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PROJECT INTRODUCTION
Executive Summary
Team Kill Bill from CEPT University, India, upgrades the existing multifamily housing scenario in India,
transforming it into a net-zero energy, low carbon and resource efficient solution, catered specifically
to the hot-and-humid climate zone prevalent in India. Developed with a data driven integrated design
approach by a multidisciplinary team and technical support of our Industry partners we present ‘Aatral
Homes’ (Aatral is Energy in Tamil).
India’s rapid urbanization presses a need for 48 million new houses by 2022, which is predicted to increase
India’s total energy consumption from 887 TBtu in 2016 to 3173 TBtu in 2030 (NITI Aayog India). This
urbanizing population largely belongs to the working class and includes Economically Weaker Sections
(EWS), Lower Income Groups (LIG), and Middle-Income Groups (MIG) with annual household income
of less than $1400, from $4,200 to $8,411, respectively. The Indian government has pledged to address
this housing shortage with its Pradhan Mantri Awas Yojana1 (PMAY)-Housing for All scheme: which aims
to build quickly and deliver homes to the needy while meeting affordability criteria. With a vision to
contribute to this development, having net-zero energy & resource efficiency concepts at the core, we
have designed & engineered a prototypical multifamily housing solution for the Hot & Humid climate zone
(ICZ-0A), which occurs in almost 60% of Indian cities.
Improving further on existing IGBC (Indian Green building council) rated affordable housing project
designed by Ashok.B.Lall Architects and developed by Mahindra Life Space, we selected the second
phase of development of Happinest, a 4 acres site based in Avadi – 20 miles from Chennai, Tamil Nadu,
India, to demonstrate the applicability of our design. The developed prototype is a five-storey block
comprising 16 apartments (eight 1-BHK and eight 2-BHK)2 on the upper four floors, while designating the
ground floor for domestic and commercial use, and for stilt parking.
With careful consideration to all the building science principles and affordability carrying out pre design
comfort & energy simulation we developed an optimized building massing having a huge potential for
obtaining thermal comfort through natural ventilation and operating the building on mixed mode. Our
final design outcome emerged out of a comparison between a built as usual (BAU) housing block vs
three proposed design options, where we were able to reduce the Energy Use Intensity (EUI) from 15.2
kBtu/ft2 in the BAU to 7kBtu/ft2 for the houses and from 25.3kBtu/ft2 to 21.8 kBtu/ft2 for the commercial
block in our proposed design.
The aim was to not only reduce the energy consumption but also address to challenges of affordability
and people’s lifestyle, market forces and people’s upgrading lifestyle. We have incorporated roof-leasing
business model for a Solar Photo-voltaic system, which shades the roof-top terrace while generating
170 MBtu annually for each of our 16-apartment blocks against a calculated annual consumption of
130MBtu, successfully creating a Net-Positive energy building. Water efficiency measures coupled with
wastewater recycling system reduces water demand by 50%. The design performance is tested for future
weather scenarios up to 2025 using climate models. Providing a healthy environment for the occupants &
maintaining thermal we proposed cooling as service through a 19hp VRF Cooling system.
The outcome was an entire urban design template of 24 such housing blocks on the 4 acres site to achieve
200% FSI. The solution ensures a 78% reduction in utility bills and 50% reduction in water demand from
city supply, while keeping the final selling price well within affordability limits of Rs. 20-30 lacs (USD
30,000 - 45,000), while keeping intact the developers profit margin.
1
The PMAY initiative by the Government of India aims to provide 20 million affordable houses to the urban
poor by 31 March 2022. The PMAY provides interest subsidies to the homeowners for up to 20 years, for qualifying
housing developments.
2
1 BHK flat= One bedroom, hall, kitchen of 485 SF intended for 3 occupants , 2BHK flats =Two Bedroom, hall,
kitchen of 700 SF intended for 4 occupants
CEPT UNIVERSITY

5

KILL BILL VOL.3 | AATRAL HOMES

Institutional Profile

CEPT University located in Ahmedabad, India is a 56-year-old university, which focuses on understanding,
designing, planning, constructing and managing human habitats. CEPT has also been accorded the status
of Scientific & Industrial Research Organization by Ministry of Science and Technology, Department of
Scientific & Industrial Research, Government of India. The M.Tech program in Building Energy Performance
(BEP) is a post-graduate program under Faculty of Technology, where students learn state of the art tools
to conduct simulations and assess building energy performance during building design and operation. It
includes course-work for building physics, passive thermal comfort, building energy use, energy codes,
heat and mass transfer, HVAC systems and controls, air quality monitoring and design, electric lighting
and daylighting, renewable energy technologies, and measurement and monitoring of building systems.
Students are also encouraged to participate in international technical societies like IBPSA & ASHRAE
Student Members.
Faculty Profile

Prasad Vaidya
Area Chair BEP
(Faculty lead Team Kill bill)

Dr. Rashmin M. Damle
Asst. Professor BEP

Dr. Marshal Maskarenj
Program Co-ordinator BEP

Pooja Mundhe
Academic Associate BEP

Participant Details
The 18-member team comprises students with architectural, civil and electrical engineering backgrounds,
with significant work experience prior to enrolling in the M.Tech BEP program. The team is divided into 9
sub-teams, each catering to evaluation contests. All sub-teams followed an integrated design process –
collaborating with industry partners under the guidance of faculty advisors – to identify design constraints,
set performance goals and work out achievable solutions. Design Charrettes were conducted to exchange
and develop ideas between teams working on different domains, which served towards addressing and
resolving technical issues, and making informed decisions. Collaboration, creativity and innovation was
maximized through pooled ideas and commonly identified concerns. Significant contribution in achieving
project design’s set-goals should be attributed to Kill Bill III’s interpersonal communication and team’s
mutual respect for others’ specializations and expertise.
We believe in making energy efficiency affordable and appealing to make it a part of people’s lifestyle.
Team leader – Anmol Mathur (Architect)

Figure 1 Team Kill Bill 3

Krishna (Civil ER), Siddarth (AR), Khushbu (AR), Niveditha (AR), Yesaswini (AR),
Suyashi (AR) Kaushik (AR), Shubham (AR), Sreejith (AR), Vardan (AR), Nikhil
(MEP ER), Anmol (AR), Gaurav (Civil ER) Krutika (AR), Mahesh (AR), Mayuri (AR),
Akshat (AR), Vismaya(AR)
CEPT UNIVERSITY
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Industry Partners

Team Kill bill is grateful to all our industry partners who come from diverse fields of expertise and
collaborated with us to create this project into a marketable solution. The design was an outcome of
their continuous feedback and technical advice.
ASHOK B. LALL ARCHITECTS
They are committed to an architectural practice based on the principles of
environmental sustainability and social responsibility. They helped design phase 1
of Avadi housing project as site architects and have guided us in design decisions,
ensured project feasibility for users, and assessed its potential constructibility.
MAHINDRA LIFESPACE DEVELOPERS HAPPINEST
Mahindra Happinest is an affordable housing arm of the Mahindra Group with over 2
million square feet under development in Chennai and Mumbai. The selected site is
Happinest Avadi at Chennai, an IGBC Platinum rated project.
We have worked with Happiness & Ashok. B. Lall Architects to develop a realistic
and market ready solution
GREENTECH KNOWLEDGE SOLUTIONS AND BEEP
GKSPL is a green building consultancy firm deeply involved in research & policy
making in the green building industry in India. They are official project management
and technical unit of the Indo Swiss Building Energy Efficiency Program (BEEP).
We have followed their Residential guidelines for Warm & Humid climate to develop
our design, and have received their feedback on the energy conservation measures
applied in our design.
TORROWATT
Torrowattis an innovative HVAC design company that works on air conditioning that
is renewable energy friendly. They are contributing by reviewing our HVAC design.

