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Executive summary

The main objective of W®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 expersratel procedures.

The work package is structured into faasks

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

1 T9.3 System deploymentral pilot demonstrators

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

This deliverable covers task T9.2.2 Recording evidence on benefits and costs [final specifiaztion]

the work performed in WP9 and comprises:

9 Introduction of the HESMOS Intaged Mirtual Energy Laboratory (IVEL), including its funetion
alities and components

7 Description of thanethodologies to report evidence on benefits and cosisluding the benefits
of process and building performance optimisation and the implementatasis

1 Report of the benefits and costs on the performed pilot projects with regard to praress
buildingoptimisation

1 Conclusions

The deliverable report is structured intbparts

In thefirst part the HEMOS IVEL, its components and the functionalities of the specific life cycle phases
designand tendering, operation as well as retrofittingnd refurbishment is introduced. Theecond

part provides a setip of methodologies to report evidence on bdite and costs. The methodology to

report benefits on processes comprisé® comparison of conventional processes performed on the

pilot projects and the standardised processes supported by HESMOS IVEL as well as the documentation
2F ONBRAZOIARYSAYSKNRPOSAETE dzSyO0Sa LINROSaa Ozaita |
influences employee satisfactiot. KS YS{iK2R2f 238 FT2NJ NBLRNIAy3 27
jdzlt £t AG@¢ O2 YLINA &S acrélaB Key Petdicrmaite Mdicst@=RP1)3inalSe e,
greenhouse gas emissions, thermal comfort and life cycle ¢dstscomparison of design alternatives

during early design phasédditionally,a Measurement & Verification (M&V) plan according to the
International Performance and ¥cation Protocol (IPMVP) had to be set up to documenéergy
conservation measures and energy,,@9 well as cost savings. the third part the HESMOS IVEL is
validated on the two pilot projects of BAM Deutschland AG. The analysis of the procesgesesm

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 a Measurement and Verification PIemally, the

fourth chaptersummarises the conclusions of this deliverable.

Threepartners were involvedn the RTD work

1 BAM Overall WP9 coordinatigreontributions in design optimégion, realisation and
operation ofPPRprojects as well as two pilot projects for the validatiorthod
HESMOS IVEL. BAM prodidésovarious experiences inl@ technology and
processes and is the main author of the deliverable report.

T OPB Contribution of its experiencen energyefficient design and engineering as well as
energy consultingnd result testing

i TUDCIB Structuring, reviewing, editing and final approval of teeort.
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1 LY(ONPREXKSA\2yYW{ah{ Lx9]

The HESMOS Integrated Virtual Energy Laboratory YI\&la wekbased design and lifecycle
management platform based on an enesgwhanced Building Information Model (eeBIMjhe
integrated project team can log in to the HESMOS Virtual Energy Laboratory from everywhere where
internet access is available aptbvide their data centrally for simulations, monitoring and decision
making. For the design phase the HESMOS IVEL supports dewsioig among different building

shell design alternatives and during operation phase sensor data from Building Automgatem$S

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

Logout Edit
Virtusd Energy Lab
e Project Projects

Upload All Selected

Durchsuchen_ Upload
Durchsuchen. Upload
Durchsuchen. Upload

o

ndarie eve
Convert space boundaries
Durchsuchen_ Upload
Durchsuchen_ Upload

Munich, Germany ¥ Assign Climate Data

Figurel: HESMOS Integrated Virtual Energy Laboratory

1.1 Components othe HESMOS$VEL

The main componentsf the HESMOS IVEL are:

9 Design Module:A CAD system which supports the design team by establishing a 3D model for
model based quantity take off, energyimulations as well aacility management.

1 Energy Computing ModuleEnergy solvers which support energimulation of construction
elements, single spaces as well as the overall building, based on edrggced Building
Information Model data.

1 Reporting andAnalysis Module:A post-processing module for analysis of simulation results and
recording of enegy-related Key Performance Indicators (eKPIs).

1 Public Access ModuléA navigator which provides the results of energy performance simulation
regarding energyelated key performance indicators (eKRi} informed decisiormaking in all
lifecycle phases.

1 Monitoring Module: Intelligent access services to Building Automation Systems (BAS) incorporate
BAS data in simulation studies and control strategies.

