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Degrees of valnerability
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M. Panahi, F. Rezaie. and S. A. Meshkani

D Boundary

15460

3°350N

I Journal of

International Journa
A Geo-Information
A Spatial Decision Support Approach for
Flood Vulnerability Analysis in Urban Areas:
A Case Study of Tehran

Rasoul Afsari , Saman Nadizadeh

Shorabeh , Mostafa Kouhnavard , Mehdi
Homaee

and Jamal Jokar Arsanjani

ISPRS Int. ). Geo-Inf. 2022, 11,

httpsy//doi org/10.3390/
1jgi11070380

Fig. 3. () Distribution of PGA for the Rey fault scenario

peak ground sceeleration (PGA)
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,” Inhabitants:

T------ i Introducing the team Installing fences around the park restricted public access to the shops in the design area, leading to
: ) economic stagnation for those businesses.
& =--==-- | Design goals The park's secluded nature at night has attracted criminals, increasing crime rates and compromised
3------ E Software security: _ - _ o
! Neglecting the maintenance of the shops' original texture has led to their deterioration.
4 -9»}\} Site context The lack of employment opportunities for the youth in this area has led to a rise in delinquency and crime.
| Additionally, the presence of a poorly designed and uncontrolled large park filled with drug addicts has
S--m--- Project Highlights: made the area unsafe at night, contributing to the increase in criminal activity. Unfortunately, This park has

I Architecture become a hotspot for young people and neighborhood residents to engage in criminal behavior.

5.2----4 Engineering

The environment and atmosphere of this area is only for men and it has a masculine environment where
only men can travel and there is no suitable atmosphere and space for women's activities and their
movement. Even the restaurants and cafes in this area are male-dominated and families are reluctant to
visit there.

5.4 ----4 Efficiency

a1
a
1
1
1
1

53----4 Envelope E

1
-i Grid-Interactivity
1
5.6 ----1 Life-Cycle
1
1
57 ----1 Health
1
5.8 ----1 Market The families and people of this neighborhood are among the lowest-income strata of Tehran, which
: _ has forced their children to work from an early age to help the family and earn. Mainly because this
-_— - . . . . . e .
5.9 : Community neighborhood is full of crime, they are attracted to illegal activities and delinquency.
d . Young people should learn arts or crafts so that they don't have to commit crimes.
\\ /I -
R R — -7 Shop Owner:
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Why did we choose these arts for the school?

Revival of ancient culture and art in the young generation

Pottery

Carpet Weaving

Fabric Design & Sewing
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” >\, New Building Design Process:

1--ee-- i Introducing the team | Be inspired by the model of traditional Iranian four-porch schools
1 1
2 --—--- i Design goals E L rvate Yorce | 3
1 1
S E Software E
1 1
7/ | Site context i
1
1 1
Y Tp——" ! Project Highlights: :
1 1
1 1
5.1 , Architecture :
1 1
1 1
5.2----4 Engineering :
1 1
1
5‘3 Tt -E Envelope : Commercial Part
1 1
5.4 ---- *; S i A e the nerghoorhood. "
5.6 ---- -i Grid-Interactivity i
1 1
5.6----1 Life-Cycle i
1
1 1
5.7 ----1 Health |
1 1
} 1
5.8----14 Market :
1 1
1 1
5.9----4 Community :
| :
\\ /’
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o .. New building concept design :

\

1------ i Introducing the team \
2------ i Design goals i
3------ E Software i ChaharTaaqi Architecture
4 - oo i Slte context i having four arches
5------ i Project Highlights: i
5.1 ; Architecture i The project consists of modules
52---- J: Engineering i
5.3 -----i Envelope i
5.4 ---- Efficiency
5.6 ---- -i Grid-Interactivity i
5.6 ---- -i Life-Cycle i
5.7 -----i Health i
5.8 J Market
5.9 ----4: Community i
14 81
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Existing:
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Space Types:
Physical Program:

Activity Space no. Floor Areza
Educational Classrooms 6 @ 282
2= ofe oo Flexible Classrooms 2 @ 94
L:_flq e f@\ Workshops 3 G 214  590™
Administrative Offices 9 @0 159 159™
Cultural Multifunctional Spaces 1 (G) 160
Lond Elﬁrﬂ gg Book Room 1 (1) 46
sonoeee ek S Library 1 (2) 110 316™
Commercial Bakery 1 ® 33
Pottery Shop 1 @ 29
@él @ % Stationary Shop 1 ® 29
=N & Fabric Shop 1 (G) 31
% Supermarket 1 @ 20
4 oo o Persian Restaurant 1 ® 52
D < = Students Products Shops 2 @ 52
Book Cafe 1 (1) 144 390™
Services Facilities 1 ® 111
. Janitor 1 ® 24
@ = @ Buffet 1 C) 63
— Prayer Room 1 (1) 48
e Storage 1 G 15
ﬁ? Waste Disposal 1 @ 14
Air Condotioning Room 1 @ 15 290™"
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New design plan (Second Floor) :
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Newly Designed Buildings:
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k 290900000000000000. Retrofitting the old Men’s Coffee House to a Persian restaurant :

Toomoe- f liieaucingRtaoRteain ‘: I A place for the Whole family (Men and Women)
2------ E Design goals E %
3------ i Software i
4 -—---- i Site context i |
5------ i Project Highlights: i
5.1 ; Architecture i
5.2 ---- J: Engineering i
5.3 -----i Envelope E
5.4 ---—1: Efficiency i o _

: I Retrofitting the old stores into a Book Cafe:
5.6 ---- -i Grid-Interactivity i A place for increasing public awareness
5.6 ---- -i Life-Cycle i
5.7 -----i Health i
5.8 J Market
5.9 ----4: Community i
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299900000000000000¢ Conversion of southern buildings into workshops with
T structural reinforcement:

Bakery and a café:

Conversion of storage area near school entrance into a

Bake 1y &
Coffee Shop
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How did we make the structure modular?

ChaharTaqi

having four arches

Reused Structure\

7
using scaffolding pipes

Sleeve

Pipes with Mero joint

Isolated Foundation

Architecture

The project consists of modules

Structure

Base cone
Base plate

Module with flat roof Module with arched roof



Introducing the team

2------ ! Design goals
1
3-oo-- E Software
1 1/
1 .
4ommom- ' Site context Buy members Disassemble
: ; L from iron market members from
B e o . Project Highlights: previous construction
1
1
5.1----1  Architecture g~

i
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! Simple and fast
5.3----4 Envelope

1

! - check the member's % g g construction

54 -E SIS strength in the lab
5.5 ----1 Grid-Interactivity

: _)
5.6 ----1 Life-Cycle @

1

1
57 ----4 Health

1

}
58----1 Market Adding fireproof paint !