The team is also thankful to experts for helping with various aspects of the design process:1.
Prof. Yash Shukla and Prof. Rajan Rawal from CARBSE (Centre for Advance research in
Building Science & Energy) at CEPT University for conducting HVAC and Energy simulation classes
for the team. They are also the key contributors in developing the Indian Model for Adaptive
thermal Comfort (IMAC), which is now part of the National Building Code and used in our thermal
comfort analysis.
2.
Prof. Surya Kakani, Dean of Faculty of Architecture at CEPT University for advising in the
architectural and urban design scheme.
3.
Dr. Omkar Jani, Director of Kanoda Energy System for advising the renewable energy
approach taken, and helping prepare technical documents.
4.
Mr. Japen Gor, Independent Consultant and Certified Solar Energy Master Trainer for helping
develop the RESCO business model for this project.
5.
Mr. Aakash Patel, Director of Volpak Systems HVAC and International Marketing Chair of
REFCOLD for supporting the HVAC design and suggesting best systems for this project.
6.
Mr. Parag Rastogi, Lead Building Physicist at Arbnco Ltd. and a specialist in climate based
models and simulations for buildings, for helping develop synthetic future weather files for Chennai
using global climate change models. These files were used to evaluate future performance, proving
the design robust and resilient to climate change, and ensuring persistence of performance.
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Project Highlights

The design responds to the Indian lifestyle & values promoting the use of indoor and outdoor spaces
for communal activities for resident’s wellbeing. The project is developed considering the resident’s
growing needs and aspirations giving them an upgraded yet resource efficient lifestyle and ensuring
affordability.
Ensuring affordability - The proposed housing project will be built as a part of the PMAY-PPP (Public
Private Partnership) scheme to access home loan subsidy of 6.5% interest rate through Class Linked
Subsidy scheme (CLSS) also taking advantage of Government’s initiative of Affordable Sustainable
Housing Accelerators and other incentives to developers for constructing green affordable housing.
RESCO model – We propose a Renewable Energy Service Company (RESCO) model of PV installation,
where the developer rents out the roof gets into an agreement with RESCO and the distribution
company. The RESCO invests in the PV system, and sells power to the occupants at a tariff lower than
the grid tariff for up to 20 years. This ensures that residents do not pay for the capital and O&M costs of
the PV. The developer collects rent from the RESCO.
Cooling as a service – In contrast to standard Indian market practice where residents buy and install
distributed AC systems, we provide a central VRF ODU, that is very efficient and is maintained by
the Resident’s Association. The ODU operational energy is paid for by the developer from the rent
collected on the rooftop PV system. All operational costs are responsibilities are removed from the
residents.
Thermal Comfort - We design using the India Model for Adaptive Comfort (IMAC), which is prescribed
by the National Building code (NBC) of India. It is developed for India’s climate and cultural context
and provides thermal comfort standards for Mixed Mode buildings for outdoor temperature ranges
beyond the scope of ASHRAE 55 Adaptive Model.
Resilience - Resilience against climate change (simulation of future weather scenarios) & water shortage
by rainwater harvesting and recycling waste water through bio-sand filter.
Mobile App for Smart control – the mobile app will provide energy use feedback, suggest appliance
purchases, notify the users for optimum AC operations, and recommend action for extreme weather
and emergency response.

Relevance of the Project to the Competition Goals
The design incorporates building science principles and best practices. The homes are complaint with
India’s Energy Conservation Building Code (ECBC) and are evaluated to meet DOE’s Zero Energy Ready
Homes guidelines. Our design goals draw inspiration from the competitions goals for Architecture,
Energy, Engineering, Resilience, Operations, Comfort, Financial Feasibility and Market Potential, to find
the optimum solution. We have achieved a HERS rating of 54 without Solar PV and -17 without PV. The
commercial block is optimized to achieve a site EUI of 21.8 kBtu/SF well below the target of 27 kBtu/SF.

Design Strategy
The project targets the future urbanization in Tamil Nadu & proposes affordable LIG & MIG units under
the Housing for All scheme. Our goals are to:
1.
Design a prototype NZE building of 16 units (eight 1 BHK & eight 2 BHK) and 10% commercial
space on the ground floor, with 13,200 SF of built up area of each building block .
2.
Demonstrate the applicability of the proposed unit on the selected site of 4 acres with 24 such
buildings (416) dwelling units), planned in the second phase of affordable housing development by
Mahindra Life Space developers in Avadi, Chennai, utilizing the maximum permissible Floor Space
Index (FSI) and constructing a built up area of 280962 SF in order to increase financial feasibility of the
project.
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PROJECT DATA
Project Location – Phase 2 Happinest Avadi, 30km from Chennai, Tamil Nadu
Climate – Hot & Humid, ICZ 0A
Table 1 Project Data

Building Specifications & Services

Table 2 Building Specifications

Table 3 Building Services
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DESIGN CONSTRAINTS
Climate Constraints

Chennai lies in the hot and humid climate, 0A1 category as per the International Energy Conservation
Code (IECC) with 11,974 Cooling Degree Days (CDD, 50°F base temperature). However, Chennai is
hotter than Guam and Honolulu (Guam has the closest CDD) but is less humid than Guam (hours WBT
> 67°F are less by almost 1000). (See Table 2) Chennai has peak temperature of 103°F and lowest
temperature of 58°F. Cool winds are from the Northeast with average wind speed of 3 – 8 mph. In 2018,
the rainfall was recorded at 22.9 inches.
Table 4 Climate details of Chennai, Guam and Honolulu

Site Selection
Our team compared three large housing projects in and around Chennai with a survey. They are Aavisa
Township in Chengalpattu, One Hub in OMR and House of Hiranandani in Oragadam. We found that
the major factors needed for a successful housing project are strategic location, connectivity to work
places, community services and transit nodes. The applicability of our prototype can extend to eight
locations identified around Chennai, demarcated as per the city’s masterplan, for affordable housing
projects. They are Avadi, Kuthambakkam, Mudichur, Oragadam, Perumbakkam, Semmenchery, Vandalur
and Velachery. From these eight locations, we have identified Happinest site in Avadi by MLDL (Mahindra
Lifespace Developers Ltd) (See Figure 2)

Figure 2 Site location, connectivity, nearby amenities and plot details

1
0A category – Cooling Degree Days > 9000 at 50°F base, Wet Bulb Temperature > 67°F for 3000 hours as
per the International Energy Conservation Code
CEPT UNIVERSITY
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Avadi is well connected by road and rail network to Chennai as well as the rural areas surrounding
Northwestern and Western Chennai. Avadi is an institutional hub with 11 schools, 7 colleges, and 8
hospitals. It is a corporate destination for firms such as Britannia, TVS, Tata Communication, Dunlop
Dell, and HCL Technologies. The industries and factories mentioned above have job opportunities
for nearly 200,000 people, while our site is likely to have 400-600 potential job seekers. The annual
average levels for PM 2.5 and PM10 are at 32 µg/m3 and 94 µg/m3 respectively. These exceed the
WHO standard levels but the PM2.5 levels are in the National Ambient Air Quality (NAAQ) permitted
range while PM10 levels exceed the NAAQ range.

