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5. EXECUTIVE SUMMARY

No house should ever be on a hill or on anything. It should be of the hill
Belonging to it. Hill and house should live together each the happier for the other.
-Frank Llyod Wright

Net-Zero is how nature operates, everything that comes from it harmoniously merges
back with it, a complete cyclic process, nothing linear like our today’s construction
industry that is struggling to maintain a very delicate balance with nature. This very
thought inspired our team, to take up this challenge of designing not only a net zero
energy building but an environment that people connect to, cherish, and value.

Given the multi-disciplinary approach required for this challenge presented by the
Solar Decathlon India, we formed a team comprising students of Architecture and
Civil, Mechanical, and Structural Engineering to ensure a holistic design solution that
addresses the concerns of affordability, value proposition, Emotional and Aesthetical
Response, Functional efficiency, Socio-Economical Response along with being a net
zero energy building. Passive cooling strategies are used to ensure a spacious, open and
environmentally integrated dwelling called home. Keeping in mind the value of local people
for their cultural and traditional aspects, the use of traditional architecture methods and
materials available in near vicinity are taken in consideration.

Our project is SUKHADHAM-2, at Anand-Vidyanagar-Gujarat, a Single-Family Housing
Scheme, by renowned developers Radha-Saomi Corporation.

Working our way out, constantly juggling through things that harness the best of
nature while ensuring seamless integration with technology through sensor based and
automated building systems. As we promised on achieving an EPI of 20kWh/m2/year,
we have successfully reduced it to 19.49kwh/m2/year. Considering on reflecting the best
UDI, we've achieved 56.63%.

This ensures that all five senses of humans are treated by optimizing thermal comfort,
indoor air quality and sensory comfort. This indicated as living here is a therapy.
Considering the sight of 5 elements of Ayurveda, we've treated a building as a living
human itself.

Few strategies which ensures that:

1. Automated fresh air system of earth-air tunnel chimney.

2. Using indoor air purifying plants

3. Using lime plaster resulting in humidity and co2 reduction.

4. Sensory based automated home systems that operates automatically when thermal
environment reaches the optimum mark.
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6. RESPONSE TO REVIEWER’S COMMENTS

incorporated with the filler slab needs to be
explored.

Further, Constructability in terms of availability
of material, technology, and labour, should be
explained with analysis and narratives

SECTION REVIEWER’S COMMENT OUR RESPONSE
Reviewer 1
Energy Per-|The Strategies selected for Load reduction like- | We have addressed
formance |Energy efficient Envelop, Natural ventilation |this on page 19
strategies and shading design are explained well.
However, the demonstration showing the cooling
reduction for each strategy through energy
simulation is missing.
For Example, you have suggested U value of 0.7
w/sg m k for wall.
However, why it was selected - the colling load
reduction it offers and the reduction in annual EPI
as compared to U value.
Water Per- | The calculations for this section are done well. | We have addressed
formance |However, the Graphics for the water cycle can be [ on pg no: 23
improved with the Litres for each stage for a better
explanation. Treated water cannot be used for
washing cloths in washing Machine, capacity and
related cost of tank to be mentioned and taken
into consideration. This cost could be intelligently
justified by designing the tank to be used in the
future development of the main project
Embodied |Embodied carbon calculations for the Roofs are [ We have citated all
Carbon shown with the baseline. However, Embodied | source at the end of
carbon calculations for each Comparative analysis | the report.
with the baseline case is missing for Walls, floor [ We have addressed
and super structure. Also, please cite sources for|onpgno: 26
all embodied carbon specifications.
Resilient | This section is explained well. However, it can be | We have addressed
Design detailed in the final deliverable on pg no: 28
Engineering [ The Structural load calculations are explained|We are not going
and Opera- |well. However, HVAC system design with|for radiant Cooling
tions drawings, narratives, and calculations should|or  chilled  beam
be incorporated. How Radiant colling will be|systems

We are not using any
HVAC systems.

Availability

of material is
addressed on pg.
no.29

Architectural
Design

This section is well documented
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6. RESPONSE TO REVIEWER’S COMMENTS

SECTION

REVIEWER’S COMMENT

OUR RESPONSE

Reviewer 1

Affordability

This section is explained well. However, the team
can work on a better graphical representation of
this section. Also, please mention the source of the
Rates used for calculations

We have
addressed this on
page 33

We have citated all
source at the end
of the report.

Innovation

This Section is Explained well

Health and
wellbeing

This section focuses on design for achieving thermal
comfort; which should be supported through
a detailed analysis of annual simulations. It s
mentioned in the report that the building is going
to be operated in Mixed mode ventilation. However,
evidence-based design through simulation s
missing- which would show the thermal comfort will
be achieved across all hours.

For Example Annual Energy simulation can be done
providing the window operation scheduled and
Hours the temperatures are in the thermal comfort
range (As per IMAC)can be extracted to show
compliance.

Further, Air quality analysis is missing in this section
and active mitigation measures if required during
certain hours needs to be checked based on the AQI.

We have
addressed thermal
comfort on pg no:
35.

We have
addressed air
quality analysis
on pg no: 35

Value Prop-
osition

This section is explained well
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6. RESPONSE TO REVIEWER’S COMMENTS

daylighting and passive systems, building envelope,
efficient electric lights, and appliances.

Focus on reducing heating and cooling loads with
supportive data. Please work on demonstrating
annual energy analysis against the baseline scenario
using low-energy comfort systems. RE integration
from the final calculation is missing.

SECTION REVIEWER’S COMMENT OUR RESPONSE
Reviewer 2
Energy Per- [ A whole-building approach for better performance | We have ad-
formance is very well done. Included strategies for integrating | dressed on pg

no: 19

Water Perfor-
mance

The team has clearly defined strategies for domestic
consumption, irrigation, and utilities demonstrated
through comprehensive annual water calculations
and comparison with baseline usage.

Strategies to achieve Net-zero annual water
performance are also mentioned but lack clarity on
the water cycle diagram.

We have ad-
dressed on pg
no: 25

Embodied
Carbon

A good attempt; however, the team need the put
together a clear list of materials used in the building
design and its comparative embodied carbon
reduction from the baseline case. Also, the team
needs to add courses of embodied energy/ carbon
values.

We have com-
pared em-
bodied carbon
reduction of
basecase and
praposed case.

Resilient De-
sign

Good attempt to find out current weaknesses.
However, potential risks resulting from climate
change has to be assessed through qualitative
and quantitative Analysis Interventions in design
and infrastructure to tackle the risks demonstrated
through drawings and narratives are also to be
added.

