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CONTEXT : India

Energy Consumption for space-cooling in
India (ICAP)

e 135TWh (2017-18)

« 600 TWh (2037-38)

Per Capita Cooling Consumption (ICAP)
e 272 kWh Global Average
* 69 kWhin India

30% of global emissions due to space
cooling by 2050 as compared to 8% in 2016
(IEA)
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Image Source: https://robertscribbler.com/2015/06/02/human-hothouse-death-toll-climbs-to-
2300-in-india-monsoon-suppressed-delayed/
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CARBSE - Iterative Design Process

Predesign
— Climate Analysis
— Technical Potential Analysis

Conceptual Design
— Passive Thermal Comfort
— Building Massing
— HVAC System Options

System Development
— Section, Windows, Shading, Daylighting

— Active System Thermal Comfort Three in-person charrettes in
— HVAC Capacity Optimization Ahmedabad
— Natural Ventilation Scheduling, CFD
* Systems Optimization Over 50 virtual meetings and
presentations
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CARBSE — Building Massing Exercise

Building Cooling Loads

Building loads vary with the building massing and orientation. The graphs below show the yearly cooling
loads for cach option.

Total Yearly Bullding Loads for Options (mWh)
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CARBSE — Net Zero Energy Building

Comfortable Outdoor Environment Hot Outdoor Environment
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CARBSE — Thermal Comfort and NV Potential
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CARBSE — Net Zero Energy Building

KWh/m? 0 90 100 150 200 250

Benchmark 237 kWh/m?2-Yr

Technical

i 58 kWh/m?2-Yr
Potential

.Cooling .Fan/Pump DLights DEquipment
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CARBSE — Wall Construction

3.1 WALL SUPER STRUCTURE 3.2 WALL BASEMENT 3.3 WALL BASEMENT 3.4 WINDOW
u - VALUE (W/m2)=0.42 u - VALUE (W/m?2)=2.01 u - VALUE (W/m2)=0.28 u - VALUE (W/m2)=1.70

R - VALUE (m 2.K/W)=2.38 R - VALUE (m 2.K/W)=0.50 R - VALUE (m 2.K/W)=3.59 R - VALUE (m 2.K/W)=0.588

R**F\_ 3mm Aluminum
12mm Cement —— 12mm Cement ﬁﬁ;ﬁfgx : 3 Egmposﬁlsvood
. n mX.P.S

Plaster Low E Double Glass

Glazing With UPVC
Frame
VLT - 39%
Reflection int - 14%
| External -23%

& | SF-29%

Plaster S
Insulation
12mm Cement

Plaster
200mmR.C.C.

230mm Red
230mm Red Brick Brick
50mmX.P.S |

Insulation |

1mm PVC Film| 1mm PVC Film

110mm Red Brick
ue - 1.790W/m 2k
18mm Polymer |

Plaster

18mm Polymer .

e N
i Plaster
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CARBSE - Roof Construction

1.1 ROOF ASSEMBLY 1.2 ROOF ASSEMBLY 2.1 FLOOR- First Floor 2.2 FLOOR- First Floor
u - VALUE (W/m2)=0.38 u - VALUE (W/m2)=0.38 u - VALUE (W/m2)=0.55 u - VALUE (W/m2)=0.55
R - VALUE (m 2.K/W)=2.654 R - VALUE (m 2.K/W)=2.654 R - VALUE (m 2.K/W)=1.82 R - VALUE (m 2.K/W)=1.82

2mm High SRI Paint
50mm Concrete Screed
2mm Roof Seal- Water
Proofing Membrane
3mm Geotextile Sheet

2mm High SRI Paint
50mm Concrete Screed
2mm Roof Seal- Waterproofing Membrane

25mm Kota Stone
50mm Cement Sand
Bed

50mm X.P.S. Insulation
150mmR.

25mm Kota Stone
50mm Cement Sand
Bed

150mmR.C.C.

50mm X.P.S. Insulation

45mm Spray Foam Insulation(PU 3mm Geotextile Sheet

45mm Spray Foam Insulation(PUF)
150mmR.C.C.
12mm Plaster

150mm R.C.C.
12mm Plaster
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CARBSE — Net Zero Energy Building
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CARBSE — Net Zero Energy Building
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CARBSE — Net Zero Energy Building
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CARBSE - Monitoring Strategies

“Every line is the perfect
length if you don't
measure it”

-Marty Rubin
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CARBSE - Monitoring Strategies

Envelope
Environment
Energy
Behavior

Outdoor

Integration Controls BINJELW

Chiller HVAC Operation
HVAC Lighting Comfort
VFD Plug Loads Consumption

Photovoltaic Photovoltaic Generation

Operation Historical

Yash Shukla, October 20, 2021 - 2021 Asia-Pacific Forum on Green and Low-Carbon Development



CARBSE — Monitoring Strategies
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CARBSE — Monitoring Strategies

|
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CARBSE — Annual Energy Consumption

Monthly Consumption and Generation
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CARBSE — Annual Energy Consumption
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CARBSE — Occupant Comfort Surveys

16 -20 -20 -23 -23 -02 ~02 ~06 ~06 09 ~09 -14 14 -16 16| -20 -20 -23 -23 -27 -27 -30 -30/-03 03 -06

* Four times a week, Mondays and
Thursdays, 11h00 and 16h00
* Occupants have choice to raise request for
adjustment anytime
e Air Temp, RH, MRT, Clo. and MET at each
cluster, Provision of desk level personal
fans, pedestal fans.
e Seven point ASHRAE Scale
e Thermal Comfort Sensation
* Thermal Comfort Satisfaction
 Thermal Comfort Preference
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Thank You

yash.Shukla@cept.ac.in
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