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Sources: Durmisevic, E. (2006). Transformable Building structures.
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How to sustainably refurbish facades of existing tall building
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functionality

- allows disassembly

- integrated technology

intervention
methodology

framework
background

infroduction | 19/0/00@)

problem

design
assignment

- d
&
N\

>

22



How to sustainably refurbish facades of existing tall building

by creating a plug & play facade system which has integrated
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Where,

Execution hour (h),
Labor cost(€/h),

Equipment cost(€),
Cost of sorting process (£€/kg),

= o mr" T
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Recycling Recovery [Cost in different phases]
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W: Weight of materials (kg)

PID;: Cost of recycling or disposal process(€/kg)

(1)Pa - Aluminum recycling, (2)Pgq: Glass recycling,
(3) Ppa: Plastic incineration and (4)D,. : Residue landfill

Ry: Revenue from material or energy recovery

(1)Rsc: Aluminium Scrap(€fkg), (2)Rero: Secondary
Aluminum profile(€/ ka), (3)Rq: Secondary glazing
unit(€/ ka), (4)Re: Electricity (€/ kg) = (E/kWh)*(kWhikg)

Sources: M. Kim, 2013 following methods by Symonds along with ARGUS, COWI and PRC Bouwcentrum, 1999



Assembly
25.00 €

20.00 € 5.37 €

15.00 € 14.00 €

10.00 €

5.00 €

0.00 €
Labor Equipment

4 workers

1 hr/m2

i concept design
i energy performance -
i assessment

economic
assessment

i life cycle assessment

2.87 €

0.00€

Sorting Transportation

2,300 kms

i design development OOe0O00O

<Net costs from each scenario=

i 20.00€
i 18.00€
i 16.00€
i 14.00€
:12.00€
i 10.00€
i 8.00€
i 6.00€
i 4.00€
i 200€
i 000€

Cwt= HL+ E + Wy*S + T*Z (W,*K)

A

Labor Machinery Sorting  Transportation

Demolition

5.37 €

Labor Equipment

4 workers

0.5 hr/m2

2.87€

Sorting Transportation

2,300 kms

ECONOMIC ASSESSMENT - EXISTING FACADE

: 80.00¢€
i 70.00€
: 60.00€
{ 50.00€
: 4000¢€
{ 3000¢€
i 2000¢€
! 10.00€

0.00€

Disassembly
5.37€
60.00 €
Labor Equipment
4 workers

5 hr/m?2

000€ i
Sorting Transportation

2,300 kms
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350.00 €

308.00 €

300.00 €
250.00 €
200.00 €
150.00 €
100.00 €

50.00 €

20.00 €
11.00 €

1

W Assembly ®m Demolition m Disassembly

i concept design
i energy performance -
i assessment

economic
assessment

ECONOMIC ASSESSMENT - EXISTING FACADE

i life cycle assessment

design development OO0e000
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i concept design
i energy performance -
assessment

PROPOSED ECONOMIC BOUNDARY CONDITIONS

i life cycle assessment

design development OOCO00

regular curtain wall

ESL

GENERAL

8.

2 nos

construction workers
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BMU heavy

maintenance period
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Assembly
M Increase M Decrease M Total

7.00 €
6.00 €
5.00€
00€ 3.00€ 0.00 € 0.00 €
3.00€ . : -
2.00€
1.00 €
0.00 €

Labor Equipment Sorting

2 workers

.5 hr/m?2

i concept design
i energy performance -
i assessment

economic
assessment

i life cycle assessment

i design development OOe0O00O

2.87 €

Transportation

7.00 €
6.00 €
5.00€
4.00€
3.00€
2.00€
1.00€
0.00€

Replacement

B Increase M Decrease M Total

3.00€ 0.00 € 0.00 €
Labor Equipment Sorting
2 workers

.5 hr/m?2

ECONOMIC ASSESSMENT - PROPOSED FACADE

2.87€

Transportation
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350.00 € 90.00 €

