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" To what extent a decentralized evaporative cooling system
can be integrafed on a facade to reduce the cooling demand

of offices in Delhi (composite climate) ? ”

Centralized / Decentralized system
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[ ' Semi-arid climate (BSh, BSk) ~ Humid subtropical climate (Cwa, Cfa)

Koppen Climate Classification
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Evaporative Cooling
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Cooling Coil

Dehumidification Strategies

Desiccant System
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Dehumidification Strategies
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Desiccant Coated Heat Exchanger

49



De-humidification

Coated Desiccant

Cold Water Inlet Material

i

Humid Air
Dry Air

Cold Water Outlet

DCHE - Cycle

Regeneration

Coated Desiccant
Material

Hot Water Inlet

md
Ambient Air
Humid Air

Hot Water Outlet

50



De-humidification Regeneration

Coated Desiccant Hot Water Inlet Coated Desiccant

Cold Water Inlet Material Material

e

Ambient Air

e

Humid Air

Dry Air Humid Air

Cold Water Outlet \/ Hot Water Outlet

DCHE - Cycle
51



Before

0014 kg/kg

Humidity Ratio

DAHEC

V

26.5°C

Supply temperature

30°C

Drybulb temperature

25°C

Setpoint temperature

122%

WB Efficiency

Desiccant
Coated Heat
Exchanger

After Dehumidification

After

52



Before

0014 kg/kg

Humidity Ratio

DAHEC

A 4

26.5°C

Supply temperature

30°C

Drybulb temperature

25°C

Setpoint temperature

122%

WB Efficiency

Desiccant
Coated Heat
Exchanger

After Dehumidification

After

53



Before

0014 kg/kg

Humidity Ratio

DAHEC

v

26.5°C

Supply temperature

30°C

Drybulb temperature

25°C

Setpoint temperature

122%

WB Efficiency

Desiccant
Coated Heat
Exchanger

After Dehumidification

After

0.009 kgo/ kg

Humidity Rafi

DAEC

v

16°C

Supply temperature

S4



—

80 |- — 200

60 — 150
D
2
)
2
O]
L
S 40 |- X MIN — 100
S
(]
Q
5
= 20 50
AVG.
30

Mar Apr May Jun Jul  Aug Sep Oct Nov Dec Jan Feb
Hot & Dry Hot & Humid Cold & Dry
SUMMER MONSOON WINTER
ool () ——— oY Tj{;;’;m' Supply Temperature

Yearly Supply Temperature

55



Q=M * Cp *AT
V=Q/p*Cp*(T_-T
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8.19 m3/s

Volume Flow rate

Area of Opening = Volume flow rate / Velocity

1.5 m/s

Velocity

Opening Size
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Area of Opening = Volume flow rate / Velocity
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Opening Required

Opening Size
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Area of Opening = Volume flow rate / Velocity
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Standalone System

150mm Concrete

100mm XPS
] u =
= |

13 m

363 m

150mm Concrete +
100mmXPS



Standalone System

Inside

Outside

100mm XPS 150mm Concrete

Inside Inside

150mm Concrete +
100mmXPS

Inside

Outside Outside

40 38 36 34 32 30 28 26 24 22 20°C

Thermal Performance

Outside
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100mm XPS

Inside

Outside

40 38 36 34 32 30

28 26 24 22 20°C

Thermal Performance
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Final
Design



Wall Integrated System
2.7m high

Final Designs

Shade Integrated System
3.0m high
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Diffuser

e Re-circulated air e After Mixing G Qutdoor Air @ De-humidified air G Supply Air e Room Condiition @ Exhaust Air

Variation 01 - Wall System
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e Re-circulated air e After Mixing @ Qutdoor Air @ De-humidified air G Supply Air e Room Condiition @ Exhaust Air

Variation 01 - Wall System
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e Re-circulated air e After Mixing G Qutdoor Air @ De-humidified air G Supply Air e Room Condiition @ Exhaust Air

Variation 01 - Wall System
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——Working Air from
cooler

| — Air for
Regeneration

DCHE
(Dehumidification)

i Working Air from
i g cooler

Q Re-circulafed air e After Mixing e Qutdoor Air @ De-humidified air G Supply Air e Room Condition @ Exhaust Air

Variation 01 - Wall System
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— Working Air from
cooler

’ | — Air for
Regeneration

DCHE
(Dehumidification)

i Working Air from
...... i cooler

Q Re-circulated air e After Mixing @ Qutdoor Air @ De-humidified air G Supply Air e Room Condition @ Exhaust Air

Variation 01 - Wall System
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Conventional Building

Decentralized Ventilation

Advantages
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Conventional Building

Decentralized Ventilation

Advantages - Height Reduction
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Wall Integrated System
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Frame

Insulation

Cladding

Wall Integrated System
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Wall Integrated System
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Wall Integrated System
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Wall Integrated System
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Wall Integrated System
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Wall Integrated System

