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» Increasing energy efficiency is one of the most promising
strategies for sustainable emission reduction

» Many potential fields
Mobility
Industry
Energy production
» Building heatimyp araccoodihiog
etc

» Minimum Energy Emission

Calculated at early stages of design
Analysing building materials according to weather conditions
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» Conventional methods
Cumbersome, time consuming and error prone

Prevent in-depth design analysis
Ineffective initial decision making

» Proper building products search for
effective building design is required

» Early design alterations in designing
building model
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Final Goal « Epesyyrefficiont energy  *Sort out various products
TN « Notroariocahical *Good quality building structure
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Learn and Observe

Required products and its combination
Handling local environment

Terms and condition

Economical

and many more
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» Early-stage performance assessment can drastically affect final performance
of the building

» Currently assessment tools are used for certification and labeling of the final
product rather than to support design decisions

» Less than 10% of the developed tools are targeted for architects and
designers Building Energy Software Tools Directory - DOE
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107 116 156 168 198 210 235 285 206 317 324 345 378 389

Source:; Attia 2011
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» Intelligence: capability to analyse results, draw meaningful conclusions, and
suggest clear guidelines to improve de5|gn

» Usability: Facility of accumulation and entry of input information and
performing computations

Architects’ pricrities for selecting BPS tools Time spent on different tasks in energy simulation
35%
30% documentstlo
n
25% 17%
20% Providing
Input data
calculation

10% 28%

5%

0%

Intelllgence Usabllity Interoperabllity Accuracy

Source: Attia 201 | Source: Mahdavi et al. 2005
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» Laymen
» Architects

» Municipalities

assessment
» Life Cycle Analysis

» Building products .
» Cost estimation

» Building codes \ 4
» Subsidies OPTIMIZATION f g—

Y » Performance
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» Effective building design according to provided
requirements

» Evaluating building design
Functional evaluation
Ecological evaluation
Economical

» Important feature of SEMERGY Is
Search building materials using various product libraries
Multi-object decision support, to construct building design



» SEMERGY bridge the gap between
Complex Real world products
User’s requirements

» SEMERGY focus on
Investment and operation costs
Energy performance and environmental impact

» SEMERGY has information that includes
Building material
Building products
Building components
Climate information in region
Financial information
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Initial Design Intention

Simplified manual input

CAD/BIM based data

Data acquisition via GIS

Applicable constraints
and targets:

*Investment Cost

*Energy-performance
indicator

gy t\_-l-l VoY
LUUCLUIC
E”?Tg" Performance Life Cycle Investment/
Certificate ) . A .
Simulation Analysis Operation
Calculator
(0IB) (Energy Plus) Calculator cost calculator
N N

Initial
Design

Reasoning Interface

{

SEMERGY

T

Interface

Semantic Data

)

Improved
Design

Building Microclimate Laws/Legal ?Vslllzl?le
Product / Climate GIS Data aws/Lega ubsidies
i Constraints and Tax
Information Data ‘
Benefits
7 4 7 7 4

Source: Mahdavi et al. 2012



CENCDYNV
OLIVICLN\NUO 1

Initial Design Intention

Simplified manual input

CAD/BIM based data

Data acquisition via GIS

Applicable constraints
and targets:

*Investment Cost
*Energy-performance
indicator

Initial
Design

SEMERGY

Source: Mahdavi et al. 2012



SEMERGY: GUI
» Novice users: SEMERGY Graphical Web-Based User Interface

» Experienced professionals (architects): Extended SEMERGY
Graphical Web-Based User Interface, with import possibility from
BIM and CAD

» Area municipalities or other local authorities: Import from GIS data




SEMERGY

T

Semantic Data
Interface

1

_— . . Available
Building Microclimate Laws/Legal Subsidies
Product / Climate GIS Data B

. Constraints and Tax
Information Data )
Benefits

Source: Mahdavi et al. 2012
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» Acquisition of data from different sources

» Restructuring of the acquired data to enable specific queris

» Extension of restructured data with additional information to allow
precise search and implementation of rules

G baubook .

