Zero Build Forum’20

International Virtual Forum on Zero Energy Buildings

BIM-Enabled Performative Design
Education for Achieving Sustainable
and High-Performance Buildings

Speaker’s Name: Prof. Salih Ofluoglu

Speaker’s Position & Institution: Head, Department of Informatics, Mimar Sinan Fine Arts University



Climate Change

Select below

Extreme
Weather

Direct Risks

Overall Vulnerability

Sea Level Rise

Direct Risks

Owverall Vulnerability

Agricultural
Productivity
Loss

Direct Risks

Owverall Vulnerability

Overall

Direct Risks

Owverall Vulnerability

rank 1 [JJIIRE

169

AT

Overall Direct Risks:
Physical Climate Impacts

Effects of Climate Change
(Source: Center for Global Development)




Effects of Buildings on Climate Change
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* Thereis an
increasing need
for sustainable
building
solutions

Why Buildings?

More than 30 per cent of global

Global CO? emission
greenhouse gas emissions are

(Source: International Energy Agency, EIA) bulldings- related, and emissions
could doubleby 2050 if we carry on...




Energy Efficient/Sustainable Buildings Initiatives
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* EU: 2050 Energy Strategy %80-
95 reduction in carbon emission

+ USA: Architecture 2030
Initiative: carbon neutral building
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Where to start?

* Design (especially early design) is Solar panels
the critical project phase when most e aton.
sustainability related decisions are

made

Small north facing Shading provided by overhang

glazing

Large South facing Glazing

* Good Design achieves:

- Good building performance
- High occupants’ comfort
- Low operational cost

1. Occupants’ 2. Resource uses
« Sustainability strategies applied comfort . 'I\E/'ate“a' USte
i * Thermal comfort * Energy systems
_by a_r (?hlteCtS are * Visual comfort * Water use
intuitional and based on general - Air quality
knowledge an_d pregedents and € personal happiness and
the effects of site/project type productivity =

specific situations are often ignored.

€ natural, supported by
mechanical =




BIM is a project
production
method that
relies on a 3D
model by
integrating
both graphic
(geometry/form
etc.) and
alpha-
numerical
(material, cost,
building
physics, etc.)
data
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building physics related alphanumerical
data such as

thermal conductivity, fire resistance
acoustical properties, cost, etc.

non-graphical data




BIM Model = Virtual Physical Building

- . Solar Lighting Sun / Shadow
* Building Performance Analysis (BPA) Analysis Analysis Radiation

models can be produced from a BIM model.

* They predict how a building responds to
environmental factors.

» Design decisions can be tested and : ; =
. . . Climate Wind Energy
improved in a real time. Analysis Analysis Analysis




Performative Building Design

The design approach that takes building performance
from early to late phases of design can be called
Performative Design.

Basic principles:

1. Relies on sustainability criteria
comsumption of energy and raw materials,
selection of materials, waste reduction, passive
climatization

2. Works with measurable alphanumerical data

3. Allows real time / spiral design iterations for
design revisions

PRE-DESIGN
[project planning]

DEVELOPMENT
[rough geometry]

Spiral
Design
Process

DESIGN
[definite geometry]

CONSTRUCTION
[manufacturing]

FACILITY
MANAGEMENT

finished buildi




Course Workflow

A postgraduate elective course

A high performance building design
with performance analysis

+ Selecting a Building type/project site
* Designing a form/ building shell

Weekly sustainability analysis
exercises

Final project submission
Digital Tools:

Modeling: Revit/Formit
Analysis: Green Building Studio,
Trimble Sefairai,Insight 360, Flow Design

Energy Use Intensity & 2030 Challenge Targets by Bu/
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BPA data for Conceptual Designs

COMMERCIAL BUILDINGS ENERGY CONSUMPTION SUT

Conceptu al o [aane | verss s Pascrons fior |.|.:Ii||||
Des|gn Phase- JEIIJL'HH'SSM::N::T_ . BPA DATA FOR
e —— CONCEPTUAL
. . S — e DESIGN
The earliest design et
phase when the Building type

basic building
mass and its

location is defined.

