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Team X:Y:Z represents a team of twelve architecture students from Balwant Sheth School of 
Architecture (BSSA), NMIMS and three engineering students from IES, Kolkata. We're keen 
to set the path for future office/commercial spaces to be ethically constructed and operated 
in order to have the least amount of negative environmental consequences possible.We 
envision that by taking on the process of designing a net-zero energy and water office and 
commercial building on a compact and constrained site, prospective occupants of the 
structure will be compelled to be more environmentally conscious.structure will be compelled to be more environmentally conscious.

Mindset Estates Pvt. Ltd. has been in the construction business for the past 13 years & is
still operational. For the Ruby project, it was supported by The Ruby Mills Ltd. & Access
Architects. The Ruby Mills Ltd. has stood for quality, innovation and expertise over years.
Their Real Estate vertical is centered around the same fundamentals. They are committed to
creating value-based spaces with artistic aesthetics by getting together industry experts. 

The proposed building, Ruby Phase 2, will serve as a wing of extension to the already 
constructedconstructed The Ruby. It will be a building exhibiting varied office and commercial spaces as 
well as several recreational and retail spaces that inhibit occupant interaction. 

We initially began our study and research by visiting and documenting the site and observing 
various site opportunities and constraints. Our aim, along with our project partners, industry 
partners and consultants, was to construct a comprehensive structure that not only portrays 
the idea of ‘Net-Zero Energy and Water Consumption’ but also helps occupants in 
understanding its usability and importance in everyday life. The idea of introducing user-
friendly and adaptable facade modules was incorporated in order to encourage user inter-friendly and adaptable facade modules was incorporated in order to encourage user inter-
activity with the structure.  

By incorporating emerging technologies, such as thin-film BIPV, we aim to not only generate
additional energy on site, but also for it to serve as a means of natural shading. This along 
with the concepts of green walls and green plazas at various instances throughout the 
building, aims to maximise occupant well-being and productivity. 

The building envelope (Double-skin facade) was chosen after studying the ECBC design 
guide and looking into innovative materials with our industry partners.guide and looking into innovative materials with our industry partners. The double skin facade 
acts as a buffere zone between the comparatively hotter exteriors and cooler interiors. 

The water-cooled VRF system used for catering to cooling requirements adapts to varying 
load demands while also allowing multiple connections to a single outdoor unit. This helps 
minimise the energy requirement for cooling and helps integrate with the BMS seamlessly. 

The building is designed to comply with LEED and WELL certifications as per the client’s 
requirements.

Every aspect of the project is conceived and planned with a careful balance of cost and Every aspect of the project is conceived and planned with a careful balance of cost and 
performance in focus. The result is a net-zero energy and water structure that uses minimal 
energy or water and generates a healthy and productive environment for its occupants.

 



The Solar Decathlon 2021-22 | Team X:Y:Z

Te
am
 In
tr
od
uc
tio
n

Final DesignReport - April 2022

Figure 1: Team Members 

Ami Mangaldas: Associate Professor (BSSA, NMIMS)
Ami Mangaldas is an Associate Professor with over 20 years of industry & academic 
experience. She holds expertise in commercial building design and construction, 
sustainability and value engineering. 

Faculty Advisor: 
Durvesh Mhatre: Visiting Faculty (BSSA, NMIMS)  
Durvesh Mhatre is an architect with 15 years of experience in multiple disciplines within the 
field of architecture including  planning and execution of residential building in Mumbai and 
simultaneously practicing interior designing for various commercial and residential projects. 
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Team Name: X:Y:Z 

Division: Office Building

Name of Institutions: 
(a) Balwant Sheth School of Architecture, NMIMS

(b) Institute of Engineering & Management, Kolkata  
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The Balwant Sheth School of Architecture (BSSA) at NMIMS focuses on architectural 
education, research, and practise in many forms and modalities. It focuses on the ever-
changing mindset, behavioural patterns, tools and methodologies, and integrates them all 
into contemporary architectural manifestation. Art, history, technology, architectural design, 
and construction process empower students with a comprehensive orientation and 
understanding.