‘ STEINBACHER
_MM STOFFE
MA3SE

gepriifte Datenbank

ECOBIS

austodinfmmetionasysten

Es gibt immer was zu tun.

]

SEMERGY

|

‘@ Bauprodukte

b @ 'Abdichtstoffe und Klebemassen'

k- AuBenanlagen

¥ Bauplatten

------ 'Faserzementplatten (innen)'

¥ Gipsbauplatten

@ Gipsfaserplatten

@ Gipsfaserverbundplatten

@ Gipskartonplatten
Gipskartonverbundplatten

@ Gipswandbauplatten

B0 'Holz- und Holzwerkstoffplatten'

------ Lehmbauplatten

------ 'Platten aus gebundenen Leichtzuschlagen'
k-0 'Beschichtungen und Impragnierungen'
b 'Bodenbeliage und Sockelleisten’

»-@ Dacheindeckungen

»-@'Decken- und Dachelemente'

Ir ----- 'Dichtungsbahnen, Dampfsperren, Folien'
b0 Dammstoffe

»-@Estriche
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» Baubook platform is used for

building design
Ecological
Physical
Properties of building products.

Baubook is categorized as the main
hierarchy of SEMERGY ontology.

Baubook products are extracted
and then converted to RDF
format.

An example of such derived
property is thermal resistance

R-Value

Calculated on the base of thickness and
thermal conductivity of products

roduct Hierarchy
@ Bauprodukte
: '"Abdichtstoffe und Klebemassen'

Gipsfaserplatten
Gipsfaserverbundplatten
Gipskartonplatten
Gipskartonverbundplatten
Gipswandbauplatten

'‘Holz- und Holzwerkstoffplatten’
Lehmbauplatten

‘Platten aus gebundenen Leichtzuschlagen'

.......

.......

b ‘Beschichtungen und Impragnierungen’
> 'Bodenbelige und Sockelleisten’

Il- ----- Dacheindeckungen

@ 'Decken- und Dachelemente’

I'- ----- '‘Dichtungsbahnen, Dampfsperren, Folien'
»-- Dammstoffe

»- @ Estriche
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» Details of products are required,
for rule based reasoning

Gypsum board, is a moisture-sensitive,
and not appropriate for exterior usage

1vi

» Properties in SEMERGY ontology
are categorized as
Functional aspects of building
Wall, Ceiling or Roof components
Position in Assembly

Includes model specific aspects of
building that are used in different parts
of building construction

Format
Physical properties and Shape of
products

Material of a product
Wood, Concrete, Glass, Metal

™

-Product Properties

Layer
Froperties'

Filling
T ) Foam
* @ Functions I
/ +
- / Board
+ 0 . . - / —
- Fosition in / .
1 = .- 1 .
Assembly 7 A= Injected
7 7 5T material’
.-'%.f-’..-"'---i. g -+
g =" = Mat
+ T
~ 0 Format I
- e [ :
N Fail |
. '.:\::.x\_\-;_h.- ) .
., o D .
W, N, Flastar ]
o
* . _
l Material ‘ R
L Block

L o
o,
! .

! l“-. +*
Battens I

-
- "
+-| - e
P
|
o

In Situ

Sheets |

Mold

U
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Descriptions of products cannot
provide complete information for
reasoning

Baubook hierarchy should be enriched

» Established connection between
Baubook classes and extended
properties

Wall is a subclass of SEMERGY ontology
Load Bearing
Heavy
Solid

Enriching Baubook hierarchy helps
Calculation and simulation purpose

A 4

» Each product is categorized in two
default products

Non-expert users
Expert users

OmulOg , Enriching Hierarchy

Annotations

hasExpertDefaultProduct
# 3i-Leichtbauwand

hasNoviceDefaultProduct
4 MABA LIAPOR'

label
"Wall element with synthetic material”&en

Equivalent classes

Superclasses
'Load Bearing"
'Moisture resistant’
'Wall Suitable’
'Wandelemente aus Leichtbeton'
Closed
Heavy
Non-deformable
Prefabricated
Solid



