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1. Executive Summary
GIFT City is a meticulously planned smart city which provides the latest technology, centralised systems and infrastructure to promote sustainable architecture, energy efficiency
and net zero building design. We, as Team Grey, aimed to provide the best possible solutions
to further improve energy and water performance, reduce operational costs, improve the
indoor comfort levels, design open and flexible work spaces and create a resilient building
structure. As we moved forward to the next stage of our design, we conducted virtual meetings and discussions on how we can proceed with effectively putting our goals into action.
We started off by finalising strategies to optimise our energy performance index, by choosing
the efficient fixtures and equipment, incorporating smart lighting systems, minimising solar
heat gain through window glazings, the use of GIFT city’s district cooling system and other
HVAC systems. Through this, we were able to bring down the baseline EPI from 141 KWh/sqm
per year to an optimum value of 49.58 KWh/sqm per year. Similarly, we made use of efficient
water fixtures, dual flushing systems, grey water reclamation and drip irrigation to reduce
water usage and improve the overall water performance. By installing solar PVs and harvesting rainwater, we plan to generate renewable energy on site.
We ran several simulations to compare the visual and thermal comfort factors in different design iterations and understand which would be the most suitable solution to allow
maximum daylighting while reducing direct exposure to the sun. We also designed a louvre
system that combines both horizontal and vertical louvres, customised according to each
face of the building, that managed to significantly reduce the thermal heat gain, and allow optimum natural light at the same time. Creating voids in the form, designing a central
atrium and incorporating the louvre system the exterior faces of the building played a part in
achieving that goal.
The use of HVAC systems and building management systems further contributes to improve
user comfort, convenience and the well-being of the building occupants. We bring down the
load on the HVAC systems by cooling down the building at night through night flushing ventilation. All of the building systems are integrated together with the help of a software based
Integrated Building Management System.
As GIFT City is a global financial and IT hub, 28% of the land distribution is dedicated to commercial businesses and the financial sector, which is our main target audience. By making
use of the amenities provided by the city as well as locally available materials, we reached
one step closer to reducing construction and operational costs and making our building more
affordable.
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2. Team Introduction
Team Name
: Team Grey
Institution Name : Jawaharlal Nehru Architecture and Fine Arts University
Division
: Office Building

2.1. Team Members
Narayana Ashanahalli
Amy Khawlhring
John Lalchhandama
Mukesh Choudhary
Prasanna Ravula
Prathyusha Reddy
Sameer Ahmed
Sidard Teyanjam
Sneha Sharma K.
Sravani Karupothu
Hafsa Saniya Syeda
Tarun Kumar
Vanlal Ralte
Vaishnavi Kulkarni

B.Arch 4th year
B.Arch 4th year
B.Arch 4th year
B.Arch 4th year
B.Arch 4th year
B.Arch 4th year
B.Arch 4th year
B.Arch 4th year
B.Arch 4th year
B.Arch 4th year
B.Arch 4th year
B.Arch 4th year
B.Arch 4th year
FSP 3rd year

Team Lead / Innovation
Market potential & Scalability
Affordability
Affordability
Water Performance / Report Making
Energy performance
Energy Simulations
Architectural Design
Resilience
Research
Architectural Design
Energy performance
Market potential & Scalability
Engineering & Operations

2.2. Approach
Team grey comprises of 13 students from the architecture department and one student from
FSP Department of JNAFAU, Hyderabad, each with different skill sets and areas of interest.
Going into the competition, we had a clear knowledge of what each member would be able
to efficiently work on.
Each of us chose a competition division and began a more detailed research on it. However,
this divide was very loose and everyone helped each other out a bit. The larger competitions
were worked on by pairs. We occasionally had meetings within ourselves and with our faculty leads to discuss our progress.
Once we had all the required data and simulations, our work went through a few more
reviews. Then we compiled the information and began working on our first draft. After going
through multiple reviews with our faculty leads, we arrived at our final draft.

2.3. About JNAFAU
With a heritage of more than 70 years, the present university of Jawaharlal Nehru Architecture and Fine Arts University (JNAFAU) was established by Act of Andhra Pradesh State Legislature No. 31 of 2008. The university offers undergraduate, post-graduate and PhD research
programs.
SPA offers 5 UG programs (Architecture, Planning, Interior Design, Digital Techniques for Design and Planning, and Facilities & Services Planning), 3 PG programs (Planning, Environmental Design, and Interior Design) and PhD research programs.
The university aims to nurture students as knowledge professionals in its highly specialized
disciplines, with a high awareness of regional and environmental issues and seeks to engage
with society and to respond to current needs in the wider public interest.
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2.4. Faculty Leads

2.5. Industry Partners
ATS Savvy Developers LLP,
Progressive Construction
Company,
Ahmedabad.

Faculty Lead
Ch. Srinivas
Associate Professor & HOD
B.Arch., M.U.R.P.
chsrinivas@jnafau.ac.in

Faculty Advisor
Srishti Srivastava
Assistant Professor

Savvy Infrastructure Private Limited is a
Private incorporated on 22 May 1996. It
is classified as Non-govt company and
is registered at Registrar of Companies,
Ahmedabad.

Faculty Advisor
P. Uday Shanker
Assistant Professor
B.Arch., M.U.R.P
janani_uday@yahoo.com

Savvy believes in changing the paradigm
of the construction business by adopting innovative technologies. It is with this
approach that it is ISO 9001:2008 certified
and will be the first construction company
to have CRISIL rating in Gujarat.

Faculty Advisor
Meghna Mallick
Assistant Professor
B.Arch, M.Arch
(Sustainable Architecture)

Team Grey has been working with
Sameer Sinha (MD), Ruchi Gandhi (Principal Analyst) and Krishna Patel (Associate)
of Savvy Group.

2.4. Design management process

Figure 1 : Online coordination programs

Our team worked together both online and offline. We used various
platforms for online discussionsand had a common drive folder for all
our work so always had access to any work done by any group member. To the right in fig.2 are all the softwares we used for our design.

