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Process description

e Create an optimized model integrated with BIM

e Utilization of combination tools to obtain an optimized
model integrated with BIM

 The assessment levels will be comprised of the
following three stages:-
e BIM model (IFC/ ArchiCAD + integrated Eco designer +simple BIM)

* Energy model (IDA-ICE)

e Optimization software (Multi objective building optimization
(MOBO))
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Building Information Modeling (BIM)

Aalto University  Source: http://www.airport-int.com/article/



Industry Foundation Classes

e |[FC provides an environment of
interoperability among IFC-compliant software
applications in the architecture, engineering,
construction and facilities management
(AEC/FM) industry (Bazjanac)

A vir

Aalto University



how does.ifc file look like?

#158= IFCGEOMETRICREPRESENTATIONSUBCONTEXT( Axis’, 'Model’

.MODEL_VIEW. ,%);

,5?,5?,*,5?,#39

#159= IFCCARTESIANPOINT((0.,0.));

#161= IFCCARTESIANPOINT((3000.,0.));

#163= IFCPOLYLINE((#159,#161));

#165= IFCSHAPEREPRESENTATION(#158, Axis’, "Curve2D”, (#163));

#169= IFCPRODUCTDEFINITIONSHAPE(S,$, (#148,#165));

#175= IFCWALLSTANDARDCASE (' 3qyvsZVvEL2GOCOyTOHGADA" ,#15,"SW - 0027 ,%,%
#114 ,#169, "F4F39DA3-E4E5-4241-8980-F29611404 344" );

#190= IFcRELCONTAINEDINSPATIALSTRUCTURE('041dtj6cp2dME6c1PBOBzh',#15,

o (#175,#277 ,#345,#413, #1166, #1237, #1301, #1354, %1413) ,#101);
#od= IFCMATERIAL( Gypsum ),
#197= IFCMATERIALLAYER(#194,11.,.U.);
#199= IFCMATERIAL( Insulation’) ;
#200= IFCMATERIALLAYER(#199,252. u ),
#201= IFCMATERIALLAYER(#194,11.
#202= IFCMATERIALLAYERSET((#IQ #200 L#201), "274 IDA wWall 0.17u’);
#207= IFCMATERIALLAYERSETUSAGE(#202 LAXIS2. ,.NEGATIVE. ,0.);
#208; IFCRELASSOCIATESMATERIAL('2thB_UA2jVLIaCOaKJw13 ,#15,%,%, (#175
#207);
§§11= IFCPROPERTYSINGLEVALUE ('Renovation Status’,$,IFCLABEL{ Existing

#215= IFCPROPERTYSET( ONd4wndskL_9walLuSvvAB9' , #15,
'AC_Pset_RenovationandPhasing',$, (#211));

#22037 IFCRELDEFINESBYPROPERTIES( 0OqCCRgml3stIwrk7ghsase’
#215);

#224= IFCWALLTYPE( ' 37QauawWggHaPRiGOWITIul ,#15, 274 IDA wWall 0.17U 27
$,%,%,%, C76A4E24-82AA-09191 -96EC— 409E92493E01 " ,%,.NOTDEFINED. };

#226= IFCRELDEFINESBYTYPE( ' 3WBr$mEewxu7 kCyVHyXde #15,5%,%, (#175,#27
#345,#413) ,#224);

,#15,8, 8, (#17

#229= IFCDIRECTION({(1.,0.,0.3);

#231= IFCDIRECTION((O.,0.,1.));

#233= IFCCARTESIANPOINT((O.,3000.,0.));
#235= IFCAXISZPLACEMENTBD(#ZBB,#2 ,#2 9);
#236= IFCLOCALPLACEMENT(#99,#235);

#237= IFCCARTESIANPOINT((274.,-274.));
#239= IFCCARTESIANPOINT((2726.,-274.));
#241= IFCCARTESIANPOINT((3000., ‘0. )),
#743= TECCARTESTANPOATNTIIO 0 ‘5
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co designer output
integrated with ArchiCAD)

Energy Cia
Target Mame GQuantity Cost Primary Emission
kWhia GBP/a kWh'a kgia
|l Hesting 0 0 0 0
B cosiing 16184 0 o [
- Hot Water Generation 7384 0 8122 1585
Wentilation Fans 1] 0 0 1] Energy Costs
_. Lighting & Appliances 4905 ] 14885 1078
Total: 28563 NA 23108 2673 o
_ MNA |

Source Name

Environment
MNatural Gas
Electricity

[KWh]

Monthly Energy Balance

Energy

Supplied Energy per Month

Jan. Feb. Mar.

