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Executive summary

The main objective of WP 09 is to validate the operation of the selected public use facilities
comparingcurrent practiceand new capabilitiesenabled by HESMOS developmer@siected live
demonstrators are performed wih all characteristic simulationsand sensor data monitoring The

pilot projects were prepared for the HESMOS platform, by creating tiildiBg Information Models

and by configuration and adjustment of hardand software.In this deliverable therelevant
intermediate and final resultsvere analysedwith special attention to theperformance of the
developed tools and services and their strengths, weaknesses, identified opportunities and threats

The work package is structured into faasks

1 T9.1 Requiremnts synthesis and energglated key performance indicators (eKPIs)
1 T9.2 Recording evidence on benefits and costs (initial and final specification)

1 T9.3 System deployment and pilot demonstrators

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

This deliverable covers taskr9.3 System deployment and pilot ednonstrators of the work
performed in WP9 and comprises a Strength, Weaknesses, Opportunities and Threats (SWOT)
analysis.The deliverable report is structured intbparts. In the first part the pilot projects were
introduced which were prepared for system deploymehhe second partis the main part of this
deliverable and comprises a Strength, Weakness, Opportunities and Threats (SWOT) analysis which
assesses the HESMOS Integrated Virtuatdgnieaboratory (IVEL) and its components implemented

at the pilot projects.In addition, a SWOT strategy map was developed witltrategy to use the
strength to pursue the opportunities and reduce the threats as well as to use the opportunities to
overcone weaknesses and to prevent weakses from becoming highly susjpetbel threats The

third part provides an assessment of the gaps of the HESMOS IVEL and an outlook to further R&D
research projects. Thdourth part summarisesthe most important strength, weaknesses,
opportunities and threatend as a conclusion the strategy derived from the SWOT analysis.

5 partners were involved:

1 BAM: BAMsupported the partnergiuring implemention ofthe IVEL on the two pilot projects,
with information, access to data dndetailing the models according to the identified modelling
guidelines (during the HESMOS project). Afesting andimplementationon the pilot projects
BAM performed a SWOT analysis and validated thed®&dd orits extensiveexpertise in design
optimization, realisation and operation of PitlPrivate Partnership projects as well as its
experience in BIM.

i OPB OPB supported the erification of simulation results based on extensieperience in
energyefficient design and engineering as well as egargnsulting.

1 TUDCIB:The Institute of Construction Informatic$ the TU Dresdewas involved in @nfiguring

the IVEL platform and preparation of simulatiaswell as in theeview, editing andpproval of

the report

TUDIBK:The Institute of Buildig Climatology was involved imeation of templates or adaptin

to specific pilot conditions as well as performing the simulations.

TUDTIS: The Institute of Technical Information Systems was involved oimfiguring the

webservice to request data from tHeQL data base in the building.

NEM:NEM was involved iareation of the initial models and configuration of the nD Navigator.

Granlund:Granlund was involved iconfiguring WebROOMEX and Granlund Manager Metrix for

the 4 buildings of the Pforzheim pilotrgyects. Assistance in import of input data for RIUSKA

simulations and support in RIUSKA simulation.

= =
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1 tAf20 LINR2SOGa

Two pilot projects were chosen for the system deploymefitthe Integrated Virtual Energy

Laboratory (IVEL). For that purpoBeilding Information Models (BIM) were created according to

required model standards based on the design and construction documents in Allplan. The

I RYAYAAUNI GADS oOodXERAFEHE GEAYIdZACR MEY WA NIARE GS GO
making capabilities during the design and tendering phase of Public Private Partnership projects. For
GKS a0K22f &eai{fOKRYRIT &!Fi2MNAWSAYE + {v] RI{tb ol &s
collect the required sensor data for comfort monitoring with WebROOMEX and systdormance

monitoring with Granlund Manager Metrix.

1.1 Finance Center Kassel

Pilot building Finance Center Kassel

Type of the building Administrative building

Grossfloor area 26.400 m?

Gross volume 91.200 m3

Net area 17.800 m2

Rooms 840

Construction period 11.2006¢ 12.2008

Concession period 30 years

Number of employees 730

Facade Thermal insuldon compositesystem andventilated

alu coverbetween the windows

Heating, Ventilation and AkConditioning HVAQ Concrete coreactivation for heating and coolig,
ventilation for canteen, meeting rooms & service
centre.