Summary of intended occupants
India is culturally diverse country, yet Indians believe in community living. Urban locations typically
have migrants from many regions, thus the idea is to also form communities in the process of delivering
affordable homes. A sense of a distinct community is felt when people come to live together and share
something. Architecture plays a major role in building such new communities. People use the outdoors
in daily life like making drawings with rice flour, drying food on rooftops, and gathering as a community
for celebrating festivals like Diwali, Pongal, Navratri etc. (Figure 3) A typical family in India includes two
parents, 2-3 children and sometimes a set of grandparents. In a typical household, the living spaces
often serve multiple activities, especially in 1 BHK units where living areas (Figure 4 ) are also used for
sleeping and dining on the floor (Figure 5). Hence, flexibility of space use is desired. LIG households also
carry out small scale economic activities in their homes.

Figure 3 Community gathering
during Festivals

Figure 4 Living area in a typical
Indian household

Figure 5 Flexible usage of Living area

The main occupants of this housing will be the working-class people belonging to LIG and MIG
industrial employees, IT employees and self-employed people . Retired seniors are also seen to be
shifting towards the fringes of Chennai to avoid traffic, congestion and for better livability. The dwelling
unit sizes are in the 400 – 800 sq. ft range, and most units are either 1BHK or 2BHK.
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DESIGN GOALS
Energy
Performance

•Target Energy Use Intensity of 8.8 kBTU/sq. ft/year with Net Zero Energy design
•50% reduction on energy used by common services like lifts, water pumps, common
area lighting, central HVAC, security

Engineering

•Reducing construction time by 40% using prefabricated structure
•20% materials with recycled content and 30% less embodied energy
•Net positive water design

Financial
Feasibility &
Affordability

•Affordable to the targeted market to access PMAY interest subsidies

Resilience

•Design to withstand cyclones, heat waves, floods and enhance preparedness for
effective response
•Spatial flexibility to evolving family needs

Architecture

•Provide community interaction spaces at 1000 SF per 16 dwelling units and 70%
terrace for activities to improve livability.
•Provide 100% Day-lit spaces and enhance visual connection from indoor to outdoors
•Achieve Core to Built Up Area ratio to be less than 15% and Carpet to Built Up
ratio to be greater than 80%

Operation

•Increase operational effectiveness and provide easy access to real-time data

Comfort &
Environmental
quality
Innovation

•Achieve 70% comfortable hours without air-conditioning and maintain acceptable
indoor air quality
•Simulating building under future weather scenarios of 2030-2050 to test design
for climate change resiliency
•Develop a smart-phone application that notifies occupants of disaster forecast
and energy use
CEPT UNIVERSITY
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DESIGN DEVELOPMENT PROCESS

We have followed an integrated design approach where we set performance goals first, then do
research and analysis, solve the design problems with multiple options, assess the options and select
the design direction within each stage. To begin with, four complimentary research analyses were done
for Climate, FSI consideration, spatial quality, and structural efficiency. The inputs from these studies
were translated into two design options, which were compared with Business-as-Usual housing blocks
and further simulated & optimized to derive the optimal massing.

Figure 6 Monthly wind rose with temperatures below monthly IMAC comfort
band and wind speeds above 1ms-1

Figure 7 Annual Solar Radiation Heat Map with radiation values above 450 Wh per sqm

The wind speeds are greater than 1m/s for 45 % of the year, and the outdoor DBT falls within the
comfort range of IMAC thermal comfort band for mixed mode. Thus, the wind can be tapped to provide
thermal comfort. 44% of the hours have solar radiation higher than 450 Wh/m2, which leads to increase
in envelope gains. Thus, cross Ventilation, reducing solar gains through envelope along with shaded
open spaces should be considered as passive techniques for Mixed Mode operation of the building.

Building Operation Mode
Indians are tolerant of a higher temperature band and tend to operate building in Mix Mode. In Indian
houses, generally, the bedroom is air conditioned but other spaces like living room, dining and kitchen
have only ceiling fans for cooling. We surveyed 20 households in Chennai for their AC operation and
compared it with the operations based on the Indian Model for Adaptive Thermal Comfort (IMAC).
Combining the two, we developed a worse-case AC operation schedule for mixed mode residences in
Chennai. We used this in our simulations, first to optimize the building for both natural ventilation and
cooling loads.

Pre-Design Simulations

We varied orientation, plan aspect ratios and WWR to study the impact on cooling loads. Using these
results we selected WWR of 15% and an aspect ratio for typical room of 1:1.2. Architectural massing
to account for adiabatic common walls and natural ventilation is primarily derived from pre-design
simulations done in Energy Plus (Design Builder) and eQuest (DOE 2.2). The Energy Plus simulations
were in the naturally ventilated mode to assess comfort hours for IMAC using indoor operative
temperature. We varied orientation, window to wall ratio, position of openings, number of exposed
walls. The Energy Plus simulations indicated that we could extend the total comfort hours to 5200 (60%
of the year) using ceiling fans with an airspeed of 1 m/s. The eQuest simulations were in the AC mode
to understand the energy impact of envelope heat gains. The results from the simulations helped us
develop building massing and spatial configuration to reduce solar exposure on the building envelope
and ventilate internal spaces for thermal comfort.
CEPT UNIVERSITY
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Figure 8 Pre-design simulation Run for Cooling loads and comfort hours

Design Evaluation

Figure 9 Design comparison of Iterated options and base case
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We established that operating our building in mixed mode was an essential strategy, which is driven by
both reduction in cooling loads and improving natural ventilation. With this we developed two design
options that minimize exposed surfaces and increased cross ventilations. These two designs were
compared against the existing design of Mahindra Lifespaces, while keeping all other building materials and
specifications same as the existing design. Detailed hourly schedules of occupancy, lighting, equipment,
natural ventilation and HVAC were defined based upon results from several studies and surveys mentioned
elsewhere in the report.
The results clearly indicated that Option 1 which has minimum exposed surface area has a better energy
performance. We then undertook the task of developing Option 1 to improve comfort hours through
natural ventilation. This was also more compact design which reduces construction and finishing costs. It
also allowed a easier stacking of such modules on the site.

Design Optimization for Natural ventilation
We carried out physical fluid dynamic simulations using a Water table apparatus to check the natural
ventilation performance of the house. This apparatus helped to predict the airflow patterns inside and
outside the house. Initially, two design options were simulated using physical 1:50 scale models (as seen
in Figure 10) in which the first case had a single window per space and the second case had two windows
on adjacent/opposite walls of the space.
The predominant wind direction, which is from the South-West direction (45° from horizontal), was taken
into consideration while simulating the model to get better results and account for more comfortable
hours as per NBC 2016. It can be observed in Figure 10 that Option 2 provides 7 to 8% more access to
ventilation as compared to Option 1. This is seen clearly in the Option 2 that there are less dead spots
(Light colored area). The observations from these simulations also helped in better understanding of air
distribution and impact of opening’s location and sizes inside a space. Based on these results we further
optimized Option 1.