o ™ baubook Zentrale: O « §_

&« - C [N wwwbaubookat/zentrale/

baubook

deklarationszentrale

— e

&PDeklarationsvorgaben drucken

B Bauprodukte (2528)
E 1 abdichtstoffe und Klebemassen (99]
(= | AuBenanlagen (&)
E=3 Bauplatten (63)
= Faserzementplatten (innen) (2)
(= | Gipsbauplatten (17)
3 Holz- und Holzwerkstoffplatten (44
* |Lehmbauplatten (0)
{2l i | Beschichtungen und Impragnierungen (169)
=3 Bodenbelage und Sockelleisten (174)
ca Dacheindeckungen (5)
E3 pammstoffe (458)
B C1 Decken- und Dachelemente (23)
=3 Dichtungsbahnen, Dampfsperren, Folien (98)
2 estriche (26)
Fassadenwverkleidungen (14)
2 Fenster und -komponenten (580)
B 1 kleb- und Fiillstoffe (323)
1 konstruktives (Massiv-)Holz (6)
B 1 Mmauer- und Putzmirtel {158)
C2 mauerwerk (135)
3 ortbetone (2)
=2l i | Schittungen und Gesteinskdrnungen (13)
* Tdren (13)
ca erschattungssysteme (6]
C3 wandelements (60)
B 1 wandfarben und -belage (272)
3 Haustechnik (84)

ditor SVMN286

Kriterien Produkte Firmen Richtwerte & Archiv

Home Kontakt Info/FAQ Favoriten ® Anmelden

4 zurick zur Nachstes Produkdt =

Produktliste
Fassadentafeln Textura / Natura

=N Allgemein +

Gelistet seit: 29. 10. 2010
Produktindex: 8698 ac

] Einsatzbereich +

Faserzementtafeln zur Bekleidung der Fassade und im
Innenraum

== Erfiillung der Kriterien +

=3 8. Materialwahl, Baustoffe
w Zertifizierte dkologische Produkte
= s 1. PWC-vermeidung
» PV C-freie Werpackungen

=3 11. Lebensdauer und Wartung
« Witterungsbestandigkeit von Fassade und Fenster

+ Das Produkt erfillt das Kriterium
¥ Das Produkt erfiillt das Kriterium nicht oder e=s liegen keine
entsprechenden Nachweise vor

5 Produktbeschreibung +

Faserzementplatten (Fassaden),
Faserzementplatten (innen)

Material: Faserzement (DIM 12457)
Beschichtung: verschiedenen Vvarianten zur
Auswahl: deckend beschichtet, mit
Farblaszur, mit Graffiti-Schutz (PRO-
Oberflachenbeschichtung)

Oberflache: verschiedene Warianten zur
Auswahl: glatt, kérnig oder mit Graffiti-
Schut=

Dicken: 8 und 12 mm -

Produktgruppe:

Herstellar-
Beschreibung:
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<owl:NamedIndividual rdf:about="#solidwood 2142705277">
<rdf:type rdf.resource="#SolidWood"/>
<rdfs:label l:lang="de">Brettsperrholzplatte</rdfs:label>
<rdfs:comment xml:lang="de,,> GroBformatige Massivholzpaneele aus

Kreuzweiseverleimten Brettlagen ...

</rdfs:comment>
<semergy:heatTransferCoefficient>0.12</semergy:heatTransferCoefficient>
<sepeEngygitifdificeiPaResentialPi8dd 4| sdreaneysiafifdificeitolietential>
<sERSENEYSYRRERROWAIETES R QI sdsespeygYsREReDRWAPERE>

<c§msu@rfﬂnmwyarmml?memtal>-

I. MMWQMMWMQP

</owl:NamedIndividual>
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EHF ey Performance Life Cycle Investment/
Certificate . . . .
Simulation Analysis Operation
Calculator
(018) (Energy Plus) Calculator cost calculator
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Reasoning Interface

{

SEMERGY

Source: Mahdavi et al. 2012



SEMERGY: Reasoning Interface
» Incorporation of computational engines (performance simulation,
normative assessment tools)
» Identification of design alternatives
» Optimization of the initial design towards better performance within the
limits of the user defined constraints