: to structural parts
5.9----4 Community

1

\ Assembling the structure

. //' by non-expert
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Categorizing mero’'s
with numbering
Simple and fast
construction

one structural module

Determining the connection points

of elements with coloring
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T------ i Introducing the team | Stability and degree of static indeterminacy
1 1
2 o ____ E Design goals E The DSI formula for pin jointed space frame: DSI =m +r - 3]
' ' ) 25 oSy AN m: members r: support reactions j: joints
K SRR i Software - s Ny i - >
| | TR : =
4 --unm- | Site context | /‘ ‘/7 . 2 NI DSI<0 UNSTABLE
! i
' | DSI=0
5------ : Project Highlights: I
: : DSI >0
5.1----1 Architecture :
5 2 : Engineering E DSI for the structural module:
: : m + r =3 (j)=DSI
5.3----4 Envelope |
| ! 776 +48 -3 (225) = 149
54---- -i Efficiency !
5.5 ----1 Grid-Interactivity E
1
1 1
5.6 ----1 Life-Cycle
1
1 1
5.7----1 Health |
1 1
5.8 ----4 Market |
1 1
1 1
5.9 ----1 Community | The smallest repeating components(Square pyramid and
: ’: Triangle) that make up the structural module have
‘\\ ! Element ratio geometric stability
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Simulation
Process
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Initial Input

Building Geometry,
Construction, and
etc.

A 4

\

Hourly Building Extracting the
Sii ion By 9 Simulation Results

Electrical Load
@ as an Excel File

\ 4

DHW Schedule

Y

Temperature

No

BIPVT, ABGHX,
WBGHX - Validating The
Model Mathematical Model Models

Active Sys!ems
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\AS
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End Process

Dynamic simulation flow chart

Gas Bailer
DHW Tank

(11) Ak Gooled Candensor

m— BIFVTs Hot Water w— Ground HX Pipes
— ot Water Supply AHU Supply Duct

ot Water Return AHU Return Duct

Comprassion Chiller —DHW Electncity Line
Air hancsing Unit Evaporstor
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TheTRNSYS model of the proposed
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Total Solar Radiation on the Building
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cToTThTTTTTTTTmS ~.. How to generate on-site renewable energy? =
N - BIPVT PaNEL
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1 1 E‘:
C QRS i Software RS  NEY W
1 1
7/ R | Site context i
1
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1 T e
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54---- -i Efficiency E ________________________
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5.6 ----4 Life-Cycle i _____________ e
0 b {Q RSO SRR S (- — —  — —  —— o R e E ORI, N e
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Fire Protection System

| PIPING NETWORK

SPRINKLER RISER
.."'"""""""""""*, 1
i CLOSED EXPANSION TANK l.....!

i WATER STORAGE TANK |

Gray Water Treatment System

+ TREATED GREY WATER
WATER TANK
WATER FILTER

e

|
|
Introducing the team
Design goals
Software
Site context
Project Highlights:
Architecture
EECED
Envelope
Efficiency
Grid-Interactivity
Life-Cycle
Health
Market
Community
-______.I._______f’
33 81

5.5----
5.6 ----

5.1
5.2



Technical section:

\
\
S [ {  Introducing the team
. 1
| . 1
2 ------ + Design goals :
. 1
1
C QP | Software !
: 1
. 1
4 - . Site context !
1
. 1
R | Project Highlights: |
: : :'- RETURN AR ~: l' BIPVT PANEL ) '\l SPRINKLER \: ' " surRy AR \" :I- ReTUR AR \: :l- surny am \"
5.1 ----4 Architecture : Coower 4 TTTTTTTTTT s PTTT s o eesa 1 ower
. 1
0 1
5.2 ] Engineering :
] 1
. 1
5.3 ----4 Envelope :
. 1
. . 1
5.4 ---- - Efficiency '
| 1
. . !
5.5----1 Grid-Interactivity !
1
. 1
. 1
5 . 6 _-_ - .: LIfG—CYCle : SIS
1
! ! 1] um
I '
5.7 : Health : AIR-BASED GROUND HEAT WATER-BASED GROUND HEAT
' : EXCHANGE HORIZONTAL PIPE EXCHANGE HORIZONTAL PIPE
58----1 Market I
. 1
. 1
5.9 ----4 Community i
: 1
\ 1
\ 7
. /
N N 4 ‘

w
N
00
'_\



0]

[ [




s [ :'l Introducing the team

2 ------ i Design goals

C SRS i Software

/R — i Site context

Beeeemm i Project Highlights:

51---- i Architecture

5.2 ---- J: Engineering

5.3 : Envelope

54 ---- 45 Efficiency

55---- -i Grid-Interactivity

56---- -i Life-Cycle

5.7 -----i Health

5.8 J Market

5.9 ----4: Community
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Second-Hand Scaffold Pipes

@ Agricultural, forestry ® Fibrous (straw, © Particulate (sawdust)
by-products or wastes cotton, hemp...)

Hydration O
|
I
O Homogenisation

Sterilisation
|

I
Fungal Colonisation

Dehydration

v
< Composite Panels

v,

Manufacturlng process of mycelium composites.

Mycelium Wheat Thermal Insulation

/ <Insulating Panelsg

Raw Material

@ Blooming Cladophora Collecting and (© Algae-based materials
green algae cleamng Cladophora
Washing

1
O Cleaning
Sterilifsation
|
O Processing
|
Compressing

|
v
Floor and Wall Finishing

v Floor Finishing

<—Wall Finishing

Manufacturing process of algae tiles.