Option 1
Option 1

Option 2
Option 2

Figure 10 Water table results for Base Case
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ENERGY PERFORMANCE
Parametric Design Optimization for envelope configuration
The results of the pre-design simulation and water table test along with affordability and architectural
considerations gave us the basic configuration of the building. To provide usable common spaces on
the rooftop terrace we moved the solar Photo-Voltaic on to a space frame structure. This is also shades
the roof to minimize direct solar radiation and heat gains. Using Energy plus and Python scripting we
conducted parametric simulations to optimize the envelope. These simulations had 82 combinations of
four envelope parameters: wall insulation, roof insulation, window type and window to wall area ratio, each
having three options. The graph below indicates a thread of the 82 iterations picking one combination at
a time and reporting their respective EUI values for the residential block.
The results from these simulation runs helped us select 10 best combinations with EUI for residences
varying from 11.4 to 9.9 kBtu/SF. These combinations were then analyzed from the constructibility, financial
and affordability constraints leading to the selection of one best envelope configuration highlighted in
red. Daylight and comfort hours simulations showed that 20% WWR was needed. The window sizes were
calculated using CIBSE AM-10 to maintain minimum 10 ACH as per air quality standards only through
wind driven ventilation.

Figure 11 Parametric Design Simulations of ECM’s

Figure 12 Simulation results
ENERGY PERFORMANCE
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Following an integrated design approach with a goal to create a Net-zero energy mixed housing block
and the outcome of the energy simulation results helped us optimize our design from all the aspects
of Architecture, Comfort and indoor environment, Engineering, Operations and Resilience with the
constraints of market potential and Affordability. The energy efficiency target was two-fold. The first goal
was to target the energy consumption of the houses. The results of the parametric simulation run gave us
a combination of optimum envelop, equipment and lighting. We further optimized all these aspects again
to reduce the energy consumption even further.

Optimization plan

The first optimization was to take advantage of people’s adaptive thermal comfort and operate the air
conditioners at floating set points. Based on our study of the Indian Model for Adaptive thermal comfort
for mixed mode buildings we derived an hourly thermal comfort band for the entire year. This band
gives a range of acceptable indoor operative temperatures thus allowing us to change the set point of
the air conditioner to match adaptive comfort. The following set points were derived,

The next optimization was to introduce shading for windows. Shading was derived from shadow mask
and radiation analysis. We have introduced an Air-cooled central VRF system with a COP of 4.8.

Optimization results
To summarize we compared all our Energy conservation measures right from the Initial BAU construction
by mapping the impact of each of them to reduce the EUI of the residential block further. For this simulation
run, we took advantage of adaptive thermal comfort set points and re-iterated all our initial simulations
right from the base case with monthly set points.

Figure 13 Reduction in EUI using various Energy Conservation Measures

Final results
The final set of ECM’s were selected based on best energy performance and affordable cost. We traded
of the high performance DGU for a Low-e coated single glass for windows since shading eliminated the
need for the DGU.

Figure 14 Final selected ECM’s and envelope configuration
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HERS Rating for Residential

REM RATE ANALYSIS – Owing to the limitations of the REM/RATE software for our country, climate
and context we calculated the Home Energy Rating Score (HERS) for our project, through manual
simulations carried out in Energy plus. We simulated the Standard home (Reference home) and
compared the energy consumption of heating, cooling, hot water and equipment with our developed
design. The standard home is simulated by taking values prescribed by Department of Energy (DOE)
for Zero Energy Ready Home. Using the below formula, HERS Index was calculated:

Figure 15 Calculation for HERS rating

Final HERS rating (without PV) = 51
HERS (with PV) = -20

Commercial Block EUI
The commercial block on the ground floor is modeled with small offices and Tuition centers.
Considering the usual operation pattern of these spaces, we have proposed these spaces to operate
completely in Air-conditioned mode owing to the diverse nature of their work and expectation for
thermal comfort. The following ECMs were undertaken bringing down the Site EUI 21.8 kBtu/SF from
the given target of 23 kBtu/SF.

Figure 16 Commercial block ECM’s and envelope configuration

Whole Building EUI

The entire building along with the Commercial and common spaces and residential was simulated for
the cumulative site EUI.

Figure 17 Whole building EUI calculations
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Solar potential

The site receives an average direct solar radiation of 1.6 kBtu/SF per day promising a huge potential for
solar energy. We have proposed a business model for Renewable energy service company (RESCO) as
a third party making the capital investment and providing electricity to the customers at a cheaper rate.
Each building unit is provided a terrace pergola for mounting solar panels. The PV system technical
detail and energy generation is given below.

Figure 18 Solar Photo-Voltaic system at Block and Site level

The module specifications are mentioned in the following table

Figure 19 Module specification

The generated renewable energy is
partially consumed at the building
level, and the additional generation
is fed to the grid. The following infographic demonstrates a monthly
comparison between generation,
Figure 20 Monthly difference between energy generation, consumption and
usage and grid feed-in.
grid feed-in at block-level
At the block level, 108 PV panels are placed in arrays – with 18 modules in series, and 6 such series parallel
connected to an inverter. The generated power using a 1-way feed meter is fed to the grid, while also
catering to the domestic consumption.
Annual Net-metering approach is used to quantify the outgoing and incoming power, and the total energy
use as the difference between outgoing and incoming is metered on annual basis. The following image
demonstrates the sequence at a block level.

Figure 21 SLD of PV solar generation at block level
ENERGY PERFORMANCE
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At the site level, the energy generated from different blocks is subdivided into three headers: residential,
commercial and common services, to be separately fed to the grid with a bidirectional meter at each
junction. The RESCO model recommends residential energy feed-in rates at 5 cents per unit, commercial
use at 14 cents per unit and common services at 8 cents per unit; by subdividing into headers, the benefit
of commercial feed-in tariff adds to the RESCO profits. This makes it a viable business model for the
RESCOs.
The final source EUI for the prototype block is calculated as follows:
Source Energy calculation for Prototype block
Source Energy = Energy consumed at source – Exported on site renewable Energy
= (1,25,221.7 x 3.15) - (1,83,078 x3.15) = -1,82,246.4 kBtu/year

Figure 22 Increase in EUI when entire house is air-conditioned

•

•

To ensure robust performance of our building design we analyzed the EUI by air conditioning the
entire house. The result shows an increase in EUI by 36% as against only bedrooms air-conditioned.
In Spite of this increase the EUI of Aatral homes is 38% less than the Built as usual affordable homes
having an average EUI of 15.5kBtu/SF that too with only the bedrooms being air conditioned.
To summarize we again compare our final residential energy performance from the Base case of
the existing housing design for Avadi project. The final results prove that by optimizing the building
envelope, proper shading and efficient use of Appliances and HVAC the energy consumption can
drastically drop by more than 40% ( from 15.5 kBtu/SF to 7 kBtu/SF )
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ENGINEERING
Structural Overview
Precast RCC was selected for the core building structure – since it provides a good structural stability,
has a quick construction process, is a factory manufactured product, produces reduced on-site wastage
and has a ductile structure to help resist natural calamities. The material selection for the envelope
helps control moisture, provides easy on-site constructibility, offers applicability as air-tight structure is
affordable and may be locally sourced. This also offers larger clear spans owing to flat slabs structural
components replacing conventional beams.
Roof: The roof assembly consists of 8” reinforced hollow-core
slab with 3” XPS inner-insulation, waterproofing screed and a
high reflective mosaic tiles on outer surface. Heat transfer from
the roof is reduced through the shading effect of roof-top solar
PV structure, and use of high reflective mosaic tiles.