© HESMOS Consortium www.HESMOS.com
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1.2 Alfons-Kern-School Pforzheim

Profile pilot building Alfons-Kern-School Pforzheim

—

Type of the building Vocational school

Building A:butchers, bakery, hairdresser, beauty
Building B:administration and cafeteria

Building Csanitation, metal structure, motor eng.
Building D: carpenters, craft profesions

Gross floor area Building AC:17.167 nf, Building D:6.780 nf

Gross volume Building AC:73.561 nf, Building D:30.300 nf

Storeys Building AC:5, Building D:3

Construction period 05.2008¢ 06.2011

Concession period 30 years

Number of pupils / teachers 1.400/ 82

Heating, Ventilation and AiConditioning| BAM ThermeActive Ceiling with integrated Aio@ditioning,
(HVAQ high percentage afenew-able energies and high user
Building Automation Systems$BAS Measurement point8uilding Automation Systems (releva

for IVEL implementation)

Climate conditions
9 Outdoor temperature in summer / winter [°C]
1 Humidity in summer and winter [%]

Ventilation equipment

1 Supply air temperature [°C]

1 Exhaust air temperature [°C]

9 Heat recoveryalve position [%)]
9 Status of supply air fan [%]

Thermal Comfort
1 Room temperatures

Indoor Air Quality
1 Room C@concentration
1 Room humidity

© HESMOS Consortium www.HESMOS.com



D9.3 System deployment and pilot demonstrators
Version 1.0 HESMOS i Integrated Virtual Energy Laboratory

HESMOS

Virtual Energy Lab

page 7/ 31

2 {2h¢ FylfeaAsa

ASWOT analysiwas performedo evaluate the HESMOS Integrated Virtual Energy Laboratory (IVEL)
with spegal attention to the developé tools and services and therength, Weaknesses,
Opportunities andThreats. The SWOT analysis consolidates the findings from the implementation of
the IVEL on BAM Deutschlands two pilot projectsdfimance Center Kasselnd the dAlfonsKern
School Pforheimé. The analysis was performed to evaluate the advantages and disadvatages
componentas the strength and weaknesses of the IVEL prototype for implementation today and to
provide an outlook to the opportunities anthteats in the future to further develop and implement
the IVEL.For that purpose esSWOT profilewas created summarizing the strength, weaknesses,
opportunities and threats for the design & tenderinggse as well as the operation @timisation
phase. To évelop strategies taking into account the SWOT profile, a matBWOT strategy map

was created. This matridescribes a strategy to use the strength to pursue the opportunities and
reduce the threats as well as to use the opportunities to overcome nesdes and to prevent
weaknesses from becoming highly susjmeibel threats.

2.1 Design & Tendering Phase
2.1.1 Overview

Model

For the pilot projectdé CAYy FyOS /Sy (iSNJ YlFILaasSté¢ | . dzAif RAy3
simulations and decisiemaking in the early design phasin thisearly phase the model can be
relative simple e.g. all walls are only modeled as one layer, because first different alternatives are
compared before detailing the model. As basis to prepare for energy simulations and degision
making the open BA schema Industry Foundation Classes (IFC; ISO/PAS 16739, 2005)Rsited.
assignmenof construction type with building physical properties within the HESMi8oach the
attribute IFCname is used in the model.

Figurel: BIM of the Kassel building

© HESMOS Consortium www.HESMOS.com
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What has to be considered when modeling that every element which should have a different quality
is modeled as a separate element, e.g. in the pilot office building there was the need to differentiate
the Thermal Insulation @aposite Systenfrom the ventilated facadeand the sun protection cases.

OW_sunprotection case OW_steel cover

OW_TICS

Figure2: Structure of the fagade necessary for the HESMOS approach

In most cases, because modeling is faster, the architect models solid walls, but thermal and energy
simulation need parts of the wall per room to simulate the thermal load gemperatures. For that
purpose in the IVEL platform, the first level space boundaries which are defined by the surfaces of
the building element are converted to second level space boundaries which are more granular
differentiated in materials or basedhaooms / zones on the other side. But the issue is that when a
wall is not modelediifferentiated, only one construction type can be assigned.

Figure3: Space boundaries2nd level

© HESMOS Consortium www.HESMOS.com
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To consider in the simulation the fit qut.g. floors and suspended ceilings, they have to be modeled
GAOK | K2NRT 2y il f NE2Y | 020S H6KAOK A& RSTAYSR
requirements from the client exist. The same for the floors, because it has been identified that when
modeling the floors directly on the concrete slab, this slab has no space boundary and because of
that it is not considered in the simulation and there is no heat exchange between the different
stories. The challenge is that with this approach a lot of addiél zones are created and most of
simulation solvers are limited to a certain amount of zones.

floor
concrete slab

ay2z2 NB2Y
suspended ceiling

room

FiguredY { dzaLJISYRSR OSAftAy3da Y2RSt SR gAl

IFCSpaces are needed and should be named according to a classification that space types with
requirements from European norms or specific client requieats can be automatically assigned
according to this classification. For the pilot in HESMOS, the DIN 277 was used.