Algae Tile
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eI ~.. How did we design the new building envelope?
Il \\
L JT—— {  Introducing the team
1 1
1
2------ : Design goals !
: : GYPSUM BOARD
3------ | | Saftwars | —
1 1
4 -eee-- . Site context |
: : | | { MINERAL WOOL
5oene-- ! Project Highlights: | o e s y/ ST R , INSULATION
! ‘ ‘
: ! METAL FRAMING ; METAL LATH
51----4 Architecture : UBSER |\
: : ELASTOMERIC METAL FRAMING
5.2 ----4 Engineering | P
: : North Face of Vaulted roof detail
5.3 . Envelope : South Face of Vaulted roof detail
1 1
5-4 L -: Efﬁciency E ALGEA PANEL
1 TMINERAL WOOL
: . o : INSULATION
55---- 1 Grid-Interactivity Iocanne CLADDING RAL
1 1
56 _———— .: Life_Cyc|e i TMINERAL WOOL
1 INSULATION
1 1
5.7 ----1 Health | |
1 ! f
1 ! )
5.8----4 Market | omoes e S e L &
: ) : METAL FRAMING——— '\
59----4 Community \ RUBBER -~ N
: : INSULATION ‘\\\
\ ! RUBBER N
\ 7
\ /'
IREELE RS r------- -7 North Face of Vaulted roof detail North Face of Vaulted roof detail
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Retrofit Envelope

Total Envelope (m?) 1178.30
Total Demolition (m3) 371.75
Total Preserved (m3) 806.55
Total Demolition (%) 32%
Total Preserved (%) 68%

1e) Demolition and
| Rebuilt

Retrofit:

321m? of Brick was preserved after
demolition and reused in the facade.

©Demolition and Rebuilt§

Demolished Roof ©r 3
‘©Demolition and Rebuilt

Demolished Roof()é
Demolished Roof Y
O; (O Demolition and Rebuilt
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\_l o ~.. How did we solve the thermal bridges?

y [ :'I Introducing the team
1

2------ i Design goals

3------ i Software

R i Site context

R ' Project Highlights: | [ s e 0000 | 000 fSE rocrooL

5.1---- E Architecture | [ OSTAS  EEEEEEEEEEES 00 | MpAR 0 Al IR ARGER PANEL
: B | _______MYCELIUM WHEAT

5.2----4 Engineering ' BOARD
1 .

5.3 : Envelope

54---- 45 Efficiency

5.6 ---- -i Grid-Interactivity

5.6----1  Life-Cycl .
1

S.7---- 'E Health Thermal Bridge Analysis

5.8----4  Market
1

59---- 4: Community 1 e SoIL
:‘ ————————————— FOUNDATION
\

B il \.Nail Section
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LT T ~.. New building envelope thermal characteristics:
I :: Introducing the team ‘I New Building Semi-Exposed Floor
' ! Thickness (m) 0.485 ] Thickness (m) 0.592
I .
pJpa——— + Design goals ! U-Value (W/mA2.K) 0.209 U-Value (W/mA2.K) 0.237
' | R-Value (m”*2.K/W) 4,790 R-Value (m”"2.K/W) 4.210
3------ 1 Software ! : " ,
! ! | Required R-Value (mA"2.K/W) 1.800 Required R-Value* (m~2.K/W) 1.400
1 . 1
4------ ' Site context ' New Building Internal Floor New Building External Flat Roof _
1 ! . . R
5 oo ! Project Highlights: ! Thickness (m) 0.692 Thickness (m) 0.753 Thickness (m) 0.285
' X U-Value (W/m”2.K) 0.355 U-Value (W/m”2.K) 0.219 U-Value (W/mA2 K) 2.150
51----4 Architecture : R-Value (m~2.K/W) 2.817 R-Value (m"2.K/W) 4.550 R-Value (m"2.K/W) 4.650
1
: . . ! | Required R-Value* (m"2.K/W) - Required R-Value* (m”2.K/W) 3.600 Required R-Value* (m~2.K/W) 3.600
5.2----4 Engineering '
1 1
1 1
5.3 . Envelope !
1 1
1
5.4 ---- Efficiency !
1 1
} 1
5.6 ---- -i Grid-Interactivity i
1 1
5.6----1 Life-Cycle i
1
1 1
5.7 ----1 Health |
1 1
} 1
5.8----14 Market :
1 1
1 1
5.9----4 Community :
! ' Thickness (m) 0.160 Thickness (m) 0.654
\ // U-Value (W/mA2.K) 0.269 U-Value (W/mA2.K) 0.355
\
e e R-Value (m”"2.K/W) 3.710 R-Value (m”"2.K/W) 2.850
Referenced R-Value* (m*2.K/W) | 1.400 * According to Iranian Building Code No. 19 Required R-Value* (m”2.K/W) 1.600




LT T TTTTTTT T ~._ Retrofit building envelope thermal characteristics:

y [ :' Introducing the team \\I Retrofit Semi-Exposed Wall Retrofit Semi-Exposed Floor _
! ' Thickness (m) 0.680 Thickness (m) 0.690 Thickness (m) 0.743
2------ + Design goals : U-Value (W/mA2.K) 0.240 U-Value (W/mA2.K) 0.308 U-Value (W/mA2.K) 0.222
1 1
3 oo ! Software ! R-Value (m”2.K/W) 4.150 R-Value (m”"2.K/W) 4.46 R-Value (m”"2.K/W) 4.500
: i Required R-Value* (m”*2.K/W) | 1.600 Required R-Value* (m~2.K/W) 1.400 Required R-Value* (m”2.K/W) 3.600
Y/ | Site context E
1
1 1
Y p—— ! Project Highlights: :
1 1
1 1
51----1 Architecture :
1 1
1 1
5.2 ----4 Engineering :
1 1
1 1
o) Envelope :
1
1 1
1
5.4 ----+ Efficiency ! i
1 1
1 1
1
5.5 ----1 Grid-Interactivity !
1
1 1
5.6 ----1 Life-Cycle
1
1 1
5.7----1 Health |
1 1
1 1
5.8----14 Market :
! : Retrofit Ground Floor
1 . .
5.9----1 Community ! Thickness (m) Thickness (m) 0.190
1
\ b U-Value (W/m”2.K) 0.240 U-Value (W/m”2.K) 0.334
N ,/' R-Value (m~2.K/W) 4.150 R-Value (m~2.K/W) 3.000
N e e e e e e - ‘< . K * . K * A
Required R-Value* (m”2.K/W) | 1.800 * According to Iranian Building Code No. 19 Required R-Value* (m”2.K/W) 1.400
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s [ {  Introducing the team
2 ------ i Design goals

C SRS i Software

/R — i Site context
Beeeemm i Project Highlights:
51---- i Architecture

5.2 ---- J: Engineering

5.3 -----i Envelope

5.4 E Efficiency
55---- -i Grid-Interactivity
56---- -i Life-Cycle

5.7 -----i Health

5.8 J Market

5.9 ----4: Community

________

How did we reach the zero energy target?

