist of several
components withgeneralmethods 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 metisods as thenonitoringof the

real pilot building.This sectionprovides also an overview on the underlying link model which
combines information from several modélsat will be stored on theplatform server so that the user
canuse or modify it later on, duringth@ dzA f RAy3Qa t AFS 0Oe Of So

Thelast sectionpresents a conclusion enumerating theost important achievedresultsand some
experiences and problems which wegatheredduring the development

Three partners were involved in the RTD work and each partner t@astributed from their expert
viewpoint as follows:

OG  Overall concept and configuration of the Facilitaddgement tools

TUD Overall conceptlVEL Coramplementation Energy Simulation Tools
andinterface development

NEM Realisatiorof the IVEIConnector and the nDavigator.

© HESMOS Consortium WWW.HESMOS.EU
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In DeliverableD2.2(Katranuschkov et al., 201tt)ree different technical scenarios for thiealisation
of the HESMOS Integrated Virtual Energy B¢ SNB RSNA SR ©ORBprocedsedi A YA 1
worked out in the first stage of the projecthe outcome is pi®ented schematically iRigurel.

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 properlydi$eeen
developed the principal approach to integrate actual device data from BAS with facility management
tools for the operational phase. Thirdly, we developed a general stk scenario that would
enable public access to the IVEL by owners, tenambalilding authorities.
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Figurel: Technical Scenarios

In the design integration scenario, it was planned to bind a8IAD system in the IVHIhe interface

of the CAD system that will launch the nD Navigasorat 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 ohe& BIM files that need to be analysed. Scenario three, the
standalone scenario, is the mofbcused one so that every person who has a building model which
provides some preequirements can use the integrated laboratory. After initializing the core ef th
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.

Figure2 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
energyenhanced details is done like the transformation fost level to second level space

© HESMOS Consortium WWW.HESMOS.EU
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boundaries, assignment of climate data and a-gheck of needed information like the availability of

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

Create BIM

Prepare eeBIM

@ IFC

Space boundaries

<

Create eeTemplates

o

Construction

layers m

Requirements & 77

CAD

eeBIM

Template Mangmt.

Climate

-

P

eeBIM

nD Navigator

=

eKPI charts

Post - Processor

~ Final energy

Greenhouse gas
Temperatures
Costs

eKPI values

Simulation

o =

nD Navigator & NANDRAD

Simulation

Simulation results

Figure2: Design workflow in the/EL

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 forrétey a thermal simulationThe 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 theosessing like cost or

heating parameters. The pogtrocessing (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 thatuker can easily visualize a snapshot

e.g. for the summer periotinally, 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 theequirements and process the data.

1.19 Yy SNH &

GN} FFAO

f A3IKG

The traffic light in the nD navigator shows if an energy simulation can be s{grteeh)or not (red).
It is a precheck of the input data from the us€Fhe absolut necessary input data consistshefIFC
file, the assignment of climate data to it and the space boundary conversion so that thermal

transmittances are providedOther important information like materials or room usage is not
absolutely necessary because the energy solvers assign teswés if no assignment is available
GO02yONBUGSE | a

fA1S
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In the integrated virtual laboratory portathe project management iswailablethat 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 WPdrthermore, it includes the template
management where the user can change constructiangkates, which provide information about
material layers and their thicknesses, and space type templates, which contains occupancy
information, and he can upload new climate templat€be user does not need any software. He can
manage all templates withihis web browserFigure3 shows the temperatures of the test reference
year of Munich, Germany. It is also possible to take a look on diffuse and direct radiatitmes o
whole year but the cannot change some values. He can upload new templates in the template data
format of TUBIBK(Grunewald et al., 2012b)
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Figure3: Temperatures of Munich, Germany

Space type templatef~igure4) descrite 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 thathe has an overview anthn set new set points for work days, weekeod holidays.

Space Type Template
space Type

Figure4d: Space type template management

© HESMOS Consortium WWW.HESMOS.EU
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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 thelBKID
material database. Material templates include the thermal transmittance for each material. The
intelligent construction service calculates the new thermahsmaittance (uvalue) for all materials
based on the user setting&urthermore, it is possible to specify costs per square meter which is
necessary for the lifecycle costs key performance indicator.