Figure 24 Section of Roof slab

Figure 23 Section of Wall

Figure 25 Ground Floor structural plan

Figure 27 Plinth Steps Detail

Figure 26 Typical structural plan for floors 1-4
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Figure 28 Column Plinth Detail

Figure 29 Parapet Wall Section

Figure 30 Shear Wall to slab detail

Figure 30.a Stilt Column Detail

Figure 31 Balcony Slab Section

Figure 32 Bathroom Wall Section

Exterior Wall: The wall assembly selection is driven based on simulations for heat transfer and condensation
analysis, resulting in the selection of 200mm AAC panel, vapor barrier and internal & external plaster for
the exterior wall assembly. Wall panels are integrated with electrical and plumbing conduits; as against
them being chiseled-in for business as usual case.
Resilient Moisture Barrier Techniques: A layer of high-density polyethylene sheet added at the AACblock exterior helps reduce surface-ingress of rainwater, and also addresses potential molding of the
assembly. The simulations and condensation analysis demonstrate that the partial vapor pressure is lower
on the interior assembly surface as compared to saturated pressure in the month of July — proving
no-condensation occurrence even in the high humidity months. Adding a layer of either a high-density
polyethylene sheet or rubber membrane can thus strategically control vapor movement into the interior
space, and tackle mold growth by checking moisture ingress.
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MEP Layout
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Figure 33 Electrical layout of the residential units
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Plumbing Layout

Plumbing Layout

Figure 34 Schematics showing site level plumbing layout

At the site level, CPVC piping and two 5-star rated
submersible pumps (5.5 HP each) managed by a
3 Phase Control Panel with VFD ensure uniform
water pressure. These pumps fill overhead tanks of
8KL on 24 individual towers in 4.5 hours. An extra
pump provides redundancy. The pumps operate
once a day to fill the overhead tanks (OHT) on
each tower. The units are gravity fed from the OHT.
The overall water requirement was reduced by 45%
for residential uses and 30% for commercial use
by providing low flow fixtures and using efficient Figure 35 Reduction of water usage in Residential units
water supply system.
The water required for flushing (2KL/day/tower)
and landscape irrigation (5.6KL/day/tower) is
catered by collecting and treating grey water
generated by clothes washing, balcony, washbasin
and bathing through bio sand filters. The grey
water treatment is sized (65KL/day) to treat this
water and any excess grey water goes to the
septic tank (STP). Waste water from kitchen sinks
and black water from WCs is directed to STP and
then to the city sewage line. Landscape consists Figure 36 Reduction of water usage in Commercial units
of drought resistant native plants of Chennai like
Papaya, Jackfruit, Neem, beech irrigated with a
drip irrigation system.
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Tower level Plumbing system

At the unit level with low flow faucets/showers and dual flush WCs and reduce overall water demand from
135 l/person to 75 l/person. We reserve 5KL of water per tower for fire fighting as per NBC.

Figure 37 Plumbing layout of the residential units

Solar Hot Water Supply
Each tower has 5 double-glazed flat plate solar hot
water collectors to heat water coming from the
OHT. This fulfills the 1.8 KL hot water requirements
(60°C) per tower. A DC pump of 0.5 HP cycles
the water and the heated water is stored in a R-*
insulated storage tank. The hot water is gravity fed
to the units.
Annual Rain Water Harvesting and Water
treatment
Rain water (55.4 inches) is harvested from the
rooftop is treated by gravity-fed bio sand filter.
An added charcoal filtration system cleans the
water and makes it potable. A separate bio sand
filter is used to treat grey water with an efficiency
of 85%. The bio sand filter is adapted from the
traditional slow sand filters, which have been
used for community water treatment for over
200 hundred years. Annual rain water harvesting
(1.39 m) reduces municipal fresh water intake by
28%. This rain water captured from roof and site
is treated by Gravity filtered bio sand filter with an
added charcoal filtration system to ensure clean
water generation. Gravity filtered bio sand filter
is used to treat both grey water and site runoff
water with an efficiency of 85%. This is a simple
system that adapts the traditional slow sand filter
principle, used for community water treatment for
almost 200 hundred years. The filter tank is made
of concrete and is filled with layers of sand and
gravel as demonstrated.

Figure 38 Hot water schematic of 5 solar plate collectors
with a storage tank

Figure 39 Water treatment
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FINANCIAL FEASIBILITY & AFFORDABILITY
Affordability ratio
The Model State Affordable Housing Policy defines affordability in the context of dwelling unit prices
as 3-4 times of the household annual income. Our target group is LIG (annual income of USD 4,348 to
8,648) and MIG (annual income of USD 8,648 to 26,087). To access the PMAY - Credit Linked Subsidy
Scheme and interest subsidies for affordable homes, the price is limited to a maximum of 5 times the
annual household income. We used a conservative limit of 4 to calculate the selling price for our Aatral
homes as follows:

Figure 40 Fixing of selling price according to the income group defined by PMAY

The Credit linked subsidy scheme (CLSS): In this model, a private entity (a developer) owns the land
which is assessed by the public authority. The public authority provides technical guidelines, subsidies
and incentives to the developer. The developer finances, designs and constructs the project. The public
authority identifies beneficiaries (families) and allots the housing to them. The beneficiaries pay the
developer directly. The public authority facilitates loan subsidies for bank loans.
Debt to Income Ratio
Under the PMAY scheme, an interest rate of 2.5% is subsidized for loan amounts up to USD 8,565 for LIG,
and 5% on loan amounts up to $ 12,849 for MIG, for 20-year loans. The portion of loan amounts beyond
these limits are available at standard non-subsidized rates from the bank.
Using these subsidies and a 9% standard interest rate, the selling prices calculated above result in debt
to income ratios of 38% for for LIG and 40% for MIG. This meets the debt to income ratio limit of 40%
required by the Government of India’s Ministry of Housing and Urban Poverty Alleviation the Debt to
Income (DTI).

Figure 41 Debt to income ratio for LIG and MIG

Calculation of Selling Price
To understand components that make up the selling price, we
studied data from existing affordable green housing projects
around Chennai: MLDL affordable housing phase-I, Township
& Infrastructure at ponnur, Ameenpur-III, Aavisa and One hub.
Data from these case studies were compared with a national
report of affordable housing in India, which also provided
average figures for each component. The selling price includes
land cost, consultant fees, taxes (permits, stamp duty, sales tax),
construction cost, investor’s profit and developer’s profit. Based
on this research we found that construction cost is 44% of the
total selling price. See Figure 43.