We have ad-
dressed this on
page 28

Engineering
and Opera-
tions

Appreciate the sizing drawings and load calculations.
Constructability at scale in terms of availability of
material, technology, and operational needs are to
be clearly mentioned.

We have ad-
dressed on pg
no: 29

Architectural
Design

Functionality and efficiency in terms of circulation,
space allocation, servicing, Adjacencies should be
presented through drawings. Specific passive design
features adopted can be added to the drawings.

the passive de-
sign stretagies
have been ad-
dressed through
10 contests.

Affordability

Construction cost analysis for local or repurposed
materials and other strategies of the proposed
design needs to be compared with a baseline design
needs to be worked out.

We have ad-
dressed on pg
no: 33
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6. RESPONSE TO REVIEWER’S COMMENTS

detailed analysis of annual simulations. Approach
the same through passive design strategies

SECTION REVIEWER’S COMMENT OUR RESPONSE
Reviewer 1
Innovation | Urging the team to innovate by using new materials | We have ad-
and ready-made products and how these materials [ dressed on pg no
and technologies are used. ;34
Health and | This section focuses on design for achieving thermal | We have ad-
wellbeing [comfort, which should be supported through a|dressed on pgno
detailed analysis of the mode of operation. Annual |: 35
simulations  demonstrating  thermal  comfort
achieved in key spaces are missing during occupied
hours and for each mode of operation.
Value Prop- | This section focuses on design to achieve thermal | We have ad-
osition comfort, which should be supported through a|dressed on pgno

-39
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7. TEAM SUMMARY

71 TEAM NAME : ZENITH

7.2 INSTITUTION(S) NAME :
1. Arvindbhai Patel Institute of Environmental Design, Anand, Gujarat
2. Maulana Azad National Institute of Technology, Bhopal, M.P.
3. Centre for Environmental Planning and Technology, Anmedabad
4. Rajiv Gandhi Proudyogiki Vishwavidyalaya, Bhopal, MP.
5. Chitkara University

7.3 DIVISION : Single-Family Housing

7.4 TEAM MEMBER :

K-

™ L1
Saksham Choudhary Jainil Shah Aagam Shah Trisha Shah
B.Arch 3rd year | APIED B.Arch 5th year | APIED B.Arch 5th year | APIED B.Arch 5th year | APIED
(Simulation & Designing) (Innovation & Designing) (Simulation & Designing) (Composition & Designing)

(Team Lead)

Siddhartha Jain Samved Patel Siddhi Patel Akshita Shrivastav
B.Arch 5th year I APIED F.T 5th year | CEPT B.Arch 3rd year | APIED B.Arch 4th year | APIED
(Innovation & Designing) (Structure & Calculations) (Material & Sustainablity) (Designing)
Akshada Choudhary Pratiksha Prapti Pathak  Rahul Kumar Rathore Naman Karla
B.Arch 4th year | MANIT B.Arch 4th year | MANIT B.Arch 4th year | MANIT B.Des 2th year | CEPT
(Energy Performance) (Indoor Environment) (Indoor Environment) (Simulation)

Sudesh Morey Prateek Saini
M.Tech 2nd year | RGPV B.Arch 4th year | Chitkara University
(Energy Efficiency) (Structure & Calculations) Fig.1: Team Profile

7.5 APPROACH

Our goal is to integrate architectural expression, health, and affordability with a net-zero-
energy-building design. Our team includes architecture and engineering students who
will work individually on specific tasks, but also integrate their efforts for a holistic design
process. We partner with practicing architects and technical consultants for assistance
and market-tested solutions in green building design and renewable energy.
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7.6 LEAD INSTITUTE - APIED, GUJARAT

APIED, a 42-year-old institute in Gujarat, offers undergraduate and graduate degree
courses in architecture and design with a focus on environmental and societal concerns.

7.7 FACULTY LEAD

Asst. Prof. Harsh Sharma, working at APIED for 6 years. Areas of in-
terest include Climatology, Indigenous, Regenerative, and Resource
Efficient Habitat Designing, and Human-Centric Designing.

Fig. 2 : Faculty Lead
7.8 INDUSTRY PARTNER

Grid architects(Architectural solutions)

Shashwat green consultant( Green building)

Abhay Data (MEP)

Kesarjan Building Centre ( for material and structural system)

7.9 DESIGN PROCESS
Feb - May

o Oct- Nov :ﬁ
=/ N

-y 2]
Sep / Som—
'I*E!
o~
- :
1.Team forma- 2. Project 3. Selection of 4. Deliver- 5. Simulation & 6. Working on 7. Working on 8. Finalising 9. Deliverable 4
tion Partners  site able 1 Site visit 2 Deliverable 2 Deliverable 3 Contests
- Final Design
- Discussion - Pre-design - Site measure - Zoning, - Pre-design - Discussions, - Completing - Faculty report,
with mentors Research, ments, - Pre-design analysis, - Self learning ~ Self learning  Discussions, - Movie,
and team - Site analysis, analysis, - Calculation modules. modules - Discussion - Design Chal-
members - Preliminary - Climate anal - Cost estima- - Working - Faculty with Project lenge Presenta-
research ysis. tion on Goals & discussions. Partner tions,
- Search - Context strategies - Design docu- - Calculations - Poster
for Project analysis, mentation. & Simulations
Partner - Identifing - Team meet-
Issues, ing
- Goals

Fig. 3 : Project timeline

710 TEAM DISCUSSIONS 711 SITE VISIT 712 CHALLENGES

il .
| rr 1. It was difficult to understand

new software, so calculating
EPI was difficult. As a result,
we had apporach Seniors and
TRG members.

2. Reducing the use of

Fig. 4 : Team Discussion Fig. 5: Site Visits unsustainable conventional
713 SOFTWARE USED methods increased the cost.
A surocan [R 21006 El fucal Gl Qe 3. We found it hard to balance

college and moving forward

@ Sketchlp lj DesignBuilde !'j-E-J-EI--. . . . with the competition at multiple

times.
Fig. 6 : Software used o T
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8. PROJECT BACKGROUND
8.1 PROJECT NAME : SUKHDHAM (PHASE-2)

8.2 PROJECT PARTNER : Radhasoami Construction (R.S. Corporation)

The R.S. Corporation is located in Anand, Gujarat. Currently owned by Mr. Jignesh shah
a civil engineer. The company has over four decades of experience behind it. They fo-
cus on fulfilling the dreams of the middle class of society. They have earned goodwill
as one of the most trustworthy real estate developers and have developed several
successful residential as well as commercial projects.