O Energy Post-Processing View iergy Templates

Template Management
( )

Climate Location Template || Space Type Template | Construction Template

Construction Template

Construction

Edit Template

@[ Please define the name, the materials (from internal to external), thickness and costs per square meter of materials

Name* walltypeTICS

Costs per square meter [€/mz] |48

u-Value (W/m2K) 0.3

Material Layer CONCRETE KASSEL ~ | Thickness in [m] (0.2

Material Layer EPS + | Thickness in [m] (0.12

Material Layer CLIMATE PLASTER ~ | Thickness in [m] (0.01
& = Save Cancel

Figureb: Construction templa& 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 perfoffhedsame
can be done for rooms to assign the appropriata@type templatesHigure6).

Commaon Store

G LivingArea

| Lounge
WaitingRoom
DiningArea
DetainingRoom
StandardOffice
MeetingRoom
TechnicalDrawingRoom
TicketHall

Figure6: Space type template assignment
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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 Gldlteldeometry is
taken and assigned templates are evaluat8everal simaltions can be started in parallel but we
limited it becauseof resources Therefor a queue was implemented which saves the simulation
requests and executes them based on the FIFO -{fifBtst-out) principle. After starting the
simulation the user can odigure the eKPIBke final heating energy, final cooling energy, greenhouse
gas emissions and lifecycle costhis includes factors for the peptocessing and a combustible
catalogue where the user can select the used elements for heating and cakdireplar power, gas

or heating oil.Figure7 presents the combustible catalogue. Each element is defined by a price per
unit, a basic price, G@nd SQ. By selectinglifferent combustibles the user have the possibility to
specify a percentage of heating and coolifidne selection of these elements affects the post
processing results while they are combined with the simulation results.

Combustible [kWh/Einheit] Unit  price [EUR/a] h [Cent/kwh] Combustible New Delete Save combustible catalogue

Heizol EL 10.08 L 0.0 5.92 (5]

Erdgas E 10.42 m* 182.0 6.26

Erdgas LL 8.87 m3 182.0 6.28 Name Nah-/Fernwarme aus KWK, fossil

stadtgas 4.54 m= 180.0 3.8 Unit kwh

Flussiggas 12.8 kg 0.0 8.84

Steinkahle 8.71 kg 0.0 3.2 Heating value H_i 1 kwh/Unit

Koks 7-71 kg (00 32 Useful heat H_s 0 kWh/Unit

Braunkohle 5.42 kg 0.0 4.8

Stuckholz 1900.0 rm 0.0 3.0 Ration H_/H_s 0

Holzhackschnitzel 850.0 Scbm 0.0 3.3 Price per Anno 150 EUR/Yea

Holzpellets 4.9 kg

Strom (Sondertarif) 1.0 kWh 13.1 Price per KWh 64 Cent/kWh

Strom (Mathtst om) 1.0 kwh 10.0

Nah-/Fernwarme aus 1.0 kWh 150.0 Primary energy factor 0,7

Nah-/Fernwarme aus 1.0 kwh 150.0 6.4

Nah-/Fernwarme aus 1.0 kWh 150.0 6.4 €O2-Emission factor |219 9/kWh

Sonnen-Energie 1.0 kwh 10.0 0.0 S02-Emission factor |-0,134 a/kwh
OK Cancel

Figure7: Combustibleselection

The lifecycle costs configuratioRigure8) contains the investment costs based on the cost section of

the construction templates, energglated costs based on the selected combustibles and- non
energyrelated costs like cleaning anmhaintenance for a defined assessment periddhe 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 prdjeetarea of windows

and the fagade is calculated based on the IFC data and the maintenance depends on the investment
costs with a given percentage.

14t 28 NP OS&aaAy3

The postprocessing analyses the outcometbé simulation ancconverts the data to chart data so
that it can be presented in the nD navigator. The four main charts are giveigune9 so that final
heating, final cooling, roonprofiles and lifecycle costs can be visualized in different foivtare
examples and details can be found in the AppenidiD©7.3(Siroky A., 2014nd in sectior2.2.6

© HESMOS Consortium WWW.HESMOS.EU
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Investment Costs [€] |'291 281 ]
~ Energy-related costs
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~ Non-energy related costs - windows
Area of windows [m=] |’270,53 ]
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Hourly rate [€/h] |’15 ]
Sum for windows for one year [€] |’4‘059 ]
» Non-energy related costs - building shell
~ Non-energy related costs - preventive maintenance and repair
Percentage of investment costs [%] |’1,l ]
Sum for preventive maintenance and repair for one year [€] |’3204.0 ]