Figure 2 : Softwares used
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3. Project Introduction
Project name: Pragya 2
Project partner: Savvy Group
Savvy endeavors to provide value for money to its customers. With a strong belief in safety, hygiene, efficiency and technological advancement, the company builds complete and
exclusive structures. Provision of alive and kicking constructions and the comfort of clients
forms the backbone of all the functions of the Savvy. Latest utility systems, aesthetically
superior facades and explicit building maintenance form special features of all the Savvy
constructions.
Brief description of the project :

N

The project is situated in GIFT City, Ahmedabad.
GIFT City (Gujarat International Finance TechCity) is a planned business district in Gujarat,
India. It is a vertical city equipped with some of
the latest technologies, like the automated waste
collection system and district cooling system,
to promote energy efficiency and environment
friendliness.

Gujarat

Ahmedabad

Figure 3 : Site Location

The site is located in a commercial cum residential zone and is a little over one kilometre
from the Sabarmati river. The project is the phase-1 of the development of a 15 storey commercial complex designed to follow the principles of sustainable green buildings and comprises modern, flexible and efficient office spaces. The office units are to be leased post
completion and the occupancy hours of the building are 9:00am to 7:00pm.
Ahmedabad has a subtropical steppe/ low-latitude semi-arid hot climate. Hence, the building requires active cooling strategies for optimum comfort.

Figure 4 : Satellite view of site
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15-storied
building
usable site

Figure 5 : Site Usage

Special requirements:
▶ Ultramodern connected office spaces for lease.
▶ The complex having 5 elevators for seamless access.
▶ 4.2m floor to floor height.
▶ Dedicated visitor parking space
▶ Centralised air conditioning.
▶ 4 N/sqm load provision to cater to multinational and large corporates requirements.
▶ Artistically designed grand entrance foyer, state of the art lifestyle amenities and beauti........fully designed outdoor space.
Areas
▶ Site area :
▶ Permissible built-up area :
▶ Permissible ground coverage :
▶ Ground coverage :
▶ Landscape area :
▶ Total office area :
▶ Total core area :
▶ Transition/Circulation spaces :
▶ Atrium area :
▶ Common restrooms :

10,604.50 SQM
4,345 SQM
65%
41%
1315.5 sqm
2800 sqm
460 sqm
935 sqm
464 sqm
150 sqm

Construction Budget
Preliminary construction budget stated by the client is 17,892 INR/m². Due to it being a green
building, the intial project expenses are relatively high but the maintenance costs in the
future are low. The project is still in the early designing stage and the timeline has not been
finalized yet.
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4. Performance Specifications
Envelope Systems
Wall

Roof

200mm A.A.C. block + 15mm insulate plaster + 3mm reflective coating
U-factor

0.23

W/m2K

R-factor

1.36

W/m2K

200mm filler slab + Rockwool Board False ceiling
U-factor

Window

0.29

W/m2K

6mm Double-glazing Argon filled (low e) SKN Envision
U value

1.36

WWR

36%

SHGC

0.36

VLT

0.54

W/m2K

HVAC System
System type and description Blue star Air Cooled Screw Chiller
Cooling Source

Electric & District Cooling System

C.O.P.

WC Chiller

6.2

Air Cooled Chiller Dry Cooling

3.69

Air Cooled Chiller Adiabetic Cooling

3.19

Tonnage
Star rating

90 TR
3

Lighting
Lighting power density

4.91

W/sqm

Renewable Energy System
Type

Polycrystalline Photovoltaic Panels

Efficiency

19%

Generation Capacity

5,05,950

kWh/yr

Internal Loads
Interior Average Lighting Power Density
2.79
Average Equipment Power Density
8.39
Minimum OA Ventilation (Building Average) 1.34

W/m²
W/m²
lux/sec.m²

Table 1 : Technical Specifications
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5. Goals
▶ Energy Performance
The building must be super-efficient, generate renewable energy onsite and reach a low EPI
of 80 kWh/m²/year. We achieved this by the Integration of low energy comfort and daylighting systems and incorporating strategies that reduce heating and cooling loads.
▶ Water Performance
The aim was net-zero annual water performance by optimizing on-site storage and sufficient use of harvested rainwater and recycled water. We could not achieve net-zero, but we
significantly cut down consumption and made sure the water cycle is as efficient as possible.
▶ Architectural design
Using an integrated, evidence-based, and creative process to deliver the functionality and
aesthetic appeal needed by the market or client. We oriented the building in the ideal direction, created flexible office spaces, designed a suitable building envelope/skin and developed suitable solids and voids in the structure to help in self-shading.
▶ Resilience
The building must maintain functionality in the face of stress or disturbance and be resilient
against seismic, hydrometeorological as well as public health hazards. The building must
also have a backup of storage of resources like water in case of disruptions. The important
server rooms were placed in the higher floors in case of floods.
▶ Engineering and operations
Integration of high-performance engineering systems, provision of operation and assuring
high performance and smart building operation. We used a Building Management system,
Efficient HVAC planning and designed a strong structural system.
▶ Scalability and market potential
Large-scale implementation and scalability by meeting the needs of the target market, as
well as reducing construction time and costs while increasing productivity. Floor plates are
designed in a flexible manner to allow buyers/leasees of different requirements to be able to
operate the spaces efficiently. Being a net-zero building, the overall maintenance costs are
minimum, inviting maximum clients to lease the space.
▶ Affordability
Construction and finance costs should be thoroughly evaluated and justified. We simplified
and integrated building assemblies, used local materials, reduced operational costs, used
precast elements, modular construction methods and cost-optimisation strategies for faster
construction.
▶ Health and wellbeing
Ensure user efficiency by creating a healthy environment and minimizing any potential discomforts. We used visual and thermal simulations to shape the building to be more comfortable and incorporated various strategies for improving the indoor air quality.
▶ Innovation
Employing building automation to develop energy-conscious environments. Identifying and
creating solutions to specific problems in the region. Our strategies mainly target the heat
(louvres and night-flush ventilation) and integration management systems.
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6. Design Documentation
6.1. Energy Performance
The aim is to optimize the energy efficiency of the project by reducing heating and cooling
loads, integration of daylighting and passive systems as well as low energy and efficient
cooling systems.

Networked Lighting
Network lighting controls increases savings by upto 47%. It is a networked system that allows
the users to control the building’s lights from a central location. It made the following efficient
lighting strategies possible:
•

Time scheduling—turning lights on or off in an area or dimming lights, based on a predetermined schedule.

•

Occupancy/vacancy control—turning lights on or off based on whether a space is occupied or not.

•

Personal control—individual employees have control over the lighting in their workspaces,
which can help prevent overlighting, reducing lighting energy use in some cases by 10%.