© HESMOS Consortium www.HESMOS.com
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9 Facility Management Module:WebROOMEX to monitor thermal céort conditions and
Granlund ManageMetrix to monitor system performance.

1.2 HRunctionalities of the HESMOS IVEL

The HESMOS IVEL components provide diffeygrast of functionalities. In this chaptan overview
of HESMOS components anceithrespective functionalities is provided for the building Itfgcle
phases desigandtendering as well as operiahal and optimisation phases.

1.2.1 Design andTendering lhase (4eCasel)

During the design anténdering phase, the HESMOS Integrated Virtual Energy Laboratory facilitates
decisionmaking to identify theoptimum type of the buildings shell components (roof, exterior walls
and windows) by transparently comparing different alternatives early in the design protkss.
designscenario andthe functionalities of the HESMOS IVEL are described step by step in the
following flow chart.

Create BIM CAD EvaluateeKPI nD Navigator

eKPI charts
Prepare eeBIM IVEL Process eKPI Post - Processor
= -
@ IFC e Final energy
i o Greenhouse gas
Space boundaries s - Temperatures

44:‘ «‘ e e _ = == Costs

eeBIM eKPl values
Create eeTemplates Template Mangmt. Simulation nD Navigator & NANDRAD
——— Climate
- - N Tl
Construction Requ s G Simulation
layers ” equwer-rle_r] S B
eeBIM Simulation results

Figure2: Guidance through the Design Scenario

© HESMOS Consortium www.HESMOS.com
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Create the Building Information Model (BIM)

As basis for quantity take off, comfort and energy simulations 3Begeometry modeshould be
created according tanodelling standardsFor these purposes it isecessary that e.g. parts of the
building shell which should have different qualities are modelledegmrateelements In the early
design phase it is sufficient that e.g. the walls are created as one kgerenriched with
construction type templates including all building physical properties from IVEL databsxseise
alternativesshould be analysed first before detailing the model.

OW_sunprotection caseQW _steel cover

OW_TICS

Figure3: Differentiation of elements witldifferent 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 conventidro fasten the requirements management process
the architect should give the rooms besid® name and function a classification, in HESMOS we
use the DIN 277 classification, because both pilot projects areim&hy, that therequirements

from EU norms or specific client requirements do not have to be mapped room by room but can be
mapped tothe group which belong to the same classification.

Livingarea

Lounge

Lounge

waitingroom
DiningArea
DetainingRoom
standardoffice
Standardoffice
MeetingRoom
TechnicalDrawingroom
TicketHall
standardoffice
standardoffice
officeEquipmentRoom
standardoffice
workshop

workshop

CommonL ab

commonL ab

CommonL ab
PlantanimalBreedingLab
PlantanimalereedingLab
Kitchen

SpecialLab
commonstore
collectionRoom
Coldstore

el A I Ml ol ol el
e-WNHuclm"dmm-h-wml—‘uom*dmm-h-wml—‘mm-h-wml—‘

Figure4: Classification of rooms

© HESMOS Consortium www.HESMOS.com
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Preparethe energyenhanced Building Information ModgleeBIM)

To prepare the BIM for simulations amdtimation it is uploaded as IFC fitethe standard exchange
format - in the nD Navigatorthe web-based graphical user interface of HESMOS. Oite uploaded

to the nD Navigator the first level space boundaries defined by surfaces of the buildingh&deare
convertedfor thermal energy simulation® second level space boundaries which avbdivided in

any of the following caseslifferences in materials and/or material assemb]igdifferences in spaces

or zones on the other side of the buildietc. 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.

[xbam] Logout Edit

Home Project  Projects

Upload files for project Upload All Selected

@ rFcrile  FZKassel - Raume + Wande + BSden + Decken_Projectifc

SpaCd)OUndaries TFC file: ((Datei auswahlen ] Keine ausgewahit

3D Model Datei auswahlen | Keine ausgewahit
X3D files Dateien auswahlen | Keine ausgewshlt

<
ﬂ - > 3D textures Dateien auswahlen | Keine ausgewshit
=
. a O © space Boundaries 2nd Level [ Convert space boundaries
@ Climate Data Test reference year, ([~] [Assign Climate Data
Template management

/ Template management - climate templates, space type templates, construction templates