308.00 €

300.00 € 80.00€
250.00 € 70.00¢€
' 60.00 €
200.00 € 50.00 €
150.00 € 40.00€
100.00 € 30.00¢
20.00 €
50.00 €
20.00€ 11.00€ 10.00¢ 1.00€ 2.00€
1 1
B Assembly M Demolition ™ Disassembly B Assembly M Replacement

i concept design
i energy performance -
i assessment

economic
assessment

ECONOMIC ASSESSMENT - SUMMARY OF RESULTS

i life cycle assessment

design development OO0e000
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i energy performance -
assessment

cconome sessmet. CONCEPT DESIGN — STAGE 1 — IMPROVE U-VALUE

t life cycle assessment

design development OO0B0O00O



3200

3200

concept design
energy performance
assessment

 economic assessment - ENERGY ANALYSIS = U VALUE CALCULATION

i life cycle assessment

design development OOe0O00O
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Proposed PnP Facade
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concept design

- cconomic assessment - ENERGY ANALYSIS = U VALUE CALCULATION
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design development OOCO00O



A*U +A*U + AU+ AU + AU -+ AU+ | *W. + | *W + | *W +|*P +| P +|* P
g g P P L m T m P P tot fa fg mg  mg tg tg P P mf " mf tf T f
T Z

1.8
16
1.4
1.2

0.8
0.6
0.4
0.2

concept design

A

Cw

U-Value Comparison

1.66 W/m2K

NW /m2K

Ucw_typ Ucw_ext Ucw_pro

Typical Existing Case Proposed

. economic assessment ENERGY ANALYS'S - U VALUE CALCULAT'ON

t life cycle assessment

design development OOe00O
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energy performance -
cconome osessment. CONCEPT DESIGN - STAGE 2 - PROVIDE SHADING

t life cycle assessment

design development OO0B0O00O



58" Floor

53 Floor

49" Floor -

Existing Facade Base Case Proposed Facade with Shading

concept design
energy performance
assessment

i economic assessment ENERGY ANALYS'S - SHAD'NG ANALYS'S

i life cycle assessment

design development OOe00O
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-

concept design

i economic assessment
i life cycle assessment
: design development

En suite bedroom
Circulation area (corridors and stainways)

Light plarit room

53 Floor Base Case

ENERGY ANALYSIS - SHADING ANALYSIS
OO800

Badroon
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Internal Gains + solar - 53rd Floor, Bedroom 11

Heat Balance (kW)

System Loads (kW)

-7.0

Time

General Lighting (kW)

Computer + Equip (kW)
Occupancy (kW)

Solar Gains Exterior Windows (kW)
Zone Sensible Cooling (kW)
Sensible Cooling (kW)

Total Cooling (kW)

Total Latent Load (kW)

concept design

energy performance
assessment

economic assessment
life cycle assessment
design development

00600

2:00

15 Jul, Sub-hourly

4.00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00

Student

22:00

0.00
0.02
0.51

0.00
-2.59
-3.53
-4.12
0.25

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.02 0.02 0.14 0.14 0.02 0.02 0.02 0.08 0.21

0.51 0.00
0.00 J0.08 0.97 0.84 0.39 0.51 0.66 0.39 | 0.00

-2.43 -245 -434 -457 -4.09 -446 -467 -4.14 -3.14
-3.31 -3.34 -546 -4.57 -4.09 -446 -467 -4.14 -3.14
-3.90 -3.93 -6.21 -4.79 -4.28 -467 -4.87 -4.32 -3.32
025 025 025 0.00 0.00 0.00 0.00 0.00 0.00

0.93
0.27
0.13
0.00
-3.42
-3.72
-4.03
0.06

Existing Facade Base Case

Internal Gains + solar - 53rd Floor, Bedroom 11

o

Heat Balance (kW)

System Loads (kW)

Time

General Lighting (kW)

Computer + Equip (kW)
Occupancy (kW)

Solar Gains Exterior Windows (kW)
Zone Sensible Cooling (kW)
Sensible Cooling (kW)

Total Cooling (kW)

Total Latent Load (kW)