The Council ofThe Council of Architecture (COA) has recognized the courses, offering a five year B.Arch. 
(Bachelor of Architecture) Degree, a two year M.Arch. (Masters of Architecture) Degree and 
a three-year B.A. (Honours) in Interior Environment and Design (CIED). 

Access Architects is a Mumbai-based firm and was was the very 
first team of architects to complete a BIM-based project in India in 
2004. They make every possible effort to strive for continuous 
improvement and achieve only the best innovation, design and 
implementation.  

Durvesh Mhatre & Associates is a Mumbai-based firm of 
Architects and Interior Designers.  

Industry Partners:

Access Architects 
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Sudhakar Shetty 
General Manger 

(Mindset Estates Pvt. Ltd.) 

Purav Shah 
CEO 

(The Ruby Mills Ltd.) 

Jay Shah 
Principal Architect 
(Access Architects) 

Project Name: The Ruby Phase 2  

Project Partner: Mindset Estates Pvt. Ltd. supported by The Ruby Mills Ltd. & Access 
Architects

Brief Description of the project:  
(a) Building Type: Information Technology (IT) cum Commercial Office building

(b)  Stage of Project: The Ruby (completed) 
                                  The Ruby Phase 2 (Preconceptual Design Phase)  

(c) Location: 29, Senapati Bapat Marg, Dadar (West), Mumbai, Maharashtra

(d) No. of Occupants (estimated): 14,000 per day (includes commuters, office staff, visitors)

(e) Hours of operation: 10-12 hours per da(e) Hours of operation: 10-12 hours per day, 6 days a week

(f) Climatic Conditions: Tropical, warm and humid 

(g) Site Context: The plot is opposite the Dadar Railway station. It is set in a mixed 
commercial-residential space with Kohinoor Square on the western side of the building. The 
nearest BEST Bus Stop is the Zarapkar store Bus stop. The site can be accessed from 
Senapati Bapat Road as well as J K Sawant Marg. 

(h) Applicable building regulation: Development Control & Promotion Regulation (DCPR) 2034  

 
Estimated total built-up area
Total Plot size: 6.183 acres ~ 25,021 sq. m, Height Restrictions: 175 metres (40 floors)
Ground coverage (For The Ruby Phase 2): 3734.75 sq. m.  

Deduction of areas of existing structures on site: (25,021 - 9053.61) sq. m. = 15,967.8 sq. m.
Deduction of amenities =  
= 15,967.8 - (500 + 10% (15967.8-10000)) sq. m. 
= (15,967.8 - 1097) sq. m.= (15,967.8 - 1097) sq. m.
= 14,870.8 sq. m is the site area for Phase 2

FSI: 5  (27M Wide Road -  Senapati Bapat Road)  
= 14,870.8  x 5 
= 74,354 sq. m. is the Permissible Built Up Area (BUA) available 

Adding 35% fungible FSI for Commercial Building in Mumbai 
= 74,354 + (0.35 x 74,354) = 1,00,377.9 sq. m. Built up area available  

Mindset Estates Pvt. Ltd. has been in the construction business for the past 13 years & is 
still operational. For the Ruby project, it was supported by The Ruby Mills Ltd. & Access 
Architects. The Ruby Mills Ltd. has stood for quality, innovation and expertise over years. 
Their Real Estate vertical is centered around the same fundamentals. They are committed to 
creating value-based spaces with artistic aesthetics by getting together industry experts. 



Assumptions: 
Cost of construction (per sq. ft.) in Rs. = Rs. 6250 (approx.) 
Proposed built up area = ~ 80000 sq. m. = ~ 861112.83 sq. ft.
Estimated Project Cost =  6250 x 861112.83
                                      = ~ Rs. 538 Cr. 19.55 Lakhs. 

The Proejct Partner intends to build The Ruby Phase 2 with similar considerations as The 
Ruby. They plan on leasing individual units as office and commercials to various firms and 
companies. They plan on introducing a public corridor within the building itself in order to 
create an experiential transition for daily commuters. 
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Site Context 
The Ruby mills plot is located in Mahim, Mumbai. 

The western edge of the the site is faced by the 
Mahim Bay, a saline water body, at a distance of 
approximately 1.3 km. 