Figure8: Lifecycle costs configuration
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The IVEL Core is the important service that enables the connection of every used tool in HESMOS.
The specification of D2.&Katranuschkov et al., 20113 the basis and the development in WP8
followed this conceptFigure 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 wlayer which contains tools for the end usefhe service layer
consists of the important Core which provides access to the simulations, models and data with the
Intelligent Access Service which was describethén deliverableD8.2 (Laine et al., 2012bjThe

bottom layer consist®f different components from other work packages like the simulation tools,

the BIM, the eeBIM and pogtrocessing tools and tools like the space boundary conversiotihe

next sections we describe the layers more detailed simowbasic functionalities by examples.

Navi [ e
CAD L% gator 'c I nd:

i . ra
ol = Manager’

- Metrix

WebRoomEX
QF)
(Web) Apps for end users

o

5]
-
Core - S /o'vﬂ
Service layer . '*ﬂ_;..
| < ¥ | 4 « <
§©
Database Tools Kﬂ «

Component layer Therakles + NANDRAD

o)

Figurel0: Overview of the serviemriented architecture of the IVEL
21{ SNBWAOS [ I @ SNJ

The Intelligent Access Service is the webrface of the IVEL Car®lost ofits functions arepresented
in D8.2(Laine et al., 2012b)We decided to split that web servideto an EnergySimulationService
(Figurell), PostProcessingServigegurel2) and MonitoringServic€Figurel3) to separaé concerns.

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

1 convertSpaceBoundaries{his method initialize the sige boundary conversion process
{ isSimulationRunning(Retuns the status of the simulatiord N3tzy y A y 3 £0Ed GROMIIE AKISTRRE £
1 listSimulations()Lists all simulations of a specific user with their results

1 startEnergySimulation(Btart a new energy simulation for specific locations

1 getSpaceType(Returns the spaetype template of a given room

1

getSimulationResultSet(Returns the simulation results of a specific time period, specific
locations and a specific simulation.

© HESMOS Consortium WWW.HESMOS.EU
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Oﬂ EnergySimulationService 6701 1912131716 kenbB
- O@F DetailLevel
& F NO_ROOM_IDENTIFIER : String
*F REGEX_SEARCH_ROOM_DIN : String
@ convertSpaceBoundaries(lfc2x3DataModelProxy, File) : File
deleteSimulation(int) : boolean
deleteSimulationResults(SimulationInformation) : void
getNandradMeasuredUnits(Set<ResultCodes>, List<File>, int, fc2x3DataMedelProxy) : Map<ResultCodes, List<MeasuredUnits =
getSimulationResultDirectory(int) - File
getSimulationResultSet{String, Set<Integer>, List<String>, String, String, Integer, TimeMeasure, DetailLevel, String, Ifc2x3DataModelProxy, OntologyMedel) : List<MeasuredUnit=
getSpaceType(String, String, fc2x3DataModelProxy) : String
isSimulationRunning(int) : boolean
listSimulations(} : List<SimulationInformation >
listSimulationsForEeBimlIdDescending(String) : List<Simulationlnformation:
listSimulationsForUserld(Integer) : List< Simulationlnformation>
listSimulationsForlserldAndEeBimld(Integer, String) : List<SimulationInformation=
startEnergySimulation(int, LinkModel, Set<5tring=, String, fc2x3DataModelProxy) : SimulationInformation
startEnergySimulationForBuilding(int, LinkModel, Set<5tring>, String, fc2x3DataModelProxy) : Simulationlnformation
startEnergySimulationForZenes(int, LinkModel, Set<String, Ifc2x3DataMedelProxy) : Simulationinformation

00 OOOOCOCTOCTOCOPDO®D®

Figurell: energy simulation service interface

The PostProcessingServicalculates the energy key performance indicatorsother aspects of the
building e.g. building shell area and window area which are needed for the calculatien.
important functions are:

9 calculateBuildingshellArea(Based on thebuilding model this method calculates the building
shell area to enable the cost analysis of the fagade.

1 calculateWindowAreaBased on the building model this method calculates the building shell
area to enable the cost analysis of the fagade windows.

T calculatelnvestmentCostsalculates the investment costs based on the assigned construction
templates.