ENERGY ANALYSIS - SHADING ANALYSIS

15 Jul, Sub-hourly

_,_‘In /% 5

Student

~— reduction

2:00

0.00
0.02
0.51

0.00
-1.79
-2.73
-3.22
0.25

INTERNAL HEAT GAINS

INTERNAL HEAT GAINS

4.00 6:00 800 10:.00 12:00 14:00 16:00 18:00 20:00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.02 0.02 0.14 0.14 0.02 0.02 0.02 0.08 0.21

0.51 0.00
0.00§0.03 0.30 0.18 0.16 0.16 0.21 0.15§ 0.00

-1.71 -1.71 -2.38 -2.19 -2.23 -2.36 -243 -2.27 -1.94
-2.59 -2.59 -3.50 -2.19 -2.23 -2.36 -2.43 -2.27 -1.94
-3.08 -3.08 -4.08 -2.33 -2.33 -2.46 -2.53 -2.37 -2.03
025 025 0.25 0.00 0.00 0.00 0.00 0.00 0.00

22:00

0.93
0.27
0.13
0.00
-2.39
-2.69
-2.91
0.06

Proposed Facade with Shading
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Base Case Proposed Case

240 kWh/m?2

energy consumption of
existing case study

190 wh/m?

energy consumption of

existing case study with proposed
modifications

160 wwh/m
energy consumption for cooling

energy consumption for cooling
of existing case study

of existing case study with proposed
| B nodifications

concept design

energy performance
assessment

 economic assessment ENERGY ANALYSIS — SHADING ANALYSIS

i life cycle assessment

design development OOe00O



25,000,000

20,000,000

15,000,000

10,000,000

5,000,000

concept design

i economic assessment
i life cycle assessment
: design development

Energy Consumption

® Overall Energy Consumption Energy Consumed for Cooling

ENERGY ANALYSIS - SHADING ANALYSIS
OO800

28%

energy savings by reduction

455,000 ¢/

amount utility expenses saved by

reduction per year N
o—aoltogclyy o Adita ‘
Dubai Electricity & Water Authority
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energy performance -
cconomie msssment. CONCEPT DESIGN — STAGE 3 — ADJUST LOUVERS AND TILT ANGLES

t life cycle assessment

design development OOe0O00O



NO HORIZONTAL 1 - HORIZONTAL 2 - HORIZONTAL 3 - HORIZONTAL
LOUVERS LOUVER LOUVER LOUVER

concept design
energy performance
assessment

: economic assessment DESIGN REQUIREMENTS - INDOOR ".I.UMINATION

i life cycle assessment

design development OOe0O0O
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concept design

energy performance
assessment
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concept design

energy performance
assessment

economic assessment ESIGN REQUIREMENTS - INDOOR ILLUMINATION
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concept design
energy performance
assessment

economic assessment DESIGN REQUIREMENTS - SHADING T".T ANGLE

i life cycle assessment

design development OOe0O0O
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energy performance -
cconome oessment. CONCEPT DESIGN - STAGE 4 — ACCESSIBILITY & DISASSEMBLY

t life cycle assessment

design development OO0B0O00O
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FACADE OVERVIEW

concept design

i energy performance -
i assessment

cconomicosecsmers CONCEPT DESIGN — ACCESSIBILITY & MAINTENENCE
desgn doviopment OO ®OO0
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concept design

i energy performance -
i assessment

cconomic assessment. CONCEPT DESIGN — ACCESSIBILITY & MAINTENENCE

 life cycle assessment
i design development

OOB000

OPERBLE PANEL
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concept design

i economic assessmen t
! life cycle assessment
i design development

DISASSEMBLY

CONCEPT DESIGN — ACCESSIBILITY & MAINTENENCE

OOB000
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energy performance -
cconomc ssessrert:. CONCEPT DESIGN - STAGE 5 — SOLAR PANEL INTERGRATION

t life cycle assessment

design development OO0O0O0
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Energy Expenses for Existing Condition