Livingarea

Lounge

Lounge

waitingroom
DiningArea
petainingRoom
standardoffice
standardoffice
MeetingRoom
TechnicalorawingRoom
TicketHall
standardoffice
standardoffice

of ficeequipmentrRoom
standardoffice
workshop

workshop

CcommonLab

Commontab

Commontab
pPlantanimaléreedingLab
pPlantanimalsreedingLab
Kitchen

specialLab
commonstore
collectionroom
coldstore
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Figureb5: Rooms radeled and classification according to DIN 277
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Template data bases

On the template database standard space templates from European Norms are provided and
adapted to the specidiclient requirements of the pilot project.

Energy Fost-P

Template Management

Cimate Location Template | Space Type Template | Construction Template

Space Type Template
Space Type

Space Type StandardOffice *||L# | &8 |_Create new Template Upload File

Figure6: Space templates example

In addition there are construction types with the respective building physical properties available,
which were adapted to the specific fagcade stction of the pilot project. For an easy alternative
creation e.g. the thickness of the layers can be altered or a new template can be created at the
graphical user interface of the IVHar climate data (outdoor temperatures, direct and diffuse solar
radiation) input, the test reference year TRY 7 for Kassel from the German weather service was
uploaded to the IVEL platform as basis for simulation.

Edit Template

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

matarialc

Name* walltypTICS

Costs per square meter [€/m?] 48|

u-Value (W/mzK) 0.3

Material Layer CONCRETE KASSEL v Thickness in [m] 0.2

Material Layer EPS ¥ Thickness in [m] |0.12

Material Layer CLIMATE PLASTER ¥ Thickness in [m] |0.01
* = Save Cancel

Figure7: Construction template example for Kassel

© HESMOS Consortium www.HESMOS.com
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Mapping

Because the IFC aamt coverall required data for energy simulaticalone therefore a multimodel
framework was developed connecting automatically the additional resources to the A§C
mentioned,the pilot model was created to use it for the very early design phase,esodhstruction

types are mapped to the IFCnhame of the elements in the model. In a more detailed design or
retrofitting phase, the materials can be read from the IFCMaterial and used to interlink BIM CAD
material data with energy specific material databasdes HESMOS this is done by an
German/Austrian standard, but the future R&D projects should and will theelnternational
Framework of Dictionarie@FD) standard (ISO 120 2007)

Construction type

Figure8: Multi-model¢ mapping of construction templates to elements

The space templates are automatically assigned to the dlz#iih of the roomaccording to the
German norm DIN 277.

Figure9: Link mode} mapping of space templates to rooms

© HESMOS Consortium www.HESMOS.com
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Simulation

The NANDRADnmsulation solverfrom ¢ ! 534 Q Ly aGAGdzi S asfusd fozkdmBléxy 3
simulationsof net energy and thermal comfort conditioni provides a very detied simulation of

the wall construction layers with a complex mathematical model. Because the zones which can be
simulated are limitedthe size of the building causes long simulation runs badausedifferent
building shell alternatives should be comedrto find the one with the best cost quality ratio, the
HESMOS project team agreed to simulate one representative part of the busldathgrocess the
result forthe whole building. The NANDRAD simulation soisestill under development and does

It A

not include at the moment a comprehensive HVAC simulation model. However, NANDRAD is really

open for integration of specialized simulation modelhie simulation results are hourly data for
heating and cooling net energy as well as temperatures, data whichevdbgregated for decisien

making in the posprocessing.

Postprocessing

With the postprocessing the big amount of detailed simulation results was aggregatddor the
Kassel building the final energy was estimated by taking into account the plamaditgre figure. To

estimate the greenhouse gas emissions and the energy costs you can choose the combustibles from

the IVEL data base; in case of the pilot building it was district heating and electricity.

Energy Pos
Energy sim
Simulation_|
Heating | ©

Greenh

0) Helzol| ¢

i folzhackschnitze

Holzpellets

Percentad

|ustibles.

FigurelO: Choose comistible with emissions and energy prise

Temperature over/ underruns to the client requirements defined in the space templates are esti
mated and linked to the rooms in the BIM. For estimation of the investment costs the quantities
from the IFC are estinted with the cost figures from the construction types templates. The post
processing is used as well for operational cost estimation, but at the moment only the cleaning costs
as well as the energy costs can be considered. The net present value is edtifoatevery

alternative to compare the different building shell alternatives.