All higher level
design decisions

American

related operational,
comfort data and
standards

Local climate data

Site topography
surrounding buildings

that shapes the Society of

. . Heating, Building geometry
following design refrigerating
phases are made Egﬂﬁi;ironing > Facade elements:
at this phase. Engineers Wall-window ratio




Mass Modeling

RO[5x

ZE
BUILD/20

The least
detailed
(LOD100)
modeling type for
creating
conceptual
volumes with
surfaces (surface

modeling)




Typical BPA Scenarios

BIM Model
Output

Passive
Systems

Passive +
Active
Systems

Passive +
Active
Systems +
PV Panel
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ZERD [0
BPA - Building Energy Analysis BUILDw

 The flow of heat in a
building, basic
information about heat
transfer, thermal
gualities (U and R
values) in materials

Monthly Cooling Load

» Factors that affect
building :
heating/cooling needs: EldeEdilen |  EldeEdilen | EldeEdilen | pide Edilen
External Ioads (sun, 134.024 kBlu/fiz 106,568 kBlu/ft2 122,584 kBtu/ft2 u8.8 kBtu/fi2

airflow, humidity)

Energy Use Intensity

Internal loads Energy
aia o e Analysis
(occupants, i

equipments, lighting) by S. Cengiz

Total EUL: 106,568 kBtu/ft2 |
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BPA - Sun and Shadow studies

+ Relation of building
mass and its site
position to solar access

21 March - 21
Sept. (15:00)
. Equinox

* The Sun’s position at

extreme times of the
year:

* Sun altitude and azimuth
* Equinox (21 March, 23

21 June(15:00)
Summer Solstice

Sept.) Allocating outside spaces and making
« Solstice (21 June, 21 Dec.) landscape decisions acording to sun/shadow
movements
« Shadow casted by
Building itself and 21 December
Examining sun/shadow effects on (15:00)
Shadow C_aSted t_)y ) different design alternatives Winter Solstice
sorrounding buildings, on the model
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ZERAJ 55
BPA - Sun Radiation Analysis BUILD
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Study Type: | Solar Enargy - Annual PV v L
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+ Strategies allowing and Radiation PV Energy Productin ®
: o Analysis 302.767 kumves ;
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Colored/Numeric representation of solar radiation
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BPA - Wind Analysis

« Simulating
existing air
currents around
the building and
understanding
natural ventilation
solutions

Wind Analysis Work,
by F. D. Capkin

* Preventing the
unwanted air
currents for
surrounding
buildings and
pedestrians

Wind Tunnel 2D Plan Shade simulation

Wind Analysis Work
by S. Tarakci, H.
Bilgin, B. Canturk

Wind Tunnel 2d Flow lines simulation
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HIGH PERFORMANCE
SHOPPING CENTER DESIGN

Selected Student Works

N
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TASARIM HEDEFLERI | BINA OZELLIKLERI
-Surdarilebilir Yoksek Performansli AVM Tasarimi Konum: Emniyetevier mah. Otiigen sk. No:13,
-En Az %25 Yenilenebilir Enerji Kaynaklarnini Kullanmak ~e Kagithanefistanbul
-Karbon Salinimini En Aza Indirgemek T." Bina Tipi: AVM
1 UL/ BiM HEDEFLERI I Bina Kullanim Takvimi: 12/7 Aktif
SURDURULEBILIR Tasanm K Yapi Performansina Etkisini Aniamak  Pencere Kullanim Orani: %40 [ ]

YUKSEK PERFORMANSL! vz, iar icin Performans Analiz Alanlar ve Kriterlerini Anlamak ~ Yon: Dogu-Bati
AVM PROJ ESI -Yapi Bilgi Modelleme Yazilimlarmnin Galisma Presibini Anlamak ~ Site EUI(Retail): 94.1 kBtu/ft* = 257 kWhim*

: @

Max.32°C Min.-2°C Ziraat Bankasi ()

Site Analysis and Design Objectives

'GEVRE YAPILASMA |

EUI Benchmark: 94,1 kBtu/ft2 - 257 kwh/m2

Istanbul Sapphire ()

KUTLE ONERISI .
ey - farnet 0L Bt 5.9 . |
yoksekiiklere dikkat ediimisir. % %

=

Glven Turizm




Selected Student Works

Energy Analysis for Design Alternatives

HIGH PERFORMANCE
SHOPPING CENTER DESIGN
by T. Bacaksiz
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9000 m* Kat yuksekiikleri 3.5 m
Secilen model dogu-bati aksinda 3 kitleden
olugmaktadir.

1. Kitle: 8 kath ve 1200 m? taban alanina sahip
2. Kitle: 4 kath ve 470 m?taban alanina sahip
3. Kitle: 6 kath ve 600 m? taban alanina sahip

Kat yuksekiikleri 3.5 m

Eneriji tiiketimini digirmek icin model Gzerinde
oklarla gosterildigi gibi yuzeyler degistirilmigtir.
1. Kutle: 6 kath ve 1600 m? taban alanina sahip

2. Kitle: 4 katl ve 470 m?taban alanina sahip
3. Kitle: 6 katli ve 600 m? taban alanina sahip

9000 m* Kat yuksekiikleri 3.5 m
Yizeylerde yapilan degisimler ile en uggun
enerji tiketimine sahip olan model segilmigtir.