Hot/Cold water pipe

Cooler
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Wall Integrated System
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Design Variations

95



Design Variations
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Wall Integrated System
2.7m high

Shade Integrated System
3.0m high
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Diffuser

Cooler

27m

a; o | DCHE
p 194 (Dehumidification)

DCHE
(Regeneration)

e Re-circulated air e After Mixing G Qutdoor Air @ De-humidified air e Supply Air e Room Condition @ Exhaust Air

Variation 02 - Shade System
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e Re-circulated air e After Mixing G Qutdoor Air @ De-humidified air e Supply Air e Room Condition @ Exhaust Air

Variation 02 - Shade System
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e Re-circulated air e After Mixing G Qutdoor Air @ De-humidified air e Supply Air e Room Condition @ Exhaust Air

Variation 02 - Shade System
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Working Air from
cooler

Air for
Regeneration

g = DCHE
(Regeneration)

-

.—4Working Air from

cooler

e Re-circulated air e After Mixing @ Qutdoor Air @ De-humidified air G Supply Air e Room Condiition @ Exhaust Air

Variation 02 - Shade System
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Working Air from
cooler

Air for
Regeneration

o DCHE
(Regeneration)

Working Air from
cooler

e Re-circulated air e After Mixing @ Qutdoor Air @ De-humidified air G Supply Air e Room Condiition @ Exhaust Air

Variation 02 - Shade System
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Shade Integrated System
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Diffuser

Shade Integrated System
102



Cooler [®

Fire safing

Frame

Cladding

Structural support

" Insulation

Shade Integrated System
102



Shade Integrated System
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Shade Integrated System
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Shade Integrated System
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Shade Integrated System
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Shade Integrated System
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Shade Integrated System
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WWR

No. of Devices vs Cooling Load
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Lighting
Equipment
Fresh air

A
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Infiltration
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57
No. of Devices

84.2 W/m2

68

Cooling load per m2

WWR

No. of Devices vs Cooling Load
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Lighting

Equipment

Fresh air

SUIDD JD3aY [DUJISU|

Infiltration

UOLDUSA

Wall

L SNbAN ]

Roof

435
No. of Devices

64 W/m?2

/6

Cooling load per m2

WWR

No. of Devices vs Cooling Load
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Ventilation

U-Value

OO0 O®&

CIOROXO

Lighting
Equipment
Fresh air

Infiltration

Wall

Glazing

Roof

Horizontal

Vertical 8 O

WWR
Egg Crate

55 W/m?2

Cooling load per m2

No. of Devices vs Cooling Load

37

No. of Devices
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Ventilation

U-Value

OO0 O @

BO@®®

Lighting
Equipment
Fresh air

Infiltration

Wall

Glazing

Roof

Horizontal

Vertical 8 O

WWR
Egg Crate

55 W/m?2

Cooling load per m2

No. of Devices vs Cooling Load

37

No. of Devices
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40 WWR
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Caose 1
Cooling load
178 kW
Cooling load per m2
102.7 W/m2
No. of Devices per floor
70
Case 2
Cooling load
142 kW
Cooling load per m2
81.6 W/m2
No. of Devices per floor
55

Design Variation @ 40WWR
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60 WWR

Case 3

Cooling load
99.5 kW

Case 1

Cooling load
190.7 kW
Cooling load per m2

109.6 W/m2

No. of Devices per floor &
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Case 4

Case 2

Cooling load

Cooling load

1449 kW
Cooling load per m2

83.3 W/m2
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Design Variation @ 60WWR
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Solar Integration

Heat



Energy

Solar Integration



PV Integration
14



Maximum
Energy
produced

351

kWh/m?

Slope

27°
Orientation

South

Module



Maximum
Energy
produced

351

kWh/m?

Option 11 Option 1

Option 2

Option 21

West

Module

South

East

Legend
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Maximum
Energy
produced

351

kWh/m?

Option 11 Option 1

Option 2

Option 21

West

142

Energy/m?

226

Energy/m?

143

Energy/m?

203

Energy/m?

Module

South

200

Energy/m?

320

Energy/m?

202

Energy/m?

272

Energy/m?

East

142

Energy/m?

225

Energy/m?

142

Energy/m?

202

Energy/m?

Legend
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645
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Maximum
Energy
produced

351

kWh/m?

Option 11 Option 1

Option 2

Option 21
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- D
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Roof

PV Integration
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Azimuth Angle

PV Parameters

-

Distance between Panels
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)

Legend
(Kwh/m2)
2150

1935

1720

S

S0

<SOSR
<5 ’;"%“““

S

Roof Integration

3.2m

Distance

OO

Azimuth

2m
Height of panel

27°

Slope

370.30

kWh/m2

352 MWh.Ann

Total Output

122



Heat

Solar Integration
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Cold Water for Hot Water for
De-humidification Regeneration

40cm

Desiccant Coated Heat Exchanger
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Flat Plate Evacuated Tube

Solar Collector
125



450 Wh/m?

Average Solar Radiation for Delhi

0.8

Efficiency of evacuated collector

426.5 kW 294.4 kKW

Heating Required Heat Produced

139284 m? 952.31 m?

