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Team KILL BILL
OASIS ABODE

Urban Single Family

Project Summary

The goal of the project is to design a Net Zero Energy
home that is affordable for the targeted market. “Oasis
abode” an urban single family home in the hot and dry
climate will achieve zero water discharge to respond to
water scarcity in Jaipur, Rajasthan in India. The increased
level of PM2.5 and PM10 outdoors requires us to resolve
the challenge of a mixed-mode building while maintaining
the superior indoor air quality.

Figure 1 Oasis Abode Conceptual

Relevance of Project to the Goals of the Competition
A net-zero residence fits perfectly in the Indian context given shortage of grid-supplied energy
evidenced by frequent brownouts in most cities in the country. India’s Paris Accord commitment
includes producing 40% of all electricity from non-fossil sources. The scarcity of land in India,
depleting ground water levels, and degraded air quality make this design very relevant to future
development in tropical regions around the world that are experiencing economic growth. Jaipur’s
climate is similar to that of Phoenix, Arizona and both fall under climate zone 2B in International
Energy Conservation Code (IECC). The design meets U.S.DOE Zero Energy Ready home criteria,
IECC-2015 criteria and SVA-GRIHA (a green building rating system - India).

Design Strategy and Key Points
Zero water discharge with rain water harvesting, water conservation, recycling, and a water
conserving landscape is a huge priority for our team.
Out team embodies integrated design and the design combines passive and active strategies to
respond to the macro climate. Incorporating the principles of Vastu shastra, an ancient Indian system
of laying out cities and homes, gives our project acceptability and high marketability value.
Table 1 Project data & Targeted Technical Specifications

Location
Climate zone
Building Area

Jaipur, Rajasthan
IECC zone 2B: Hot and Dry
222.7m2 (2397 ft2)

Wall Insulation (U-Factor)
Roof Insulation (U-Factor)
Window Performance (UFactor & SHGC)

0.79 W/m2K (0.13 Btu/h.oF.ft2)
0.16 W/m2K (0.02 Btu/h.oF.ft2)
1.63 W/m2K (0.28 Btu/h.oF.ft2) &
0.24 (SHGC)

Number of stories

2 (G+1)

HVAC system (VRF system)

VRF SEER: 22.6

Number of Bedrooms

4

Number of Bathrooms

3

Efficiency: 76.5%
MERV Filter: 16
12.5 W/m2 (3.96 Btu/h.ft2)

Estimated monthly
energy cost

$10/ month ($0 for electricity
for net zero home and $10 for
cooking LPG gas)

Energy Recovery Ventilator
(ERV)
Equipment Power Density
(EPD)
Lighting Power Density
(LPD)
EUI (Without Photovoltaic
panels)

2 W/m2 (0.53 Btu/h.ft2)
20 kWh/m2/year
(63.2 kBtu/ ft2/yr)
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Our Team
Team Kill Billa consists of a total of 15 students from Centre for Environmental Planning and Technology
University (CEPT), Gujarat, India enrolled in architecture, planning, and engineering programs. The
team is versatile with design expertise in Mechanical, Civil, Architecture and Planning. Some team
members have field experience in construction and engineering. Most of the students involved in the
project are studying in Building Energy Performance program. We have organized ourselves into ten
working groups, each with a focus area, and with cross membership by team members in the groups.
Name
Pooja Mundhe
Sumit Rawat
Vasudha Sunger
Arjun Desai
Sahil Priyadarshi
Akash Ghadiyali
Kurva Dhonde
Mansi Parikh
Nikhilesh Singh Bist
Aakanksha Khare
Sandhiya Jayakumar
Arihant Jain
Vertika Srivastav
Sravya Reddy
Archana M.

Qualification
Architect
Architect
Architect
Civil Engineer
Mechanical Engineer
Pursuing B.Arch
Architect
Architect
Mechanical Engineer
Architect
Architect
Architect
Architect
Architect
Architect

Role
Team Leader
Architectural Design
Lighting & Appliances
Energy Analysis
Mechanical, Electrical & Plumbing Systems Design
Financial Analysis
Constructability
Envelope Performance & Durability
Indoor Air Quality & Ventilation
Innovation
Industry Partnerships
Working Drawings
Presentation & Documentation Quality
Interior Design
Architectural Design

The diversity within the team is our source of fresh ideas & perspectives. For the DOE Race to Zero
competition students are participating in an independent study as well as collegiate course project.

We draw inspiration from the perseverance and strength of the iconic female samurai warrior to kill the electricity
shortage in India.
a
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Our Faculty
Prof. Prasad Vaidya
Area Chair Building Energy Performance, CEPT University
M.Arch, University of Minnesota
LEED Fellow
Prof. Prasad Vaidya teaches building physics, daylighting, integrated design and energy environment
related coursework at CEPT University. He led the development of an online simulation tool for code
compliance in India. He has conducted research on energy efficiency measure implementation, M&V,
integrated cost estimation, and green building rating systems in the USA. He has consulted on over 150
building projects for energy efficiency. He is a member for technical resources group for the Clinton
Climate Initiative.

Prof. Agam Shah
Program Coordinator, Building Energy Performance, CEPT University
M.Arch., University of Nottingham, UK
Prof. Agam Shah teaches lighting, daylighting simulation and integrated design. He is a Senior Research
Associate at Centre for Advanced Research in Building Science and Energy (CARBSE). He specializes in
sustainability, green buildings and simulations. He has worked on the design, construction and operation
of Net Zero Energy Building at CEPT University and conducts research related to daylighting, air
movement and thermal comfort.
Prof. Dr. Michael G. Apte
Professor, Building Energy Performance, CEPT University
B.S. in Conservation of natural Resources, University of California, Berkeley
M.P.H and Ph.D. in Environmental Health Sciences, University of California,
Berkeley
Prof. Michael Apte teaches HVAC systems and indoor air quality monitoring. He was a Staff Scientist at
Lawrence Berkeley National laboratory for 31 years. He has been an active member of professional
associations including Air and Waste Management Association, International Society of Exposure Analysis,
International Society of Indoor Air and Climate, and American Society of Heating, Refrigeration, Air
conditioning Engineers. He has four patents, numerous publications and several contributions to books and
Standards documents under his name.
Prof. Dr. Rashmin M. Damle
Professor, Building Energy Performance, CEPT University
B.E. in Mechanical Engineering, University of Bombay, Mumbai
M.Tech in Thermal and Fluids, Indian Institute of Technology, Mumbai
M.S and Ph.D. in Thermal Engineering in Numerical Heat Transfer, Universitat
Politecnica de Catalunya (UPC), Barcelona, Spain
Prof. Rashmin Damle teaches building science and heat transfer in building systems. He conducts research
projects related to thermal engineering. He has numerous publications in national/international
conferences and scientific journals. His area of interest includes numerical simulation of heat transfer and
fluid phenomena, programming numerical algorithms in C/C++ for thermal systems and developing and
implementing numerical models for thermal systems. He is a life member of the Indian Cryogenics Council.
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About the Institute
CEPT University focuses on designing, planning, constructing and managing human habitats. Its
teaching programs build thoughtful professionals and its research programs deepen the
understanding of human settlements. CEPT completed a Net Zero Energy building in 2015. 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.
Within the Faculty of Technology, CEPT has a unique M.Tech in Building Energy Performance (BEP)
program. Here, students are provided with access to a huge array of equipment, experts,
internships and mentoring. The research center Centre for Advance Research in Building Science and
Energy (CARBSE), is housed in a net-zero-energy building, where leading edge research on building
technologies, climate responsive architecture, low energy cooling, and urban energy use is
conducted. It has been awarded the status of a ‘Regional Energy Efficiency Centre on Building
Energy Efficiency’ by USAID ECO-III program and ‘Centre of Excellence’ by Ministry of New and
Renewable Energy, Government of India.
The M.Tech BEP program provides an in-depth education in building energy issues with a focus on
tropical conditions. The students learn to solve complex energy and comfort problems using a
scientific, results-oriented approach. They get hands-on experience and learn state of the art tools,
conduct simulations and assess building energy performance during design and operation. The
coursework incorporates a practical outlook with field trips and guest lectures from industry
professionals. The curriculum has immersive lab courses where students learn concepts and best
practices, experiment, solve problems, and conduct simulations; they take seminar courses to
develop dialectic skills, connect the dots and understand the context for technical learning in the
labs.
The M.Tech BEP program includes course work for building physics, passive thermal comfort, climate
analysis, ventilation requirements, building energy use, energy codes, heat and mass transfer, HVAC
systems and controls, low energy cooling approaches, air quality monitoring and design, electric
lighting and daylighting, renewable energy technologies, building simulation and measurement and
monitoring of building systems. The University is giving the student team, 3 academic credits for the
work done and learning gained, and the entire team meets at least once a week for 3 hours for
group work and coordination.