8.3 PROJECT DESCRIPTION :

Single-family detached housing scheme on the Northern fringes of Anand city,
following the Hot and Dry climate zone. The project is the second phase of an ongoing
scheme, with phase one already completed and phase two in the works.The targeted
occupants are primarily from the middle and upper middle classes. NRI clients own @
significant amount of property in the area. The purpose of the project is to built & sell.
Being residential type it remains operational for 24 hours. The project is under
construction.

8.5 SPECIAL REQUIREMENTS OF PROJECT PARTNER :
Marketable, affordability, time of construction, and little scope of customization of
spaces are the main requirements of the project partner.

8.6 Cost Estimation :

Baseline Estimate (Project . .
SN F—— Partner / SOR basis) Proposed Design Estimate
Amount % |Amount| Amount % [Amount
1 |Land 3973368.00] 45.0% | 17,068 |3973368.001424% | 17,068
2 |Civil Works 166212611 [ 18.8% | 7140 (154622128 [165% | 6,642
3 |Internal Works 57875886 | 6.6% 2486 | 43953708 | 4.7% 1,888
4 |MEP Services 354600.00| 4.0% | 1523 |563300.00| 6.0% | 2420
5 |Equipment & Furnishing 25365000| 29% | 1,090 [574400.00 | 61% 2467
6 |Landscape & Site Development 8526818 | 1.0% 366 | 10906818 | 1.2% 469
7 |Contingency 570581.00 | 65% 2451 | 60529514 | 65% | 2,600
TOTAL HARD COST 74783522 85% | 32124 | 7811189.7 [ 83% | 33,553
8 |Pre Operative Expend@fUrPishedl o as0 56| 259 | 06 | 22435056] 25% | 964
9 |Consultants 37391761 | 42% 1,606 | 546,783.28| 62% | 2,349
10 |Interest During Construction 74783522 85% 3212 | 78111897 | 89% | 3,355
TOTAL SOFT COST 1,3461034 | 15% 5,782 11552,252.8| 18% 6,668
TOTAL PROJECT COST 8,8244555| 100% | 37906 | 9,363,442.51100% | 40,221
DIFFERENCE 538,986.95[ 6%

Table 1: Cost Estimate
Every room will have mix-mode ventilation, offering people more option to use
the air conditioning however they see fit. The windows and doors are made of
refurbished wood and green glass from the area, where there is a substantial
demand for such products, in the project. We will grout the floor while leaving the
top of the R.C.C. slab exposed, giving the impression of a tile pattern, in order to
prevent cracks.
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8.3 PERFORMANCE SPECIFICATION

GENERAL

Built up area 233 m?
Electricity Rate 55-6 INR/kwh
Number occupant density 6 - 8 person
Buiding Occupany Hours 24 hrs
ENVELOPE

Wall assembly U value 0.7 W/m?K
Roof Assembly U value 12 W/m2K
SHGC 04

Glazing 27

Exterior Shading Device

Horizontal and vertical walls with earth insulation method

System Type

Mix mode ventilation augmented with Earth air tunnel
and solar chimney

Mixed Mode Strategy

Windows are open when operative temperature lies with-
in the IMAC thermal comfort band below 25 deg. This is
possible during the months of November, December and
January

Operative Hours

24 hrs

RENEWABLE ENERGY

Type

Monocrystalline Photovoltaic Panels

Efficieny

18-22%

No. of units generated through Tkw

4-55 units/day

Annual generation Capacity

8,760-12,045 units

Installed Capacity

6 kW

EPI

Proposed EPI

20 kWh/m?/ year

WATER SYSTEM

Total Daily Consumption

124173 litres (for 6 occupants)/day

Domestic Requirement

63 litres per capita per day

Flushing Requirement

72 litres (for 6 occupants)/day

Treated Grey - water

268 litres/day

Total Rainwater Harvest

121879 litres (Anually)

+ Black water) (Baseline)

Annual volume from flow & flush fixtures (Grey

244185 litres

+ Black water) (Design)

Annual volume from flow & flush fixtures (Grey

124173 litres

Percentage of water saved through applied 49%
techniques

Annual volume from flush fixtures (Black water) | 26280 litres
LIGHTNING

Interior Lighting power density (LPD) 19

Exterior Lighting power density (LPD) 05

Solar Decathlon India 2022

Table 2 Performance Specification

9



9. GOALS

-—

. ENERGY PERFORMANCE

To minimize total energy . .

consumption by optimising 'L i.'\.

daylight and ventilation.

EPI target : up to 20KWh/m2/yr.
Net zero energy design with up to 6KW
Monocrystalline solar panels with 22% efficien-

cy.

2. WATER PERFORMANCE
+ Torecharge the ground \ f-.,‘ + 1. Recycled grey water for landscaping.
water table, \ « 2. Utilizing low flush fixtures can cut water usage

+ Toreduce water consumption. : by up to 40% compared to standard fixtures

3. ARCHITECTURAL DESIGN & VALUE PROPOSITION

* Achieve functionality, adaptability, « To integrate Architectural Expression,
and aesthetic for an optimal user & [ Health, and Affordability with ¢
experience. Net-Zero-Energy Building Design.

9. INNOVATION

« Come up  with innovative " + Installing a biofiltration system, using 14
techniques to maximise water and " patterns of biophilia
energy efficiency. : "~ « Using Miyawaki technique to get better

, = productivity.

4. HEALTH AND WELLBEING ¥

+ To achieve indoor comfort ; ~* 80% indoor area will be day light with mini-
both visually and thermally. f:" mum 200-400 or above lux.(sourceMIT lab))

St e Therapeutic landscape, use of mediational
aromatic plantation.

6. ENGINEERING AND OPERATIONS

+ Usage of innovated devices for e * Use of Sensors to determine the set point of AC
optimum thermal comfort E considering the IMAC band of thermal comfort

“i‘?:"ﬁ;f‘ & latest Sstar rated products as per BEE norms.

7. RESILIENCE -

» Disaster management Sustainable | e 3 -5Days of autonomu.
planning i + On site small scale agricultural activity

*  The structure can withstand up to £ A to ensure food supply for minimum 3-5
2000mm of rain for 3 to 4 days & Ll'i“__t"' days (including techniques like hydro-
High plinth level for high rain flood- »',:-3,.-" ponics, aquaponics and aeroponics)
ing conditions.