© HESMOS Consortium www.HESMOS.com
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nD Navigator

The nD Navigar is the graphical user interface to enrich the BIM model with energy relevant data to
an energyenhanced Building Information Model (eeBIM). Thaahinapping of construction types is
done by the automatic mapping described in the category mapping in this deliverable. But if the end
user wants to change specific construction types or wants to create alternatives, this assignment to
another type can & done window 3 (see following screenshot of the nD Navigator) per drag and
drop. Besides the enrichment of the BIM, the nD Navigator is used for transparahtationof the
energyrelated Key Performance Indicators (eKPI) aggregated from the simulasorts: final
energy, CO2 emissions, temperature evand underruns as well as life cycle codtseKPIcharts

which are linked to the BIMifferent alternatives can be compared to find the alternative with the
best costquality ratio.

,_
3

I e ] I 63 ) -

Backto Projects  SETTINGS HELP  STATUS

Start simulation Project status: | g Ready

Figurell: eKPI evaluation in the nD Navigator

© HESMOS Consortium www.HESMOS.com
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2.1.2 SWOT profile for design & tendering

Virtual Energy Lab

Strengtls Weaknesses Opportunities Threats
Model 1 Exchange of the | fPurpose build 1 Integration of 1 Dependent on the
model based on modelneededfor different CAD developments of
the open IFC energy simulation systems dependent| IFC in
standard. on the soluton the BuildingSMART
1 Space boundary architect is working
{ Basis for a data issues with with because of 1 If space boundary
exchange over the| concrete slab; not | open IFC standard | problems cannot be
whole life cycle. recognked in the solved for floos
simulation and no | 1 Define model view /| and suspended
T Influence on IFC heat transfer filter to specific ceilings the
development betweenstories. parts of the model assignment has to
within building needed for be done from the
SMART by 9 CAD software tools| simulations. top of the floor to
providingHESMOS  supporttoo less IFQ the lower edge of
Information classes, e.dyps the ceiling and a lot
Delivery Manuals (IfcWallTypg, of different types
(IDM) for groups, facade have to be definded
simulations elements. because of the
includingExchange different
Requirements (ER| IFGExport mostly combinations.
and Model View too complicated.
Definition (MVD).
Template | TLibrarydeveloped | fUser can only use | T Further cevelop the | 1 Manage templates
Database with space materials from IBK | data base of across projects and
teplatesaccording | data base construction life cycle phases.
to EU Norms templates by
1 Thermal bridges of| developing more 1 Managematerials /
1 Library with aventlated facade | projects templates for all
constructiontype cannot betaken (European)
templates into accountby 9 Develop the data countries.
comprising user editing. base with

materials with
building physical
properties.

9 Adaptability of the
graphical user
interface (GUI).

9 Static user
behavior; no
stochastics used.

estimation results
by implemening on
future projects

1 Develop the
possibility in the
templates
management GUI
to take into account
thermal bridges.

© HESMOS Consortium
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Strengths Weaknesses Opportunities Threats
Mapping 1 Multi-Model fUser can only use | { Define contract 1 Riskwhen the way
developed to link materials from IBK language for work | of modelingand
automatically data base with external naming convention
required data : partners is not agreed
(requirements and T -I}/Iaphplng prgblems c ibil between the
construction if other attributes 1 Create a pssibility partners.
are used by the for the user to
templates) to the . ) . -
IFClor energy architect define which 1 Usability br other
simulation N ted templatehe wants countries which do
¢ ew lcrtea € ¢ to map with which not use DIN 277
9 Development of emp adef atrhe no element classificationgor
different rr:appet othe mapping of the
possibilities of elements 9 Uselnternational space templates.
mapping according Framework of
to the different DictionarieqIFD) l eeBIMshouId pe
. . used in every life
Leves of Detail for material
. cycle phase of the
(LoD) mapping .
project.
Simulation | 1 Detailed 1 Long smulation 9 Improve the 1 Cloud computing
simulation results runs. performance by can only provide
in an early phase L usingof cloud more alternatives
yp 9 Problem with big d .
. computing but not really fasten
{Easy alternative modeland a lot of the simulation run
creation zones to simulate | Y Integrate HVAC '
only prototype simulation tool / 9 Long simulation
HVAC simulati NANDRAD opeio runs are not
ﬂf t_s'mut‘,”‘ lons integrate other acceptable during
or optimisations detailed simulation| tendering phase.
are currentlynot tools
supported
Post 1 eKPI processing of,  Not all operational | § Extendthe post 9 LCC estimation only
processing| the simulation costs can be processing for FM adopted at the

resultsfor
decisionrmaking.

9 Multi-model as
basis for
investment cost
estimation
(quantities from
the model and key
cost figures from
the templates.