Existing Building
EUI: 610 kWh/m?

Energy Target

Retrofit Building + New Building
EUI: 167 kWh/m?

Retrofit Building + New Building
+ Active System
EUI: 57 kWh/m?

0

Total Energy
EUI: -11 kWh/m?

IRAN Zero Energy EUI Target
Existing Building Site EUI
Existing Building Source EUI
Site Energy
Source Enérgy
Site Active Energy
Site EUI + Active System
Source EUI+ Active System
Total Site EUI
Total Source EUI

| -1 Total Ener
0 a0 gy
25 kWh/mejyr
279 EUI (Source) 57 Il New Building + Retrofit + Active
81.85 EUI
oozl el A
80.77 EUI 279 Existing Building
| A—
38.43 EUI
56.90 EUI
700 600 500 400 300 200 100 O -100
-29.77 EUI
-11.30 EUI kWh/m2
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How much energy did the active systems generate?
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kWh

4

) , BIPVT Thermal Energy Generation
PV & BIPVT Electrical Energy Generation
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W

mBIPVT-20 Thermal Generation BBIPVT-35 Thermal Generation
mBIPVT-50 Thermal Generation

mBIPVT-20 Power Generation BBIPVT-35 Power Generation
mBIPVT-50 Power Generation @PV

Air-Based GHX Heat Energy Transfer
9y Water-Based GHX Energy Transfer
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E -1500
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LTI ~.. How much carbon did the energy systems emit?
/ N
g[S {  Introducing the team |
1 ! T .. T
2 e | Design goals | New building Existing building
1 1
CEpu—— i Software :
: i Global warming kg CO2e - Classifications
4 - : Site context : Global warming kg CO2e - Classifications
1 1
1 1
5-mmm-- | Project Highlights: :
1 1
1 1
_____ ; I @ 2.3 Energy system - 8.0% .
5.1 E Architecture ! & Fidlte 2.3 Energy system - 17.7%
! ) ) ! @ Electricity use - 45.7%
5.2----1 e ! @ Fuel use - 41.4%
: i @ Electricity use - 40.9%
5.3----4 Envelope !
1 1
1
5.4 ; Efficiency !
i 1
5.6 ---- -i Grid-Interactivity i
1 1
5.6 ----1 Life-Cycle i
1
1 1
5.7----1 Health |
1 1
} 1
5.8----14 Market :
1 1
1 1
5.9----4 Community :
i !

________

________



gy : 1.09%

e T m e ~. 1.68% EEEEEEEEEEEEEEEESssssssssssssmmm  Nov
e . 0.94% I
/ N\ 0.09% = Sep
y [ /  Introducing the team 0.16% ==
1 1 0.18% wmm Jul
1 : 06 0.05% = v
! . .61% I ay
2 ------ ! Design goals X ‘!ITQZ; 1 —— Var
1 1 L49% I
1 1 1.33%
3= 1 Software : 1.13% S Jan
}
! ) X Average annual rainfall in Tehran
R I Site context !
1
1 1
Y Tp——" ! Project Highlights: : FLOORING
1
: . : TYPAR GEOTEXILE (POROUS CONCRETE)
5- 1 -—=- ': AI’ChItGCtUI'e 1 PERFORATED I — — — — — — — ——— == === == FINE SAND
: : COLLECTOR PIPE = - COARSE SAND
5.2 ----4 Engineering ! WATER TANK========--==—2 i “TTSMALL GRAVEL
' : “COARSE GRAVEL
5.3----4 Envelope .
1 : :PERFORATED COLLECTOR PIPE
5.4 Efficiency LT e T
! v e (Porous concreTE)
1 . .. [
5.5----- Gl'ld—mtel'aCtIVIty : T e L b
X :
1 1
. 1
5.6----1 Life-Cycle :
1
1 1
57----1 Health |
! ! Annual water consumption
| 1 p
5.8----4 Market : .
: : Building Type Number of Occupant Water Usage Daily Water Active Days Per An nssgg\;\éater RecDoa\I/gred A\‘,Cgtu:rll
. .
5.g----4 Community : Occupants (liter/person.day) Usage (m3/day) Year (m3lyear) Water (liter/day) Saving (%)
" }
1 1
" ,' Retrofit (Restaurant) 15 90 1.35 365 492.7 90 7
\ A
\\ < ,// New Building 150 13 1.95 300 585.0 900 46
~e Fmmmm - -
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Generating extra
electricity and selling it

to grid.

Collecting waste and
sending it for recycling.

Collecting rainwater and
refining, using it for
irrigating plants and
supplying to the grid.

Generating hot water
from geothermal energy
and solar panel’s excess
heat emission.

Collecting and refining
graywater for reuse in
services and plant

irrigation.

|—

44,0 60.00

Save the
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Mycelium Wheat Garden

What do you think we can do DN
with the remaining fabrics? “ ‘
|

hy

We can use them to make
the movable shading for Eyvan
and exhibition stands both

"

Architexture Module of Eyvan

Don't do this.

We can reuse them by combining
textile waste and ecological glue.
and produce a kind of brick to make
flexible outdoor furniture

A o

We have a lot of pieces of cloth
that we throw away every day.

Textile Waste  :80%
Ecological glue : 20%

Movable Fabric Shading

Tension Cable

Fabrics Roll

Outdoor Cubic Furniture
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How would we reuse the bricks from Demolition?

Bricks from Demolition were preserved and reused

REUSE BRICKS
— BASIC WALL /
—— MYCELIUM WHEAT —

STUD

ALGEA PANNEL —
—— CONNECTIONS —
— HORIZONTAL HOLDER
— — CLADDING RAIL

PLASTIC STRAP

AVATAS

S —\

-—
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How did we calculate the life-cycle emission?