5. AFFORDABILITY

+ Cost optimization strategies. = * Cost payback period : 5-7yrs

 Life cycle costing of average 1" = The average cost increase for green
strategy materials as per LEED : building measures is 15-20%, which
ergonomy standards. A can be mitigated by using affordable

o, innovative materials.

8. LANDSCAPE “x\

+ To create a quality of an - ) *  100% Indigenous Species & native Vegetation
environment and provide a E % = Drought tolerant Plants - Companion planting,
conducive living space. ’f"_,.' xeriscaping & 50% of the total paved area on site

are shaded.

10. EMBODIED CARBON

* Tolessen the carbon foot- . *  Use of 20% recycled product & 50-70% of the
prints on building material { E{:} L products used will be sourced locally with in a

* Use of GRIHA or LEED rated I'% ) 500km radius.
materials. “em—" + Utilize carbon-sequestering materials, such as

Fig.7 : Goals green roofs and walls.

Solar Decathlon India 2022
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10. DESIGN DOCUMENTATION
10.1 CONTEXT ANALYSIS

I Anand Core Vallabh Vidhyanagar ---- Access 1o site --=-Bakrol - Anand Road
s Lot Nadiad - Anand Road
{7 Site Location . i
---- 7ydus - Anand Road Zydus-V.V. Nagar Road
Fig. 8 : City Analysis Fig.9 : Site Connectivity

* The site lies in between the fringe area of Anand & Vallabh Vidhyanagar.

* The user group who invest here are upper middle class and high income group people.
Who generally travel through their own vehicle rather than using any public transporta-
tion facility.

* The Plot size varies of 4 BHk varies from 1700 - 3500 sq.ft., with average being 2,600 sq.ft.

« Hence, per Sq. ft. price varies from 2,500 - 5,700/~ INR (selling price including construc-
tion cost, profit & other charges), with average being 4100/- INR, as per facilities and
amenities provided to the user.

» This solution is intended for 20-22 houses on this land parcel (with 6 members in each
house).

* The material that is locally used and available in good quantity is brick.

« Theearlier houses used to be a linear/row house kind of system. which would include an
open-to-the-sky backyard at the back of the house for cross ventilation.

10.2 CLIMATE ANALYSIS

LEGEND ot
TEMP. (°c) RELATIVE N
M- HUMIDITY(%) _
Mo 2 <30 4 4
M2224 W3070 e
M 24-38 W0 R 4

Fig. 10 : Summer wind  Fig 11 : winter wind - >58 Fig12: éun Path

DIRECTION NORTH NORTHWEST 327° SUMMERANALYES i

AVERAGE DAY IN | SUMMER | WINTER | SUMMER | WINTER | oo ‘ - ™

OVERALL FORM 1205 1050 1309 972 v . '

NORTH SURFACE | 124 57 325 65 Nt R ——

SOUTH SURFACE | 102 274 223 263 WINTER AHALYSIS .

EAST SURFACE 122 109 207 173 -

WEST SURFACE 12 80 247 43 ‘ ’ " ’

TOP SURFACE 588 346 698 346 x orihvenss 357

Table 3: Thermal Analysis (values in kwh) Fig 13: Box Analysis
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10.3 MASTER PLAN

We have planned a waste
water treatment plant on the
site that will use a natural
slope to collect all of the
grey and black water from
both phases at the distinctive
phase 01 corner.

Vermicomposting system:

Vermicomposting is the
process of using worms to
transform organic materials
(typically trash) into vermin-
compost, a humus like
substance.

e BROWNWATER

(f FILTER 2ALK ll."'
FIME SIEVING l.-"}l

iy

I ’
{ FILTRATE EIS{I-HFI.EEDK'l

- Solid Waste Mangement

. . - . . - Water Waste Mangement '_:ﬁ T AR m“”}_.-"f
— Fig 14 : Master plan with phase 1
Number of Units : Road Area : 1298 sg.m. SOLING PART TO BE
3BHK: 06 Open space : 590 sg.m. VERMICOMPOSTED INTO
4BHK: 16 THE FILTER SACK

Fig 16 : Vermicomposting
Vermicomposting of sieved
blackwater using the
Rottebehalter system:

The plant consists of three
major parts:

1 Intermediate tank

2) Three tanks connected
to the intermediate tank in
parallel, within each tank a
filter bag of dimensions

(50 cm*50 cm*80cm).

3) Amobile crane for weighting
the filter sacks.

Fig 15 : Master plan @

Rainwater collected on the roads and common plot will be collected collectively at the
centre open space.
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10.4 DESIGN ANALYSIS

1. Living Room - 6.2 x 39m

2. Kitchen - 3.8 x 3.8m

3. Dinning - 2.8 x 3.8m

4. Powder toilet - 1.2 x 2.8m

5. Bedroom-1-4.0x 3.2m
6. Toilet & Dressing

" Areal1-30x24m

7. Parking - 32 x 5.2m

8. Store Area - 1.5 x 1.8m

9. Pooja Space - 1.8 x 11m

10.Cut-out Above covered
with glass

Fig 17 : Ground floor plan

* Ground Floor Plan

A,

—|

1. Bedroom-2 - 4.0 x 3.2m
2. Toilet & Dressing
Area -2 - 3.0 x 24m
3. Bedroom-3 - 34 x 40m
4. Toilet & Dressing
Area-3-15x4m
5. Balcony - 31x1.2m
6. Bedroom-4 - 3.6 x 3.8m
7. Toilet & Dressing
Area-4 - 15 x 4m
8. Lounge area - 41x 3.8
9. Earth coupling
10.Cut-out Above covered
with glass

. Fig 18 : First floor plan
e First Floor Plan ? :

The approach for architecture is based on the climatic parameters and considering hot
and dry climate of Anand. The approach is to promote heat loss and reduce heat gain.

We have tried to incorporate it to connect users with the greens in most parts of the
house in order for them to live a healthy lifestyle.

Solar Decathlon India 2022 13




Our goal is to design
environments that
promote meditation by
being as peaceful and
pleasant as possible.

Because the plot is
oriented 30° north-
south, we aimed to
reduce the amount of
time spent in the west
and south suns.

To help customers
lead healthy lives, we
have made an attempt
to connect them with
greenery in most
areas of the home.