Figure 2 CEPT University

Figure 3 Net Zero Energy Building, CARBSE
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Industrial Partners

Kamal Cogent Energy Pvt. Ltd. is a premier engineering company that provides energy
consulting, analytics, engineering and building commissioning solutions. They will review our
energy efficiency and renewable energy strategies, energy efficient appliance selection,
lighting and plumbing design.

Mitsubishi Electric is a global leader in electric and electronic equipment, and has presence
across India. They will assist us in choosing energy efficient appliances and HVAC products.

Volpak Systems Pvt Ltd is a HVAC design built consultant since 1994. They will review our HVAC
design and assist with its cost estimation.

Oizom is an environmental Solution Company which provides data-driven solutions for natural
resources by manufacturing measurement instrument with accuracy and precision. They will help
the team in selecting appropriate environmental monitoring systems.

Modiguard, the first float glass manufacturer in India, is located in Gujarat. They manufacture
and sell innovative Guardian products like Climaguard energy efficient window solutions. They
are our partner to develop an innovative fenestration solution.

Delta controls is one of the largest manufacturers of building automation systems and building
monitoring systems. They will review our BMS design.
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Design Constraints
Using the IECC criteria for climate zone definition (Table 2), the climate in Phoenix, Arizona (AZ) is
a hot-dry location in the USA and is comparable with that of Jaipur, Rajasthan, India (see Figure 4
and Table 3). Both cities fall in Climate Zone 2B of IECC.
Table 2 IECC Criteria for climate zone 2B (Source: IECC 2015)

IP units
Pin < 0.44 * (TF-19.5)
Where, TF (temperature in 0F)b =
78.08
Annual precipitationc (inches), Pin
= 20.07
= Pin < 0.44 X (TF-19.5)
= 20.07 < 25.77

SI units
Pcm < 2.0 * (TC+7)
Where, TC (temperature in
0C) = 25.6
Annual precipitation (cm), Pcm
= 51
= Pcm < 2.0 X (TC +7)
= 51 < 65.2

Figure 4 Geographic location of Jaipur and Phoenix

Table 3 Comparison of climate criteria for Phoenix, AZ and Jaipur, Rajasthan (Source: TMY2 DATA FROM ENERGYPLUS.NET)

Parameters
Average maximum and minimum
temperatures 0C (0F)
RH levels (%)-Annual
Solar radiation-Annual averageW/sq.m (Btu/h.sq.ft)
Wind speed-Avg-m/s (miles/hr)

Jaipur, Rajasthan, India
Maximum temp. = 43 (109.4)
Minimum temp. = 3.7 (38.66)
51

Phoenix, Arizona, USA
Maximum temp. = 46.1 (114.9)
Minimum temp. = -2.8 (26.9)
37

227.3 (72.05)

242 (76.71)

2.1 (4.6)

2 (4.47)

About Jaipur

Jaipur, the capital of the state of Rajasthan, is renowned for its vernacular and historic
monumental architecture. It combines the allure of its ancient history with the advantages of a
modern metropolis. Jaipur is located at latitude 26.92oN & longitude 75.82oE. The city covers an
area of 484sq.km. (187 sq. miles) and lies at an altitude of 431m (1414 ft.) above sea level. It
is densely populated with a 2011 census count of 304,613 people, a density of approximately
629 person/sq. km (1629 person/sq. mile).

Site & Context
The neighborhood of the site is called Shyam Nagar, a medium density residential area in Jaipur,
which serves the basic necessities & amenities of the occupants residing there. Hospitals, gym,
spa, grocery store, bank, park, restaurants and food stalls are located within a 0.5 km (0.31
mile) radius.
The street is lined with detached, semi-detached, multi-family residences and some light
commercial buildings. The site is well connected to major spots of the city with direct access to sub
arterial road Janpath & a local road Bahubali Marg. The nearest public transit systems, i.e. the
Metro is 1.3kms (0.81 mile) & the Bus Stand is 0.96 km (0.6 mile) from the site. The city airport
and the central railway station are at a distance of 11.42 kms & 5 kms (7.1 & 3.1 miles)
respectively.

Figure 5 Panoramic value of the site

b
c

Data for annual mean temperature- TMY2 data for energyplus.net
Source- India water Portal- Met data
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Figure 6 Site Location and Shading Mask for the Site (Source: Google Earth, Self)

The site is located at a corner lot open from south-east & south-west on Janpath as primary road
and Bahubali path as the secondary road. The 450.5 m2 (4,849 sq ft.) lot is oriented at 19
degrees towards west from the north. Setbacks of 6 m (20’) from the front & 3 m (10’) from other
three sides are required.
The site is devoid of any vegetation and the only tree nearby is a Siamese cassia locally known
as ‘kassod’ located just outside the site. There is an existing 2 storey building on the west side of
the building that prevents afternoon heat gain.

Figure 7 Sunlit Hours on the Site (Source: Self)

Summary of occupants & their characteristics
The home is designed for a family of four, Dr. Aditya Joshi (40 years) an orthopedic surgeon, his
wife Mrs. Sarita Joshi (38 years), a dentist, in a city hospital and their two children Amogh (10
years) and Ahana (12 years). The target market for this particular project, is a small nuclear family
earning approximately ₹4,000,000 ($53,000) per year, which represents 5% of the families in
Jaipur. As per the recent studies in India, higher income group families are the major consumers of
energy, so they are targeted for our project.
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Programs and Standards
DOE Zero Energy Home
The home has met the DOE Zero Energy Ready Home codes and followed
performance based approach for compliance.

IECC 2015
The home has also followed mandatory and performance (simulation) based
guidelines of International Energy Conservation Code - Residential - 2015.