From the south-eastern edge through the north - 
eastern edge, the site sits opposite the Dadar Railway eastern edge, the site sits opposite the Dadar Railway 
Station that drives the majority of the users on site.  

Within a 500 metre radius, the site is surrounded by
8 bus stops.    

The site can be accessed from Senapati Bapat Road
(south - east) as well as J K Sawant Marg (west). 
 
Landuse of the site  
From the landuse study of the site it was concluded 
that the site lies in a majority-residential neighbour-
- hood, with parts of it serving as educational 
ammenities, idustrial zones and municipal markets. 

The on-going construction around site include: Dadar 
metro station construction metro station construction 
 
Users and commuters 
Most of the users on site are coporate employees, 
although some percetage of building users are also 
the daily commuters from Dadar Railway Station that 
use the site as a public corridor. 

The residents residing in the neighbourhood mostly 
belong to the service sector and hence range from belong to the service sector and hence range from 
upper middle-class to working class. 

As stated by the project partner, the current Ruby 
Phase 1 is functioning on 50% users (14,000 users 
daily) due to Covid-19 Restrictions.   
 

Figure 2: Site Context

Figure 3: Land Use of the site 

Figure 4: Site dimensions and orientation
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Energy Performance
●Aim to go lean by optimising and reducing energy consumption in all possible areas.
●To achieve an EPI target of 85 kW/sq.m. per year by using viable active and passive 
strategies  to achieve the Net Zero goal.

Water Performance
● Achieve Net-Zero water performance for the building.
●● Achieving treatment of 100% of wastewater generated on site.
● Employing the use of ecological wastewater treatment to treat the water naturally. 

Health and Well-being
● Provide optimum comfort for well being of the users by trying to achieve it as naturally as 
possible.
● Using materials such as facade glass with low U values to minimise heat gain and having 
optimum transmittance for ample natural light.

InnovationInnovation
●Integrating modern and efficient materials, technology and methodologies which help. 
improve energy performance, water performance and indoor comfort. 

Resilience
● To create a building resilient to flooding and earthquakes, and which can maintain its 
structural integrity in high winds at greater heights.
● Provide su● Provide sufficient capacity of power backup, rainwater storage etc. for the building to 
sustain itself incase of failure. 

Affordability, Scalability and Marketing
● Employing use of triple net lease system to enable flexibility for both long and short term 
tenants.
● Lower operational costs while maintaining performance standards.

Architectural Design
●● To optimally use the plot area while staying in the conforms of the rules and building codes.
● To efficiently allocate programs to spaces to maximise their functionality and experience.
● To optimise balance between form and function and orienting the structure optimally 
accoring to the site and context studies.

Comfort and Environment Quality
● Appropriately sized HVAC system that can maintain required interior comfort while being 
energy efficient.
● Provision of natural ventilation for allowing fresh air to enter and improve interior air qualit● Provision of natural ventilation for allowing fresh air to enter and improve interior air quality. 

Engineering and Operations
● Use of a well integrated BMS system to allow seamless control between the various 
systems in the building while helping optimise energy consumption.
● Using energy efficient appliances and wiring to minimise losses and energy consumption.

Certifications
● Leed Platinum Certification 
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Envelope

Water Performance Specifications

Table 1: Envelope Specifications   

Table 2: Water Performance Specifications   
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Building Systems

Table 3: Building System Specifications   
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Figure 5: Progressive Design Documentation Process



Design Implementation

Final Design Report - April 2022 15

Analysis

Rooftop Solar Panels

Based on the sunpath studies, our site recieves ample sunlight and shaded spaces, 
fully-exposed spaces & semi-shaded spaces were observed. 
The presence of two other existence commercial skyscrapers in immediate vicinity of the site 
may hinder with the amount of sunlight our site would receive from the western and 
south-eastern edge. 

Maximum radiation (both diffused and direct radiation) falls on the soutern edge of the 
proposed site area. 
Direct radiation is high in summers and winters due to less cloud cover. Further, we used the 
annual sun path to find the HSA (Horizontal Shadow Angles) & VSA (Vertical Shadow 
Angles). 