•

Daylight harvesting—adjusting light levels automatically based on the amount of natural
sunlight in any given area.

•

Load shedding (demand response)—adjusting lighting in one or more areas as part of a
demand response strategy.

Enabled by the Internet of Things (IoT), this type of lighting control system uses wireless
switches, eliminating the need to wire light switches directly to fixtures. Smart fixtures like
these can also convey information about broken and burnt-out lighting, all in real-time.

Glazing Type

U-factor (W/sqm.k)

6mm single clear glazing

SHGC

VLT

6

0.81

0.89

6mm double clear glazing

2.7

0.7

0.79

3mm double low e glazing

1.8

0.71

0.75

2

0.67

0.74

6mm double low e glazing, SKN envision

1.4

0.57

0.73

6mm double low e glazing, argon filled

1.5

0.33

0.55

3mm triple clear glazing

Table 2 : Glazing Options & Selection

Wall assemblies

U-Value (W/sqm.K)

230mm thick Single brick wall

1.78

200mm thick concrete + 100mm thick polysterene

0.86

370mm thick cellular concrete wall

0.24

300mm thick hempcrete wall

0.22

200mm thick AAC block + 15mm insulate plaster
+ 3mm reflective coating

0.40

Table 3 : Wall Assembly Options & Selection
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We chose 6mm double low e glazing, SKN envision glass because it has low SHGC. So, the
heat gain will be reduced significantly.
For wall assembly, 200mm thick AAC block + 15mm insulate plaster + 3mm reflective coating
was selected. One of the main reasons is because it is locally available. It is also economical
ans has a low U-value in comparison to normal brick wall.
Other Strategies used are:
• Occupancy sensors - Automatically turn on/off when someone enters/leaves a room.
• Timers - A timer for the lights will keep them from burning all night.
• Dimmers - LEDs and CFLs paired with dimmers to create a more calming atmosphere.

Equipment per Floor

Daily energy
consumption
(kWh)

Annual energy
consumption
(kWh)

Watts(W)

Quantity

Desktops

65

280

145.6

53,144

Laptops

45

60

21.6

7,884

Printers

30

12

2.88

1,050

Shredders

10

12

8

288

150

364

178.08

62,366

Total

Table 4 : Office Equipment Energy Consumption

Equipment
Lighting
HVAC

= 935,490 KWh
= 103,368 KWh
= 2,327,094 KWh

Target EPI

= Total Target Energy Usage

= 3,365,952
67514

Total Built-up Area
= 49.58 KWh/sqm yr

160
140

140

▶

kWh/m2/yr

9%

▶

100

14%

▶

80

80

60

65% reduction

9%

▶

7%

▶

60

12%

▶

Energy Performance Index (KWh/sq.m. year

120

100
EPI 49.58

14%

120

Energy Performance Index (KWh/sq.m. year

160

40

40
20

0

Baseline EPI

20

-20

0

Baseline EPI
-20

Envelope
Efficient
optimization Equipments

Efficient
Lighting

Equipments
Renewable

HVAC
Optimization

Lighting

District
Cooling

Shading
design

Renewable

HVAC

Figure 6 : Design Optimization Graph
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HVAC Details and Calculations
We incorporated a District Cooling Chiller System for our HVAC. It is 20% to 30% more efficient than conventional HVAC systems due to partial load operation, speed modulation,
zoning capabilities, and heat-recovery technology.
Chillers
▶ The energy savings for the chiller in the cooling season are estimated to be 38%, 32%, and
27% under the 100%, 75%, and 50% load conditions, respectively.
▶ The COP analysis based on 1 hour data shows that the average cooling EER was 6.3 , 5.7,
and 5.2 For the chiller under the 100%, 75% and 50% load conditions.
▶ The COP analysis based on 1 hour Data shows that the average heating Cop was 5.69 ,
5.4, and 5.2 for the VRF system under the 100%, 75% And 50% load conditions.
▶ Chiller uses R-410A refrigerant as the heat-transfer fluid and the working fluid, achieving
A very high energy efficiency ratio (EER) of 15 to 20 and integrated energy efficiency ratio
(IEER) Of 17 to 25.
* Efficiency levels meet ASHRAE® 90.1 guidelines
Chiller Specifications
Capacity Range

60 to 450 tons, 50 Hz

Refrigerant

R-134a or R-513A

Best Full-load Efficiency

0.6200 kW/ton

Best Part-load Efficiency

0.4800 kW/ton

Compressor Type

Helical Rotary

Precision temperature control variance

+/- 0.3°C

Table 5 : Chiller Specifications

Total area
Heat load according to thumb rule
Heat load in standard building case
Heat load in energy efficient building design case
Total tons of cooling required

= 2787.091 sqm
=140 kW
= 108 kW
= 90 tr
= 90 tr

= ₹ 47,25,000
Chillers Initial cost
Operational cost per year = ₹ 1,762,950
Equipment power consumption
Condenser water pump
Chilled water pump
AHU

=
=
=
=

Total power required

= 69 kW

Total working hours
Total power required for 8 hours
Total power required for 365 days
Total power required for 15 floors
(23% DCU)

52 kW
4 kW
5 kW
8 kW

= 8 hours
= 8 x 69 = 552 kw
= 552 x 365 = 201,480 kw
= 201,480 x 15 = 3,022,200 kwh
= 23,27,094 kwh

District cooling system doesnt require as much equipment as other systems, which results in
a lower power consumption
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70,00,000
60,00,000
50,00,000
40,00,000

Baseline EPI
Energy Consumption
Envelope optimization
Efficient Equipments
Efficient Lighting
HVAC Optimization
Radiant Cooling
Shading design

25
20.85
15.65
15.65
13.47
11.67
8.76

(KWh)

30,00,000
20,00,000
10,00,000
0

Equipments
Base Case
Optimized Chiller System Optimized Chiller System
Baseline
EPI
with District cooling
Envelope optimization
System
Efficient Equipments
Figure 7 : Proposed Energy Consumption Schematic

37.88
29.5
15.65

Renewable Energy Details
We used Solar PV Cells as our renewable energy source. The average solar irradiation in
Gujarat state is 1266.52 W/sq.m
1 kWp solar rooftop plant will generate on an average over the year 5.0 kWh of electricity per
day (considering 5.5 sunshine hours)
Size of Power Plant
Feasible Plant size as per Roof Top Area