EnergyPlus

Alternative
Identification

tul

SE M ERGY _ Osterreichische
Insititut filr Bautechnik
O
Optimization ") _
procedure Passivhaus
Institut
LCA,

Cost estimation,...
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N ] ) Energy Performance Life Cycle Investment/
Initial Design Intention Certificats Simulation Analysis Operation
Calculat
argjl I; ) or (Energy Plus) Calculator cost calculator
Simplified manual input ..l,

Reasoning Interface

{

SEMERGY

T

Semantic Data
Interface

1

CAD/BIM based data

Initial
Design

Improved
Design

Data acquisition via GIS

Applicable constraints
and targets:

*Investment Cost
*Energy-performance
indicator

_— . . Available
Building Microclimate Laws/Legal Subsidies
Product / Climate GIS Data B

. Constraints and Tax

Information Data )

Benefits

Source: Mahdavi et al. 2012
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Validation and <:: Calculation I

benchmarking \ y :

of results u e |
Identification

of alternatives )

I

User constraints: desired performance
class, costs and environmental aspects

User preferences for ] [ Geometry

constructions, location,
. data
L building usage

alternative design |

P
SEMERGY Building
L Model (SBM) )

—

Results

— —— —————— ———— —— — — —

I/ Semantic Interface

4 N\( _
Building Code Semantic
Funding .
I possibilities |( Weather Buil(;jing |
I \_ L data ini?or?ml;fit)n ] Valid options for
N\ = S ——— = alternative design
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» Input data: Geographic Location (Address), Year of
Construction, Cardinal directions, Type of building,
of Floors, Room Type, etc.

Number

BASISDATEN
GEBAUDEGEQOMETRIE &
UMTHF TIOH WOt i
RAUMINFORMATION Favoritenstrasse 9, 1040 Wien o Neubau Sanierung
E - )
GEBAUDEKONSTRUKTIONEN o n Baujahr 2012
5 %,
o
Nordausrichtung 12
1 Wier
Bauwseisen Massivbau -
e
- I e, ; 2 -
w"ﬁw«ﬂ‘ A Verwendungszweck Enfamiteniiais -
at. -
o 3 ] U B8 3 Anzahl KG Geschosse 1 a
L4 = -
a?‘"" E Feamzal
# o £
] Anzahl OG Geachozza 1 =
. 3 t® =
Ll 3 e
B Foa yachf
"‘.g%.- Lei| = % Dachform Walmdach a
o = - Map data 82012 Google
Dachgeschosstyp

www.wired.com

Dachgeschoss (bewohnt)
@ Dachboden (Abstellraum)

Offen (kombiniert mit oberstem Ges

Dachneigung

choss ohne Zwischendecke)

22
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» Web-based drawing tool for simple specification of Outer

walls, Inner walls, Windows, and Doors for each floor of the
building.

BASISDATEN

KG EG
GEBAUDEGEOMETRIE &
RAUMINFORMATION Bitte zeichnen Sie die Aussenwénde, Innenwinde und bestdtigen Sie mit "Weiter
Benutzen Sie das Mausrad um zu zoom

d b gen Sie Weite
men und die Richtungspfeile [hrer Tastatur um innerhalb der Zeichnungsfliche zu navigieren

0 o 10 20 30 40 50 m

GEBAUDEKONSTRUKTIONEN

Werkzeuge

fléch
|

RUCKGANGIG

X:2300,Y:5000
M0 MY:D

= o
www.wiredecom | SR LN

-
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» Input data based on Floor Plan: Room height, Room type
(Office, Living room, etc.), Window and Door Heights.