9 Multi-model as
basis for cleaning
cost estimation for
building shell and
windows based on
areas of themodel

estimated, e.g. the
maintenance only
as a percentage of
the investment
costs.

T HVAC has to be

seperatly calculated

to process final
energy

estimationof
preventive
maintenance,
ingpection, repair

flIntegrate an HVAC
simulation tool

market when
extended to whole
life cycle costs.

© HESMOS Consortium
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Strengtls Weaknesses Opportunities Threats
nD  Preparation of fi Templates loading | fimprovement of | { For use with other
Navigator | eeBIM; change of | takes long for big the performance. | CAD systems

construction type
per dragand drop.

9 TranspareneKPI
evaluation

9 Graphical
visualization in the
BIM e.g. capability
to highlight rooms

models

1 Poor model
management /
versioning.

1 Only 3 dernatives
can be compared in
the eKPI charts.

9 X3 cannot be
exported by every
CAD system which is
anISOstandard XML
based file format but
not provided by
every CAD system.

9 Improve the
model
management /
versioning.

1 Extend / enhance
the possibilities
for eKPI com
parisonto provide
a comprehensive
decision¢ making
platform.

development work
necessary.

I Performance /
stability when
uploadng more
than 10 big PPP
projectscannot be
proven.

© HESMOS Consortium
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2.1.3 SWOT strategy map for design & tendering

Topic Opportunities
Strengtls Weaknesses
Model Exchange of the model based on tl Define model view / filter to overcomg

open IFC standard to use differe
CAD systems as basis for the |
approach.

purpose build model and space boundg
issues.

Templdae Databases

Library with construction template
comprising materials with buildin
physical properties which can b
further developed by implementing
in future projects (building physicg
properties, costs).

Develop the possibility in the template
managenent GUI to inserheat losses of
thermal bridges to overcome that
thermal bridges are not recognized in th
simulation.

Mapping

Link model to integrate automaticall
required data and possibility 0
integration of additional data wher
needed.

Use Intermtional Framework of Diction
aries (IFD) for material mappinip be
able to usematerials not only fronTUDs
data base

Create the interface for the user that h
decides which templates should g
mapped to wich attributeso be open for
new constructions ad new attributes.

Simulation

Open NANDRAD simulation kernel
integrate detailed models for e.g
HVAC simulation.

Use of cloud computing to overcom
long simulation runs / provide to analys
more alternatives

Postprocessing

Open eKPI processing tfe simu
lation results for decisiory making,
extendabel for additional post
processing for FM estimation e.qg.
preventive maintenance, inspectio
and repair.

Extend the posprocessing for FM
estimation of preventive maintenancg
inspection and repaito overcome that
not all operational costs carbe esti
mated and so an additional source has
be used.

nD Navigator

Structured graphical user interfag
for transparent eKPl evaluatio
which can be extended to provide 3
extensive decisiomaking platfam
for the future.

Improve versioning to overcome a po
model management.

Extend / enhance the possibilities f
eKPl comparison to provide a compt
hensive decisiommaking platform and ta
avoid that the user is limited in altel
native comparison.
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Virtual Energy Lab

Topic

Threat

Strengtls

Weaknesses

Model

Influence on IFC development [
providing HESMOS IDM, ER andV
to buildingSMART0 reduce the risk of
dependency on IFC developments.

Find a solution dr the space boundary
problem, to avoid to assign the whol
structure from top of the floor to the
lower edge of the suspended ceiling a
avoid a lot of types.

Template

Use the developed library th

construction type templatesiot only
for the design scenario but across li
cycle phases

Overcome dependenciesn one material
data baseto reduce the risk that the IVE
is restricted to the use in certain coul
tries.

Mapping

Development of different possibilitie
of mapping according to the ffierent
Levels of Detail (LoOp reduce risk
that the eeBIM has to be rppared
again e.g. in the operation or retrg
fitting phase.

Avoid that other attributes than the
agreed are usg® by the architectto
reduce the risk that the mapping is n
working.

Simulation

Libraries with construction for eas
creation of alternative for altenative
simulation in parallelto reduce the
risk that because the detaile
mathematical simulation engine th
simulation and comparison will tak
too long.

Optimise the performance of the detaile
mathematical simulation engine (¢
NANDRADo avaoid long simulation rung
which are not acceptable during ter
dering phase.

Postprocessing

Extendabel link model for cog
estimation that other estimationg
such asmaintenance can be include
to reduce the risk that LCC estimatiq
with the HESMOS IVEL_not adopted
at the market.

Preventmissing integration badditional
FM databases for maintenance teduce
the risk of less adoption of the IVEL
the market.

nD Navigator

Use of standardized formats IFC
reduce the risk when a design partn
isusing another CAD system.