337.3kW

Cost of the Plant
MNRE current Benchmark Cost (without GST)

35886 Rs./kW

Without subsidy (Based on current MNRE benchmark without GST)

Rs. 12104348

With subsidy 0 (Based on current MNRE benchmark without GST)

Rs. 12104348

Total Electricity Generation from Solar Plant
Annual

5,05,950 kWh

Life-Time (25 years)

1,26,48,750 kWh

Solar PV Roof Specifications
PV System

Integration Solar PV Roof

Size of Each Panel

1980 mm x 1010 mm x 14 mm

Wattage

320 W

Efficiency

22%

Type of Cells

Poly-Crystalline cells

Total Cells

72 cell module

Weight

22.5 Kg/sqm

Solar PV System Design
Hours of Solar Radiation

55 hours

Module Type

Premium

Wattage of one panel

320 W

DC to AC ratio

1.2
Table 6 : Solar Panel Details
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daily domestic water requirement
daily treated water generated
6.2. Water
r NBC 2016 (for high-rise building)

aily
domestic
water
requirement
Domestic
Use
Vol
(m3)
daily treated
generated
450 water
Use
LPD/Head
265
Number of People
100
Total LPD

1,67,832
base
1,31,124
45.00
5,040.00
2,26,800.00

Domestic Use
Use LPD/Head
Number of People
Total LPD

180
proposed
130
30.00
5,040.00
1,51,200.00

Irrigation
Source Use
2
Municipality
supply
L/m
Harvested
Area
m2 rainwater
Reclaimed
Total
LPD Greywater

Table 7 : Daily Domestic Water Use

Irrigation Use
L/m2
Area m2
Total potable
LPD
water

base
1.70
1,315.00
2,235.50

proposed
1.00
1,315.00
1,315.00

non-potable water
grey water
black water

base
45.00
5,040.00
2,26,800.00
base
1.70
1,315.00
2,235.50

proposed
30.00
5,040.00
1,51,200.00

Source
Municipality
Harvested ra
Reclaimed G

proposed
Amount (L)
1.00
1,81,52,986
1,315.00
41,38,407
2,88,38,912
1,315.00

Table 8 : Daily Irrigation Water Use

overhead
potable
water tank

▶

overhead
non-potable
Municipality supply
water tank
Harvested rainwater
Reclaimed Greywater

▶

cooking

▶

cleaning

treatment

washing

▶

▶

from
roof

HVAC

▶
▶
▶

undergound
potable
water tank

root-zone
treatment

flushing
irrigation

▶

from
ground

▶

washbasin

fire safety
tank

municipal
water supply

▶

▶

▶

rainwater

drinking

▶

180
130

Litres (L)
Vol (m3)
4,47,552
450
2,62,248
265
Performance
1,00,000
100

▶
undergound
non-potable
water tank

sewage
treatment plant

▶

▶

municipal
sewage
treatment

Figure 8 : Water Cycle

We developed an efficient water cycle for the building. It ensures water supply, grey water
reclamation, fire safety and effectively uses and resuses the water to it’s maximum potential
before releasing it into the sewage treatment plant.
By using efficient water fixtures, we reduced the total water consumption by 40%. Dual
flushing systems cut down the flushing requirement by 50% and aereating taps cut down the
waterflow by 70%
When it comes to water for maintaining landscaping, we used water-smart landscapes.
Low-maintenance local vegetation, drip irrigation and sprinklers, helped improved the irrigation efficiency of the building.
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Rainwater Harvesting
Ahmedabad receives annual rainfall of 703.4
mm, and the project roof area is 4685 sqm.
The water collected from the roof is treated
for potable use and The water from hardscape and softscape is treated for non-potable use. Although there is no rainfall for most
of the months, the harvested water and can
be stored and carried over in times of need.

Roof Surfaces

4685

Effective
catchment
2
area m
0.85
3982.25

Hardscape areas

1,785

0.80

1428

1315.94

0.30

394.782

Rainwater
harvesting
surfaces

3

m)
450
265
100
180
130

Softscape areas

Area m

2

Runoff
coeffecient

Domestic Use
base
proposed
Total Effective catchment area
5805.032
Use LPD/Head
45.00
30.00
Table
9
:
Effective
Catchment
Area
Number of People
5,040.00
5,040.00
Total LPD
2,26,800.00 1,51,200.00

Rainfall
(mm)

Effective
rain (mm)

Harvested
rainwater (l)

July

291

286

16,61,400

August

266

261

15,16,274

September

87

82

4,74,852

October

12

7

38,894

November

2

0

0

December

1

0

0

January

1

0

0

February

1

0

0

Months

March

1

0

0

April

2

0

0

May

7

2

11,610

June
Source

80

75

41,38,407

Municipality supply
Table 10
: Total Rainwater Harvested
Harvested
rainwater
Reclaimed Greywater

Grey Use
water reclamation isbase
the process
that
Irrigation
proposed
2capitalizes on the water’s potential to be reused
1.70
1.00
L/m
instead
of simply piping it into a sewage system.
2
1,315.00
1,315.00
Area m
We used a Sequencing Batch Reactor to recycle
Totalthe
LPD
2,235.50
1,315.00
greywater. 75% of the greywater generated
on site is treated with it, giving upto 65,772 litres
of treated water every day that is reused for
other purposes such as irrigation, flushing etc.

proposed
1.00
1,315.00
1,315.00

Source
Municipality supply
Harvested rainwater
Reclaimed Greywater

grey
water

municipality

39%

Amount (L)
1,81,52,986
41,38,407
2,88,38,912

Amount (L)
1,81,52,986
41,38,407
2,88,38,912

Municipality sup

Harvested rainw

Reclaimed Greyw

52%

Water Used Annually and it’s Source
proposed
30.00
5,040.00
1,51,200.00

4,35,377

Total

9%
rainwater
Figure 9 : Water Sources

Table 11 : Water sources

Water Tanks

This diagram shows the placement andMunicipality supply
location of the water tanks. The tanks
Harvested rainwater
are located towards the back of the
Reclaimed Greywater
building. It is a scaled diagram so we can
clearly see the size of the tanks in proportion to the building.
freshwater tank
treated water tank
treatment system
fire safety tank
Figure 10 : Water Tanks
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Under Ground Tanks
Fresh Water
Treated Water
Fire tank
Over Head Tanks
Fresh Water
Treated Water