Small Versatile Affordable Green Rating for Integrated Habitat
Assessment (SVA-GRIHA)
SVAGRIHA is a green building rating system in India developed for small
stand-alone buildings smaller than 2,500 m2 (26,909 sq.ft.) like residences,
commercial offices, motels, etc. The project targets 41 points out of a total
available 50 points for a 4-star rating. Out of total 41 points, 20 points are
targeted in the Architecture and Energy section, 8 points are targeted in
Water Conservation section.

National Building Code (NBC)
The project will comply with the National Building Code (NBC) - 2005 of India,
which regulates the building construction activities across the country. It contains
criteria for fire and life safety, structural design for natural hazards, plumbing
and electrical services, and landscape design.

ASHRAE Indoor Air Quality standards
Jaipur ambient air reaches PM10 & PM2.5 levels that are considered critical
by National Ambient Air Quality Standards & Trends in India & WHO. Our
design will ensure that the indoor air quality meets the recommended safe
levels of these organizations. The project will also comply with ASHRAE-62.1
to maintain ventilation for acceptable indoor air quality.

BEE Star Rating Program
The energy efficiency labelling programs under Bureau of Energy Efficiency,
India provides star ratings for appliances. The project will comply with this
program and will incorporate appliances which will be five-star rated and
cost effective.

Central Government Rebate Program for On-site Renewable
Energy
The project will participate in a rebate program by The Ministry of New and
Renewable Energy (MNRE), Government of India. The ministry offers 30%
rebate on the benchmark price of the photovoltaic systems for residential
projects.
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Design Goals
Energy Performance
Improved energy performance with energy use intensity of 15
kWh/m2/year (51 kBtu/sf/year) without compromising the comfort of the
occupants.

Adaptability
Flexible design to adapt to the occupant’s evolving needs over time.

Zero Water Discharge
All storm water and waste water shall be captured for reuse on site.
Recharge ground water

Affordability & Durability
Maintain debt to income ratio of 40% for our target market group of higher
middle class.
Use durable construction technology to achieve life expectancy of 75 years.

Indoor Air Quality
Meet WHO (World Health Organization) standards for PM 2.5 and PM10
to improve over ambient air quality in the city.

Regenerative Oasis Landscape
Increase biodiversity, recharge groundwater and improve micro climate and
ambience.
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Introduction
We have done the energy analysis for the Oasis Abode house in the section below. We used Design builder
software to utilise energy modelling and simulation. Throughout the designing of the home, we used this
software to evaluate, optimise and estimate the energy performance. The energy savings of the home was
compared to a BAU case. We had done the energy analysis before the design decisions were taken.
The energy analysis also includes the energy performance comparison of the house in compliance with
SVAGRIHA rating analysis. Oasis Abode has Energy Use Intensity (EUI) of 18 kWh/m2/yr and the solar PVs
generate 19.2 kWh/m2/yr of electricity.

Predesign Analysis
We did shoe box analysis in order to understand the basic character of the building. These characteristics
included orientation, aspect ratio and (WFR). As per the site constraints, feasible option for the building
aspect ratio were 1:1, 1:2 and 2:3. Also preferable WFRs were identified which included 5%, 10% and
15%. Comfort hours was the governing performance parameter which lead to the selection of appropriate
building geometry.
Table 3 Shoe Box Analysis

Model

Orientation

Aspect Ratio

-

1:1

E-W

1:2

N-S

1:2

E-W

2:3

N-S

2:3

WFR (%)

Comfort Hours

5
10
15
5
10
15
5
10
15
5
10
15
5
10
15

3058
3075
4396
5404
5539
5597
4995
5087
5124
5440
5549
5475
5138
5058
5051

After the initial analysis was done, it was clear that the most suitable geometry for our home was E-W orientation
along with an aspect ratio of 1:2 and 15% WFR. The comfort hours obtained for such a geometry were 5597 out
of 8760 hours in a year.
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Design Approach
Our design approach of the Oasis Abode is rooted in the responsibility we feel to behave with sensitivity for
the natural environment. We move against the trend of isolating the internal environment from the outdoors
which has come about in India as a necessary response to increased levels of pollution and urban heat island.
Our innovation lies in a design response that integrates our learning from historical buildings that use local
materials and passive techniques, while providing a healthier indoor environment while minimizing energy use.
The design approach brings together user preferences in form of their behaviour, comfort, lifestyle aspirations,
with architectural integrity in the form of design rigor, detailing, material selection, local architectural history,
and engineering in the form of high performance, affordability, and cutting edge technologies.

Figure 8 Conceptual zoning of spaces
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Site and built form
The constraints of the site are its orientation, longer north-south axis, and the setbacks. We maximize the
opportunities within these constraints in our design. Preliminary energy analysis gave us a 2:1 aspect ratio
elongated on an east-west axis.
We designed a building form that uses 2 building blocks (private and semi-private spaces) with this aspect
ratio connected by a transition space (staircase). The prayer (puja) are, which is an important in Indian homes
is located within this connection at the centre of the home.
The window openings are designed to take advantage of the prevailing winds in the months of March, April
and May with the building form and fin walls creating positive and negative pressures to drive the wind. This
allows the building to be operated in mixed-mode.
Night use spaces such as bedrooms are located on the east side to avoid the late afternoon sun.
A shaded courtyard on the west creates a private outdoor space. Adjacent rooms overlook and extend out in
to this courtyard.
A guest bedroom is designed with a separate entrance to that it can be rented out on AirBnB to supplement
the family income and use valuable real estate.

Figure 9 Evolution of form

Outdoor spaces are also divided in a green space, a parking
area, and services like underground tanks and treatment
plants are integrated with the landscape design.
All existing vegetation is retained on site and the top soil
excavated is to be used as soil for the landscaping. Most of
the site is covered with pervious material with native species
for vegetation with for outdoor shaded areas that forms an
oasis in this hot-dry neighborhood of Jaipur.

Figure 10 Site built form with zoning
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Ground Floor Plan
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Figure 2 First Floor Plan

First Floor Plan
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Interiors
The interior spaces have a concept of cool
colours adopted from Jaipur architectural
CONNECTIONS
WITH COURTYARDS
style. Some vernacular architectural
features like jaali and bay windows have
also been incorporated in the design. The
materials for interior design have been
COOL COLOURS
carefully chosen from sustainable materials
REFRESHING
AMBIENCE
without compromising on aesthetics. We
have also provided a pooja space
(devotional space) and an abstract of lord
shiva in the living, considering the religious belief of Jaipur.

SUSTAINABLE
CHOICE OF
MATERIALS

VERNACULAR
ARCHITECTURE AND
MATERIALS OF
RAJASTHAN

Considering the usage of the spaces by the occupants,we have designed the zones in such a way
that optimum lux level is achieved in the interior spaces through daylighting. Most of the occupied
spaces being suffeciently day lit by windows on the north and south directions, the shading for the
same have been designed to block the harsh summer sun and invite the winter sun.
Artificial lighting has been provided considering the required lux level for each space as mentioned
in the IES (illumating engineering society) lighting requirement.
We have done the analysis of the air quality in Jaipur to provide healthy indoor spaces for the
occupants of Oasis abode. We are providing air purifiers in the unconditioned spaces and MERV
filters integrated in VRV system in the conditioned spaces to maintain the indoor air quality. We
have also used low VOC paints and wooden varnish along with point source strategy to remove
combustion pollutants.