GWP (kg CO2e) NN —

AP (kg SO2e) IIEEEEEEENI——

EP (kg PO4e) I

ODP (kg CFC1le) NN —

POCP (kg Ethanee) ——

Total use of primary energy ex. raw.. NN

100%  80% 60% 40%

m Retrofit Building

20%
= New Building

Life-cycle assessment, EN-15978 in Energy use

Global warming kg COze - Life-cycle stages

Life-cycle stage:

@ A1-A3 Materials - 13.4%
@ A5 Construction - 1.0%
B4-B5 Replacement - 1.4%
@® C2 Waste transport - 0.9%
@ C4 Waste disposal - 0.2%

New building

@ A4 Transport - 0.2%

@ B3 Repair - 13.4%

@ B6 Energy - 69.4%

@ C3 Waste processing - 0.0%

0%

e €

Ton kg Co2e

New Building Retrofit Building Total

Net Carbon kg CO2e

Global warming kg COze - Life-cycle stages

@ A1-A3 Materials - 13.4%
@ A5 Construction - 1.0%
B4-B5 Replacement - 1.4%
@ C2 Waste transport - 0.9%
@ C4 Waste disposal - 0.2%

Existing building

@® A4 Transport - 0.2%

@ B3 Repair - 13.4%

@ B6 Energy - 69.4%

@ C3 Waste processing - 0.0%



éé LT T ~.. How did we calculate the life-cycle emission?
/
’ \ . e .-
. . e Global warming kg COze - Classifications
P :' Introducing the team ! Global warming kg COze - Classifications g kg L2
1 1
1 . 1
2------ ! Design goals !
1 1
1
CJEEpp—— E Software ! /
1 ! /
4--mm-- \  Site context i A A
1
1 1
Y Tp——" ! Project Highlights: :
1 1
1 1
5.1----4 Architecture :
} 1
1 1
5.2----4 Engineering :
1 : : 1‘1 f;oungationesz(s/ubstructure) -4.6% : }23 ?tairzand famps-< 125;% @ 1.1 Foundations (substructure) - 4.6% ® 1.3.3 Stairs and ramps - 1.5%
1 4 Facades - 6.2% 4.2 Fagade openings - 2.3% -6.2% ; -2.3%
5.3----4  Envelope : oo 12% @ 2 vy s & 1 D e S i el
I ! W 24.1 A hondling unks =4, 7% @ Fuel use - 34.9% . @ 2.4.1 Air handling units - 4.7% @ Fuel use - 34.9%
54 - _: Efﬁciency : @ Electricity use - 34.5% Other classifications - 4.1% @ Electricity use - 34.5% Other classifications - 4.1%
i ! New building Existing building
5.5 ----4 Grid-Interactivity !
: 1 Cradle to grave (A1-A4, B4-B5, C1-C4) kg COzeImz Cradle to grave (A1-A4, B4-B5, C1-C4) kg COzeIm2
5.6 Life-Cycle :
. / | (<370 A > (TN (<370 A | 190
57 ----4 Health | (370-460) 3 One LC A (370-460) 5 One LC A
1 ! H H
- - Jwmssya Click <=5 sy s Click <=5
58----1 Market I
! ! (550-640) D (550-640) D
5.9 ----A Community i (640-730) E e E
1
\ ! @200 F
\ 7

New Buildings Embodied Carbon Emission Benchmark Retrofitted Buildings Embodied Carbon Emission Benchmark

9]
w
(00]
—



%é jemTTTTTTm oo ~.. How did we calculate the building’s circularity?

, N Sankey diagram, Global warming
/
\
1------ {' Introducing the team \ Building Circularity @
| 1 (@Material Recovered 100 % : .
! - o vien 0.1 I Naurl
2 ------ + Design goals L Renewable 01 %
Recycled 20.1%
3 : o | Rewsed 217 .
—————— I oftware I
1 1
1 1
. | 61 %
4 oo ' Site context ] @Material Returned ~ 22.3%
: : Reuse as material 0%
| . . . 1 Recycling 223 % I_ A3 Materials 1.4 “ ) Energy production systems fmn-
"""" H owncyclin i : —
5 : Project Highlights: ! Sonady, 7% W =
e — .
! , ! Disposal 777 % < e e—
51----4 Architecture | — Plasic proffes and produetes
1 1
1 1 Sy
5.2----4 Engineering : A W o
1 1
1 ! .
53----4 Envelope ! New building
X . .
. | Sankey diagram, Global warming
1 . 1
54----4 Efficiency '
: : Building Circularity @ . : I
q . . 1 (@Material Recovered 100 %
5.5----1  Grid-Interactivity v o7 I
! | Renewable 0%
. | Recyded 246 %
5.6 Life-Cycle I Reused 267 [
1 1
i 1
57----1 Health : 65 %
! : (@Material Returned  30.7 %
JI 1 Reuse as material 0%
58 ---- \ Market 1 Recycling 30.7%
1 1 Downcycling 0%
X . | Useasenergy S, ZzZ8Z0Z092090200
5.9----1 Community | Disposal 69.3 % <@
1 1
\ h
\ A
\ 7
N e

RO rmm————— -7 Retrofitted building

(S
(e)]
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How would we improve the inhabitant’s health?

o
0%o %o
o
A A
o
o *
°o*
Air Intake

W

999999

Air Conditioning
System

l

- —

*
*
(-]

FRESH AIR
Inside The Space

Health and Emissions of Materials and Systems:

AHU Ducting

AHU Ducting
Supply Air

Exhaust A

) . t
Y -
i +

Air Terminal

Exhaust A

AHU Supply and Return Ducts
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Why have we design flexible furniture?

Classroom desks are designed in a way to accommodate different arrangements for flexible usage.

(1]

O
GD

U

)

L]

)

4

=}

(2]

B 0 500 21918
Y <
.I ‘‘‘‘‘‘‘ l: OQ 9 ]
mE-- R > 1o 0

~‘;,( 3 \] NN 4? O
O . ! “'i/‘r,
D Nehtad CEa ©




How would we improve the inhabitant’s health with green walls?
s ‘\
y [ {  Introducing the team
1
! 0
2-mmes E DESIET gl Vegetation: ’
Fragrant Flowers: Oxygen-producing Plant: T
CQE—— i Software et 4y |
: . &;’Fragranl Flower Vg
4 ------ 1 Site context = Honeysuckle y - !
: Frag(ant Flower P 3 ‘ 5
5------ . Project Highlights: ik =
- K
! . g Rich Oxygen Air —r -
51----1 Architecture e Fower Fa b
Englneeflng pad R S 1 Air In-take \
- Envelope Classroom’s Green wall
Efficiency

o o o o
(S, » w N
1 1 1 1
1 1 1 1
1 1 1 1
1
e " [y Ry U K —

- Grid-Interactivity
5.6 ---- Life-Cycle
5.7 i Health
5.8----4  Market
5.9 ----4: Community
\\\ N pmmmm e /'/I Workshop's Green walll

[e2)
o



How did we control the noise?