Figure5: HESMOS platforqupload of IF@nd conversion for simulations

Create eeTemplateto enrich the model

In an early design phaska relatively simple model is provided by the architantl the alternative

with the best cosquality ratio should be identified, sets of material propertiebich define a
construction type can be chosen from thlESMOS IVEL data base or can be created dartdphical

User Interface GU) of the data base to enrich the modeh these construction templatethere is

also the possibility to assign a cost figufor the specific construction type as input for LCC
estimation and comparison of alternativeadditionally,on the HESMOS IVEL data base there are
also space templates availabtes apredefined set of pammeters from EU norms e.g. min./ max.
temperatures, air flow rates etc., which can also be adapted according to specific client
requirements.

© HESMOS Consortium www.HESMOS.com
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Space Templates

HESMOS

Virtual Energy Lab

Template Management

Climate Location Template
Space Type Template
Space Type

Space Type Standardoffice gL R

Space Type Template | Construction Template

Create new Template

voling Set Puind 13 = Heating Set Paind 18 | Sommag 23

Medna Sveriden'ssackBmect DLam3 e 13 me s mach 8 nach MLain &

Bvem 12 e 4 et Benct Gadans Buee i3 necmack B nack fren e Buarm i ans sk B na Baden 7

Buem 3 s et @ sk 8. 3an 0

svvare 32w et 0 e

Upload File

Information

Name* StandardOffice

Short description | Standard office

Long description | Standard office (several persons, regular)

Schedules

Start time* 00:00| & End time*

Heating Set Point (18.0 Cooling Set Point (30.0

Start me* o07:00| % End tme*

Heating Set Point (20.0 Cooling Set Point (26.0

Start tme* 17:00 | % End time*

Heating Set Point (18.0 Cooling Set Paint (30.0

Start ume* 00:00 o End time*

Heating Set Point (18.0 Cooling Set Paint [28.0

o07:00
week end
17:00 2
Week end
o000 2
Week end
0000
V1 week end

save Cancel

Holidays

Holidays

Holidays

Holidays

Figure6: Standard Space Templates on the IVEL data base

Construction Templates

Edit Template

9

matariale

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

o

Mame*

|walltypTiCs

Costs per square meter [€/mz] |48|

u-Value (W/mz2K) |O.3

Material Layer
Material Layer EPS

Material Layer

CONCRETE KASSEL

CLIMATE PLASTER

v | Thickness in [m] (0.2 |
» | Thickness in [m] (0.12]

» | Thickness in [m] [0.01]

\ ®

I = L sae ]

Cancel

Figure7: Construction Templates on the IVEL data base
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Prepare and performisulation

For a fast creation of building shell albatives, construction typeeTemplates with the necessy
building physical propertieare automaticdly 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 creatadditional
alternative te assignment of another construction type can be easily done by -saléicting all
elements for which the type has to be changéi streamline the requirements management
process for theend-user spacdemplatesor specific client requirementare automatically assigned

to the classification of the rooms agreed withe architect If the preparation of the simulation is
NEIFRe Al OFy 06S LISNF2NX¥YSR gAGK b!b5w!5 | aAiydz
Building ClimatologyThis solverprovides a very detailed simulatioof 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 edrtgpar

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 noluide 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 wile aggregated for decisiemaking in the posprocessing.

Back to Projects SETTINGS HELP  STATUS

Kassel v

V] M N

clect clicked items in tree Mult sele
Al Create charts )| Set eKPI § eKPI Charts

Start simulation Project status. g Ready

Figure8: nD Navigator graphical user interface to enrich the model to an eeBIM

Processnergyrelated Key Performance IndicatoreiKP)

The simulatiorresults are hourlyata of heat and cooling net energy as well as temperatures which
have to be processed regarding eKPIs for transparent deawsaking among building shell
alternatives. With the user input of a plant expenditure figure for heating and cooling the final
energy is calcukad in the postprocessing view.