1 doPostProcessing@eneral posprocessing method for energglated, nonrenergyrelated and
investment costs with tim&lependent, locatiordependentand resultdependent filters.

T listCombustibles(Returns all available combustibles for heating and cooling.

Oy PostProcessingService 6465 041013 1611 kenf

&F COMBUSTIBLE_FILE_NAME : String

@ calculateBuildingShellArea(String, fc2:x3DataModelProxy) : Double

@ calculatelnvestmentCosts(String, Fe2x3DataModelProxy, EnergyKeyPerformancelndicators, OntologyModel, List<ConstructionTemplate>) : Double

@ calculateWindowhrea(String, fc2:3DataModelProxy) : Double

@ doPostProcessing(Simulationinformation, Map«ResultCodes, List<MeasuredUnit> >, List<5String=, Date, Date, Integer, TimeMeasure, DetailLevel, fc2x3DataModelProxy) « List<MeasuredUnits

@ doPostProcessingForCosts(EnergyKeyPerformancelndicators, List<String>, ResultCades, [fc2aDataMadelProxy, OntolagyMadel, SimulationInformation, List<ConstructionTemplate>) : MeasuredUnit

@ doPostProcessingForDetailLevel (Set<MeasuredUnit>, DetailLevel, List<String>, Ifc2:3DataModelProxy) : Map<String, Set<MeasuredUnits >

@ doPostProcessingForEnergyKeyPerformancelndicators(EnergyKeyPerformancelndicaters, SimulationInformation, ResultCodes, Map<String, Set<MeasuredUnit> >, Fe2x3DataModelProxy) : Map<String, List<MeasuredUnit> >

@ doPostProcessingForTime(List< MeasuredUnit>, Date, Date, Integer, TimeMeasure) : Set< MeasuredUnits>

@ filterRequestsWithNoResultUnits(Map<String, Set<MeasuredUnit>>) : Map<String, Set<MeasuredUnits »

@ getEKPIBySimulation(SimulationInformation) : EnergyKeyPerformancelndicators
@ listCombustibles(Integer) : List< Combustibles
@ loadCombustibles(File) : CombustibleContainer
@ saveCombustibles(File, CombustibleContainer) - void
@ saveEnergyKeyPerformancelndicators(EnergyKeyPerfermancelndicators) : void

Figurel2: postprocessing service interface
The MonitoringService communicates with the web service developed in A@4locumented in
D4.2(Ploennigs et al., 2012Main functions are:

1 getAirHandlingUnitMeasuremer{ds Based on the building model this method search the
YSIF&ad2NBYSy il LRAyida 2F (GKS NBIljdSaiSR NR2Ya

FANI I FGSNI KSIG NBO2@FSNEE&EIYT aRdzOG F ANJ GSYLISNI G dzN

Gl t @S WYRA @RILAI &8 AN Fly NRUFGA2Y &LISSRE
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1 getAverageMeasurementDatalnGranlundForraBased on the building model this method
retrieves the average values (if multiple sensors are present for a zone) of requested zones in a
specific tme range in XML format

1 getMeasurementPointsOfRoofxsBased on the building model it search the measurement
points of the requested rooms.

1 getMonitoringResultS€L same agyetAverageMeasurementDatalnGranlundFormdu(t not in
XML format. It returns Javobjects instead.

OJ MonitoringService 5833 26,0613 16:22 kenB

@ gethirHandlingUnitMeasurements(Ifc2x3DataMedelProxy, String, String, String, List<Integer>) : List<File=
getAverageMeasurementDatalnGranlundFormat(Ifc2:3DataModelProxy, Map=5String, List<5tring= =, String, String, Integer) : List<File=
getMeasurementDatalnGranlundFormat(Ifc2x3DataModelProxy, String, String, String, Integer) : String
getMeasurementDatalnGranlundFormat(Ifc2x3DataModelProxy, String, String, String, String, Integer) : String
getMeasurementPointsOfRooms(String, List<String, String) : Map=5String, List<String=>
getMeniteringResultSet(Ifc2:3DataModelProxy, List<Integer=, String, List<String=, 5tring, String) : List<MeasuredUnit=

L BB A ]

Figurel3: 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 tmedowith
regard to the cooling and heating set poinEgurel4).

Figurel4: Minimum and maximum temperatures within a time period

© HESMOS Consortium WWW.HESMOS.EU





