Figure 6: Sun Path (January-June) Figure 7: Sun Path (July-December)

Figure 8: Day light hours during Summer Solstice & Winter Solstice

Figure 10: Roof Top Solar panels

Figure 9: Total Radiation (kWh/ sq. m.), Diffused Radiation & Direct Radiation

A proposed 260 kWp Solar PV system on the 
roof of the structure utilising the maximum 
possible roof area. To maximise the efficiency, 
the panels must be oriented perpendicular to the 
incident rays of the sun and remain clean and at 
an optimum temperature. Solar trackers are used 
to tilt the panels with varying times of the day and 
seasons over the yeaseasons over the year, ensuring the optimum tilt 
angle. A sensor based automatic water sprinkler 
cooling system ensures an optimal temperature 
and improves efficiency. The tilt angle of the 
panels (in context of Mumbai) vary from 3 
degrees (in summer) to 35 degrees (in winter) for 
peak performance. 

260 kWp rooftop solar 
PV setup

Optimum tilt angle depending 
on season

Incident sun rays perpendicular 
to the surface for max efficiency

Solar Panels fitted with solar 
trackers and sprinkler 
cooling system
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Estimate of on-site renewable energy generation potential:

Assuming 70% of roof area usable for panel installation =0.7 x 3734.75 = 2602 sq. m. 
 
Assuming 10 sq.m. area is required for 1 kW capacity system, size of system= 260.2 kW

Average solar irradiation in Maharashtra = 1266.52W/sq. m. & 1kWp plant generates an 
average of 5 kWh of electricity per day (considering 5.5hrs of effective sunshine hours/day). 
Considering 300 solar days annually Considering 300 solar days annually 
Total generation = 260.2 x 5 x 300 = 390300 kWh can be generated

If a Target EPI of 80 kWh/m2 per year is achieved
The annual energy consumption of the building =EPI x total area = 8030232 kWh/year

The PV system therefore can generate nearly 4.9% of the demand, the remaining 
requirement can be fulfilled by sourcing the energy off-site through renewable sources.

Thin film solar panels are made of depositing one or more layers photovoltaic material on a
suitable substrate. They are proposed due to their thickness which varies from a few 
nanometres to micrometres and their flexibility, lightness and ability to be integrated on glass 
facades.

CIGS thin films oCIGS thin films offers higher efficiency but remain highly expensive while the amorphous 
silicon films, while lower in efficiency, are cheaper and more environmentally friendly, thus 
the selection of the amorphous silicon thin films for the glass façade of the structure.

Figure 11: Detail and Tilts of Solar panels

Figure 12: BIPV panels on the southwest facade Figure 13: Bipv panels on the northeast facade

Summer Setup Spring Setup Winter Setup

Panels inclined 
at 3-4° 

Panels inclined 
at 18-20° 

Panels inclined 
at 33-35° 

Incident rays

Solar tracker 

Cooling water 
sprinkler system

Building Integrated Photovoltaic cells (BIPV)



After multiple iterations,above configuration is proposed of thin film solar cells, yearly output:

This arrangement of cells, spanning from 10th to 40th floor, generates 0.475 kWp per panel

Total no. of panels(30 floors) : 2460 nos, thus total kWp generated=2460 x 0.475=1169 kWp

Efficiency of Amorphous Silicon Thin films: 1kWp generates 1.75 kWh considering 1266.5 
W/sq. m. solar irradiation in Maharashtra and 5.5hrs of effective sunshine hours/day

Thus, total energy generation per year =1168.5 x 1.75 = 2044.87 x 365= 746,380 kWh/year
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Daylighting

Figure 15: Daylight Analysis for various floor plates throughout the building 

1st Level 
Sunlight Hours Analysis  

14th Level 
Sunlight Hours Analysis  

7th Level 
Sunlight Hours Analysis  

Typical Floor Level
Sunlight Hours Analysis  

BIPV thin 
film cells 
on exterior 
panel

Exterior 
Panel of 
DSF

Openable Interior 
Panel of DSF

Flat Slab

Figure 14: Arrangement of BIPV on Glass Facade
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These simulations are an accumulative annual study of the number of hours and the each 
surface on various floors with varying forms receive in the overall structure. They represent the 
daylight hours and not the magnitude of radiation or heating but merely with regards to 
lighting. 