Fig 19 : Tthirdfloor plan
* Third Floor Plan

For shading design, the building geometry was imported into the Andrew Marsh software
to understand areas that require shading and areas that fall under mutually shaded
spaces.

=]

LELL — SLLLELTTLL

Fig 20 : Section AA’

SECTION AA’
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Fig 25: Views

We have designed each
spacetobeclosed oropened
in a mix-mode system based
on the needs and comfort
of the occupantsWe have
designed the structure and
electric points in such a
way that there would be
no need for a false ceiling.

SECTION BB’ Fig 21: Section BB’

SECTION CC Fig 22 : Section CC’

Fig 24 : Views

. L Fig 23 : Front Views ) oV
Choosing to live in a net-zero residence does not only mean choosing an energy efficient

space but also an energy efficient lifestyle. When occupants make this decision, it is critical
that the project provide them with flexibility in areas such as open kitchens and dining
areas in the winter and outdoor gatherings in the backyards.

Solar Decathlon India 2022 15




10.5 LANDSCAPE
“Bringing Nature to Built”

* Inahot and dry region, vegetation is crucial because it absorbs radiation and, with
precise plant arrangement, vegetation may direct and increase airspeed.

» To create an environment that provides visual and other sensory interests for the user.

T

Large size Tree Medium size Tree Small size tree
Diameter - 8 to 10m Diameter - 5 to 8m Diameter - 3 to 5m
Landscpae master plan Fig 26 : Landscpae master plan
*  68% - Hardscape , 52% - softscape, 50% of the total paved area on site are shaded.
» Creating all-season interactive spaces deeply rooted with nature by all-season flowering
trees and vegetation.

*  100% Indigenous Species & native Vegetation and creating enviornment which attract
bird species on site.

Landscape plant directory for masterplan

‘ Medicinal trees
- B T

1. Gulmohar 2. Yellow Flame

1. Neem tree 2. African tulip plant 3. Ranwara plant

Fig 27 : Landscape plant directory for masterplan

Therapeutic Landscape by using medicinal trees for
- better health and well-being, through healthy air,

3. Kadamba 4. Bauhinia (Kachnar)  water and food.

Solar Decathlon India 2022




* Vegetation is planned on east and west sides to minimize the heat gain.

* The determining climatic factors are Air movement, Radiation, Relative Humidity, and
Daylight.

* 50% of the Paved area are shaded by trees which decreses the urban heat island effect
by 20%.

* Low/No Maintenance green spaces, that maintain themselves naturally and don't
require an excess water supply, cleaning of shredded leaves and trimming.

i B Herbs
al 4

il Creepers

' T

Shrubs

N Shrubs

Small size
tree
Diameter
-3to5m

Medium size Tree Square foot farming Flowering plants
Diameter - 5 to 8m Fig 28 : Landscape Ground Floor plan
GROUND FLOOR PLAN
Strategies :
1. Use of Native Plants and
- tress
2. Drip Irrigation
3. Earth Coupling
» 4. Planters on 1 floor
n 5. Terrace garden
& . 6. Use of Seasonal Plants
[ 7. Meditional Plants(Thera-
- x . putic Landscape)
u | 8. Use of Flowering, Smelly
© ‘ Plants which are use for
I air purification
. e
‘0;1 [ o
Planters 1. Green Area: 2755g.m

o _ . 50% of the total paved
FIRST FLOOR PLAN Fig 29 -landscape First floor plan area on site are shaded.
Solar Decathlon India 2022
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Landscape plant directory

e Herbs * Indoor air purifier  p  Smelly flowering plants |+ Trees
- g ot | ) -
> i g : E- LA
S W R
; o Baaguier du Champa tree

=%

-y ‘
§ ¥

-_ﬁ__

erminalia metallica

¢ ¥

+ Herbs like such Basil, mint and thyme act as insect repellants F\g 30: \omdSCOpe plant directory

Earth Coupling :
. * Earth coupling of thermal mass protected from

external temperature extremes (e.qg. floor slabs) can

substantially lower temperatures by absorbing heat.

» Passively shaded areas around earth-coupled slabs
keep surface ground temperatures lower during the
day and allow night-time cooling.

Fig 31: Earth Coupling

Companion Plant within A Square Foot Garden

+ Companion planting is the technique of growing various plant species close to one
another so that they can mutually benefit.

* Square foot gardening makes it possible to grow a wide
range of species in a little area.

* A4 feet by 4 feet rectangle can be divided into a grid of
16 square feet. Each square foot is treated as a separate
patch, and a specific number of plants are planted per
square foot.

Drip Irrigation System

* It's avery efficient way to use water because the water goes
straight to the plants without evaporation or runoff.

» Dripirrigation delivers water slowly
immediately above, on or below the
surface of the soil. This minimizes
water loss due to runoff, wind and
evaporation.

ig 33 : Drip Irrigation
Aeromatic herbs and medicinal plants

«  Plants with medicinal * W ;t :., ﬂ ﬁik
1} rh I.I"'la

benifits like amla, Aloe
; -+ - T

vera, grass lemon, Dhava-
F\g 34 Aeromanc PIOnts

na, Ashwagandha, Coleus,
Mints, etc
* Use of Mosquito-Repelling Plants like Rosemary, Basil, Lemon balm
Solar Decathlon India 2022 18




10.6. ENERGY PERFORMNACE
Energy Efficient Building Envelope:

o The project must ensure that the overall U-value of the wall assembly shall meet the
baseline criteria mentioned in IGBC Green Aordable Housing guidelines for climate

zone
Building Elements Maximum ‘U'-Value ‘U'-Value iZ.?VderOH stJ _V8|7U$\/;OC;[|'(<) r
IGBC Guidelines(W/m2K) (W/m2kK) Table 4 - U val- g’g eUSiLI{]Cge ﬂgo Os‘h bri(r:T<S
Wall <25 07} ye of Buildin B
oot = [ Y and Rat-trap bond.
6l <=5 27
(s 3. By using filler slab
1. Wall Window Ratio(WWR) of the residence  overall ‘U value is r 'mm
. . educed to 1.2 W/m*K --- .
is overall 151%. from 1.4 W/m?K -
Glass : We are using 4. \We have also used e
- ASAHI Ecosense Necta earth insulation to -u-.¢!—.—.-—

- Double Glazed 6mm with air cavity )
U-Value: 2.7 W/m’K increase thermal

- SHGC 04 conductivity reduce

SHGC of the Glazing of all windowsis 04 is meeting with the overall EPI.
baseline criteria (IGBC Green Aordable Housing) less than 0.5 if
WWR is less than 20% in hot and dry climate.