4.0 x daily domestic water requirement
3.0 x daily treated water generated
As per NBC 2016 (for high-rise building)

Litres (L)
4,47,552
2,62,248
1,00,000

Vol (m3)
450
265
100

1,67,832
1,31,124

180
130

1.5 x daily domestic water requirement
1.5 x daily treated water generated
Table 12 : Calculation of Water Tank Size

2

5

1. freshwater UGT
2. freshwater OHT
3. treatment system
4. treated water UGT
5. treated water OHT
6. fire safety tank

greywater
collected
& sent for
treatment

1

from municipality supply

3

4

greywater used
for flushing &
other purposes

6

to sewage treatment plant

Figure 11 : Water Connections

CONSUMPTION
Month

Days in
month

Domestic
Use (L)

WATER SOURCES

Total
Irrigation Use Irrigation Use
Consumption
%
(L)
(L)

Municipal
Water (L)

Rainwater

Greywater
(L)

Blackwater
(L)

Jul

31

46,87,200

0%

-

46,87,200

124344

1797408

27,65,448

19,21,752

Aug

31

46,87,200

0%

-

46,87,200

281351

1640401

27,65,448

19,21,752

Sep

30

45,36,000

50%

19,725

45,55,725

1365761

513724

26,76,240

18,59,760

Oct

31

46,87,200

80%

32,612

47,19,812

1841320

113045

27,65,448

19,21,752

Nov

30

45,36,000

90%

35,505

45,71,505

1838743

56522

26,76,240

18,59,760

Dec

31

46,87,200

100%

40,765

47,27,965

1962517

0

27,65,448

19,21,752

Jan

31

46,87,200

100%

40,765

47,27,965

1962517

0

27,65,448

19,21,752

Feb

28

42,71,400

100%

37,149

43,08,549

1788423

0

25,20,126

17,51,274

Mar

31

46,87,200

100%

40,765

47,27,965

1962517

0

27,65,448

19,21,752

Apr

30

45,36,000

95%

37,478

45,73,478

1897238

0

26,76,240

18,59,760

May

31

46,87,200

90%

36,689

47,23,889

1864237

94204

27,65,448

19,21,752

Jun

30

45,36,000

50%

TOTALS

5,52,25,800

19,725

45,55,725

3,41,177

5,55,66,977

1264021
1,81,52,986

615465
48,30,768

26,76,240

18,59,760

3,25,83,222

2,26,42,578

Table 13 : Water Consumption & Sources
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6.3. Architectural Design

Figure 12 :Site Plan

▶
Stage 1

Figure 13 : Bubble Diagram

▶
Stage 2

▶
Stage 3

▶
Stage 4

Stage 5

Figure 14 : Design Evolution

In stage 1, We started off with a plain block for the building. In stage 2, We created an atrium through the middle for better ventilation and daylighting at the centre of the building.
Then, we carved out a few blocks from the form to create self-shading in stage 3. Vertical
circulation cores were added at the main points and green pockets were added on the north
facade in stage 4. After arriving at this form, we incorporated an active facade system as
seen in stage 5.

Figure 15 : Difference in the Thermal Analysis between stage 1 and stage 5
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Toilet Exh.
Air Shaft
.670 x 2.250

DRY

Smoke Fresh
Air Shaft

.700x1.000
Smoke Fresh
Air Shaft
.900x.900

TD

METER BOARD (UPS)
LV SHAFT
900X1000

DRY

GARBAGE
CHUTE
WET

Electrical Room
4.400X2.750

HANDICAPPED
TOILET
1.800X2.300

MV SHAFT
1600X700

FT

FCO

PRESSURIZATION
SHAFT

PLUMBING
SHAFT
1.500X1.250

SWITCH

FHC
SHAFT
.900x1.200

GARBAGE
CHUTE
WET

METER BOARD (N)

Figure 16 : Shopping Floor Plan

Figure 17 : Typical Office Floorplan

Slab
False
Ceiling

Facade
System
Slab
False
Ceiling

Facade
System

Figure 18 : Exploded Axonometric View
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Figure 19 : Rendered External View of the Building

Figure 20 : Rendered View of Facade

Figure 21 : Rendered Interior View
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6.4. Resilience
We aim to design a building that remains functional even during the time of stress or disturbance and be resilient against seismic, hydrometeorological, and public health hazards.

Earthquake
On the seismic zoning map of India, Gandhinagar City
(the Capital of Gujarat, India) falls under Zone III. Since
it is in a moderate-intensity zone, an earthquake of
magnitude 6 can be expected. [1]
Strategies - In order to withstand the earthquake, a
strong and suitable frame structure, i.e. RCC column
and footing along PT slab is used.
Figure 22 : Earthquake Hazard Map

Cyclone/ Wind hazard
Gandhinagar falls in the Severe Cyclonic Storm Zone
(Moderate damage risk zone), with a basic wind speed
of approximately 39 m/s. [2] Cyclone Tauktae passed
through the state of Gujarat in Mid May 2021. [3]
Strategies - In order to withstand potential wind hazards, a strong and suitable frame structure, i.e. RCC
column and footing along PT slab is used.
Figure 23 : Wind Hazard Map

Flooding
Gandhinagar receives an average annual rainfall of
around 803.4 mm (31.63 inches). The city falls in the area
liable to flood with a probable surge height of approximately 3.5 m. [4]
Strategies - Planning adequate drainage systems, raising essential equipment rooms to higher levels, use of
non-return valves to prevent backflow of sewage, are
some approaches that are adopted.

Figure 24 : Flood Hazard Map

Water Storage
▶
▶
▶
▶

Three separate underground water is provided. One for fresh water (450 m³), one for
treated water (265 m³), and one for fire safety (100 m³).
Two overhead tanks, one for fresh-water (180 m³) and one for treated water ( 130 m³)
The freshwater and treated water tank are separated for safety and hygiene reasons.
The storage tanks store water for 4-5 days so the building always has water backup.

1.
2.
3.
4.

https://www.sciencedirect.com/science/article/abs/pii/S0267726117308928
https://vai.bmtpc.org/map/windmap/WIND_GUJARAT1.pdf
https://timesofindia.indiatimes.com/city/ahmedabad/ahmedabad-braces-for-cyclone-impact/articleshow/82720378.cm
https://vai.bmtpc.org/guj.html
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Drought
Gandhinagar faced a drought in the year 2018 and had was deficient rainfall in 2021. [5]
Strategies - Reusing the grey water and black water to the maximum. The used water goes
through multiple cycles and uses until it is finally drained.