Figure Living Room View
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Figure 3 View from the Kitchen

Figure 4 View from the living room
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Daylighting
Optimum daylighting is done to reduce lighting energy requirement and for the psychological
wellbeing of the occupants. With the help of simulations, we were able to determine the optimum
Window to Floor ratio (WFR) that helped us reduce the overall heat gain. This WFR further, was
split to optimize daylighting in the spaces. From our analysis, we were able to deduce the best
position for our windows. Careful penetration of windows is done keeping in mind ventilation,
daylighting, and heat gains. The simulation was done using Velux Daylight Visualizer 3 software.
Maximum window area is provided on North and south wall with shading designed for maximum
daylight. East and West walls are provided with minimum window area to avoid direct glare and
heat gain. The zones with maximum occupancy like bedroom, living room and dining room are day
lit with a minimum 200 - 300 lux. The following are the results of simulations which we ran for
daylight visualization.

Figure 6 Sectional Daylighting analysis

Figure 5 Ground Floor Level Daylight Analysis

Figure 7 Daylighting levels of a room

Figure 8 First Floor Daylight Analysis
Figure 9 Sectional Daylighting Analysis

Daylighting simulation conditions:
Sky Conditions: Overcast sky | Date: 21st June, 12 noon
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Lighting
Lighting is an important criteria that has to be considered while designing a zero-energy home as
it can contribute to reduction of energy consumption if designed properly. In Oasis Abode, the
approach is to use lighting with maximum luminous efficacy (lm/W) and provide optimum lux
levels for each space for a well-lit home.
Performance-The design goal is to reduce lighting energy requirements. The lighting design
requirement for residential unit was obtained from IES (Illuminating engineering society). The number
of lamps for each room was calculated using the illuminance required for each room using the tool
- Lumen Method Calcs. (Table 1)
Cost – The cost factor is also one of the key drivers for lighting selection. The cost of lighting fixtures
and power consumption is compared to that of the Business as usual (BAU) scenario, which helped
in the calculation of finding the payback period of lighting.

Figure 10- Warm white (Colour temperature) lighting used for night
time in bedroom.

Figure 11 Type of lighting used in living room

General illuminance for ambient light and partial illuminance is for task light

Type of lighting, Target Lux level standard by IES (Illuminating engineering society) and lux levels achieved.

19

Appliances
Our intent while selecting the appliance was to minimize the energy consumption by implementing
new technologies without compromising on the comfort of the occupants. The selection process is
guided mainly by a two-part process:

Performance–Due to unavailability of Energy Star program in India, we followed an alternative
program introduced by the Government of India, the Bureau of Energy Efficiency (BEE) star label
program for the selection of appliance.
The BEE labels and rates the appliance after inspection according to their performance. The
appliances are rated from 1 to 5 stars, 1 being the least energy efficient and 5 being the most
energy efficient. The BEE star rating is mandated only for certain appliances which includes air
conditioners, tube lights, washing machine, refrigerator, ceiling fans, televisions, etc. The appliance
which are not listed in the BEE program have been selected after a market survey through online
portals. After which the most energy efficient appliances were chosen.

Cost–We compared the cost of appliances and its power consumption to the BAU scenario. We
estimated the payback period from the savings by switching to BEE star rated appliance from
conventional appliance.
By using BEE star rated energy efficient equipment, we reduced the Equipment Power Density by
40% and reduction in lighting power density further helped in reducing the energy use intensity by
22%. The energy efficient equipment selected are:
Table 4 Energy efficient appliances

S No.
1.
2.
3.
4.
5.
6.
7.

Appliance
Refrigerator
Microwave Oven
Television
Washing Machine
Chimney Hood
Exhaust fan
Ceiling fan

Brand
Samsung
Whirlpool
LG
IFB
Bosch
Elta Trade
Gorilla

Rating
5 star
5 star

5 star

No. of appliance
1
1
2
1
1
4
7

Capacity/Size
275 L
30 L
42 inches
7 kgs.
860 m3/h
175 m3/h
1200 mm

Power Consumption (Watts)

Equipment Power Density (EPD) comparison
4500

EPD = 20 W/m2

4000

Modem

3500

Water Purifier

3000

EPD = 12.5 W/m2

2500

Laptop
Set Top Box

2000

Air Purifier

1500

Television

1000

Exhaust Fan

500
0

Water Pump
Business As Usual

Oasis Abode
Graph 1 EPD Comparison
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Energy Analysis

Energy
Conservation
Measures

Walls

Roof

Window To Wall
Ratio

Fenestration

Annual
Savings (Rs.)

Total
Payback
Incremental
Period(Years)
Cost (Rs.)

Description

Measure Levels

Brick wall 9 inch with 0.5-inch plaster
on both sides

U-Value = 1.88
W/m2K

-

-

Sand stone wall 300 mm

U-Value = 0.62
W/m2K

-1,519

1,32,800

U-Value = 0.752
W/m2K

4,557

1,00,000

U-Value = 1.06
W/m2K

-

-

U-Value = 0.16
W/m2K

19,747

1,83,750

-

-

7,595

-43,400

-

-

15,190

43,400

18,228

55,060

-

-

25,823

16,485

Extruded polystyrene insulation
1- inch, 9-inch brick wall with plaster
on both sides
Reinforced cement concrete-5 inch.
thick with plaster on both sides
Reinforced cement concrete-5 inch.
thick with plaster on both sides,
polyurethane spray foam insulation 4
inch. on exterior and Extruded
polystyrene insulation 0.75 inch on
interior
WWR for Base Case

30%

Window For Design Case

15%

6mm clear glass

SHGC = 0.51
VLT = 0.27
U Value = 3.30
W/m2K

SunGuard DS;Double glazed unit

SHGC = 0.24
VLT = 0.38
U Value = 1.63
W/m2K

SunGuard SN40/23

SHGC = 0.23
VLT = 0.39
U Value =1.74/m2K

Lighting Power Density of Base case

6.13

Lighting Power Density of design case

1.70

Split Ac

Energy Efficiency
Ratio-3.2

VRF+ HRV

Energy Efficiency
Ratio-15

33,418

3,39,900

EPD-Base case

19.5 w/m²

-

0

EPD-Energy efficient fixtures

11.4 w/m²

9,114

92868

Lighting Design

HVAC systems

Equipment’s

NA
NA
22
NA

9

NA
NA

NA

3

3

NA
1

10
NA
10
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Energy Conservation Measures (ECMs)

Habitable
Spaces

Transition
Space

Habitable
Spaces

Plan Form
We divided the space is divided into two blocks of aspect ratio of
1:2 orientated along the E-W axis, which serve as the habitable
spaces for the family and are connected by a transition space in
between.
The design also incorporates a WFR of 15%.
Thermal Mass
We have designed a wall assembly containing layers which
includes plaster on interior & exterior walls with 230mm thick brick
& 25mm XPS.

Night Ventilation
This passive strategy utilizes the thermal mass. During night time,
when the windows are open the cool breeze blows through the
home and charges the thermal mass.
Shading
We have shaded all the windows of the Oasis Abode by shading
devices such that it blocks direct solar radiation from morning
(07:00hrs) to evening (17:00hrs).

Efficient Lighting and Equipment
We have used BEE Star rated appliance and lighting fixtures which
help to reduce energy consumption.
Variable Refrigerant Flow (VRF) with DOAS, HRV
We have used VRF system instead of conventional Split AC. For
fresh air requirement, a dedicated outdoor air system is also used
with heat recovery ventilator.