B EM Coiowlotion
N ]

Drmmalon
¥ e

Fig 35: Strategies
Base Case EPI: 49.31
Orientation- 4.9

Shading- 4.6

Properties of Material- 5.2
(Lime plaster, rat trap, fly ash bricks)
Earth Insulation-3

LOROMODE Aperture Size- 51
Landscape-3

Use of solar chimney &

e el
s ]
Properies of Hobeno! |
Fath numiz
1 S )

A tr e SR

L O %zd pr Charrrs ol Ferih, A ol

] L] M L] =) 50 Earth air tunnel- 402
Proposed design EPI1 19.46 KWh/Sg.m & Base case EPI 49.31 KWh/Sqg.m
.:....n...,-. rwmﬂ.mw.l_--.:n:uw LEel Busiry |

3

TE b riee i

. — P ? o g B
‘ - gl puaRss
| e 5 0 ¥ O, 7 P b o o o e b
i 'mﬂﬂwﬂm Propai] B e [ ais = ol
I = Focmmd | pl i ke

Phas® s, mal

E M b W

i Fres1 e e

a: I: -L'ﬁw‘-"\%""m'd.‘ﬁﬂ EU-H | P‘riih“lljl"ﬂl Prya | wowe g ey

.i L0 MM L‘ o E::’uﬂ'-::ﬁ
- x ol i pet i i = - Fig 36 : Design Builder module

Totsl Imergy [kwh] Energy Per Total Building Area [kiwh/m2] Energy Per Conditoned Building frea [kivhfmit]

Terkal SEw Erargy ] e dd
gk SEe Encrgy T L1540
Total St Engigy 13058 =S Ba. 149
Hul Sowrta Ensegy 11358 88 &8.14

EPI achieved through Design builder simulation is 19.49 Kwh/Sg.m fable 5 Ep
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10.7 DAYLIGHTING OPTIMISATION
1. Useful Daylight llluminance

GROUND FLOOR

FIRST FLOOR

Fig 37 : Simulation of UDI

Averages = UDI-a (100 - 2000 lux): 86.26%
UDI-s (<100 lux): 10.59%
UDI-e (>2000 lux): 315%"

2. Spatial Daylight Autonomy
.  P—

GROUND FLOOR

Period: 1/Jan/2023 - 31/Dec/2023

Occupancy: 800 AM - 6:00 PM

We achived 86.26% of UDI were minimum require-
ment is 50%

-

FIRST FLOOR

Fig 38 : Simulation of SDA

Overall Score = 57.88%
Period: 1/Jun/2023 - 31/Dec/2023
Occupancy: 800 AM - 6:00 PM

3. Annual Sunlight Exposure
ey  E—

GROUND FLOOR

Percentage of analysis points = 300 lux for = 50%
of the hours.
Occupancy: 800 AM - 600 PM

We achived 57.88% of SDA were minimum require-
ment is 50%

FIRST FLOOR

Fig 39 : Simulation of ASE

Overall Score = 3.38%

Period: 1/Dec/2022 - 31/Dec/2023
Occupancy: 8.00 AM - 600 PM
Time Threshold: 250 hours

Solar Decathlon India 2022

Percentage of analysis points = 1,000 lux for = 250
hours per year.

We achived 3.38% of ASE were it prefer to be less
then 3% ( we are reducing it using finance)

20




10.8 ARTIFICAL LIGHT OPTIMIZATION

 Interior Lighting

No. of uantity per| Wattage per Ener;
Room Lighting Equitments Q L . A7 =
Rooms Room equipment Consumed
Living Room 1 LED Batten ( Tubelight ) 2 20 40
Bedroom normal 3 LED Batten ( Tubelight) 1 20 60
3 LED Lamp 1 10 30
3 Night Lamp 1 0.5 1.5
South Side Bedroom 1 LED Batten ( Tubelight ) 1 20 20
1 LED Lamp 1 10 10
1 Night Lamp 1 0.5 0.5
Dressing room 4 LED Lamp 1 10 40
Toilet 6 LED Lamp 1 10 60
Kitchen 1 LED Lamp 2 10 20
Dinning Room 1 LED Lamp 1 10 10
Store 2 LED Lamp 1 10 20
Staircase 2 LED Lamp 1 10 20
Balcony 1 LED LAmp 1 10 10
Family Area 1 LED Lamp 1 10 10
Open Area 2 LED Lamp 1 10 20
Toilet open area-1 1 LED Lamp 1 5 5
Toilet open area-2 1 LED Lamp 1 5 5
Circulation 2 LED Lamp 1 10 20
Pooja 1 LED Lamp 1 5 5
Total Wattage 407
Gross Area 213
LPD 1.9
- Exteriorio
Gate 1 Outside Lights 2 3 3
1 Name Plate Light 1
Parking Area 1 LED Batten ( Tubelight ) 1 5 5
1 Night Lamp 1 0.5 0.5
Garden 1 Outside Lights 6 5 30
Total Wattage 43.5
Gross Area 84
LPD 0.5

Light power density
Interior= =19 W/m?

Exterior=0.5 W/m?*

Complies with IGBC Green

Affordable Housing (Efficient

Lighting

Solar Decathlon India 2022

Equipment Optimization

Table 6 : LPD Calculation

Appliances selected are 5- star BEE rated in order
reduce energy consumption.Energy savings has
been achieved by using the most energy efficient
appliances and a comparison

to NBC base line has also been done.




10.9 Renewable Energy
1. Solar Energy

Size of solar panel = 1956x992
(Tata solar power TP 72 series)
Area of a panel - 1.9 m?

Efficiency of a panel - 19.6 %
1000x 19.6%x1.9=0.36Kw/panel

At 22° N, Anand experiences around 6-8 hrs
of sunshine per day throughout the year.

mm

Net present value (Lakhs)

Break even
point : 4 Years

This panel will produce 361x7=2.5 kwh/day.
Anand has approx. 280-320 sunny days/yr.

So, we need to install plant of 6KW(As per solarrooftop.gov.in)
Total Electricity generation from solar plant : 7hrs x 300days x 6kw = 12,600 Kwh
Toatal generation of electricity for Life-Time (25 Years) = 3,15,000 Kwh

Total Energy Consumption

LT —

T

B (am @ Papese @

ey el

i T

Kwh

L= L]

vr

Fig 41: Comparision between base case & proposed case of To

tal Energy

A 4
Years

Fig 40 : Pay back period of Solar Panel

1 L T

Vo .
consumption

Through various strategies related to thermal comfort every year we save 16.8% of energy consumption.