Figure 25 : Structural System

Heatwave
Gandhinagar experiences heat waves during April, May, and June. During these periods,
temperature is likely to touch and even cross the 40 degrees Celsius mark [6]
Strategies
▶ Nighttime flushing is adopted to cool down the interior of the building.
▶ HVAC Optimization ensures that a comfortable temperature is maintained.
▶ Use of suitable building envelope design and orienting the building according to the sun
path of the region
▶ Adopting suitable active and passive cooling methods in and around the building.

Combating Heat Island Effect
Paving ▶ Pervious pavements have the advantage of lowering temperatures on and around pavements, thereby reducing heat and its effects.
▶ Natural filtration of water through soil is the most basic way to control these pollutants,
and it is also a significant benefit of permeable pavement.
▶ The concrete is light grey in colour and absorbs less heat in comparison to the black bituminous concrete.
▶ Commercial development costs were reduced by eliminating the need for conventional
drainage features. [7]
Cool Roof
Cool roofing system was used to deliver high reflectance from infrared and ultraviolet waves,
thereby reducing heat to the building. Combined with light-colored pervious paving to combat Urban Heat Island Effect
5.
6.
7.

https://www.thehindu.com/news/national/other-states/drought-situation-turns-the-heat-on-gujarat-government/article3615
https://weather-and-climate.com/average-monthly-Rainfall-Temperature-Sunshine,gandhinagar-gujarat-in,India
https://www.concretepavements.org/2019/09/20/ghmc-in-india-launched-project-pervious-concrete-road-pavement-nearsports-complex/#:~:text=The%20Greater%20Hyderabad%20Municipal%20Corporation,wide%20(136.5%20square%20yards).
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Fire Safety
▶
▶
▶
▶
▶

Fire extinguisher-The travel distance to the extinguisher is always between 9.1 to 15.25 m.
Automatic Sprinkler system - Sprinklers at a minimum center-to-center spacing of 1.8 m.
Yard hydrant-Hydrants placed 2-15 m from the face of the building. (IS 13039: 1991)
Wet riser- means of vertical rising mains with landing valves on each floor/landing for fire
fighting purposes and permanently charged with water from a pressurized supply.
Both Manually operated electric fire alarm and Automatic detection and fire alarm system have been provided.

Electricity
To avoid any accidents due to power malfunctions, we added MCBs on every floor, Emergency lighting in case of disasters, added UPS for every computer system. We also used
Solar PV Panels so we can generate energy on site.

6.5. Scalability & Market Potential
Market Potential
As the effect of climate change worsens, the building construction industry has started
adopting green building solutions to decrease energy consumption and building emissions.
Despite having a lower emissions per capita value compared to other countries, India is still
the fourth biggest emitter of carbon dioxide. As a result, it was announced at the COP26 by
the prime minister of India that the country would cut down emissions to net zero by 2070.[1]
In addition to this goal, The IGBC had also set the target of achieving 10 billion sq ft of green
building base in the country by 2022. [2] It is clear that the construction industry in India is
actively contributing to achieve these sustainability goals. According to a report from CBRE
(Global Commercial Real Estate Services), about one-third of office spaces have achieved
green building certification in six major cities of India. [3]
Our aim is to contribute to these goals to achieve a sustainable future through GIFT City in
Ahmedabad. An office building designed in such a context with net zero solutions would be
ideal to meet the goals of the city, as well as the country.
As the city is set to become the biggest financial sector of the country, the target market
accounts for banks and companies providing financial services to commercial and retail
customers. About 150 large Indian and global companies have already started operations in
the city. These companies have invested about $1.5 billion and provide employment to more
than 10,000 people. This also opens up various opportunities for expansion of commercial
businesses and building types. [4]

1.
2.
3.
4.

https://economictimes.indiatimes.com/industry/services/property-/-cstruction/31-of-total-office-spaces-in-top-6-cities-certified-as-green-buildings-report/articleshow/90334632.cms
https://www.indiaglobalbusiness.com/igb-archive/how-gift-city-plans-to-boost-foreign-investments-in-india-india-globalbusiness
https://www.business-standard.com/article/current-affairs/igbc-targets-10-billion-sft-green-building-baseby-2022-114090401367_1.html
https://www.bbc.com/news/world-asia-india-59125143
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Figure 26 : Land-Use Distribution

Figure 27 : Built-Up Area Distribution

Building Construction Optimization
We chose PERI formwork solutions for our building construction, which guarantees efficient,
faster and safer construction. It has been in the market for more than 50 years and prioritises
sustainable building processes focusing on the best utilisation of materials, and new technologies. The company emphasises on cost-effectiveness, speed of construction, and load
capacity and includes a wide range of wall, column and slab formworks. [6]
For our building typology, the PERI ALPHADECK solution offered by them is suitable and has
been used in two commercial projects in Ahmedabad. With innovative PERI ALPHADECK solutions and site supervision support, all requirements at site are well addressed including the
training of contractors and labourers for advanced technology. [6]

Integrated Building Management System
We have incorporated an Integrated Building Management System (IBMS), which is a scalable and innovative integration of HVAC, Fire safety systems, Public Address, Access Control,
Security, Lighting and other systems. All of these essential building operations in our building can be controlled by building automation system software. The benefits of this include
energy savings, enhanced building security and safety, flexibility and user convenience, and
reduced operational costs. This would thus attract more tenants, especially the bank and
financial sector, which demands additional security and efficiency. [5]

Figure 28 : IBMS Functions

5.
6.

https://www.messungbacd.com/ibms.php
https://www.peri.in/
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Construction Timeline
We have used Building Information Modelling software which supports a multidiscipline design process for collaborative design. Its powerful tools let us use the intelligent model-based
process to plan, design, construct, and manage buildings and infrastructure.
The whole construction process was made into segments such as structural, openings,
facades, covers, services, etc. The various stages mentioned includes all the elements proposed into the site.
MONTH

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

SITE PREPARATION
EXCAVATION
FOUNDATION
BASEMENT 1,2
GROUNDFLOOR
LEVEL 1 TO 3
LEVEL 4 TO 6
LEVEL 7 TO 9
LEVEL10 TO 13
SERVICES
FINISHING WORK
INTERIOR WORKS

Figure 29 :Construction Timeline

Benefits of Green Building Certification
At the building level, a green building certification ensures health, environmental, and economical benefits. According to LEED (Leadership in Energy and Environmental Design), a
certified building has the following economical benefits:

Figure 30 : LEED Advantages

•

Gain a competitive edge amongst corporate leaders.