SEMERGY ﬁ E', ﬁ 0
| | Home Datencingabe  Optimisrung Hilfe

BASISDATEN

K& G
GEBAUDEGEOMETRIE &
RAUMINFORMATION Rauminformation

. . L] 10 20 a0 40 50 m R3ume
GEBAUDEKONSTRUKTIONEN o
Raumhéhe [om 260
R Wohnzimmer
] FaEE A =
Raum 3 Cang
Faum2 Raum 4 Biiro
Fenster 1
Breite [cm] 0
Hohe [om] 150
= Parapet [cm 50
3Ty Faumd =1 -
al Fenster 2
Breite [om) 0
RN g 58 1 A Hbhe [cm 150
FEE g g ==
— arapet [o 50
X:4000.Y:4000 Fanstar %
MX:0; MY:D A

4 ZUROCK WEITER =
www.wired.com -
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» Predefined set of building constructions (Like: Walls, Floors, Ceilings,
Doors, and Windows) allows the user to choose the type for each of these
constructions (e.g., Wall construction with layers Plaster (1), Brick (2),
Insulation (3))

BASISDATEN

GEBAUDEGEOMETRIE &
RAUMINFORMATION

s el agende: Wad Lehmziegel-Scheigewand, Hochlochziegel-Scheidewana, g fumese Fensty Allgemeines Fenster
GEBAUDEKONSTRUKTIONEN
Lehmziegel- Scheidewand, Hochlochziegel-Scheidewand,
iir

nlchuregeﬂu

Allgemeine Tur
1 Led h'np wtz Kalkzementput:

2 Lehmaiegel; Hochlo ﬂ:legEl. poaasiant

3. Lehmpurtz: Kallezementputz

Aulese oo Wend Einschaliges Mauerwerk mit Warmedammverbundsystem

Einschal lge s Mauerwerk mit Warmedammverbundsystem
Schichie

1 Inr-?n::lutz

3. D@mmanteil des WOVS
4. Putzanteil des WD'JS

4= TURUCK WEITER =9
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» Comprehensive building material catalog allows to specify proper materials
for each layer.

BASISDATEN

GEBAUDEGEOMETRIE &
RAUMINFORMATION

GEBAUDEKONSTRUKTIONEN

Distensingabe

Innere nichttragende Wand

Lehmziegel-Scheidewand, Hochlochziegel-Scheidewand, nichttragend

1, Lehmputs; Kalie entputz

2. Lehmziegel; Hochlochziege!
rt

2. Lehmputz; Kalizementputz

Aulere tragends Wand

StoDecolit /R

POROTHERM 10-50 N+F, Dicke 10.0

StoDecolit K/R

Einschaliges Mavenwerk mit Warmedammverbundsystem

1. Innenputz

2. Mau

3. Démmanteil des W

4. Putzsnteil des WDWS

AuRere Fenster

Aulere Tir

StoDecolit IR

POROTHERM 30 Plan [namreph.rs]. Dicke: 30,0

steinopor 700 EP5-W20, Dicke: 1.0

StoSil K/RFMP

Gaulhofer Kunststofffenster TOPFIVE (3-5)

Halitsch Passivhaustiire

POROTHERM 30 PLAN (NATUREPLUS), DICKE:

Description

thickness

minThickness

maxThickness

acidificationPotential

globalWarmingPotential

notRenewablePEl

thermalConductivity

bulkDensity

specificHeatCapacity

0182

3

A

4 ZUROCK

WEITER

m
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» Based on the given input data the energy consumption of the current
building i1s computed

» In this step the user sets his constraints regarding Investment Costs, Energy
___Consumption, and Sustainability of the refurbishment project.

RAHMENBEDINGUNGEN

AUSWAHL
Der momentane Energieverbrauch Ihres Gebaudes betragt 62 KWh/m®Jahr. Unter welchen Rahmenbedingungen mdchten Sie den Energieverbrauch optimieren?
ERGEBNIS —
oF SIENWEM maximaler
Investitionskostenfaktor: i
 Ziglwert maximaler 50

Energieverbrauch:

Zu optimierende Kategorien
" Minimierung Investitionskostenfaktor
" Minimierung Energieverbrauch

" Maximigrung Nachhattigkeit

4+ Zurick 'ﬁ' OPTIMIERUNG STARTEN
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» Based on provided constraints, SEMERGY computes potential

refurbishment options which suit the individual needs

» For example: Budget, Acquiring Energy Efficiency, and Sustainability of
Building Materials