18

1st Level 
Radiation Analysis  

14th Level 
Radiation Analysis  

7th Level 
Radiation Analysis  

Typical Floor Level
Radiation Analysis  

Figure 16: Radiation Analysis for various floor plates throughout the building 

Radiation

These simulation are an accumulative annual study of the radiation each surface on various 
floors with varying forms receive in the overall structure. They represent the intensity of 
radiation in terms of energy that is received per square unit of area on those surfaces in the 
structure.
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HVAC

Natural Ventilation

We propose a Water Cooled Variable Refrigerant Flow/Volume (VRF/VRV) cooling system 
for the building. This system involves a main VRV unit which houses the condensor and the 
compressor, which is taken in a connection from a control box, which inturn can be 
connected to upto 5-6 individual air conditioning units.The individual units, send an input to 
the control box, and the control box relays the required cooling load to the main VRV unit. 

Due to the presence of variable speed compressors in the water cooled VDue to the presence of variable speed compressors in the water cooled VRV units, the unit 
can modulate its frequency to run at a higher or lower capacity depending on the load 
requirements. With its ability to connect to 64 individual units, its compact size and ability to 
be stacked easily, and having the flexibility of adding more variable speed compressors to 
match low load demands, this system is selected.  

The provision of a double skin facade along with the 
fish mouth module provides the flexibility to open the 
inner windows to allow natural air in the space. With a 
well integrated BMS and its connection with the 
flexible VRF system, the HVAC can intelligently vary 
the output depending on the interior temperature. This 
will ensure fresh air coming into the building to 
maintain a healthy air quality for the occupants. maintain a healthy air quality for the occupants. 

Figure 17: Components and Connections of the VRF System

Figure 18: Natural Ventilation through facade
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Green Walls 

Green Walls are proposed to be incorporated on the facades of the podium floors. During 
the summer it leads to an increased demand on cooling systems and the energy they 
require. 

The surface of an exterior green wall is up to 10 degrees celcius cooler than an exposed wall 
therefore considerably less heat is radiated inward. Not only do green walls reduce cooling 
requirements but they also help to mitigate the urban heat island effect. They also help 
create and maintain a microclimate around the building. 

Figure 20: Diagrams showing details of the Green Walls

The green plazas are spaces of recreation provided for the occupants at every 7 floor uptill 
the 21st floor. These spaces are carpeted with vegetation and help improve oxygen levels 
and cooler temperatures, thus contributing to maintaining a favourable microclimate in and 
around the building. 

Green Plazas

Green Plazas providing 
oxygen and helping moderate 
a suitable microclimate 
around the structure

Figure 19: Green Plazas
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Figure 21: Wind Wheel (March- October) Figure 22: Wind Wheel (October-December) Figure 23: Wind Wheel (All year)

Analysis

The above wind wheel analysis concludes that the wind is most often from the west from the
month of March to October. Whereas, the wind is more often from north from October to 
December. Over the course of the year, the average hourly wind speed in Mumbai varies 
significantly by season.   

       

Table 4: Comfort Zones w.r.t 3 major seasons of Mumbai   

Figure 24: Simulations showing change in velocity at different levels, affecting the form of the building

Level: 
10 metres

Level:
100 metres

Level:
150 metres
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Design Implementation
Double Skin Facade

The DSF system is a sustainable design solution which consists of three components:
• Transparent Exterior skin - Provides protection against the weather. It houses the Fish
mouth configuration for inlet and the outlet vents. 
Outlet vents for intake of outside air and expulsion of hot air
• Transparent Interior skin - may be operable from the interior to allow air from cavity to flow 
inside. (Refer to Annexure) 

 Fish Mouth

Figure 26: Fish Mouth Device

Figure 25: Functioning of the Double Skin Facade in the Summer and Winter  

Perforated aluminium 
sheet

Perforated aluminium 
sheet
Wind guiding fins

External skin

Internal skin

Unperforated sheet

Unperforated sheet

Cavity

There are two types of Fish mouth devices, one that emits air into the facade cavity and 
another that expels hot air from the cavity. Each Double-skin module has only type of
Fish mouth at a time, one that emists fresh air or exhausts hot air. Fish Mouth also adjusts 
the air speed as it passes through the device, making it slower or faster, depending on the 
exterior wind speed and desired ventilation rates. Since wind speeds increase at higher 
altitudes, the device regulates wind pressures by differing the opening sizes along 
the facade. (Refer tothe facade. (Refer to Annexure) 