1. Kitle: 6 kath ve 1700 m? taban alanina sahip
2. Ktle: 3 kath ve 470 m?taban alanina sahip
3. Kitle: 5 katli ve 700 m? taban alanina sahip
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Selected Student Works

-Segilen modelin  yillk  toplam  enerjisi
hesaplanmisgtir

-Toplam yizeyde PV oldugunda Gretilebilecek
kWhiYil olarak enerji miktan ile elde
edilebilecek tasarruf miktan bulunmustur,

-PV yatnminin ne kadar sirede geri
donusinin olacag) hesaplanmigtir

-Modelin gekilkde gosterilen noktalan glney
yoninden gelen gUnes igiklanni daha iyi
alabilmesi igin 2 m yukseltilmigtir.

-Toplam yuzeyde PV oldugunda Uretilebilecek
kWh/Yil olarak enerji miktan ile elde
edilebilecek tasarruf miktan bulunmustur.

-PV yatnminin  ne kadar slrede ger
donligtiniin olacad: hesaplanmigtir,

-Yapilan galigmanin verimli olmasi Gzerine
diger kitlede de cat yikseklikleri gésterilen
noktalarda 2 m algattiimigtir.

-Toplam yiizeyde PV oldugunda dretilebilecek
KWhiYil olarak enerji miktari ile elde
edilebilecek tasarruf miktan bulunmustur

-PV yatinminin 7 yil kadar sirede geri
donlgindn olacag: hesaplanmigtir.

SHOPPING CENTER DESIGN

HIGH PERFORMANCE z E R@ | fﬁ*ﬁ I

by T. Bacaksiz

GUNES ANALIZI

-Segilen model (zerinde beh;ﬂ:lr gin
veya dbnem boyunca gunes rotas
olugturulmustur. I
-Goige etkisine gore tasanm ve
vaziyet planikarariars beliflenmisgtir,
-Tasarlanan yap1 g¢evre binalar
Ozerinde gbige birakmamaktadir. \

Yaz Gunddnimi -

21 Haziran

-Boigenin  hakim rlizgar yonG
kuzeydogu-glneybati ydnindedir
-Kdtle bu aks Ozerinde yeregtnimigtir
-Rizgardan faydatanarak ve hava
akimint  kontrol ederek dodal
havalandirma saglanmigtr.

-Cevreye uyumlu gabarisi ile
gevre binalarn rizgar almasini

engellememisgtir.

Sonbahar Ekinoksu
21 Eylil

Velacity (mA)
T~ B i 14871
/ N / N 12879
\ ' &) \ % 1 10516
/ / 7436
N N
i e ~l o e” 0

Solar radiation and Wind Analyses for the Selected Design
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Selected Student Works

MSGSO SORDOROLEBILIR BIN | SIMLA CENGIZ

TASARIR KARARI 1
Ol |

— |y
yaz gdlge
==

ekinoks gblge

TASARIN KARARI 2
J
4—1"

ekinoks gélge
TASARIN KARARI 3

L

e
yaz gblge

ekinoks gblge

TASARIN KARARI 4

]
yaz gblge
Eo—

ekinoks gblge

k1y gdlge
< - ¥

solar analiz

e %
"

Sw Ky gdlge

Fiizgar analizi

|
U
=

-

solar analiz

—
ki gblge Uzger anali
- U
- '
'
solar analiz
U
ki gdlge
- | —

solxunz

rézgar analizi
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Elde Edile
106.568 kB
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HIGH PERFORMANCE
HOSPITAL DESIGN
by S. Cengiz

BUILD20

Energy Analysis for Design Alternatives

EUI Benchmark: 196.9 kBtu/ft2 - 617,4 kwh/m2

Proje alani sikisik bir kent dokusu igerisinde
bulunmaktadir. Fakat alanin giineybati yoninde gin
Is1g1 almasini engelleyecek herhangi baska bir yapi
bulunmamaktadir. Bu tasarim kararinda parcali
yapilarda yaplilarin arasinda olusabilecek golgeler
engellenmeye c¢alisiimistir. Glnes 1s1gini
engellememek igin ise yapi katmanlastiriimistir. Giris
béliminde glinesten yararlanilabilecek agik alan
birakilmistir. Hastane yapisinin 7/24 galisacak bir
yap! oldugu g6z 6ntinde bulundurularak
gereksinimlere gore enerji analizleri yapilmistir .
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HOSPITAL DESIGN
by S. Cengiz

HIGH PERFORMANCE z
Selected Student Works BU
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Solar Radiation Analysis for
the Selected Design
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Selected Student Works LD|20

EUI Benchmark: 85.1 kBtu/ft2 - 268 kwh/m2

Uc éneride de yapi kiitleleri mimari kaygilarla parcalanarak
hafifletiimeye galisiimis, zemin kat kuzey cepheleri kuzey gliiney
aksini, sergi alanlarinin isik almasi kaygisiyla tst kattaki kitleler
de kuzeydogu aksini karsilayacak sekilde yerlestirilmistir.