Rw According to the Position of the Dividing Walls

y [ {  Introducing the team R, (dB)
! Tvpes of dividing wall Calculated according to national
2 ------ I Design goals yp g R, (dB) building regulations of
1 g
! Iran(topic 18)
3------ 1 Software Classroom 43 40
1
T . Site context Workshop 44 45
I External wall -
! ) - ' A A ROCKWOOL Office 44 40
5------ . Project Highlights:
! Library 42.9 40
! R N/ A /| NSSE——— ALGEA PANEL
5.1 ----1 Architecture Between offices 62 45
| | MYCELIUM WHEAT
5.2----4 Engineering COARD classrooms and
X workshops from 62 50
. :
53----4 Envelope adjacent spaces
I Internal wall
: clas_sroom and 36-55 35
54----4 Efficiency corridor
| facility spaces and
5.5----1  Grid-Interactivity other adjacent 62 55
' spaces
5.6----1 Life-Cycle Lnw According to the Position of the ceiling
1
1
L., (dB)
5.7 Health " : e _
I Floor Position Calculated Ly, according to national building
5.8 ____J: Market regulations of Iran(topic 18)
1
59---- .E Community ' L e so.  Floor between classrooms 60
1
1
\ Floor between corridors 62
---------------- Office ceiling 65




1---e-- i Introducing the team \
1 1
1 . ! 2
2 ------ ! Design goals ! =l
1 1 B |
1 1 .
3------ i1 Software ! 4
: | ‘
. 1
4 - i Site context :
1
1 1
. . . 1
S------ | Project Highlights: ! Sound sources positions Sound sources positions Receiver positions Receiver positions Receiver positions
1
[} [}
51----4 Architecture :
I ! . , . . . .
I . . ' Reverberation Time and the area of required Mycelium-Based Sound Absorption Panels for acoustic treatment
5.2 ----4 Engineering '
. | [}
| |
5.3----4 Envelope : Reverberation Time in Octave Band Center Frequencies
! ! RTg, () area of Mycelium-
X _ I RTg (S) .90 :
54----4 Efficiency ' o0 according to national Based Sound
: : Space Type averaged . building regulations Absorption Panels
X Grid-Int fivi | reverberation time of Iran(topic 18) (m2)
—_—— - _— 1
5.5 1 rid=Interactivity . 1000 2000 4000
1 1
. 1
5.6----1 Life-Cycle :
1
1 ! ;
Classroom 0.98 0.90 0.89 0.91 0.82 0.78 0.87 1.0 Not Required
5.7/ Health |
| | Workshop 097 104 1.42 1.87 1.62 1.30 1.63 1.0-1.2 23.6
5.8----4 Market : ) .
. 1 Office 0.63 0.66 0.94 1.20 1.07 0.86 1.07 1.2 Not Required
1 1
5.9----1 Community | Multifunctional space 099 092 1.07 1.20 1.26 1.24 117 0.8-0.9 68
1 1
'\ :I Library 1.10 1.13 1.14 1.23 1.08 0.99 1.15 0.7 51
\ /
/
\\ e Prayer Room 1.11 1.07 1.17 0.69 0.56 0.54 0.80 0.8-0.9 Not Required

(o))
N
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Daylight improvements:

Space sDA (%) ASE (%) DGP (%) UDI (%)
Regular Classroom 57.02 4.96 5.99 49.17
Regular Classroom 76.03 5.79 5.68 55.48
Regular Classroom 62.07 5.17 6.25 48.08
Flexible Classroom 52.14 8.55 7.59 45.18
Student product shop 86.17 22.34 32.95 62.80
Office 62.86 17.14 12.14 58.37
Office 100 3.57 23.44 84.67
Office 100 17.5 37.69 79.64
Office 100 16.55 28.80 75.93
§ Office 38.70 0.00 1.51 32.50
L‘g Buffet 100 17.90 45.19 80.30
3 Buffet 88.36 1.29 7.11 68.32
Janitor 66.13 16.13 19.56 62.03
Bakery 92.31 10.90 22.94 69.40
Pottery shop 97.44 11.54 33.49 74.35
Stationary shop 89.74 11.54 34.62 70.33
Fabric shop 78.21 12.82 33.49 73.05
Super market 100 26.60 56.11 73.64
Persian restaurant 97.48 32.70 59.78 72.61
Waste management room 18.60 4.65 5.80 32.15

Overall Result 61.7% 8.8% 18% 63.4%

3 61.7% 8.8%"
credits sDA ASE

sDA, Ground Floor

DGP, Ground Floor

UDI, Ground Floor



W emmmmmmmmmmm e 2 Daylight improvements:

______ 1 1
1 {  Introducing the team Space Name SDA(%) ASE(%) DGP(%)  UDI(%)
1 . 1
2------ I Design goals !
: . Regular Classroom 65.45 8.18 9.43 57.27
1 ! sDA, First Floor
3------ : Software : Regular Classroom 66.67 9.65 9.65 54.15
1 1
1 . 1
4------ + Site context ! Regular Classroom 100 15.93 21.90 70.46
1 1
5------ : Project Highlights: : _ Flexible Classroom 85.96 2.63 6.14 67.55
1 I o
1 1 o ,
. 2 Book Café 92.98 13.78 30.98 69.44
5.1----4 Architecture =
! | E Office 91.67 28 47.92 65.97
5.2----4 Engineering : . _
. i Office 88.14 20.34 26.48 65.65 ASE, First Floor
1 1
5.3----4 Envelope : Prayer room 32.23 0.00 0.10 29.24
1 1
1
5.4 ---- 4: Efficiency ! Library office 74.29 19.05 26.90 64.60
1 1
| . . [ Overall Result 60.3 % 9.1% 16.3 % 60.48 %
5.6 ---- 1 Grid-Interactivity !
1 - Library salon 73.89 7.01 12.42 67.60
5.6 ----4 Life-Cycle |2
! |2 Reading room 38.62 2.76 7.07 60.87
13
5.7 . Health L3 Overall Result 46.6 % 6.9% 10.2% 64.7 %
1 1
5.8----14 Market :
1 1
1 1
_———— i 1
5.9 | Community : 3 60.3% 9.1%*
1 ’l credits sDA ASE
\\ ,
\ /
S ,/
~eee e fmm e -