A well integrated active BMS system shall be installed in order for a changeover from a 
mechanical system to natural ventilation to minimise energy loss when a window 

Outlet vents open

Heat radiation

Air cavity

Solar films (BIPV) Solar films (BIPV) Solar films (BIPV)

Solar radiation

Intake vents

Intake vents open

Outlet vents open

Air cavity

Solar radiation

Intake vents

Intake vents open

Outlet vents open

Air cavity

Cold radiation

Intake vents

Intake vents open
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Landscape is an important part of any commercial building or public space hence designing 
softscape areas of the building becomes as vital as designing rest of the building.
The chosen plants are all native plants and they suit the climate of Mumbai as well. They 
have low maintenance cost and at the same time have less water requirements which leads 
to less energy requirements. Another key advantage of these plants are that they improve 
the air quality also.

Resilience
We intend to enhance the ability of the building to prevent damage, minimise impact & 
recover from damage quickly by reducing vulnerability & increasing preparedness. 

Flood Resilience:Flood Resilience: The site being close to the sea might encounter flooding, hence the 
building podium is raised by a level of 1.5 meters from the road level. Critical service 
equipment are placed on floors above/ above the podium. Capacious stormwater retention & 
detention tanks to prevent water collection on site and to delay the load on municipal pipes 
systems. Strategies such as water absorbent paving material, Suspended Paving system, 
Rainwater harvesting system, Green plazas on site will improve site’s capacity to absorb 
water and help in water harvesting. 

Earthquake Resistance: Earthquake Resistance: We strcturally make the building sound by adding adequete shear 
walls and adequete column and slab dimensions along with sufficient reinforcement to 
ensure no failure occurs due to earthquake loads

Table 10: Vegetation Used on Site and Details   

26
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Innovation

Affordability

 Scalability and Market Potential

Innovative and newer materials could be tried and tested in order to counteract 
the climate and cost and help improve the sustainability of the building. 

(a) Building integrated photovoltaics are integrated at strategic positions on the facade, which
help generate energy from solar radiation incident on the facade. 
    
(b) Use of Green walls to maintain a microclimate 

(b) Pex piping (Polyethylene piping) can be used instead of traditional piping, as it helps in (b) Pex piping (Polyethylene piping) can be used instead of traditional piping, as it helps in 
reducing the amount of heat loss that occurs in a traditional piping system, thereby reducing 
the AC consumption to cool the space.

(e) The site consists of a dilapidated mill that is to undergo demolition, the steel framework 
could be recycled and used, and the debris could be recycled to be used as admixture of 
certain materials.

(f) Virtual reality and Bim softwares to be used to make the construction process more 
eefficient 

The important function of commercial property is to include properties used specifically for 
business or income-generating purposes. Commercial real estate provides rental income as 
well as the potential for some capital appreciation for investors. Typical a commercial lease 
will run from one year to 10 years or more, with office and retail space typically averaging 
between five- and 10-year leases.

Requirement of the tenants for a lease - length of a lease can be proportional to the size of 
the space being leased.the space being leased. A target for the acquisition of tenants would be franchise tenants, 
they can have 
a lot of advantages to the property. Few examples of these advantages: 

(i) The brand that they bring to the property and the premises should be consistent with the 
corporate image of the franchise group. 

(ii) It is likely that the brand and the franchise group will bring customers to your property.

(iii) A franchise type tenant will bring a proven business model to an investment property.

(iv)(iv) The franchisor will generally have assessed the long term suitability and capability of the 
franchisee before they get to the point of lease negotiation. 

Based on the above mentioned approach, type of lease - A triple-net (NNN) lease makes the 
tenant responsible for paying property 
taxes, insurance, and maintenance. Advantages of a triple net lease: 
(i) Hedge against stock market
(ii) High-yielding source of income
(iii) Stable cash flows from long-term tenants
(iv) Capital appreciation potential
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