Solar Photo Voltaic
We have tilted the collector plate orientation at an angle of 26.9°.
The total area which is being utilised is 10 m2 which has a specific
production of 1737 kWh/kWp/year with performance ratio of
78.86%.
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Impact of Energy Conservation Measures
We devised several efficiency
measures in order to achieve a low
EUI. Figure 1 shows the impact of
ECMs in the different end use and
total energy consumption. The aim was
to implement these ECMs in the design
and
achieving
total
energy
consumption to approx. 3000kWh
against 18000 kWh of BAU building
of the same size.

Energy Consumption (kWh)

End Use Split after Implimenting Efficient Systems
20000
18000
16000
14000
12000
10000
8000
6000
4000
2000
0

Efficient Systems
Cooling

Lighting

Equipment

Fans & Pumps

Figure 12End Use split after implementing efficiency measures

The Error! Reference source not found. s
hows the percentage impact of each
ECM on the EPI of building. Making
building envelope tighter we were
able to reduce the energy
consumption by 34%. Use of BEE 5
star rated equipment and lighting
made another major reduction of 22%
in the energy consumption. Finally, by
using low energy cooling technique,
we were able to reduce the energy
consumption by 81% as compared to
BAU building.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

EPI

Efficient System
% Reduction in EPI

Figure 13 End Use Split after implementing efficiency measures
Figure
14

3000
Energy Consumption (kWh)

Figure 14 shows the monthly simulated
energy
consumption
after
implementing different ECMs. By using
efficient systems, we were able to
reduce the base load of building. The
peak consumption of building reduced
from 2500kWh to less than 500kWh.

2500
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Lightings
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Sequential reduction after implementation of Efficient Systems.
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Constructability
Typical Residential Building Construction in India
In India, normally the residential building construction is not energy efficient and hence here this type of
construction is termed as (BAU) construction.
A BAU residential construction in Jaipur & other parts of India generally uses red brick or sand stone for walls
and a concrete slab for roof/ceiling/floor with 3-6mm single pane clear glass window having wooden frame.

Oasis Abode’s Envelope
For Oasis Abode, We selected the construction materials by converting the BAU’s building envelope assemblies
to energy efficient building envelope by considering the impact of materials on primarily these parameters: EUI,
thermal comfort (comfort hours) & cost and complying IECC 2015 residential building code for building envelope
by U-factor approach.

Insulation thickness Selection (For Walls)
To select the optimum thickness of insulation, its cost and impact on EUI is considered. From the below graph, it
can be observed that the insulation has reached its optimum thickness at 25mm because after this thickness value,
the percentage reduction in EUI is very less.
Insulation Thickness Impact on EUI with Cost

40
50

150
100

0

20
30

200

50

10

37

70

98

70
80

0
230mm Red Brick
without Insulation
(BAU)

60

90
25mm_XPS Insulation 50mm_XPS Insulation 75mm_XPS Insulation

Percentage Reduction in EUI

36.30

250

30.00

25.22

300

0

EUI (in kWh/ sq.m/ year)

0

100

Insulation Thickness (in mm)
EUI (in kWh/ sq.m / year)

Percentage Reduction

Cost per sq. meter (in INR)
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Wall Assembly Selection
To find the best performing wall in terms of energy and cost simultaneously, different wall layers were
considered and their impact on EUI were found out on two different types of building having same schedule and
site conditions. Also, the cost was considered to have an affordable energy efficient wall construction.

0

Cost

0

230mm Red Brick_75mm
XPS

50
75mm XPS_230mm Red
Brick

50
230mm Red Brick_50mm
XPS

100

50mm XPS_230mm Red
Brick

100

230mm Red Brick_25mm
XPS

150

25mm XPS_230mm Red
Brick

150

300mm_Autoclaved
Aerated Concrete Block

200

200mm_Autoclaved
Aerated Concrete Block

200

150mm_Autoclaved
Aerated Concrete Block

250

100mm_Autoclaved
Aerated Concrete Block

250

FlyAsh Brick_230mm

300

Red Brick_230mm

300

SandStone_230mm

EUI

Wall Assemblies Impact on EUI with Cost

Wall Assemblies
Building Model_Pre Design Stage
Cost (Per sq. meter, in INR & in multiples of 10)

Window Glass Assembly Selection
To find the best performing window glass in terms of energy and cost simultaneously, different glass materials
were selected based on various performance parameters like U-Value, SHGC, VLT. The glass chosen for

2
1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

Sun Guard DS-40

Sun Guard Green 40

Sun Guard SN40/23

45
40
35
30
25
20
15
10
5
0

Cost & VLT

U-Value & SHGC

Glass Material Selection

Different Glass Materials

U-Value (in W/sq.m K)

SHGC
(in %)
Graph 2 GlassVLT,
Material
Selection Cost (in multiple of 100, in INR)
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comparison were complying IECC fenestration criteria. The window glass chosen was selected based on cost and
above mentioned performance parameter.

Construction Schedule
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Envelope Durability

General description
This high-performance envelope was chosen because of its ability to be highly insulated, low thermal
bridging, easy to construct, durable and long-lasting, termite and insect resistant, andmoisture and mold
resistance.Since oasis abode is designed to be operated in mixed mode , air sealing for the timings when
the system is mechnically operated is taken into consideration.
Foundation
The structure of oasis abode is designed to be a frame structure supported on columns and beams. The
foundation provided for column is isolated column foundation
Walls:
The general practice of wall construction in various parts
of Jaipur is brick and sand stone walls. This
constructiondoes not provide the required thermal
insulation to the structure. Hence the combination of
brick(250mm) and extruded poly styrene board
insulation (XPS)–(25mm)was selected due to its local
availbility and thermal insulation.In order to reduce
thermal briding in building envelope the board insulation
is screwed with the help of Plastic fastners on the Brick
work.

The condensation analysis of the wall and roof is done under maintained temperature and the results
shown is for the worst month i.e., January
Since, the dew point conditions are not achieved at The condensation analysis done for the roof
any point, hence, condensation is not happening assembly shown the probability of possible
which eliminates the need for the provision of condensation hence, moisture barrier is
moisture barrier on the walls.
provided below the PUFF insulation, which will
stop condensation.
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Roof
The genral practice for roof construction in various parts of Jaipur
is typical reinforced concrete. In oasis adobe the roof assembly
is insulated with PUFF insulation of 100 mm from outside and
75 mm of XPS on the inner surface to provide the thermal
insulation, in compliance with the IECC standards.Further the
vapour water proofing is done on the to reduce the bulk moisture
movement in roof with liquid sealant.
Analysis for moisture tranfer in roof assembly was done with the
help of design builder software which suggested the
condensation was taking place, so to reduce the moisture tranfer
through diffusion, moisture barrier is provided on below the layer of
PUFF insulation.
Floors
Intermediate floor slab: The Design of Oasis Abode is such
that all the spaces which are to be conditioned are stcaked
one above other, which eliminates the need of insulation for
the intermidiate floors. Polished concreting is done on the floor
slab to reduce the expenditure for the surface treatment.
Ground Floor slab:The Ground floor slab of the designed
home is insulated with the 25mm of XPS insulation below the surface.
This is done in order to reduce the bulk moisture transfer through the
ground, Damp proofng is done.
Windows and Doors:
Frames of doors and windows of Oasis abode are made of UPVC
which thermal break to reduce the heat gains in the spaces. Glass
selected for the window panes are double glazed units in
compliance with IECC codes for the building envelope.
Selection of Building Envelope
Analysis was done based on the construction cost of each assembly
and the energy savings which we get by providing each one along with payback period which was
calculated. Final Assemblies were deduced from above analysis and they are as follows:
Building envelope Assemblies
Wall-230 mm Brick wall with Extruded polystyrene insulation Boards of
25 mm on outside.
Roof- 120 mm Reinforced concrete slab with 100 mm Polyurethane
Foam, spray insulation on outer side and 750mm Extruded polystyrene
insulation Boards of 75 mm on inside
Glass-Double Glazed unit