UDI, First Floor
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W emmmmmmmmmmm e 2 Daylight improvements:

______ 1 1
1 | Introducing the team ! Space Name sDA (%) ASE(%) DGP(%)  UDI (%)
1 . 1
2------ I Design goals !
: . Regular Classroom 65.45 8.18 9.43 57.27
1 1
3------ : Software : Regular Classroom 66.67 9.65 9.65 54.15
1 1
1 . 1
4------ + Site context ! Regular Classroom 100 15.93 21.90 70.46
1 1
5------ : Project Highlights: : _ Flexible Classroom 85.96 2.63 6.14 67.55
1 I o
1 IO 4
. 2 Book Café 92.98 13.78 30.98 69.44
5.1----4 Architecture =
! | E Office 91.67 28 47.92 65.97
5.2----4 Engineering : .
\ i Office 88.14 20.34 26.48 65.65
1 1
5.3----4 Envelope : Prayer room 32.23 0.00 0.10 29.24
1 1
1
5.4 ---- 4: Efficiency ! Library office 74.29 19.05 26.90 64.60
1 1
| . . - Overall Result 60.3 % 9.1% 16.3 % 60.48 %
5.6 ---- 1 Grid-Interactivity !
1 - Library salon 73.89 7.01 12.42 67.60
5.6 ----4 Life-Cycle |2
! |2 Reading room 38.62 2.76 7.07 60.87
13
5.7 . Health L3 Overall Result 46.6 % 6.9% 10.2% 64.7 %
1 1
5.8----14 Market :
1 1
1 1
_———— i 1
5.9 | Community : 3 60.3% 9.1%*
1 ’l credits sDA ASE
\\ ,
\ 7
S ,/
~eee e - -

UDI, Second Floor
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Office's Artificial light improvements:
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How would we improve the neighborhood’s economy?

Construction and
School Equipment Cost

Return on Investment

ols

O

00

0 oﬁ%

Scool and Community
Income

Y

Architecture

.
&

Energy Efficiency

=

Loan for
Community

B Materials
Design

Considerations

N

198
0

2o

k

A

Safe
School Economy

Credit ;

=) £
o}

Selling Products

Shops for Rent

Solar Energy

Student Discount

0§ |
Student y
% Identification Card

Water Harvesting

~



T eemTTmmmmtmmmeoe- ~.. What are our construction process?
/s ‘\
g [RE— {  Introducing the team
1
1 ° 1
> i Design goals | Construction process for each module
' . 1. Preparation and production of construction materials
3------ ! Software 2. Site preparation and Excavation
! ) i 3. Foundations
4 ------ 1 Site context : 4. Space frame
1 .
I ' 5. Mechanical systems
5------ ,  Project Highlights: i 6. Finishing
1 1
1 ! . . A
5.1 ----1 Architecture '« Construction process for retrofitted a building ;Fyg
} 1
1 ! i
5.2 -4 Engineering : 1. demolish some areas /4
! | 2. improve structure H
! ' 3. Mechanical systems :
- —— 1 H
5.3 I Snveteae ' 4.  Finishing
| |
5.4 ----4 Efficiency ! B) .
! X Design Path Step 4
1
5.6 ---- -i Grid-Interactivity ! START
! ' e nsircon materat
5-6 === -: LifG-CYCle E Site preparation and Excavation
1
1 1 ] Foundations
5-7 - -: Health : ‘g Space frame
1 1 5
1 1 o Mechanical systems
5.8 , Market : p—
1 1
1 1 Landscaping
5- 9 - -: Community : demolish some areas q
: : % improve stucture
\ ! = !
\ Vi o« Mechanical systems
Teeee--- r==-==-=--- ’, FINISH [ ]
Weeks 1st 2nd| 3rd | 4th Sth‘ 6th | 7th Eth| 9th | 1Dth| 1lth| 12th‘ 13th | 14th lsth‘ 16th | 17th 1Bth| 19th| 20th 215t|21nd| 23rd | 24th 2Sth‘ 26th | 27th 23:h|291;h|30lh 31st

D
Y]
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$856,608.20 L%

$70,000.00
$60,000.00
$50,000.00
$40,000.00
$30,000.00
$20,000.00
$10,000.00

$0.00
-$10,000.00
-$20,000.00

m Purchased
Electricity

Sold thermal Energy

What was the cost calculation process?
Total cost

gcno®! i
Ll juprmer
05 r."drrrg aquﬁ A%

® Purchased
gas

B Repair & maintenance

New building costs

Total Cost:
$510,057.34

incomes and costs per year

m Sold Electricity

® Rent of Commercial
units

$70,000.00
$60,000.00
$50,000.00
$40,000.00
$30,000.00
$20,000.00
$10,000.00

$0.00

-$10,000.00
-$20,000.00

incomes and costs per year

m Purchased
Electricity

m Sold Electricity

® Repair & maintenance

400

w w
o ul
o O

250
200
150
100

al
o O

Building Cost per square ($)

®m Purchased
gas

Sold thermal Energy

® Rent of Commercial
units

Cost comparison chart

357.14
69.13
Conventional Retrofit
schools
in tehran

283.37

New building
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Why did we calculate the building costin risk condition?

calculation results

Scenarios

NPV ($)

IRR (%)

23%
100% probability is greater than
25% in the calculation period of 25
years.

PBT (Year)

13

100% PBT is less than 12 years and 2% less
than 10 years.

1-Certainty $2,010,109.69
. There is a 100% probability that it will be
2-Risk e . .
positive in the calculation period of 25 years.
1,000 Trials Fraquancy View 995 Displayed
NPV
18
14
2 “3
E 0.01 wg
& o3
€
4
2
oot [T
3,000,000.00 4,000,000.00 8, nuo.ooo.?«:n 6,000,000.00 7,000,000.00 8,000,000.00
¥ -Infinity Certainty: 100.00 % A Infinity
Net Percent Value Analysis
1,000 Trials Frequency View 996 Displayed
IRR
2
0.02 20
18
1%
Z %
3 w8
c% 001 m%
8
6
2
o bl ko
2T% 28% 20%
%