•

Attract tenants and command the highest rents, vacancy rates for green buildings are
an estimated 4% lower than non-green properties.

•

Manage performance as it delivers a comprehensive framework for green building design, construction, operations and performance. [7]

7.
8.

https://www.usgbc.org/leed/why-leed#:~:text=LEED%20
images via https://www.vecteezy.com/
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6.6. Health & Well-being
There are three major characteristics of buildings contribute to their well-being : indoor air
quality, better lighting and increased thermal comfort.

6.8.1. Thermal comfort
Thermal comfort was achieved by running various simulations and adjusting the plans to
make them as comfortable as possible.
Thermal Comfort directly influences the actual and perceived quality of the indoor environment; it is determined by the effect of the interrelationship between air temperature, relative
humidity (RH) and air movement on occupants; together with human metabolic rate and
thermal insulation value of clothing that occupants wear.

Figure 31
Typical Summer Day
(15 May - 21 May)

Figure 32
Typical Winter Day
(6 Dec - 12 Dec)

6.8.2. Indoor Air Quality
We have designed a system which provides air virtually free of dust, dirt, odor, and chemical
and radioactive pollutants. Untreated outdoor air is hazardous to occupants suffering from
respiratory or pulmonary conditions. In such instances, we considered treatment of outdoor
air as discussed in ASHRAE Standard.
Maintaining Indoor Air Quality is also important as it prevents Sick Building Syndrome (SBS).
following are a few strategies we incorporated in our design to achieve this :
▶ Filtration:
Although we couldn’t effectively eliminate 100% of the viable particles, we have used
High- Filtration Particulate air (HEPA) filters with test filtering efficiencies of 99.8% in Certain
areas. HEPA and/orUltralow-penetration (ULPA) filters provide the greatest air-cleaning
Efficiency currently available.
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▶ Ultraviolet Germicidal Irradiation (UVGI):
We have used Ultraviolet Germicidal Irradiation (UVGI) method for removing Volatile
Organic Compounds (VOCs), and for killing or deactivating bacteria, viruses, mold spores
and other microorganisms that may be present in the air.
▶ Acoustical control
Absorption of noise generated by central air Handling equipment and movement of air
through the ducts, as well as “cross-talk” carried by ducts from one space to another.
▶ Condensation control :
Prevents condensation in or on ducts when Installed R-value recommendations are followed, reducing the Likelihood of moisture damage to ceilings and other interior finishes.
▶ Pressure Differential:
We have developed our model so that it create’s differential pressures, which result from
Controlling the HVAC system In a particular manner, is a Common control measure to Help
prevent dispersal of contaminants.

6.8.3. Visual Comfort Simulations
An interactive lighting management strategy not only gives building occupants the flexibility to control lights tailored to their needs, but gives them the opportunity to control their
environment, leading to greater satisfaction. A very important aspect for health is natural
lighting and optimization of facades.
Following are the visual comfort simulations that we ran to see how our facade system and
orientation affected the lighting.

Spatial Daylight Autonomy
Without louvres, there is a daylight
autonomy of 82.9%, whereas, with
offset it is 75.4%. The offset does
not have a drastic impact on it.

Figure 33 : Daylighting without & with Louvres

Annual Glare
Without louvres, there is a lot of
glare along the walls & around the
courtyard. With offsets, the glare
along walls is greatly reduced.

Figure 34 : Annual Glare without & with Louvres
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Luminance
The mean Lux level is lowered by
the louvres due to less direct sunlight. In the second simulation we
see that the luminance is lowered
along the walls.

Figure 35 : Luminance without & with Louvres

Radiance
This simulation presents the
thermal comfort of the building.
The iteration with louvres has
better thermal comfort.

Figure 36 : Radiance without & with Louvres

6.7. Engineering & Operations
1.0 sqm Shaft
for Smoke Exhaust

Typical HVAC Schematic Plan

FHC Shaft
935*1235 mm

Exhaust air
350*300 mm

Fresh Air Duct
450*300 mm

Figure 37 : HVAC Plan
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Typical HVAC
Schematic Section

Fire Pipe
T.F.A. Duct
500*300 mm

chw S/R Pipe

Toilet Exhaust Duct
500*250 mm

LV Cable Tray
300 mm

Legend
Fresh Air Duct
Smoke Exhaust Duct
chw Taping

Toilet Exhaust Duct
Return Air Riser

MV Cable Tray
450 mm

Pressurisation Duct
Supply Air Diffuser
Volume Control Damper
Motorised Fire Damper
Butterfly Valve
Balancing Valve
chw S/R

Figure 38 : HVAC Section

Roof Plan showing Overhead Tanks and Valley Lines
PRODUCED BY AN AUTODESK STUDENT VERSION
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Figure 39 : HVAC Plan
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6.8. Affordability
Our aim is to address the rising affordability concerns by identifying needs, upgrading operations, maintaining industry standards and selecting energy efficient building materials. MEP
system designs will pay off in the long run. The design reduces the amount of time spent onsite and also the cost of construction. The flexibility in design allows customers to maximize
occupancy while providing a more customized and space-efficient design. The objective
was to ensure that users’ running costs are kept to a minimum.
The key to affordability in such projects is spatial flexibility. The project partner owns, builds,
and leases the office, which is planned as an IT cum banking service facility.
In addition to the financial value, we have attempted to come up with various solutions for
cost management and optimization. They include strategies such as minimizing actively
cooled areas (to reduce cooling load and use of louvers to reduce heat transmission), the use
of prefabrication (which aids in quality control and construction speed) and use of Precast
RCC elements. One of the motivations for utilizing brick walls was that it is a locally available
material with readily available labour.

cost
cost
ofof
construction
construction
/ sqm
/ sqm
base
base
case
case
₹₹
17,312.00
17,312.00
proposed
proposed
case
case ₹ ₹
17,892.00
17,892.003.35%

▶

329.908
329.908
CrCr
340.738
340.738
CrCr 3.35%

▶

total
total
cost
cost
base
base
case
case
proposed
proposed
case
case

Strategies
▶

Internal partition walls made of drywall are less expensive than those made of conventional red bricks. It is a popular choice in the construction business due to its relatively
low cost. Combined with its ease of installation and repair,it proves to be an efficient cost
optimizing strategy.