Req. Panel Area Panel Area Available

Heat from Solar Collector
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450 Wh/m?

Average Solar Radiation for Delhi

0.8

Efficiency of evacuated collector

426.5 kW 294.4 kKW

Heating Required Heat Produced

139284 m? 952.31 m?

Req. Panel Area Panel Area Available

HEAT PUMP FOR ADDITIONAL HEAT

Heat from Solar Collector
126



4265 kW

Heafing Required

CASE 1
100% S.C

+

Heat Pump

CASE 2
50% SC + 50% PV

+

Heat Pump

Combination Of SC/PV/Heat Pump

CASE 3
100% PV

_I_

Heat Pump
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4265 kW

Heafing Required

CASE 1 CASE 2 CASE 3
100% S.C 50% S.C + 50% PV 100% PV
+ + +
Heat Pump Heat Pump Heat Pump

Power required

- 87120 kWh.ann - 46,877 kWh.ann + 28,646 kWh.ann

Combination Of SC/PV/Heat Pump
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4265 kW

Heafing Required

Combination Of SC/PV/Heat Pump

CASE 3
100% PV

_I_

®)

Heat Pump

+ 28,646 kWh.ann
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. Blower + Misc for
Pumping water to Roof
the cooler
Heat
Hot Cold Eold Primar Workin Pump
Power required water for ary xing
water water air air
cooler
per device (kW) 00028 | 00028 | 438 E-05 013 003 03
per device for a
year (kWh) 1019 1019 015 45198 9997 110958
Total Poyver per 17 MWh
device
Number of devices 292 Nnos.
Total Power 4,91 MWh
Safety Factor 1.25 614 MWh

Power Calculation




. Blower + Misc for
Pumping water to Roof
the cooler
Cold Heat
o . .
Power required Hot Cold water for Prlm'ory Wor!(lng Pump
water water air air
cooler
per device (kW) 00028 | 00028 | 438 E-05 013 003 03
per device for a
year (kWh) 1019 1019 015 45198 9997 ],]09_58
Total Power per
device 1.7MWh
Number of devices 292 Nnos.
Total Power 4,91 MWh
Safety Factor 1.25 614 MWh

Heat Pump has the largest share in total energy

Power Calculation




Comparison

Conventional / Evaporative Cooling
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Simulated Building
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. Fan Coil - Water Based Chiller . Dew-Point Indirect Evaportive Cooling

Comparison
135



MWh.Ann
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600

400

200

. Fan Coil - Water Based Chiller

Cooling Load

507%

. Dew-Point Indirect Evaportive Cooling

Comparison
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MWh.Ann
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. Fan Coil - Water Based Chiller
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1200
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600
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MWh.Ann

Cooling Load

507%

. Dew-Point Indirect Evaportive Cooling

Total Energy

407%

Comparison
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MWh.Ann

1

j—

. Fan Coil - Water Based Chiller . Dew-Point Indirect Evaportive Cooling

1400 7 2000 2000
200 - 1800 1800
1600 1600
000 - 1400 - 1400
E
S 1200 A S 1200
800 - < <
$ €
§ 1000 S 1000 -
600
800 800
400 - 600 600 — |
400 400 - O
200 -
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Cooling Load Total Energy Energy from PV
o, o, o,
50% 407 30%

Comparison
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WWR Location Floor Area  Cooling load
60% New Delhi 1792m2 50W/m2/year
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Floor Area Cooling load
New Delhi 1792m?2 50W/m2/year

Location

WWR
60%

Existing
CENTRALIZED

Energy Performance Index

0
M

146.41

kWh/m2/year



Proposed

Cooling load
50W/m2/year

Location Floor Area

WWR

60%

DECENTRALIZED

Energy Performance Index

1792m2

New Delhi

92.26

kWh/m2/year

Existing

CENTRALIZED

Energy Performance Index

139

146.41

kWh/m2/year
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INTERNAL
HEAT GAIN

Equipment
9
W/m2

IIIIIII

146.41

kWh/m2/year



Name
Year
WWR%
Glazing
Solid
Shading
LPD
Cooling
EPI

179 kWh/m2/year

0.6
Horizontal louvers
54

Central

85

IPB
2014
20
18
05
Recessed
5

Geothermal

45.25

Comparison

SkyView
2015
55
18
1]
No Shading
95

Central

112

SkyView
2015
SS
1.5
0.3
Egg Crate
9.5

Evaporative

64.26

141



Ventilating Interiors
Refurbishment Projects
Cost Analysis
Sustainable moisture removal

Market Scenario

Future works



“Architecture is a three-legged stool:
Climate, Technology, and Culture.”

- Charles Correa.
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