Optimise the performance for one proje
to reduce the risk of performanc
problems when uploading more projects
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2.2 Operation & Optimisation
2.2.1 Overview

Sensor data web access

C2NJ GKS LAt 20 & @&&H20K2@dzEkt RAn/EBwpd indtaléalyo &racsrd the
sensor data and web access was provided to use the sensor data for FM monitoring. A BIM model
was created, with the room attributed R2 2 NJ LJ I,{oSvhichdh¥ eefisiEdata is mapped.
Note: For thermal comfort monitorig air temperatures are measuretlring continuous monitoring
becauseit is not possible to measure the operative temperature in the centre of the room, 60 cm
above the floor such as specified in EN 15251.

Figurel2: BIM modehnd sensor data mapping according to room numbers

The technology independent web service developed by TU Dresdens Institute of Technical
Information Systems, helps the FM team, becatiy want to select rooms and physical quantities

fA1S GaNR2BEE0SWLISINRRAMNIF A NJ |j dzl £ A (0 ke weblsdn@&asith& Se& 4 |
backbone allows selecting automatically the appropriate BAS devices and measurement point IDs
which deliver the desired values.

VL Temperature in
Core Intelligent Access Services f Room A301
Engineering Query Language [T 77
/ " | Facility manage ment
Data / software
aggregation

N
i3

BAS Weh Service

Temperature .| Proprietary BAS
for device Software
127.BAC.95 ! .
7 ! -
V‘“\v”“‘m' BAS Data

Figurel3: Web Serviceequesting data from the building
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The wide varietyof supported BAS technologies the web service is reached by an ontology which
describes both the structure of a given building and BAS as well as the semantics of different BAS
technologies and devidypes. The developed ontology is suited for all common building automation
systems and also for comparable future developments.

For validation purposesoth Facility ManagemenwebplattformsWebRoonkEX and Granlund Manager
Metrix, were adjsted and impleranted on the four buildings of the Pforzheim school pilot project

Thermal comfort monitoringg WebRoomEX

The webservice provides WebRoomEX with-tima¢ measured temperature and other comfort data
such as C£or humidity which is compared to the clierequirements stored in the BIM on colour
coded floor plans. Deviations from client requirements or rooms where an adjustment of
temperature settings is needed can easily be identified and the FM team can react with optimisation
measures.

Figurel4: WebRoomEX interface for thermal comfort monitoring

System performance monitoringf ventilaition equipment¢ Granlund Manager Metrix

Granlund manager metrix has been implemented to monitbe performance of ventilation
equipment and awid nontload operation as well as unsatisfactory heat recovery efficieroy this
purpose, sensor data obtained from BAS with regards to ventilation equipgeumpply and exhaust
air temperatures, status of ventilation fans and heat recovery units dsageoutdoor tempratures

¢ are requested and visualised by Granlund Manager MéEhe. measured data is compared in the
performance indicatorso the optimal time schedule in relation to the usage of the buildamgl to
the heat recovery coefficientdm the manufacturers specification.

Trends, time schedules a Trends, heat recovery efficiency rate

=

<< 1112013 >> << 151112013 >>
G3AHU1 GIAHU 1
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g / "
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g’ -]
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Figurel5: Granlund Manager Metrix for system performance monitoring
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Simulations

Virtual Energy Lab

The model obuildingD of the pilot schoolvas prepared foenergy simulations with RIUSKA. The IFC

was enriched

in DesktopROOMEX with the client requirementsninimum / maximum

temperatures, airflow rates etc.¢ as well as the ventilation zones and was imported to RIUSKA as
basis for the simulation cases. Parameters for the ventilation equiprgdi@at recovery and time
schedules were set for every ventilation zone. Construction types for ¢luwter walls, inner walls,
baseplate, roof, intermediate floors/ceilings, windows and doors of the as build situation were
assigned in the construction library of RIUSKA. For weather input, data from the Pforzheim location
was used, but currently it is n@ssible to import the actual data from the weather station ontop of

the building. For reporting of energy savings to prove optimisation measures, two simulation cases
can be compared regarding energy need in the comparison reports.