2,500,000 €

2 375,000 £

2,000,000 €

1,500,000 €

1,000,000 £

500,000 €

1R

concept design
energy performance
assessment

 economic assessment~ DESIGN  REQUIREMENTS = INTERGRATING PV PANELS

i life cycle assessment

design development OOe0O0O

2,500,000 €

2,000,000 €

1,500,000 €

1,000,000 €

500,000 €

D€

Reduction

Energy Expenses for Proposed Condition
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T panel - T ambient ('C’)

10+

[— 4cmairgap —— 8 cmairgap ]

1 L

0
400

concept design

i economic assessment
i life cycle assessment
: design development

500 600 700 800 900
Irradiance (W/m?*)

Effect of a ventilation air gap behind the PV
panels in a BIPV roof

1000

Air gap of
A
60mm ki
=T
N
u
NN e

Design of the upper part of the BIPV Shading

DESIGN REQUIREMENTS - INTERGRATING PV PANELS

OOBO0O
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: energy performance -
: assessment

: economic assessment
t life cycle assessment

: design development

CONCEPT DESIGN — DESIGN DEVELOPMENT

OOB0O00
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¢ intervention

: i life cycle assessment
i methodology : /

i economic assessment

Lrorrlleworkd energy performance assessment
+ backgroun i concept design
introduction design development
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i evaluation
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framework

i sustainable facade refurbishment
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i literature summary
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design conclusion

i design proposal
i technical drawings
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MS 50x50 Box Section

Horizontal Aluminium Profile

Vertical Aluminium Profile

Frames / Doors

Horizontal Louvers
Composite Panels
Horizontal Shading

PV Support Structure

PV Modules

Insulation Panels

i assembly and -
:  maintenance
i technical drawings

sroposal  EXPLODED VIEW OF COMPONENTS
design OO0O@O0O
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design
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design
proposal
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design
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ENVIRONMENTAL IMPACT
REDUCE RISK TO THE ENVIRONMENT AND
SUSTAINABLY USE THE RESOURSES

MAINTENANCE COMEORT
ENSURE EASE OF CLEANING & MAINTENENCE ENSURE QUALITY THERMAL AND
FROM BOTH ECONOMIC AND ACCESS PERSPECTIVE VISUAL COMFORT THROUGH DESIGN

* .

IDENTIFY
/@ DESIGN ______ ENERGY PERFORMANCE
SAFETY SOLVE IMPROVE THE PERFORMANCE OF THE BUILDING

THROUGH PASSIVE DESIGN STRATEGIES
ENSURE LOW RISK WORK ENVIRONMENT

TO CONSTRUCTION WORKERS
RECYCLABILITY CUSTOMIZATION
ENSURE THE DESIGN ACCOMODATES ENSURE THE DESIGN IS CAPABLE OF
OPPORTUNITIES TO CHANGE ELEMENTS WHEN REQUIRED & & CUSTOMISTION BASED ON USER REQUIREMENTS

(z & i) EASE IN ASSEMBLY AND DISASSEMBLY
INTERGRATE DESIGN FOF DISASSEMBLY TO MAXIMIZE USE OF

LIFE CYCLE POTENTIAL OF THE MATERIALS

i evaluation

éus’roinabili’ry SUSTAINABILITY EVALUATION
evaluaton OOO0O@O
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conclusion

CONCLUSION
OO000e®

Existing Facade Base Case

D) 30years
"N\ regular curtain wall

ESL

N~ 8

BMU 4 0.

construction workers

Proposed Facade with Shading

L] 1]
-I"a. -I"a. -I":‘.
| «

|*| ‘ replaced, repaired,
maintained regularly
+3,300 +/ /Y

tons

2 nos

construction workers
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3 ENERGY

conclusion

CONCLUSION
OO000e®

Existing Facade Base Case

no energy
production

existing facade
is the base case
for reduction

Proposed Facade with Shading

approximate amount of
energy produced by PV

360,000 </

approximate amount of
utility expenses produced by PV

455,000 ¢/

approximate amount of
utility expenses saved by
reduction
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