© HESMOS Consortium www.HESMOS.com
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To evaluate the impacts on the environment the energy concept can be evaluated regarding
greenhouse gas house emissiargl energy costby choosing combustibles from the HESMOS IVEL
databasewhich can alsde altered based on requests to the energy supplidre 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

i
Energy Post-Processing =]
Energy simulation
Kassel - Test
Heating | Cooling | Greenhouse Gas Emission || Lifecycle costs
Heating
Ecologic Value - Heating (eKPI 1.1a)
Plant expediture figure (eg) 1,23
Sty RSt Processng vien T
Energy Post-Processing =]
Energy simulation
Kassel - Test
Heating | Cooling | Greenhouse Gas Emission | Lifecycle costs
Cooling
Ecologic Value - Cooling (eKPI 1.2)
Plant expediture figure (eg) 1

Figure9: Prepare the simulation resulisconversion from net energy to final energy

Greenhouse gasemd energy prices

Energy Pos n
Energy sim
Simulation_| ‘
Heating | d .
Combustible KWHh/Einheit] Unit  price [EUR/a] h [Cent/k Combustible New Delete Save combustible catalogue | |
Greenh( ustibles... | ||
Heizol EL 10.08 L 0.0 515} |
0) Helzol| rrdgas ¢ 10.42 m® 182.0 |
Erdaas LL 8.87 m® 182.0 Name Nah-/Fernwarme aus KWK, fassil
Stadtgas 4.54 m* 180.0 Unit KWh
12.8 kg 0.0
8.71 kg 0.0 Heating value H_| 1
Koks 7.71 kg 0.0 Useful heat H_s 0
Braunkohle 5.42 kg 0.0
Stiickholz 1900.0 rm 0.0 Ration¥Etcs 0 |
[ Holzhackschnitzel 850.0 Scbm 0.0 Price per Anno 150 EUR/Year |
Holzpellets 4.9 kg 0.0
Strom 1.0 kwh 50.0 Price per Unit 6.4 Cant/Un%
Strom (Sondertarif) 1.0 kWh 50.0 Price per kWh 6.4 Cent/kW!
1.0 kwh 50.0
Nah-/Fermwarme aus KWK, 1.0 kwh 150.0 Primary energy factor | 0,7
Nah-/Fernwarme aus Heizw 1.0 kwh 150.0
Nah-/Fernwarme aus Heizws 1.0 kwh 150.0 CO2-Emission factor |219 a/kwh
Sonnen-Energie 1.0 kwh 10.0 S0z-Emission factor |-0,134 a/kwh
Percentag| 3
Percentag
0K Cancel

Figurel0: Choose combustible with emissions and energy prise

© HESMOS Consortium www.HESMOS.com



D9.2.2 Recording evidence on benefits and costs [final specification]
Version 1.1 HESMOS i Integrated Virtual Energy Laboratory

page 12/53

HESMOS

Virtual Energy Lab

Energy Post-Processing

Energy simulation

Kassel - Test

‘ Heating H Cooling ‘ Greenhouse Gas Emission | Lifecycle costs

Greenhouse Gas Emission

0) Strom

Percentage of use heating (0.0

percentage of use cooling  [1.0

1) Nah-/Fernwarme aus KWK, fossil

Percentage of use heating  [1.0

percentage of use cooling (0.0

Strom [kWh]

g CO2/kWh: 633.0

g S02/kwh: 1.111
g NOX/kwh: 0.583

Nah-/Fernwarme aus KWK, fossil [kWh]

g Co2/kwh: 219.0

g S02/kwh: -0.134
g NOX/kwh: 0.357

Choose combustibles

Figurell: Estimation of greelmouse gas emissions based on the chosen energy concept

Life Cycle Costs

e ey ™ Oy TS

Energy Post-Processing

Energy simulation

Simulation_variant_A

‘ Heating H Cooling H Greenhouse Gas Emission | Lifecycle costs
Lifecycle costs
~ Investment Costs - building shell and windows
Investment Costs [€]
» Energy-related costs
~ Non-energy related costs - windows
Area of windows [m2]
Times per year [-]
performance value [h/m2]
Hourly rate [€/h]
sum for windows for one year [€]
~ Non-energy related costs - building shell
Area of building shell [m2]
Times per year [-]
performance value [h/m2]
Hourly rate [€/h]

sum for buiding shell for one year [€]

Percentage of investment costs [%)]

Sum for preventive maintenance and repair for one year [€]

~ Non-energy related costs - preventive maintenance and repair

Choose combustibles...