2 Energy through superior Plumbing

Fig 42 : Energy produced through superior Plumbing
The energy produced will be used to power street lights.

Solar Decathlon India 2022

The energy needed to pump
water through a society’s
plumbing can be captured
and put to good use by re-
placing ordinary pipes with a
network of pipes that contain
turbines that produce pow-
er. Moving water is essential,
similar to conventional hy-
droelectric power, however
this use does not use turbines.

Credits : Lucide pipes
In the LucidPipe, water flows through, spinning
hydrodynamic turbines to generate electricity




10.10 WATER PERFORMANCE

Grey Water Treatment

= e oy \!

........................................................ > Drinking, Handwash, Bath
A Qutdoor Landscape
i" Potable Water T :
Borewell Recharge
Rainwater Harvesting M Non Potable Water v

lof
ii ‘4.
(]

Householdwash Flushing, Gardening
Fig 43: Water cycle

First step to minimize water wastage is to use water efficiently by using water
efficient fixtures.

WATER PERFORMAMNCE IN LITERS (SOURCE : IMD)

BASE LOME N35LE bostinfilliny PROPOEE DB I o apaid oy
4 ﬁ
]
?
I.l
f i

COOENG

WALHNG LITRNSLS 2 T

WASHMG CLOTHES m

FRLISH®IG TF Hl !
E Fig 44 . Water efficiencient fixtures

DG : By using such efficient fixtures

e 55 we can save upto 72L per capita

per day from baseline standards.

& 5 10 15 20 25 30 %5 40 &% SO 5%

T == Baseline Design
Dual Flush Systems . Daily Use
(Flush/Minutes) Occupancy | glow rate Daily Use Flow rate Daily Use
Water Closets (Full Flush) 1 1 6 6 36 4 24
Water Closets (Half Flush) 1 4 6 3 72 2 48
Showerhead 8 1 6 10 480 5 240
Kitchen Faucets 0.25 4 3 8 24 25 75
Faucets/ Taps 0.25 4 6 ] 48 25 15
Health Faucets 0.25 1 6 6 9 3.8 5.7
Daily Volume Generated from Flush Fixtures (Black Water) 108 72
Daily Volume Generated from Flow Fixtures (Grey Water) 561 268.2
Annual Working Days 365
Description Baseline (Liters) Design (Liters)

Annual Volume from Flush Fixtures (Black Water) 39420 26280
Annual Volume from Flow Fixtures (Grey Water) 204765 97893
Annual Volume from Flow & Flush Fixtures (Black + Grey Water) 244185 124173
Percentage Saving 49%

. . . Table 7 : Rainwater calculation
1. We are saving upto 60% water having 2.5 LPM flowrate in faucets by low flow using

aerators.
2. For water closets we are using dual flush systems for Large Volume Flush we are using
4 LPF while for small Volume Flush we are using 2 LPF which can save upto 33% water.
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Second step is provide rainwater harvesting system to capture maximum run-off
volumes from roof and non-roof areas.

wunn
"""""
.
O

4 5 4
Rooftop Collection First Rain Seprator Aromatic/ Filteration Borewell Recharge
Medicinal Plants Fig 45 : Rain water harvesting system

Catchment and Separates first Rainwater will Prevents Borewell will
then pipes/gutter rain with pass through sediments, be recharged
direct to impurities from aromaticplants impurities to t hr o u g h
harvesting RWHS which will add enter in rainwater
structure medicinalvalue harvested

ANAND RAINFALL STATISTICS

Cooking 3L
= RAINFALL IN MM Drinking 4L ensils 8L

600 541.1

500 =

400 % hes 8L

300 % Bathing 28L

200 169.6 =i

= =
100 669 £ SR .
0 0 0 0 o m=m BEH B B s 0 Rainwater Usage per
0 | — I — . | = | ) i
JAN  FEB MAR APR  MAY JUN JUL  AUG OCT  NOV  DEC Capita per day is 51L
Run off Area | Impervious
Roof Surface Type . .
yP Coefficient (sq.m) | area (sq.m)

Cemented roof 0.95 60 57
Manglore Tiles 0.8 16 12.8
Hardscaping 0.8 38 304
Grass Pavers 04 23 9.2
Gardens/Farms 0.1 15 15
Total Impervious Area 110.9

Taple 8 : Total i i
» Anand typically receives about 1099 millimeters of precipito%oen on%go‘ﬂgp.emous e

(src. Rainfall Statistics of India - 2019)

So, Groundwater Recharge Potential i No. Of days harvested water can be
Yearly, iused = Potential/ daily usage
POTENTIAL = Rainfall In 12 Months X =121879/51X6
Total Impervious Area =121879/306
=1.099 x 110.9 m2 = 398 days
= 121879 m3 :

Hence, Our site could harvest rainwater for more number of days than required.

Our area has fairly Groundwater Level which is available for disposal and consumption.
Hence invention of storage capacitiesis burden on costing.
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Third step is to reduce consumption of potable water and waste water generation
for flushing and gardening purposes.

* Daily grey water generation from low flow fixtures for 6 member family 268L.

» Daily grey water generation from low flow fixtures for 22 units 5896L.

» Annual grey water generation from low flow fixtures for 6 member family 97893L.
» Annual grey water generation from low flow fixtures for 22 units 2,153,646L.

* Weekly grey water generation from low flow fixtures for 6 member family 1876L.

* Weekly grey water generation from low flow fixtures for 22 units 41,272L.

}?3{ Flow Equalization
1 Tank

Level Adjust

1 Basin [
"Balances out
the surges of It adjusts the u
periodic N water level in
Settling Tank overuse by | Wetland Cell wetland cell Drip Irrigation
Solid waste is evenly releasing It makes plants and provides Clean water from
settled as water to the and a staging the level adjust
sludge from next step. microorganisms zone which basin is then sent
the waste feed while determines if the landscape of
water which reducing it is ready for the building
flows from the | ¥ pollutants and the next step. through drip
building. odorous gases. : irrigation system.
a Lt N
ﬂ- Ciorr gl
@ cromsomnnas Fig 46 : Waste water recycle System

Wastewater enters this gravel-filled basin
that is planted with wetland plant species
and has a cement bottom, keeping the
water in the container rather than seeping
into the ground. To ensure maximum
contact with the plant roots, the water is
compelled to travel up and down through
the system.