-— -

~
[y

Internal Rate of Return Analysis

Neme: R25

Probability

v
019
r0.15

Maan 0.25

Normal Distribution

Std. Dev. 0.02

Normal Distribution for Rent of Commercial Units

1,000 Trials

Probability

» -Infinity

Fraquency View

PBT

1,000 Displayed

Azuanbaiy

- a0

1 12 13
Year

Cenainty: 100.00 % 4 Infinity

Pay Back Time Analysis



y

[ [




1 \
- |
v .
C £ 2 !
1 —
I o » 2 NWV o
1 — 2 e ()] (®)) 1
|||||||| ! © ¥ 5 5 £ C o = [
1 = o o = = = [0) 3 & T c 1
1 < ()] = I O (0] Q = = =] 1
O (e C [ a— o
I o =S < g ¢ o = O £ @ E I
' 3 c © S 5 == £ 7 & I i = X T
. Qo O om o 5 © > C T o [ R, 1S I
£ 8 § &2 9 %2 § & & 6 5 £ 2 8 !
- — —
_, £ (@] on wn (al \.
\ /
N /7

/
1
I
1
1
1
1
1
[}
1
1
1
1
1
[}
1
1
1
1
1
[}
1
1
1
1
J
-'
A
a
1
1
1
1
1
}
\
\

Q
f
S [
2
3
4
5
5.1
5.2----

5.3 ----4
5.5----
5.6 ----



o @ Q i
@ Q -------- BREEEEED ~<. School as aneighborhood center

/ \
g [RE— {  Introducing the team
1 1
2 ------ i Design goals i N S
3------ ! Software ! 2 ] = 1
l ! Artists 144 SR pael
4 ------ i Site context | LY g b - L o= NAY
: : / A4Y Ground Floor First Floor Sucond Floor
5-mmm-- | Project Highlights: : )
1 1
, | j g
5.1----4 Architecture : Woman Head .= g
1 ! s 2
| I g
5.2----4 Engineering : f‘» %
1 1 h=]
1 5
5.3 -----i Envelope ! °
1 ! House Wives
5.4 ---- Efficiency !
1 1
} 1
5.5----1  Grid-Interactivity i | |
1 1 > ’ / ~
Elderly Peopl : i ) .
5.6----1  Life-Cycle ik i 4 P . -
I ! Children ¢ ¥ e ‘ y
5-7 === -i Health E [‘ t %‘ m J BOOk Cafe Fahric Shop
} 1
5.8----14 Market :
1 1
1 1
5.9 ; Community :
| |
\ 1
\ 'I
S ___ pmm————— P

~
N
00
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- .. At what times do the students and neighborhoods can use the school?

______ h i 1
; ______ i :::::CZ;::G e E Aﬂcstwi%ir;t Theater,Library Exhibition
3------ I Software i
4 ---—-- ! Site context i
5------ i Project Highlights: i
5.1 Architecture
5.2 —-—-J: Engineering i
5.3 -----é Envelope i
5.4 —-——45 Efficiency i Extra Social & Cultural

! : Activities

5.6 --- o Grid-Interactivity !
5.6 1 Life-Cycle Theatre
5.7----1  Health Library
58 ____JE Market i Exhibition
o ooy

________

________




y [ {  Introducing the team \‘,
2 ------ i Design goals i
3----- i Software E
4 ——eee- . Site context E
S Y— | Project Highlights: :
5.1----1 Architecture |
| 1
52---- J: Engineering :
5.3 -----i Envelope i
5 4 ____j EeETe ! Secure Connection with the park
| 1
5.5 ---- -i Grid-Interactivity i
5.6 ----4 Life-Cycle E
5 7 ! Health ! Crime Reduction
| 1
5.8----14 Market :
5.9 : Community :
! | reduce the dangerous atmosphere in the park
\\ ________ pmmmm e ’,

~
)]



T---m-- t Introducing the team change the function of the big storage place
: _ into book cafe
2------ ! Design goals
1
c QR i Software Improve public culture
1
4 -cama- . Site context
: enhance society's consciousness
5------ : Project Highlights:
1
1
51----4 Architecture revive the urban walls(landscape)

5.2 ----4 Engineering

encourage nightlife
5.3 ----4 Envelope

5.4 ----4 Efficiency

e o e = = = - - = - - - - - - ——

5.9 ““'i Grid-Interactivity The library is used by the students and
: _ neighborhood inhabitants
5.6 ----4 Life-Cycle
5.7 ""'E Health longer Working Hours after school time
5.8----1 Market
: Encouragement to read book
5.9 , Community
| Boost public culture

________________



L [ {  Introducing the team \‘,
! _ : change the interior design of the old canteen
y I ' Design goals |
QA E Software E
4o i Site context i make the place suitable for women and families
J— | Project Highlights: :
5.1 _____E Architecture E Improve nightlife in this area
5.2 ---- J: Engineering |
5.3---- -E Envelope i
5.4 ----'E Efficiency ! Teach skills to girl students
5.5---- -i Grid-Interactivity i
5.6 ----1 Life-Cycle :
! : become accustomed to Persian art and culture
57----1 Health :
. 1
5.8----1  Market l
Eo : Community E teach how to make money from skills and arts

________________



- .. How does the school expand?

s [ {  Introducing the team
2 ------ i Design goals

C QR i Software

/R — i Site context
5------ i Project Highlights:
5.1 ---- : Architecture

5.2 ---- Engineering

Envelope

I
:
4
5.4 ---- Efficiency
1
I

e o e = = = - - = - - - - - - ——

5.6 ---- Grid-Interactivity
5.6---- Life-Cycle
5.7 ST Health
5.8 J Market
o e
\\\ ________________ /'l e Availability of vertical expansion e Availability of horizontal expansion



5.8 ----

o
©

e o ___

-

Introducing the team

Design goals

Software

Site context

Project Highlights:

Architecture

Engineering

Envelope

Efficiency

Grid-Interactivity

Life-Cycle

Health

Market

________

________

| <
I«

| X
.

\

v: <
& X,
e

Earth quake

Infectious disease

® The possibility of quick construction of modules for settling people in critical situations.




Tehran University of Art | The Green Sprout School Highlights

Exibitions Library

.............
O ®e .o e,

Water & energy management

Multifunctional and flexible space

Minimizing embodied carbon & energy

Using innovative materials

Revival of Ancient Architecture

Community engagement

Design Goals

Building resilience

Income Opportunity

Pottery Shop

= Occupancy Health Improvement Fabric Shop

Sports

81 | a1 Vernacular events







THANK YOU
U.S. Department of Energy

Solar Decathlon Organizers

Solar Decathlon Jurors

83
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