Figure 42 Breakdown of selling price
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Figure 43 Comparison of project cost of Aatral homes and MLDL homes

We have estimated the construction cost with a detailed Bill of Quantities and Item Rates from the
prevailing market. This includes cost of materials and labor. The total construction cost at USD 21.53 per
SF, is less than the limiting construction cost we established with the PMAY affordability criteria (USD
26.09 per SF). We have also compared our project cost (USD 21.53 per SF) with the existing design of
the Mahindra Lifespaces affordable housing project at Chennai (15.94 per SF). Our complete proposed
project cost includes several value add items that are not in the existing design. These are: AC in
bedrooms and ceiling fans in all rooms for a ready-to-move-in apartment, energy efficient envelope with
a moisture barrier construction for resiliency, a roof structure for installing PV panels, water efficient
fixtures and faucets, and precast concrete elements to speed up the construction process. The biggest
difference in the costs results from changing to precast concrete elements. Removing this brings the
cost of Aatral homes to USD 17.71 per SF, which is an 11% increase on the existing project that provides
better thermal comfort, resiliency, water and energy efficiency, and a shaded rooftop terrace ready
for PV. This is made possible by doing integrated cost optimized design: examples include flooring
changed to a lower cost Indian Patent Stone flooring (stained concrete floors), reduced window area,
changing door shutters to PVC. A typical apartment block contains after-market AC split units (total 24
tr for the block), and by providing a central VRF for the entire block, we are able to optimize the sizing
(down to 19 tr) for the VRF system.
The energy efficiency features of Aatral homes include insulation on east-west walls and roof, double
glazed windows, improved exterior shading, low absorptance exterior envelope colors, and efficient
ceiling fans and AC system. These features have an incremental cost of USD 0.21 per SF or 1.3%
compared to the existing design with conventional split AC and fans. Together these energy efficient
features give an annualized ROI of 16% to the residents.
Our design can be executed at the 11% increased cost without using the precast concrete elements. If
the developers are able to justify the value of the precast approach which reduces construction time
and improves quality, they may choose to implement our full proposed design for Aatral Homes which
also fits in the affordability criteria of the PMAY interest subsidy scheme
Prevailing Subsidies
To make the project affordable after providing additional comfort, resilience, and NZE performance we
identified other government Subsidies to reduce capital expenses to the occupants.
Domestic Lighting Replacement Programme (UJALA): To promote efficient lighting, provides LED
bulbs at 20 to 40% of the normal price and allows consumers to pay in installments.
Super-Efficient Equipment Programme (SEEP): The government is providing an incentive to fan
manufacturers to make super-efficient 35W ceiling fans available at a discounted price.
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Operation and Maintenance cost
The Renewable Energy Service Company (RESCO) generates a rental revenue for the developer over
the period of the lease of the roof top area for PV installation. The RESCO also maintains the PV system.
The yearly maintenance charges to a dwelling unit includes operations and maintenance of common
services such as lift, street light, water pumping, open pump and security which are paid to as part of
monthly or annual charge to a Residents Association. A typical resident also pays for electricity, water and
cooking gas. As opposed to typical distributed split AC units, our project includes a central cooling ODU
of the VRF system, which is operated and maintained by the developer from the revenue generated from
the RESCO rent. This removes the entire burden of the O&M for the cooling system from the residents
and assures centralized and higher quality maintenance. The RESCO model also provides electricity to
the users at a reduced rate of USD 0.05 per kWh (the typical rate is USD 0.07 per kWh). 5-star rated
appliances, efficient building envelope and lighting, water efficiency and water recycling further reduce
the O&M burden on the residents.
Business Model for Renewable system
At block level roof is owned by developer and RESCO is that supply and install the solar panels and roof
is owned by developer, which is accessible to occupants. Operation and maintenance cost of system is
taken by RESCO. Structure for panel is constructed by developer and cost is included in basic cost of
dwelling unit. Roof is given to third party RESCO for lease. RESCO backed by investors negotiate power
purchase agreements with developer to decide rate of utilities. RESCO own the solar power systems and
achieve the desired rate of return from the power sales and from subsidies rate.
Net metering is at site level. At block level, consumed electricity is taken directly from grid and produced
electricity from the renewable panel is given back to grid. These model is making project net zero. At
is result providing electricity at cheaper cost which is $0.051 per kWh for residential, $0.073 per kWh
to common services and $0.15 per kWh for commercial. Actual cost of electricity is $0.073 per kWh
residential, $0.094 per kWh to common services and $0.17 per kWh to commercial spaces. In calculation
of ROI every year generation is degrading by 1% and gross revenue every year is divided into three parts
as explained, operation and maintenance cost is 1% of capital cost. Total cost of investment includes 30%
MNRE subsidy and $290 subsidy per kW from state government. The total revenue after 20 years is $
12,35,053 and by calculation able to achieve 11% ROI in 20 years. As result developer is getting profit by
business model maintenance charges of common work at site level such is VRF system, lift and services
is reduced.

Figure 44 Specifications of Solar Photo-voltaic module

Figure 44.a Return of Investment calculation for Solar PV module
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RESILIENCE

The project addresses resilience to calamities and threats as follows:
Power back up during calamities & Design Measures for Risk Management and disruptions.
Rooftop Photo-Voltaic (PV) systems have the potential to supply electricity during grid disruptions
resulting from extreme weather or other emergency situations. When in place, the Electricity System
Resiliency will limit the consequences of a power disruption and specifically address protection of life
and property.
Resilience to Cyclones & Heat Waves
Elevated plinth levels with essential equipment like back up pumps and generators on the raised plinth,
anchoring the framing envelope, dense and tall trees, water retention areas in the landscape are some
of the measures designed to mitigate the impact of cyclones and floods. Shaded rooftop areas, a more
thermally resistant building envelope, and the standard provision of air-conditioned bedrooms for all
units provide resiliency against heat waves.
Establishing early warning system & Communications (See Innovation App)
Smart-phone Application and feature-phone SMS provide notifications for early warning to alert
residents on approaching natural disasters and recommend specific action to them. The App also
provides a behavioral efficiency approach to optimize energy consumption and enable smart operation
of windows based on the weather conditions.

Figure 45 Resilience features in Aatral homes
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Establishing early warning system

Smart-phone Application integration to establish early warning to alert residents on predicted high and
extreme temperatures.
We collaborated with Dr. Parag Rastogi a building physicist from arbnco who is among the handful of
people developing synthetic weather files based on global climate models. Dr. Rastogi provided us
with synthetic weather data (TMY format) for Chennai for 2021-2030, 2031-2040 and 2041-2050. We
tested our proposed design for its performance over the next 30 years. It is assumed that the building is
well maintained with minimal degradation in envelope. The VRF system would be replaced after every
10 years. The HVAC schedule for each future weather scenario is defined as per comfort analysis for that
weather data.
Set Point schedules for air conditioners are based on the Indian Model for Adaptive Comfort for Mixed
Mode buildings. The comfort set points are based on the National Building Code, 2017.
Single Bedroom Conditioned runs are for the building as it is conditioned now in spatial and temporal
Mixed Mode, and show that the variation in EUI because of the predicted future weather conditions is
less than 8 kBTU/SF. If future prosperity, comfort aspiration or environmental conditions result in the
entire apartments being conditions (only temporal Mixed Mode), the EUI remains below 12.1 kBTU/
SF. This enables our building design to perform as Net Zero for next 30 years in very wide variety of
conditions.