▶

Autoclaved Aerated Concrete (AAC) is an eco-friendly and certified green building
material which is lightweight, load-bearing, high-insulating, durable building block which
is 3 times lighter when compared to red bricks. As the size of these blocks is bigger, the
masonry can be done more quickly and saves labour.

▶

Flat slabs without drop panels are used in the design, allowing for a quick construction
time because the structure’s framework is simplified and reduced. M&E services can be
easily installed in it. Because flat slab construction gives more flexibility for locating horizontal services and partitions, it greatly reduces floor-to-floor height, which results in a
lower building height and foundation load.

▶

With restroom fixtures accounting for the majority of commercial building water consumption, the best opportunities for increasing efficiency are found there. Low-flow-lowflush toilets are incorporated in the design to cut down flushing water consumption by
50% as compared to traditional toilets fixtures.
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Base vs. Proposed Design
The cost of the proposed design is expected to be greater than the baseline estimates. The
cost of installing efficient fixtures and a more architecturally efficient structural system was
more than the cost of the base case design. To generate electricity, the design incorporates
solar PV panels. These expenses add up to the project's initial capital cost.

Particulars
Land
Civil Works
Internal Works
MEP Services
Equipment
Landscape
Pre-Op Expenses
Interest
Consultants
Contingency
Total

base case
percentage
amount (Cr)
44.3
145.768
18.8
62.03
3.04
10.03
9.19
30.19
3.82
12.57
0.3
1.17
2.2
7.54
11.4
37.74
1.95
6.45
5
16.42
100
329.908

proposed case
percentage
amount
44.3
145.768
21.05
69.47
3.04
10.03
9.91
32.71
4.19
13.83
0.23
0.78 (Cr)
2.28
7.54
11.4
37.74
1.95
6.45
5
16.42
103.35
340.738

Table 14 : Costing Calculations

350
350

Proposed
Case
Proposed
Case

350
350

300
300

250
250

250
250
INR (crores)
INR (crores)

300
300

200
200

INR (crores)
INR (crores)

200
200
Contingency
Contingency
Consultants
Consultants

150150

Interest
Interest
Pre-Op
Expenses
Pre-Op
Expenses

100100

Landscape
Landscape
Equipment
Equipment
MEP
Services
MEP
Services
Internal
Works
Internal
Works

5050

0 0

Civil
Works
Civil
Works
Land
Land
amount
(Cr)
amount
(Cr)

Figure 40 : Base Case Graph

Land
Land
Civil
Works
Civil
Works

150150

Internal
Works
Internal
Works
MEP
Services
MEP Services

100100

Equipment
Equipment
Landscape
Landscape
Pre-Op
Expenses
Pre-Op
Expenses
Interest
Interest

5050

0 0

Consultants
Consultants
Contingency
Contingency
amount
(Cr)
amount
(Cr)

Figure 41 : Proposed Case Graph
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6.9. Innovation
Facade Design
We designed a louvred facade system that is optimal for our building and its context. Following are the multiple iterations and thier respective simulations that were carried out to arrive
at the final design.

Figure 42 :
Solar irradiation simulations
for North Facade (top) and
South Facade (bottom)

Figure 43 : Iteration 1

First iteration
Figure 44 : Solar irradiation in plan

• Vertical louvres
• 250mm extrusion from external walls
• 2660 m from each other

Figure 45 :
Solar irradiation simulations
for North Facade (top) and
South Facade (bottom)

Figure 46 : Iteration 2

Second iteration
Figure 47 :Solar irradiation in plan

• 4 Horizontal louvres
• 300mm extrusion from external walls
• 850 m from each other
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Figure 48 :
Solar irradiation simulations
for North Facade (top) and
South Facade (bottom)

Figure 49 : Iteration 3

Third iteration

Figure 50 : Solar irradiation in plan

•
•
•
•

6 horizontal louvres on South
300mm extrusion from external walls
485 mm from each other
Other sides used a combination of horizontal and vertical

Figure 51 :
Solar irradiation simulations
for North Facade (top) and
South Facade (bottom)

Figure 52 : Iteration 4

Fourth iteration

Figure 53 : Solar irradiation in plan

•
•
•
•

13 horizontal louvres on South
125 mm extrusion from external walls
250 mm from each other
Other sides used a combination of horizontal and vertical
but at a higher number than before
• Rotated them by 22 degrees towards

In the final iteration, the louvres on the South block a major portion of the direct Sunlight. The
louvres on the North, East and West use a combination of horizontal and vertical, this reduces the heat while allowing the optimum amout of daylighitng into the building
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Night Flush Ventilation
Night-Flush ventilation is a strategy used to cool down the building structure via lower external air temperatures at night. This strategy employs the building’s thermal mass as an intermediate storage medium, allowing the structure to absorb the heat built up during the day
and to flush it away during the night. [1]
200 mm PT Slab
Hot Air Duct
Aluminium Louvres
6mm reflective Double-glazed
Argon filled glass

hot air
exits via vent
cool air
enters

Cool Air Opening

Figure 54 : Night Flush Section Details

Ahmedabad has an average diurnal range of 14 degrees celsius, so this system would signifcantly reduce the cooling load on the HVAC system at the beginning of the day. [2] It is a suitable solution for office buildings which are typically occupied during the daytime only. As the
coolness is stored in the thermal mass, It reduces peak daytime temperatures and improves
internal comfort conditions during work hours.
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Figure 55 : Nightcooling Evidence Graph
1.
2.

‘Natural Ventilation in High-Rise Office Buildings’, Wood & Salib, 2013, p. 21
http://aws.imd.gov.in:8091/state.php?id=GUJARAT
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6.10. Communication
We have created an Instagram page for Team Grey where we post our updates and other
informative posts about our work for the public to see. It is a business account, so it allows
us to gain access to analytics such as information about how many users our posts have
reached and their impressions.
We hope to share useful information about net-zero and green buildings and spread awareness about how better planning and construction practices can positively affect the users
and the environment.

Figure 56 : Team Grey’s Instagram Page

Figure 57 : Online Reach
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