i1 RIUSKA - CAUsers\mgeissler Deskiop\Use Case 3 - Ploreheim School.r - =lENaea|
File Libraries Settings Tools Results Help
Simulation project:  [28.07.2013 mgeissler Use Case 3 - Fiorzheim School
Smulation case: |2 (09.08 2013 AKaWebRoomex) ? [ | =
Wieather data:  |Location: Florzheim_TRY. Design day weather. Gemmany, zone 3, January
Space groups: Spaces
(= Buiding - D (118 spaces) - Storey | Code [Mame [ m| m* | max dms | min dm¥s | maxdmi/ism? [ mindmi/ema [ W[ Wemz [ [ Kim | Type [ 1A « Edt...
-G Storeys (4) £30  B131  Zmmer. 1264 5208 468 468 37 37 0 00 0117 000 32Work.. 2
£~ Dach (13070 mm) Edt... 630 B132  Umkeide 245 1007 72 72 23 23 0 00 0180 000 72Chen.. =2 Remove
i3 20G (8570 mm) €30 B133  UnwW. 1121 4620 415 415 37 37 0 00 0116 000 32Work. +2
\-E9 10G (4320 mm) €30 B1M  Umklede 252 1019 e} 7 29 29 0 00 018 000 72Chn.. <
* & £6 (630mm) e €30 B135  Umkeide 245 1010 72 72 29 238 0 00 0150 000 72Chen. <2
S 630 B136  UnwW. 1264 5208 468 468 37 37 0 00 0117 000 32Work. +2(
E-& Systoms ) £330 B137  Sammiu 201 814 3 3 15 15 0 00 0105 000 42Achi. 2
B+ Ar conditioring space groups 630 B.138 Univers... 975 4015 429 429 44 44 0 00 0134 000 52CEss.. 2%~
@ Vertilation zone 7 | T o 3 Calculate
L@ 71, Zone 1
@ 22, Z0me 2 Space constnuctions | Space themal loads | AC systen |
; g S :nai i Space constructions
; , Zone
Space: B.138, Universaliabor 57 m2 402 @ [ Library type | Space [ e[ Azimuith | Slope [ Window m? | Doorm2 | ~ | New roof
ow 1 B.1.38 25750 1 180 | 90
ow o1 B.138 0536 =4 50 (e B Edi
i ow 01 B.138 0989 4 180 | 90 L4
“‘\-\H\' ow 16 B.1.38 17716 = 90 | s0 W 77 Remove
ow 18 B.138 12772 = 30 | s W 2772
ow ot B.138 6056 4 180 | =0
W o1 B.138 0206 4 270 | so
W03 813848136 15491 Il W <825
W03 B1384B136 15.491 Il L
«| v |11741EG (43 spaces, 1853 m= 7561 m) <<N>> | - Doors and windows of the constuction
l [ Name [ Lbrarytype [ Space m?| Recessmm[Frme [ Binds [ Coverpate [  Fns | New...
%
1| M Ecemal  [Jinema [ Undergound [ Window [ Door
. Space location: 22, Zone 2 File size: 10 MB
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2.2.2 SWOT profile for operation & optimisation

Virtual Energy Lab

Strengtls

Weaknesses

Opportunities

Threats

Sensor data

9 Access to sensor

1 No continuous

1 Implementation

1 If stability of

9 Comparison of
requirements
with measured
data.

9 Transparent
visualisatiorof
deviationsby
colour coded floor
plans.

configuration of the
requests are set.

web access data from SQL sensor data of filter methods services cannot be
data base of the monitoring because| to filter out LINE A RSR Y
building without of outliers ordata outliers hardly be adopted
detailed system transfer between at the market.
knowledge different 1 Use this sensor
applications service for 1 Deviations becausg
1 Integration of different types of the correct
different concepts| { Assigment of BAS systems and| location of the
(BAS types and sen®rs according further integrate sensors is not
access methods) | to doornumbers new types. modeled.
OLFOt NRLIS
LY | (b&ausethe
correct location of
the sensor could
not be modeled
9 Comparisorof
simulated room
nodes tempera
tures and
temperatures
where the sensor is
actually installed.
Thermal 1 Comection to 1 No backward proof |  Provide 1 Only possible to
comfort BIM /use that requirements WebRoomEX on g use whenDesktop
monitoring structured were met because stable server ROOMEX was use
requirements the user cannot in the design phase
from design select, configure or to enrich the IFC
phase trigger data. All the with the client

requirements.
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Strengtls Weaknesses Opportunities Threats
System 7 Connection to BAY 1 Only monitoring of | f Extend the 1 Not every owner
performance performance data.| performance of performance would invest in
itori . ventilation monitoring in sensor equipment.
monitoring 1 Processing of datg . . g auip
to performance equipment possible.| future also to
be other HVAC { Optimise the
metrix for easy o
, systems ventilation perfor
analysis obystem
mance, but not the
performance
performanceof
9 Worstequipment other systems.
view to identify
vent. Systems not
perfroming as
required.
Simulations | TUseBIMdata& 1 Construction types | T Integration of 1 Integration for

requirements
from design phase
for simulations

9 Annual energy
need, purchased
energy,CQ
emissions and
energy costs can
be simulated /
estimated with
new primary
energy library
development.