Figure 46 Future prediction of Proposed design
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ARCHITECTURE

Figure 47 Achieving Architectural Goals

The goal of livability has been of utmost priority and thus, the design scores well on that aspect as well
with more than 70% terrace area free of services for public use. The rooftop provides a community area
where people can work together, dry foods, and interact. The balcony is strategically placed not just to
shade the fenestration and generate an active facade at street edge on the ground floor and ensures eyes
on the road. The circulation is designed
to create cove spaces for residents to connect and interact. The integrated design approach has resulted
in a core efficiency of 14.8% with carpet to built up area ratio of 85%. Reducing wasted built-up area is
important for affordability. All the interior spaces are well daylight and 2.
sided open units create great visual connections.
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Climate Responsive Design
The mixed-use building block has been optimized for
ground floor as commercial use and rooftop has PV
structure integrated with the building structure. The
Solar PV’s have been placed at a higher level freeing
up the terrace for activities and providing shade below.
The commercial edge on the ground floor has shaded
walkways on both the sides. On southern side,
cantilevered verandah system along shade the entire
walkway. Whereas, on the North side the building
block is recessed by 4 feet” to carve out a shaded
passage. These shaded walkways enhance walkability
within the neighborhood.
Shading Design Parameter
Hours when the Outdoor DBT > 83.12º F were
plotted on the sun path to derive the shading mask
for the windows.

Figure 48 Schmetic section of the prototype
showing integration of Solar PV system
Figure 49 Sunpath diagram indicating solar radiation of the
hours where Outdoor DBT > 83.12º F

Figure 51 Optimization of
Horizontal Louvres design

Figure 50 Optimization of shading device design
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Figure 52 North and South Elevation of Aatral homes
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Enable a connected Lifestyle
We have kept our future tenants (millennial) in mind while designing units that feature flexible
floor plans and shared spaces that can offer Wi-Fi throughout, with plenty of indoor and
outdoor electrical & USB outlets & other conveniences.
In the unit plans especially in LIG residence, activity areas are artfully arranged but not ‘set in
stone’ in an activity room that can accommodate resident’s needs for working, relaxing, game
playing, group dining and meeting, either on the floor directly, with typical western furniture.
Furniture choices reflect this, with lightweight chairs & tables that are easy to move around. This
is an effective way to maximize functionality by incorporating movable furniture, which allows
tenants to adapt rooms for multiple purposes, catering to individual needs, ensuring sustainable
design. For fire, sound and odor control we have compartmentalized rooms and ensured air
tightness. This strategy also works to control smoke propagation in an event of fire, as fire
control is a critical issue in multi-family residences.
Floor assemblies have been designed to provide for impact resistance and to add in resilience.
We have designed a good performance enclosure by ensuring air tightness and moisture barrier,
minimized thermal bridges, and have managed window area with quality views.

SHADED COLONADE

SHADED COLONADE

RESIDENTIAL
CORE

Figure 53 Typical commercial floor plan

Figure 54 Typical Residential floor plan
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Different stacking options

The prototype has been designed and optimized in a manner that it can have multiple combinations on
the ground floor. This gives flexibility to the developed to choose a combination based upon the context
and market potential.

Guidelines
Orientation Guidelines
As per ICZ, the site lies in OA climate zone. Since this prototype has the potential to be replicated in
this climate zone anywhere in India orientation was optimized for different latitudes. Hence, building
orientation guidelines are provided for 5 different sections within this climate zone. In Chennai, a rotation
of 20º from East West longer axis is acceptable

Figure 55 Various stacking options of the prototype

Figure 56 Optimizing orientation
latitudes between 10°-22°

guidelines

for

Urban Design Guidelines

Figure 57 Schematic section indicating Urban guidelines
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OPERATIONS
Equipment Selection
The appliance selection will help the residents minimize energy use. We use an alternative to Energy Star,
which is the Star Labeling program by the Government of India’s Bureau of Energy Efficiency (BEE).
Appliances are rated on a scale of 1 star to 5 stars with one being least efficient and five being most
efficient. We selected appliances that save energy, have minimal maintenance cost, a longer life.
In India, appliances such as refrigerators, cooking ranges, clothes washers, AC and ceiling fans are not part
of a ready-to-move-in apartment. However, we have included efficient ceiling fans and AC for bedrooms in
our construction cost as part of ready-to-move-in apartment to contribute to social equity and resilience.
Other energy efficient appliances for the home buyers and residents would be recommended through
our AATRAL smart-phone application.

Figure 58 Star rating comparison for appliances
LIG and MIG units

Figure 59 Star rating comparison of appliances in
Commercial zone

By replacing one-star appliances with five-star rated ones, we get a 29% reduction in total equipment
connected load for the LIG units and 17.2% for the MIG unit. The commercial spaces show a reduction
of 11.9%.

Breakdown of Operational Schedules
The operating hours for the appliances for warm and humid climate zone were derived from a national
level study that included a survey of 800 residential units in four climate zones. The key findings of the
survey are number and age of household members, their daily routine, appliance ownership and usage
patterns. Further, an occupancy survey of 20 LIG homes in Chennai was carried out to understand AC
usage patterns for mixed mode operation in Chennai. The information collected has been analyzed to
derive the operational schedules for each appliance for the LIG and MIG units.
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Figure 60 Operational schedule for a typical LIG unit

Figure 61 Selected Appliances for Mixed-Use Multifamily housing

Maintenance
The unit level maintenance is the responsibility of each resident or family. The common area and
site level maintenance is the responsibility of the Residents Association, which functions similar
to a Condominium Association in the USA. The Residents Association allots user accounts for the
AATRAL smart-phone application, and coordinates the utility meter numbers and the apartment
numbers. The application enables residents to see the billing of their maintenance fees charged by
the Residents Association, and pay it using online banking services or e-wallets.
OPERATIONS
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MARKET POTENTIAL
Bridging the demand and supply gap
The demand drivers for affordable housing units in
India include the growing LIG and MIG population
and urbanization. India has a largely end-user driven
market, where home buyers prefer apartments in
locations that are well-connected to office hubs,
have fast-growing social infrastructure and basic
amenities, and are promising in terms of employment
generation.
The supply side constraints in India for low cost and
affordable housing include lack of availability of
consolidated land parcels for development, finance at
reasonable rates and rapid construction technologies.
Our design focuses on reducing the demandsupply gap (See Figure 62) by rapid construction
of affordable homes under the PMAY scheme which
allows the buyers to afford the homes and provides
the developers with incentives and subsidies.

Figure 62 Demand - supply gap of different income groups
Source: Cushman & Wakefield Research

The end-users also evaluate whether their lifestyle meshes with that of the apartment design.
Hence, our design targets at creating flexible interior spaces which can accommodate the end-users
changing preferences and meaningful community gathering spaces for increased livability.
Coupling of affordable housing with commercial mixed-use will create increased demand because
of better work-life balance and reduced commute time to basic amenities.
Construction Technique

Figure 63 Stages of Pre-cast construction
MARKET POTENTIAL
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Advantages of Precast construction

Precast concrete construction is preferable because:
•
•
•
•
•
•

Production is done in a controlled environment which improves
quality
Easier to train workers in a shop environment
Use of moulds costs less than the in-situ form-work which also
provide dimensional accuracy
Reduced construction time, which is of value to the developer
Design can be optimized to desirable size, shape and finish
Precast concrete structures provide superior resistance to fires,
natural disasters, insects and mold

Figure 64 Advantages of Pre-cast construction

Construction Timeline
The primary benefit of Precast construction is reduction in time of construction. The duration of
Precast construction is only 97 days whereas the conventional construction (Cast-in-situ) would
take 195 days. This rapid construction helps in reducing other construction costs such as idle labor
on site, and rental cost of equipment. It also brings the project to market sooner, which reduces
the cost of capital to the developer.