U value (W/m²K)
0.78
0.16
U-Value: 1.63
SHGC: 0.24
VLT: 38%
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Financial Analysis
Client profile
The home is designed for a family of four, Dr. Aditya Joshi (40 years) an orthopedic surgeon, his wife Mrs. Sarita
Joshi (38 years), a dentist, in a city hospital and their two children Amogh (10 years) and Ahana (12 years). They
have recently decided to invest in building a house for them in Jaipur. The target market for this particular project,
is a small nuclear family earning approximately ₹4,000,000-₹5,000,000 ($60,000-65,000) per annum, which
represents 8% of the families in Jaipur.

Construction cost
We estimated the construction cost by including the price for labor rates, material cost and equipment used for the
construction of the house. Since we are following the rules of State Authority, the impact fees are low. Fees for
sewer connection is not included, as we have zero water discharge system on site. The construction cost is 67,846$
and the value of land purchased is 115,384$. The resale value of our residence in Jaipur will make the homeowners
a profit of 80,000$ over the initial cost. So the total home cost is 2,50,769$. The major cost consuming components
during the construction are framing and interior finishes.
Sales Price Calculation of the finished lot cost (including financing costs) of 115,384$ is 64,615$ using more
appropriate data available.
From the payback period of all the components, the lowest was of HVAC systems, which is 4 years. Whereas
payback period of PV system is 18 years. We have used BEE Star rated appliances, which has a higher initial cost
than conventional appliance and lightings.
The annual cost of the house includes mortgage payment, utilities, property tax, insurance, maintenance costs and
family debt. The utility cost does not include electricity bill due to renewables installed on site. For utility, the only
cost is through natural gas for cooking purpose. Consumption through gas was converted to kWh energy use. This
energy cost was added to the overall energy use, and is compensated by the renewables.
Consideration made while making analysis.
1. The rates of material are sourced from Schedule of rates provided by Rajasthan State Government (2015),
which includes the price for labor, material and equipment.
2. For Indian housing market, the homeownership affordability (debt to income ratio) is considered 40%.
3. The principle for the loan is assumed 70% of the sale price of the house, so the down payment of the loan is
30% with an interest rate of 8.5% as per nationalized bank rates
Strategies to make the design more affordable
The cost effective decisions were made to improve the affordability of home. This is identified by focusing and
reducing the cost for these strategies:
A. Utility
1. 80% of the fixtures comply with the B.E.E star rating program.
2. Argon filled UV coated DGU film glass windows were used for minimizing the load on power
consumption.
3. Getting incentives up to 30% from state government for solar power instruments.
B. Capital
One room, i.e. the guest room on the ground floor will be listed on Airbnb, which will generate a revenue of 30003500$ per year (Renting period- 8 months per year) to the owner.
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By providing energy efficient fixtures and photovoltaic systems, we were able to reduce the annual utility bill.
Table 5: Construction Cost Breakdown.

Construction Cost Breakdown
3%

8%

5%

4%

29%

27%

10%

14%
Site Work

Foundations

Framing

Exterior Finishes

Major Systems Rough-ins

Interior Finishes

Final Steps

Other

Table 6: Financing

Feasibility of Photovoltaic Panel
A life cycle cost analysis (LCCA) is performed on the photovoltaic system to determine if it will be a viable option
for the occupants of Oasis Abode. LCCA is performed over 25 years, which shows that purchasing a PV array
will result in a net gain of $4863 which will be beneficial for the homeowners.
Graph 1- Total Life cycle cost over 25 years for the options considered in PV

TOTAL LIFECYCLE COST

COST ($)

Total Life Cycle

$10,794
$7,678
$4,728

$4,863

BAU (NO PV)

PV1-FIXED-300 WP

PV2-TRACKINGMANUAL

COMPARISION OF DIFFERENT PV TYPES

PV3-FIXEDAUTOMATIC
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Out of the options considered like PV fixed frame, PV tracking system (Manual and Automatic), PV1 option i.e.
Fixed framing system, 300 Wp is selected as it has minimum life cycle cost over 25 years out of the three
options considered and is the closest to the BAU life cycle cost.
$ 2286 initial
investment cost
$ 0 annual
electricity

$ 143
annually
OM & R
$ 2286 replacement cost

BASE DATE

YEAR
2017

‘18
18

‘20

‘22

‘24

‘26

‘28

‘30

‘32

‘34

‘36

Figure 1- Cash flow diagram for selected PV panel

‘38

‘40

‘42
Residual value
$ 829
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Space Conditioning & Ventilation
Team kill Bill laid down following goals for the space cooling and ventilation:
 Efficient cooling system.
 Achieve thermal.
 Provide ventilation rates as per the codes & standards.
 Reduce duct length by planning the space for device efficiently.

Cooling load calculation

For sizing the cooling system properly, team Kill Bill used ASHRAE residential load factor (RLF) method. The design
condition for cooling are shown in the Table-1 and the calculations are shown in Table-2.
Latitude
Elevation
Indoor temperature
Indoor relative humidity
Outdoor temperature
Daily Range
Outdoor wet bulb
Design Delta T

26.82 deg. N, 75.80 deg. E
390m
24 deg. C
55%
40
11.4deg.C
21.3
16 deg. C

Heat Load Calculation based on RLF method as per ASHRAE
Fundamentals 2013:

Ground
Floor
First Floor
Total Load
Total cooling load
(Btu/h)
Watt
T.R.
System factor
Total cooling load
(T.R)

Name of the room
Guest room
Bedroom 2
Bedroom 3
Bedroom 4
Total Load
Total cooling load
(Btu/h)
Watt
T.R.
System sizing
factor
Total cooling load
(T.R)

Sensible load
(Btu /h)

9329.88
10486.89
7687.85
7184.67
34689.29

Latent Load
(Btu/h)

2687.64
2498.97
2799.4
2892.98
10878.99

45568.28
13351.51
3.81
0.15
4.38

The system was desiged for 2% cooling conditions for Jaipur as per ASHRAE Fundamentals 2013. The team
calculated the latent and sensible load for each room to achieve thermal comfort for the occuapnts.
As per the ton of refrigeration required for my conditioned space, team Kill Bill compared different system based
on efficiency of the system, initial capital cost, low maintenance cost. Finally cost benefit analysis was done for the
final selection of the system.
Table Payback comparison between BAU system and Oasis Abode system

Cooling capacity
E.E. R
Consumed Power

Watt
kw/hour

B.A. U

Oasis Abode

Split A.C System 5 star
16.00
3.4
4.71

V.R.F system
16.00
15.0
1.07
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Cost/Ton
Total cost
Increment cost for VRF system
Cost of electricity
Working hours/day for system
cut-in & cut out condition
(actual work by compressor)