Apr. May. Jun.

Jul.

Aug.

Emitted Energy per Month
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Lighting and Equipment
Intemnal Heat Gain
Solar Gain

Hot Water Generafion

Transmissicn
Infiltration

Natural Ventilation
Hot Water

Matural Coecling

Energy Performance Evaluation
[Project Number] [Project Name]

General Project Data Heat Transfer Coefficients L value [Wim3kK]
Location: Building Shell Average:
Primary Operation Profile:  Personal office (100%) Floors: -
Ewaluation Date: 155 1: Externak 1.57 -1.57
Underground: -
Building Geometry Data Openings: 299-3.19
Gross Floor Area: 20714 m?
Building Shell Area: 155,24 m? Specific Annual Demands
Ventilated Volume: 537,94 m? Met Heating Energy: 0.00
Glazing Ratio: 4 % Met Cooling Energy: 8424
Total Met Energy: 8424
Building $hell Performance Data
#ir Leakage: 118 ACH Energy Consumpfion: 148.67
Cuter Heat Capacity: 4381 S Fuel Consumption: 64.44
Primary Energy: 120.28
Operation Cost —
CO; Emission: 13.92
Energy Consumption by Sources
Energy COy Emission
Source Type Source Name Quantity Cost
KWhia BPla kgla
Renewable . Environment 16184 NA o
Faossil . Matural Gas 7384 — 1595
Secondary ._. Electricity 4005 — 1078
Total: 28563 Not Applicable 2673
Energy Quantities Energy Costs COz Emission
17
17
Mot
1 2 a7 Applicable 3 e I

* This amount of CC, is absorbed in one
year by 0.0 hectares {roughly equivalent
o 0.5 tennis-courts) of fropical forest.



Mapping .ifc to IDA

“tions vl

ICE resources

:m --= Concrete wall 1504501

Default

Conerete floor 150mim (exarmple)
Interior wall with insulation (example)

[ Map to selected l Wiew l

J
l Impart fram [FC l l Load fram Db l
)

’ Unmap selected ’ Create new

] (tton ]

N

f3

[T poy gl i

|
I@’Lblé"

n_2014ida files

Mind oune

window findow 16

Glazing |2 pane glazing, clear, 4-12-4 (example) EB
r ro
o )
€4 Mapping Control |Schedu|e E@
category Schedule [© Mever open =]
IFC data - Integrated
Device |[Defau|t] Mo integrated shading EB
Control [Light AND Schedule =[]
Schedule [@Ahwvays drawn =10

r External Wind

Device

| Mo external shading

[=]0)

Drawing view from the side to describe the external window shading |

r Skew

r Frame

total window

Fraction of the -1 Maore...

area X
U-value Wim2 *C) @ Tuist
- Object
Mame Window 16
E Description - i:)
Tilt
[
[ 218 ] ( Cancel | [ saweas. || Help

ault] but the deta

ault] but the default is not defined
ault] but the default is not defined




e Errors!
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Connection between
IDA ICE and MOBO

Results

(run_ida.bat )

—_— = Ml
- Opens IDA with batch_file(s)
- Copies script.cms for every

/ batch_file \

MOBO IDA-ICE €
/P <§;}E@§) / - Simulations

- Results:
ida_lisp.end

— — ——
(script_temp.cms) - Opens the IDA model
T—— and script.cms
- Example script from which
script.cms copies are made
- Executes the changes in
the IDA model and runs

simulations Figure by EQUA: Erkki karjalainen
BN Cuindowshsysterm 32 omd, exe El@

C=xUzerszsnjnusrat Desktop~MOBOIDA>md c:“temp~idamod4.d
A subdirectory or file c:stemp~idamod4.d already exists.