SEMERGY ﬁ :
Home Dateneingabe Optimierung Hilfe

RAHMENBEDINGUNGEN

m Uorige Portfolios 30 Optimierungszielwerte

- s Energieverbrauch: 50 kWhim2/a
ERGEBNIS Energieverbrauch Investitionskostenfakior; 70
45
10 « I - 50 | 50
20| 30| 40|
16

Investitionskostenfaktor
78

10 - I a0 | 70
20| 30] 40| 50| 60| 70] 80|
20
Machhaltigkeit
120
130 |90

(0
40| 50| e0| 70| 80| 90| 100] 110] 120]
33

4= ZURDCK DETAILS ANZFIGEN
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» SEMERGY allows user to interactively modify the constraints, and shows

how changes in one category affect the remaining categories

» For example: Cheaper solutions will normally result in lower energy
efficienc

SEMERGY ﬁ (# ﬁ- o
Home Dateneingabe Optimigrung Hilfe

RAHMENBEDINGUNGEN

m Ubrige Portfolios 16 Optimierungszielwerte

Energieverbrauch: 50 kWh/m2/a
Investitionskostenfaktor: 70

ERGEBNIS Energieverbrauch
45
10 + I ¢ 50 | 50
20| 30| 40|
30

Investitionskostenfaktor

50

10 « I 90 |70
20] 30] 40| 50| 60| 70] 80|
20

Machhaltigkeit
120

- I - 130 |90
40| 50| 60| 70| 80| 90| 100| 110| 120|
75

4 ZURUCK DETAILS ANZEIGEN

Impressum
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oEMERGY: Multi-Object Optimization
M

ain goal of optimization procedure is to identify alternative
building design

v

» Alternative building design are generated through selecting different
types of

Material
Products
Components
Each alternative design contributes to better insulation options
» Cost Is classified as resource
Minimum cost but quality is maintained

» Aim of SEMERGY multi-object Optimization
Evaluating better components
Decision making
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» SEMERGY produces a list of concrete building materials for each
construction that meets the individual requirements

» For example: Investment Costs, Energy Efficiency of the building, and
___sSustainability of Building Products

SEMERGY ﬁ .
Home  Datensingabe  Optimi

RAHMENBEDINGUNGEN

AUSWAHL

“ Erge{]nls Nummer ‘]5 nere nientirgends Hand

Investitionskosten: 50 Lehmziegel-Scheidewand, Hochlochziegel-Scheidewand, nichttragend
Energieverbrauch; 30kWhim?/a

Nachhattigkeit (O13): 75 LR S

FILZPUTZ CLASSIC

E-G';f;i;";'ege" Hochinchzieged BRENNER PLAN THERMO-RAPID 12X50 H+F (NA ...
8

3. Lehmputz; Kalkzementputz KALKIM FEIN W (KALKFEINPUTZ W)

AuBere tragende Wand

Einschaliges Mauerwerk mit Warmedammverbundsystem

1. Innenputz STODECOLIT K/R

2. Mauerwerk POROTHERM 25 S5Z HD, DICKE: 25.0

o = il d WDwWeS
3. Dammanteil des WOVS EXTRAPOR EPS - W 20 100 KPA, DICKE: 3.0

4. Putzanteil des WDVS

STOSIL K/R/MP

AuBere Fenster GAULHOFER HOLZFENSTER IV70/02 FICHTE (V ...

loaun | »
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» Increasing energy efficiency is the key to a greener future

v

Increasing building’s energy efficiency is a major component of
upcoming energy efficiency strategies

» SEMERGY enables the user to understand how building geometry
and materials affect its energy efficiency

» SEMERGY provides concrete suggestions to improve the building’s
energy efficiency
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» BIM import possibilities for expert users

» Cost estimation

» HVAC

» GIS data
Generation of an SBM model based on this data

» Development of a data release format for product
manufacturers to enable uniform retrieval of product
Information

» Current estimated product cost
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» Requirements:

Compliance with integrated
computational engines

Extensibility for future

Calculation
parameters

Operational data

» Study of some existing
building data formats:
IFC
gbXML

Shared Object Model for
SEMPER

Geometry

Building .components’ semantic data
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