INR

Actual working hours by system
No. units consumed/day
Cost of electricity/year
operational cost
(maintenance + repairing)
Total cost

Hour
units
INR

Savings of Oasis Abode system
against B. A. U
Payback Period

30,000
INR 149,940.00
6
8

80,000
INR 399,840.00
249900
6
8

80

70

6.4
30.12
INR 65,958

5.6
5.97
INR 13,082

INR 15,000

INR 10,000

INR 80,958

INR 23,082

INR/unit
hours
%

INR/year

INR 57,876

INR/year
years

4

Despite the high initial capital cost, variable refrigerant flow (V.R.F) system has a payback period of 4 years.
Other advantages for the V.R.F systems are:






High energy efficiency ratio (E.E.R).
Low consumed power by the system.
Number of working hours for compressor is reduced, hence life is increased.
Since one outdoor unit is connected to multiple indoor unit, hence operational cost is low.
Environmental friendly refrigerant - R410A.
The specification for the selected V.R.F system is as follows:
Indoor Units

Outdoor Unit (6HP)
BRAND
MODEL
Power Supply

Power
kW
Consumption
COP
EER
SEER
Insulation Material

Guest Bed Room &
Bed Room – 2
(Ground Floor)

DAIKIN
RXYQ6TRY6(E)
3-Phase, 4Wire System,
380-415V,
50Hz
3.63
4.43
15.11
22.66
Nitrile Rubber

BRAND
MODEL
Power Supply
Cooling
Kcal/h
Capacity Btu/h
kW
Power
consumption

Bed Room - 3 & Bed
Room – 4
(First Floor)

DAIKIN
FXAQ32PVE
FXAQ25PVE
1-Phase, 220-240V, 50Hz
3100
2400
12,300
9,600
4.0
3.2
27
22
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Ventilation
The ventilation inside the conditioned space is
provided through 2 strategies, Active strategy
and passive strategy. The active strategy
includes the ventilation through Mitsubishi ERV
system-LGH-15RX5, which can be operated in
two flow rate 250 m3/hr and 150 m3/hr.
which helps to regulate the ventilation rates as
per the comfort. Another benefit of using a ERV
is to recover the lost heat & enthalpy from the
exhaust air and reduce the cooling load.

Fresh air
supply

Exhaust air
MERV 16 Filter
V.R.F outdoor unit

HRV

Indoor
unit

Room 1
The fresh air supply duct is also attached with
MERV 16 filter to reduce the concentration of
particulate matter and maintain the indoor air
quality.

Indoor
unit

Room
2

Figure-: Schematic diagram for HRV & VRF system

To reduce the load of active strategy, passive strategy is implemented which includes natural ventilation. The
architectural team worked close on plan to bring in natural driven wind and implement stack effect. The stair
case inside the Oasis Abode act as negative pressure zone, which drives the hot, stale air from the room and
exhaust the air out. This strategy is scheduled when the occupants enters Oasis abode, which gives two
advantage:
1. Provide the ventilation rates for the occupants
2. Reduce the heat ingress, which is occupied during daytime, hence reduce the cooling load.
Oasis Abode achieve its ventilation goals by providing thermal comfort to occupants, reduce cooling load
and maintain ventilation rates as per ASHRAE standards.
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Duct Layout (First Floor):

Duct Layout (Terrace):

Duct Layout (Ground Floor)
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Indoor Air Quality
To maintain the Indoor air quality for occupant inside oasis abode, Team Kill bill implemented three step approach
method.
First stepData analysis of ambient air of Jaipur for pollutants.
Second step- Reducing the concentration of pollutants & maintaining ventilation rates as per codes & guidelines
Third step – Constructional changes to reduce the impact of moisture & mold formation
Oasis abode is also designed to meet the EPA indoor airPLUS construction specifications for DOE Zero Energy
Ready Home.
Ambient air quality analysis

450

700

400

Annual average concentration(µ/m3)

800

350

600

300

500

250

400
200

300

150

200

100

100

50

Annual aveage concentration(µ/m3)

Comparison of Pollutants concentration with WHO & NAAQS

0

0
PM 10

SO2

Pollutants

NO2

PM 2.5

Low
Moderate
High
Critical
Jaipur annual average concentration (μg//m3)
Table 7 : Pollutant level of ambient air of Jaipur

A research regarding ambient air quality of Jaipur, India was done. The data provide by central pollution control
board (C.P.C.B) and national ambient air quality standard (N.A.A.Q’s) depicted that the concentration of P.M 2.5
& P.M 10 were at critical as per the World Health Organization & N.A.A.Q standards.

Source:
•
•
•

NATIONAL AMBIENT AIR QUALITY STATUS & TRENDS IN INDIA-2010 – CPCB
WHO Air quality guidelines for particulate matter, ozone, nitrogen dioxide and
sulfur dioxide Global update 2005
Ambient Air Quality Status of Jaipur City, Rajasthan, India, Sharma Sanjeev Kumar
and Sharma Kriti* Rajasthan State Pollution Control Board, Jaipur, INDIA
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Ventilation Rates
The ventilation rates were calculated by the ASHRAE Standard 62.2 (2010): Ventilation for Acceptable Indoor Air
Quality in low rise residential buildings. The minimal ASHRAE 62.2 ventilation rates for a 1956 sqft., 4-bedroom
house will be:
The ventilation rates for each space inside the oasis abode is calculated as per ASHRAE standards 62.2 ventilation
rates.
ASHRAE ventilation standard

Oasis Abode
Guest bedroom

Ground
floor

Ventilation
rates (L/sec)

Ventilation
Flow rate for
rates
people
No. of
(c.f.m)
occupants (L/sec*person)

Flow rate for
area
(L/sec*area)

Area

9.1

19.5

2.0

2.5

0.3

13.815

Toilet

25.0

53.2

1.0

-

-

3.24

Living

19.0

40.5

4.0

2.5

0.3

30.135

Bedroom 2

9.5

20.3

2.0

2.5

0.3

15.165

Toilet

25.0

53.2

1.0

-

-

3.24

Kitchen/Dinning

50.0

106.4

2.0

-

-

24.5

0.0

First
Floor

Bedroom 3

13.6

29.0

2.0

2.5

0.3

28.7496

Toilet

25.0

53.2

1.0

-

-

4.725

Bedroom 4

9.1

19.5

2.0

2.5

0.3

13.815

Toilet

25.0

53.2

1.0

-

-

3.348

Total ventilation rates required for
conditioned space

Conditioned space
88.2

cfm

Naturally ventilated
Mechanically ventilated

The ASHRAE ventilation rates help us in determining flow rates for exhaust fan (c.f.m) in
the kitchen/dining & toilets, bathrooms for each space. The separate exhaust fans for
kitchen of 120cfm & 60cfm for each toilet, bathroom is provided inside oasis abode
and the ventilation rates for other space is achieved through Mitsubishi ERV system-LGH15RX5. The living space is naturally ventilated by opening the windows and doors. The
duct sizes for each conditioned room was determined according to the ventilation rates.