C=xUzerssnjnusrat~Desktop~MOBOIDA >copy script.cmsz c:istemphidamodd. @~ oY

The system cannot find the file specified.

CxUserssnjnusrat~Desktop~MOBOIDA > 'c :~program files <xB6>~IDA~bhin~ida—-ice.exe" '
c=wprogram files (xB6>~IDA~bin~ida.img" —-C —-X¥ "C:istemp~batch_fileMOBO_thr

Aalto University Run_ida.bat and Batch_file




l EQUA

Detailed dwg. J
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Energy/cost etc.

N I

MOBO |
optimization !
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Case description

e Office room 3x3 (part of an office building)
e Window

e Door

* Intermediate slab as floor and ceiling

e Climate IDA: Kalmar, sweden | |

e MOBO: Minimize energy: a bi-objective probleml (fl-coolihg
energy, f2-heating energy)

e optimization problem to find the optimum dimensions of the
window (dx, dy)
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Effect of the window area on the total

1260

1240 4

Total Energy: Heating + Cooling (kWh)

1060
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energy = heating + cooling

1200

1180 A

1160 A

1140 +

1120 +

1100 A

1080 A

Optimized cases for the two
s objective functions

12204 %

0 0.5 1

15 2 25 3 35

Window Area (m?)




Effect of the window area on the total
energy = heating + cooling

Small window 0.62 m?;

Cooling: 50 kWh (less cooling)
Heating: 1091 kWh -

Total Energy: Heating + Cooling (kWh)
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Large window 2.87 m?:

Cooling: 127.4 kWh

- - - Heating: 1012 kWh
(more solar gain, less

heating requirement)

1240 -
. A A
0] s ' Same total energy demand, |
°  different window size options — |
12004 ¢ . design loop takes optimization
150 | ‘s . results back to architect (BIM), ! .
. | orotherobjectives (e.g. | °
1160 - % 'window cost, lighting) & factors ¢
% | (outside views, aesthetics)
1140 - ° .
SRR e
1120 A | @ :
i 'S o i
1100 - ! ¢«
1080 - i ¥ cepoes® |
1060 r : T r T r : T
0 0.5 1 15 2 25 3 3.5

Window Area (m?)



Results from MOBO
Cooling energy vrs Heating energy

1200

1180 - Optimization

problem: Find
optimum dx &dy

1160 -
1140 4

1120 1 Objective function:

F1- >Cooling
F2-> heating
(annual demand)

1100 -

1080 A

1060 -

.” o 00BN G o0 000 0000 @

Heating, f2 (kWh)

1040 - Algorithm: NSGA I

%

1020 - (M ™

‘W P ae e e Population Size: 10
1000 -

980 . . . . . . . . Mutation: 0.2
0 20 40 60 80 100 120 140 160 180

ﬂ Cooling, 1 (kWh) Crossover: 0.85
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Results from MOBO
Cooling energy vrs Heating energy

1200
180 - (@® Small window: less cooling, but Optimization
g more heating (do not have benefit roblem: Find
1160 - . of solar heating in winter) P ) '
s optimum dx &dy
1140 -+ :
g 1120 4 3 Objective function:
1100 | l F1- >Cooling
N o : F2-> heating
2 * L ind [
arge window: more cooling, .
= 10007 b © . ons Algorithm: NSGA I
8 ut less heating (heat gain from _ _
T 1040 - solar in summer) Population Size: 10
1020 | 'b... c . ® Genergtlon: 8
W P 0 0o Mutation: 0.2
10001 Crossover: 0.85
980 T T r r T r r r
0 20 40 60 80 100 120 140 160 180

A Cooling, f1 (KWh)
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MOBO — Design

e Simple case — but it allows us to see
the potential of optimization results
(IDA + MOBO) influencing architectura

design (BIM —ArchiCAD) -
e Case can be further enhanced by /

introducing multi-objective “’ _ _________________

optimization (e.g. cost, natural

ventilation)
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