9 Really fast
simulation results
for decision
making.

i Transparent
comparison
reports to prove
optimization
potential.

from IVEL data base
cannot be usegdonly

the types from
RIUSKASs own
material data base.

9 Transfer weather
dataneededwhich
can be anlysed by
DOEZ2, not easily
possible to use the
measured weather
data on site.

1 Difficult to simulate
specialized heating
and cooling
equipment which is
not available at the
library.

9 Control of the

systems e.g.
according CO2
emissions is not
taken into accant.

more HVAC
simulation
capabilities, e.g.
for adiabatic
recooling plants

1 Integration of
capabilities to
take into acount
the control of the
systems (control
system
simulations).

optimization
simulations during
operation; only
with development
in calibration
capabilities.
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Virtual Energy Lab

2.2.3 SWOT strategy map for operation & optimisation

Topics

Opportunities

Strengtls

Weaknesses

Web access of

sensor data

Integration of different concepts
(BAS types and access methods)
use the oppotunity that there are
no restricions and that thg
webservice can be used for eve
BAS.

Implementation of intelligent filter
methods to overcome false measur
ment data because of outliers.

Thermal comfort
monitoring

Webbased comparison of requirg
ments with measurement data an
use the opportunities for additiona
monitoring in future of the internal
loads compared to thecalculated
baseline.

Provide WebROOMEX on a stable ser
and develop that the user can reque
the time period for which he want$o
analyse comfort conditions.

Systems performance
monitoring

Processing ofmeasured data tg
performance metris and use the
opportunity for future extensions tg
monitor the performance of al
systems.

By extending the performance maen
toring in future to other HVAC equip
ment to overcome the restriction o
ventilation equipment monitoring and tq
get more broad overview of the perfo
mance.

Simualtions

Extend the purchased energy, £
emissions and energy coOS
estimation by future integration of
more HVAC simulation capabilities
e.g. for adiabatic recooling plants.

Integration of more HVAC simulatig
capabilities, e.g. for adiabatic realing
plants to overcome the challenges wi
specialied  heating and  cooling
equipment and provision ofcontrol
sysem simulations to analyse an
optimise the control of the system.
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Topics Threat
Strength Weaknesses

Web access of senso
data

Use the onthology for integration o
different concepts and model thg
correct location that the exac
position ofthe sensor is provided.

Prevent nomrcontinuous sensor datg
monitoring because of outliers or dat
transfer between different applicationg
0SO0FdzaS AT adGloAfA
hardly be adopted at the market.

Thermal Comfort
Monitoring

Connectbn to BIM / use require
ments from design phase, bl
should not be dependent if in th
design phase ROOMEX was used

Prevent that the user can not seleg
configure or trigger data, that there wi
be also a backward check of comfq
conditions available

System Performance
Monitoring

Convince the owner to invest in th
sensor equipment for monitoring o
system performance because of th
transparent overviews and fas
identification of optimization poten
tial.

Avoid only focus on monitoring th
performarce of ventilation equipment tg
prevent that other equipment performing
bad is not taken into account.

Simulations

Thetransparent comparison report
help to proveoptimization potential
during operation but for operationa
phasebetter calibration capattities

should be developed to prevent th
threat that deviations occur

Provide the capability to use th
measured weather data on site otherwig
optimization simulations without real
calibration capailities will not reflect the
current situation and hve to be adapted
manually.
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3 19{ah{.SBE¢KR

The objective was to develop an Integrated Virtual Energy Laboratory which supports simulations for
design and retrofitting / refurbishment decisions as well as sensor data monitoring during
operational phaseof Public Private Partnership (PPP) projects. For that purpose standardised
processes and data exchange had been developed according to the IDM methodology and based on
that an integrated webplattform was developed which integrates CAD, simulation, tyFacili
Manatgement tools and sensor data from BAS systaftfith the HESMOS IVEL an open platforas

created which can be extended in the follow up research projects with specialisetysima
capabilities and optimisatioria the performance.

On the short tem and as practical proof, the IVEL is adapted and used in the European project
Intelligent Services for Energgfficient Design and Life Cycle Simulation (I385t2014). This will

provide for early feedback and help to improve the platform functionaitg include new aspects

and features beyond the targets of HESMOS, such as parameter studies by parallel simulations using
cloud technology, examination of the performance of different manufacturer components (e. g.
different fagade elements, windows, heas) using IFDand testing the suitability of such elements

in different types of rooms/buildings under different climatic conditions.

Figurel7: ISES project
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