291.281

|270,63

|4.059

|5.854,26

|t

lo,2s

|15

|21.953

|11

|3204.0

Figurel2: Estimation of life cycle costs of the building shell and windows
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Evaluate eKPI

By transparentlyyomparing alternativesegarding the eKPI
- Final energy

- Temperature profiles

- Temperature ovef/ underruns

- Greenhouse gas emissions

- Life Cycle Costs

in the nD Navigator diagramsalue tablesas well as highlighted elements in the 3 D modkeé
alternative with the best cost quality ratio can be identified.

eKPI Charts

Energy for heating and cooling

ulstion_A-Coaling Net Energy [kKWh]

Figurel3¥ SYt L OK I nINavigafoy fér Ndnpating Kifferent alternatives

200000

M0

costs (] M0N0

Nor-energy related cperational costs (4] 41090

Figurel4: eKPlcharti f A ¥ S Oid ibN&igaib#oi comparing different alternatives
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1.2.2 Operation Fhase(Use Case?)/ Retrofitting and RefurbishmentPhase(Use Case3)
Requirements managemenvith WebROOME>Xnd RIUSKA

WebROOMEX as part of the HESMOS |VEindeMle 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 implemtoraof energy saving measures.
During the @erational 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 assmrikar spaces
according to DIN 277 and to certain HVAC zones.

WebRoomex (proto) 135 Geometry Model 10.09.2013: HESMOS Schule D ~ || EG 630 ~ | Measured values were last updated on server Oh 1m 3s ago.
Spaces | Space Groups | Comparisens
| Target Values HVAC ~ | |Code  Name m:  m2 Space Data Value Unit
Space Data Unit B.1.09 | Lehrerzimmer 75.7 306.7 * | | Space type name HVAC| 5.2 Class rooms E
Cooling temperature  °C B.1.10  Treppe 27.4 111.0 Cooling temperature 26,0 °C
Heating temperature | °C B.1.11 | Klassenraum 65.7 265.9 Heating temperature 20,0 °C
Supply air flow rate  dm?3/s,m? B.1.12 | Klassenraum 76.1 308.0 Supply air flow rate 4,4 dmz/s,m?
B8.1.13  Klassenraum 75.7 306.7 Exhaust air flow rate 4,4 dmzfs,m?
B.1.14 Treppe 27.4 111.0 People 0,4 kpl/m= =
B.1.15  Flur 117.3 475.1 v | | Equipment load 3,0 w/m= -
Heating temperature [°C]
[ ..1s
O ..as
O .20
O .2
N .2
B .=
| IR

Figurel5: Requirements stored in WebRoomEX thermal comfortitoring

PaAYy3a GKS aO02YLI NRaA2yé FdzyOuAaAz2yltAdeées GhbeBSG O
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 dpé&xif N2 2 YA Ay GKS LC/ TFAf
within the requested time interval to easily detect deviatio®® the basis of these analyses, the FM
team can localise inefficiencies in thermal comfort and develop optimisation measures.
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Figurel6: Guidance through the WebRoomEX thermal comfort monitoring scenario

The energy manager can then verify these measuiitts a RIUSKA energy simulation on the basis of
an energyenhanced Building Information Model (eeBlMFor 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 abual building model. Due to the
fact that energy use data, measureeather data and other operating data which closely represents
the current operation of the building is available in thebaslt eeBIM, optimisation measures can be
verified by energy simulations.

Web based monitoring / analyses / optimisatiowith Granlund ManagerMetrix and RIUSKA

Using the Granlund Managédetrix web interface, the FM team can monitor the performance of
ventilation equipment and avoid neload operation as well as unsatisfactory heat recovery
efficiency. For this purpose, sensor dataabed 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 Manktgrix web
interface is divided in three levels which contain differing levels of detail for fast and intuitive access
to relevant information.
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Figurel7: System performance monitoring with Granluvidnager Metrix

On the 1rst level of thgraphical User Interfacé&s), a performance metric is published comparing
measured values of the ventilation equipment against-getermined target valuegor 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 dewgitimisation measures.

This performance metric is calculated as the average ofihd@ators 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 avoishon-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 moatitsthe past 30 days. In
addition an overview is presentedvorst equipment viewg which displays the ventilation systems

that do not function satisfactorily. The causes for unsatisfactory performance of the ventilation
systems can banalygd on the 2ndlevel 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 efficiendecraluated

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 doe 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 lasolete heat plate exchanger
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