Ventilation rate
required: 88.2 cfm
Sizing factor :1.2
Flow rate of ERV
required: 105.84
cfm

Reducing the concentration of P.M during ventilation
To reduce the energy consumption of Oasis Abode, the building is operated in mix mode ventilation. As per
occupancy hours, team kill bill implemented natural ventilation and primarily doing night time ventilation to flush
out daytime heat ingress and reduce mechanical load.
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The concentration of the particulate matter is reduced by two strategies


At the time of mechanical ventilation, the fresh air supply provided by ERV is filtered through MERV 16
filter to reduce the concentration. The pressure drop across the filter is compensated with increase flow
through the ERV system



Air purifier inside oasis abode with a C.A.D.R (clean air discharge rate) of 150m3/hr.

Oasis Abode exposure model
Type of ventilation

Natural Ventilation

Mechanical/cooling ventilation

Occupancy hours/day

7hours

8hours

Type of filtration provided

Philips AC 4025 air purifier

MERV 16 filter -HRV unit

Source control of pollutants
Use of Low Volatile compounds material (V.O.C) inside Oasis Abode
The low VOC paint from Berger paints for walls and ceiling is being used to avoid the contamination of air. Berger
breathe easy interior paint has no added Lead, Mercury of Chromium and also has minimal aromatic content, the
breathe easy also lies in acceptable levels of VOC.
The wooden products are also coated with low V.O.C varnish to reduce the formaldehyde content in the room. The
use of cleaning products and insecticides like mosquitoes and cockroach’s repellant is also avoided to maintain
indoor air quality.
Use point source strategy to remove combustion pollutants
Point source strategy implies that, removing the pollutant at the source itself. The combustible products can arise
from burning of cooking gas in kitchen/dining area. For this, team kill bill has provided an electronic chimney of
cfm just at the source of combustion to exhaust out all the pollutants. Also, to provide high ventilation rates in the
kitchen/dining area, 120 cfm exhaust fan is also provided to maintain an air change of 2.
Pest Barrier & control
Corrosion-proof/bird screens installed at all the ducts openings and drainage pipes to control entry of pests etc.
All the construction joints are sealed with DOW corning 795 silicone weather proof sealants.
Fresh air distribution & filtration
In occupied naturally ventilated space, the Philips AC 4025 air purifier is provided
to clean the air inside the room. Philips AC 2882 air purifier has a CADR- clean air
delivery rate(m3/hr) of 333, which can be controlled in 3 step fan speed with turbo
mode. It is equipped with true High Efficiency Particulate matter (HEPA) filter with an
effective filtration efficiency (0.3 micron) of 99.97%. The air purifier is also equipped
with auto mode on/off as per the concentration level of pollutants inside the premises.
The noise level of air purifier is 20.db which is also under noise control level limit given
by United states environmental protection agency.
For mechanical ventilation, the heat recovery ventilator is provided with MERV 16
filter in supply duct to reduce the exposure to the ambient concentrations of
particulate matter. Also, to increase the life of MERV 16 filter, a separate MERV 10
filter is provided inside the fresh air supply duct. The occupants of the Oasis abode
are given a detailed instruction report on occupancy schedule to maintain the IAQ Figure 15 Philips Air Purifier
inside the rooms i.e. preferable season to open windows, settings to increase the filter
life of air purifier, during mechanical ventilation & cooling- switch off the purifier & close down windows and doors.
38

Indoor air quality sensors
Oasis Abode is equipped with alarm type CO monitored sensors across each occupied zone to check on CO levels.
Philips AC 4025 air purifier is also equipped with AERA sense technology which measures real time PM2.5 and
displays the concentration with professional – grade air quality sensing technology.
Moisture control
Jaipur lies in Hot & Dry climate where the moisture content in the air is very less, but according to our condensation
analysis we saw condensation water happening inside our construction layers. To overcome condensation problem
following strategy were implied
To comply with the Indoor airPLUS and Zero Energy Ready Home programs, a layer of aggregate or sand with
geotextile matting or high density polyethylene sheet as a vapor barrier will be installed below roof slabs and
floor slabs to break the capillary effect of moisture penetration.
Selection of rigid insulation material like extruded polystyrene (XPS) of density 34-36 kg/m3 was also premierly
selected on the fact that XPS has closed cell structure with low water permeability, which could reduce the moisture
ingress. Also, the XPS with ship-lap joints which is laid over & below the concrete slab in staggered manner with
the joints between the insulation panels will be taped and sealed off.
Also, to avoid the capillary effect of moisture transfer through the porous structure like concrete floor slabs,
FOSROC Hydrophobic pore-blocking waterproofing admixture -Conplast WP400 is mixed with the concrete slurry.
The admixture is also Bitumen ammonia free
The gutters and downspouts to direct the rainwater are directly connected to rain water harvesting tank to reduce
the chances of saturating the soil around the foundation.
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Innovation

Innovation
Innovation, the process of developing new ideas in the oasis abode has evolved from Havelis (the
traditional houses of Jaipur). We have used some features of the traditional house, like the bay
window and jaali in a contemporary way. We have also implemented the use of some energy
efficient materials which have been described below:

Polished Concrete
A sustainable flooring material that eliminates the energy and
cost of applying a floor covering, low maintenance, durable (lasts
up to 100 years if maintained properly) and reduce dust mite
and allergen problems. Hence, we have used in oasis abode to
reduce the cost and energy without compromising on aesthetics.

Bay Window
Bay window covered with stone jaali is a prominent feature of
Jaipur architecture as women used to use the space to look at the
ceremonies happening in the outdoor, as Indian women were not
allowed to show up in front of non-family members. We have
designed our residence with bay windows as it can be used as
seating spaces.

Vertical garden
We have used succulents as a part of vertical garden in the
elevation as they do not need water to survive and are of low
maintenance as they belong to cacti family.

Jaali
Intricate detailing of jaali is a prominent feature of Indian
architecture. We have used the same in Oasis abode as it acts as
a buffer between the scorching heat of Jaipur and the indoor
spaces.

Zero water discharge:
Our intent is to make maximum use of the used water by treating
it, as Jaipur is one of the Indian cities that faces water scarcity
throughout the year. This has been explained in detail in the
following page.
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Zero Water Discharge
Goal: - The home will achieve zero water discharge to respond to the water scarcity in Jaipur.
Overhead water tank

Rainwater

16ltr

2ltr

Septic
Tank

42ltr

Distribution
Box

5ltr

Filter and
recharges
aquifers

5ltr

25ltr

Anaerobic
baffled reactor
and filter

25ltr

Root Zone
treatment
system

Underground
water tank

Municipal
Water supply
line

Figure 16 Water Circuit on daily usage

The design aims to achieve the goal of zero water discharge by providing a waste water treatment
plant. The treatment plant consists of series of tanks, filters, and treatment systems which are
connected in a water circuit (loop).
Rainwater and storm water is captured/harvested for reuse on site. The black water from the water
closet and from the kitchen sink is discharged into the septic tank, which outflows in the distribution
box and further recharges the groundwater aquifers.
The greywater from the bathrooms, washing machine, household cleaning is discharged into the
anaerobic baffled reactor and filter, wherein the waste water, after passing through the baffles
root zone system, is purified. This purified water is then discharged into the underground water
tank.
The purified water from the underground tank is pumped into the overhead tank from where it is
used for household consumption and for landscaping.
In order to provide safe drinking water, a “Reverse Osmosis Filtration System” is installed, which
filters and reduces the total dissolved solids (TDS) in water.
Additionally, the underground water tank would be connected to the municipal water supply line if
the harvested rainwater storage falls below the demand.
Thus, this recycled water will satisfy the water demand of the occupant throughout the year.
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