1 W R

ANALIZLERDE YAYA KOTUNDA VE UST KOTLARDA RUZGARIN YARATTIG! HERNANEI a8irR OLUMIDZLUOA RAITLANMAMI,T

OneRi-1

OnER-3 SIRABIYLA ﬁu:- ILERIN PERFORMANS DK G

RFORMANS SEKMESINDEKI DEGERLERE GORE 2 NO'LU BNERI EN VERIMLI BULUNMUSTUR.

Energy Analyses for Design
Alternativesc

Wind and Solar Analyses for the selected Design
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Selected Student Works

1. Tasarim 2. Tasarim

Karari Karari
Hedellenen Hedellenen
58,2kBlu fi2 58.2kBluft2
Elde Edilen Elde Edilen

72.88 kBtu ft2 79.552 kBtu/f12

3 ’W”%ﬁ'f’

S

3. Tasarmm 4. Tasarim
Karar Karari
Hedeflenen Hedeflenen

58.2kBtu/ft2 58.2kBtu/ft2

Elde Edilen Elde Edilen
95.656 kBlu/flz 78.232kBtu/ft2

oy | e

§—: ——
& ( \ ™
= r 2

1. TASARIM

HIGH PERFORMANCE z E R@
ELEMENTARY SCHOOL DESIGN
s+ BUILD

EUI Benchmark: 58.2 kBtu/ft2 - 183,33 kwh/m2

Glines enerjisinden maksimum derecede yararlanabilmek
icin yapi gliney-bati ve kuzey-dogu yoniinde
konumlandiriimisgtir. Pargali olugan yapida, yapinin her
alaninda maksimum giines enerjisinden yararlanabilmek icin
kat sayilari farkh tutulmustur. Boylece yapi igerisinde
olusabilecek golgeler en aza indirgenmeye galisiimistir.

Energy Analyses for Design Alternatives

ORUM

20




Selected Student Works

EUI Benchmark:
26,9 kBtu/ft2 - 85 kwh/m2

Cevre yaplilar g6z 6niinde
bulundugunda, yakin ¢evrede
cephelerde ¢ok sayida yuksek
katli olmasi nedeniyle kat
sayisinin az tutulup yayilan bir
plan 6érgusu izlenmesi tercih
edilmistir. Cevredeki yogun sanayi

bélgesinden dolayi ise yapilan 3 Energy
alternatiftede de avlular Analyses for
yaratiimistir. Bir is merkezi olacak Design
olan yapini Kitlelerin giinesten Alternatives

maksimum enerji tasarrufu
yapabilmesi adina
konumlandiriimistir.

TASARIM

1.TASARIM

2.TASARIM
3.TASARIM

2.TASARIM
- .

632MJ/sm/yr 170 kWh/m3/yr

719MJ/sm/yr 186 KWh/m?/yr

677 MJ/sm/yr 182 kWh/m3/yr

HIGH

3.TASARIM

71,9 kKWh/m?/yr
69,7 kWh/m?/yr
65,5 kWh/m?/yr

OFFICE DESIGN
by B. S. inner

PERFORMANCE z

Solar and Wind Analyses for the
Selected Design



URBAN LAB DESIGN

HIGH PERFORMANCE z
Sel eCted St u d e n t WO r kS by M. Isikli, E. Yilmaz, M. Rahmanali B

e ] T e b L

Toplam Alan - 1376 m2 Toplam Alan - 1442 m2
EUI- 318 EUI - 347

Toplam Alan - 16561 m2
EUI - 337

Energy Analyses for Design Alternatives
and Space Allocations




Final Words

By simulating real world conditions in
the Performative Design framework, students made

“informed design decisions”

with measurable data and instant feedback
and gained valuable insights regarding sustainable
architectural design.




Thank you

Questions and Comments

 E-mall

sayisalmimar@gmail.com

* Blog:

www.sayisalmimar.com

* Facebook:

facebook/sayisalmimar

o Twitter:

@sofluoglu
(art-tech-ture)

* Linkedin:

tr.linkedin.com/in/sayisalmimar