Figure 65 Construction timeline
MARKET POTENTIAL
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COMFORT & ENVIRONMENTAL QUALITY
HVAC system

Our design is based on IMAC thermal comfort model of the National Building Code of India. This approach
recognizes that thermal comfort needs depend on occupants’ context and varies with local outdoor
environmental conditions.
Indoor Operative Temperature (IOT) is the most suitable index, which accounts for the impact of building
surface temperature on human thermal comfort. To calculate the IOT index, the model was simulated for
defining comfort strategy, and the temperature values were compared against the mixed-mode comfort
band for identifying comfort hours. IOT calculations are performed using the formula as demonstrated:
Indoor operative temperature = (0.28 x outdoor temperature) + 17.87
Here, IOT (°C) is the neutral temperature, while outdoor temperature is the 30-day outdoor running mean
air temperature (°C). The 90 percent acceptability range for the India specific adaptive models for mixedmode buildings is ±3.46°C of the IOT. Comfort conditions were also established after considering humidity;
90% humidity threshold was considered with the comfort band and the IOT values were attained from
the simulation.

Figure 66 NBC standards

The National Building Code of India also states that in hot and humid
places, wind speeds are desirable for achieving thermal comfort
conditions at different temperatures and relative humidities.
The Operational schedule for HVAC was made by superimposing
the IMAC comfort band with additional humidity thresholds, on
survey data of 20 Chennai households, and comfort conditions
obtained through NBC guidelines.
69% annual hours are comfortable by using Natural Ventilation
assisted with a ceiling fan – the design goal of reaching comfort
for about 70% annual hours was thus achieved. There is a need
for meeting the remaining 31% hours with active cooling and a
centralized VRF system is selected.

Figure 67 AC schedule analysis as per 90% RH and adaptive operative temperature and surveys
COMFORT & ENVIRONMENTAL QUALITY
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Figure 68 Monthly IMAC thermal comfort band with setpoints

To enhance air circulation inside the house windows on opposite walls with optimum opening size was
designed and tested. The results showed that the streamlined flow within the spaces leads to uneven
mixing of air. Hence, a design modification was made by adding fins onto the façade to capture and
direct more wind into the spaces. By doing this, there was proper mixing of air and the ventilation
performance also increased by 8 to 9% due to turbulent flow. In addition to this, the design was also
simulated for different wind directions which performed better in comparison to the base case.

Proposed design

Design with fins

Figure 69 Natural ventilation analysis results
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Figure 70 CO2 concentration with respect to hours of occupancy
COMFORT & ENVIRONMENTAL QUALITY
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Strategy for Ventilation
• The principle role of ventilation is to
provide an appropriate level of indoor
air quality (IAQ) by removing and
diluting airborne contaminants.
• For achieving the IAQ the CO2
concentration
levels
must
be
maintained below 1000 ppmv
• For our case a typical day is considered
and using CIBSE AM-10 method
CO2 levels were used as a proxy for
ventilation. The CIBSE AM-10 method
of calculation was used to ascertain
adequate ventilation in Mixed Mode
operation. The graph below shows the
CO2 concentration levels calculated.
• To maintain the indoor CO2 - Average
concentration during occupancy hours
is 939 ppmv which is lower than the
threshold of 1000ppmv
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Load calculation and Distribution SLD

Ventilation

Figure 71 Refrigerant piping distribution

The cooling load for the building was calculated using ASHRAE residential load factor method for
Chennai. The peak loads were calculated using outdoor design conditions for Chennai. The result for
individual bedroom is 7331Btu/hr and the peak cooling load for the whole building is 1,75,951 Btu/hr or 14
TR (Tonnes of Refrigeration). The above image shows the distribution of VRF system along all the floors.
A distribution system using REFNET joints was used, and the diagram demonstrates pipe sizing, along
with refrigerant line for gas and liquid.
For catering to a load of 1.75kBTU/hr, a Variable Refrigerant Volume system of Daikin make of 19 HP
(1,91,000 Btu/hr) is installed with an individual indoor-unit capacity of 7500 Btu/hr.
Indoor Wall Mounted Unit – FXAQ20PVE
VRF – RXYQ20TRY6(E)
For Commercial VRF unit – Daikin RXQ14ARY6 with cooling capacity of 1.36kBtu/hr
The advantage of using VRF unit compared to Unitary system is that the part load efficiency is higher
which will improve energy savings further.
COMFORT & ENVIRONMENTAL QUALITY
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Daylighting

LIG
Annual Sun Exposure
Daylight Autonomy

Strategies used
1.Introduced a clerestory to have more internal
light penetration.
2.High Reflective paint of reflectivity 85% is
applied on the top perimeter of the internal wall
in intention to diffuse more light and improve the
uniformity of the light distribution.

Figure 72 LIG Specifications

MIG
Annual Sun Exposure

Daylight Autonomy

Simulation parameters
Daylight schedule timing – 7AM to 6PM
We have increased 2 hours in total for daylight
usage from typical usage of 8AM to 5PM and still
be able to achieve a Daylight autonomy of above
80% throughout all spaces.

Figure 73 MIG specifications

Figure 74 LIG Results
COMFORT & ENVIRONMENTAL QUALITY
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Figure 75 MIG Results

Artificial lighting
Target
Min lux/average lux - >0.5
Lighting power density -<0.5 W/m2
Specification
Same specifications considered from daylight specifications.
Strategies used
• High reflective paint of reflectivity 85% is applied on the top perimeter of the internal wall in intention
to diffuse more light and improve the uniformity i.e. Min/Avg.
• Movable task lights have been placed in the living rooms to improve the task flexibility which is highly
essential in Indian dwellings
• Ceiling reflectivity is set at 85% to diffuse and distribute more light to the spaces.

Bedroom

Living

Kitchen

Dining

Dining

Living

Bedroom

Figure 76 Iluminance map for LIG
COMFORT & ENVIRONMENTAL QUALITY

Bedroom

Kitchen

Figure 77 Iluminance map for MIG
CEPT UNIVERSITY

44

KILL BILL VOL.3 | AATRAL HOMES

INNOVATION
The smart-phone and Internet penetration in India has seen a steep growth with affordable smart
phones hitting the market along with huge drop in Internet data cost as low as USD 0.04 per GB. With
a 400 million strong smart-phone users already, and an estimated growth to 800 million by 2022,
a smart-phone application becomes the perfect platform to reach the various masses regarding
energy efficiency measures and savings.
AATRAL is an application based on the Android platform (for now). The intent of the application is
to provide the occupants a better understanding and benefit of energy savings with an easy to use
interface that translates even the complex data’s such as energy use, weather and air quality index
to visually understandable info-graphics.
This application provides
•The energy consumption, comparison with benchmarks,
history, and consumption goals. It calculates savings and
provides a gateway to pay electricity bills from the app.
•Billing information on maintenance charges by the
Residents Association and similar gateway for payment.
•Various operative actions they can take to optimize energy
consumption and increase the persistence of energy savings
by providing behavioral energy efficiency measures.
•Information about available energy efficient appliances.
•Timely update on the weather condition along with air
quality and the do’s and don’ts according to the prevailing
conditions.
Figure 78 Notification page
•Alerts and notifications on predicted natural disaster and
further instructions to be followed to get to safety

Figure 79 Application Homepage
INNOVATION

Figure 80 Application page
CEPT UNIVERSITY
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Figure 81 Weather information

Figure 82 Health and safety

Figure 83 Data collection

INNOVATION

Figure 84 Application Algorithm architecture
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