Inlet Qutlet

/I\ »

Daily water consumption of 6 member
family is 378l

Total Rain Water Usage

! Greywater Treatment ver day 306l

81%

Total Grey Water Usage

199" day 72!
0

@\] The remaining amount of treated

greywater will be used for gardening.
Fig 49 : Daily Water comsuption per unit
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10.11 EMBODIED CARBON - MATERIAL PERFORMANCE

All the materials which will be used in the buildings are :-
a) More affordable conventional materials
b) Locally available or within 500km radius & c¢)Having low embodied & U-values

Embodied

Materials U-Value Energy

W/mK)  (MJ/kg)
WALLS
Fire Brick 12(ECBC) 44
Flyash Brick 0.8(ECBC) 05
AAC Blocks 0.18(ECBC) 37
kesarjan Bricks NA NA
ROOF
Concrete 141(ECBC) 13
FINISHES
Stone Dhaulpuri  3(ECBC) 044
Green Glass 1.05(ECBC) 17
Lime Plaster 012 45
Cement Plaster 1.2(ECBC) 044
Manglore Tiles  0.6(ECBC) 75
ceramic Tles 15(ECBC) 8.2
kota stone 3(ECBC) 044
Bamboo 0.19(ECBC) 23

Not used(As a base case)

Market ~ Compressive
Price Strength
6-8 RS 35
4-6 RS 35
17 RS 5
12 RS 75
6000/cum. 15-30
40-45 Rs 12
70/sqft. 39
75/kg NA
550/sa.m. NA
40-45/piece
35-60/sqft.
18-25/sq.ft.
55-70/piece ‘ 13.9

Used in Design

Water

Absorption

How far is the distance of
following material from site:
®

(N/mm sq) (% of mat. weight)

12-15%
1250%
35-40%
12-15%

1%

12-15%

NA
NAwW

18-20%

@ @
®
®

@ Manglore tiles @ Bomboo

3.5km 13 km
@ Green glass ® Cement

3.9 km 14 km
® Fly ash Bricks

8.8 km

Fig 50 : Material Availability

-
n II
3 r
&F " __Jp'-' r:.-'*

VAR
w
- basa case [ propased
Fig 50 : Embodied carbon

Table 9 : Material Performance

Rat-Trap Bond - For better thermal performance & material saving.

The main features are:

(a) Strength is equal to stan-
dard 230mm thick brick wall,
but savings in consumption
of materials. The overall sav-
ing on cost of materials used
for construction compared to
the traditional 9” wall is about

U- Value U- Value U- Value 20% (b) the air medium cre-
1.2 W/m2K S 0.8 W/m2K 0.7 W/m?K ated in between the brick
230mm Thick 230mm Thick 230mm Thick ; ; i

Exposed Red clay Exposed Fly -Ash Rat-trap bond Iogers helps In mOIﬂ’[OIOIﬂg a

Brick Bond Brick Bond (Mixture of Fly -Ash + good thermal comfort inside

Red clay Brick) the building.
Fig 51: Rat- Trap Bond Section
Sr.No. [ltem Conventional Wall Rat-trap Bond Savings
(with 1.4 Cement : Sand Mortar) | (with 1:4 Cement : Sand Mortar)
1. Brick 389 280 28%
2. Sand 034 m? 020 m? 37%
3 Cement 119.5 kg 75 kg 40%

Table 10 : Material consumption in conventional Masonary wall & Rat-trap bond wall (For 1 cu m. of brickwork)
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WINDOWS- As site lies in hot and dry climate, we are operating windows in following sequence:

ITMITICOL

Closed- 10 AM. - 5PM., Open- 5 PM.-10 AM.

(a) windows are closed to reduce inflow of heat
from outside into the rooms and those are kept
open to facilitate circulation of air inside the room
and dissipation of the accumulated internal heat.

w
|
N
T
E
R
Open-7 AM.-5PM. Closed-5PM. -7 AM.
(b) windows are kept open to get maoxi-
mum warmth from sunlight and kept closed

to reduce loss of heat from inside of the room
and protect the interior from rapid cooling.

WALLS- To coincide with the practice, we had constructed building with rat-trap bond, filler slab,
earth insulation, etc. which are capable of reducing convection of heat through building envelop.

Heat transferred through per square meter of 023 m thick rat-trap bond ma-
sonry walls in still  aqir condition and for a temperature difference of 5° c
Thermal Load comparision
0 b 3000
75 |80 175 75 75 2500
o
t, Rlac|oa t, g § oo
“ Cross-sectional area g 1500
~ b in the direction of flow &
230 1000
Direction of heat flow 0 :
ROOF/ SLAB - Fig 52 : Thermal Load comparision of Brick bond type
Embodied Energy for 226 sq.m. RCC slab vs Filler Slab
Sr. Embodied
No. Material Energy (MJ) CONVENTIONAL ROOF FILLER SLAB ROOF
Quantity [Total Embodied| Quantity Total Embodied
consumed | Energy (MJ) consumed Energy (MJ)
1 |Concrete 33.9 22.6
Cement (kg) 6.4 18794.16 120282.624 12529.44 80188.416
Coarse Aggregate(m?3) 108 37588.32 4059538.56 25058.88 2706359.04
Fine aggregate(m?3) 87.5 18794.16 1644489 12529.44 1096326
Reinforcing Steel (kg) 42 6575 276150 4383 184086
3 [Mangalore Tile 7.5 0 0 867 6499.634
Total Embodied
Energy(MJ) 6100460.184 4073459.090
Difference in Energy 2027001.094
Percentage of saving
energy 33%

Table 11: Comparision of Emboded enegy btv. RCC & Filler Slab

A decrease in concrete volume results in a

49% decrease in cement, sand, and crushed

stonechip usage, as well as a 13% decrease in steel usage. Costing about 23% less than a con-
ventional RCC slab. We utilise the top of the slab as the floor, much to how we don’t use tiles

for flooring. In addition, the house’s doors and

windows are constructed of refurbished wood.

The embodied carbon for super structure will be same as walls as our structure is load bearing.
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10.12 RESILIENCE

POTENTIAL RISKS ON SITE
1. / ol
J
Qur site liesin zone 3 where

there is a moderate risk of
earthquakes.

SOLUTIONS

*« Qur site lies in the moderate seismic
zone, still the precautions had to be

I

——

weight of flyash bricks:
material is fly ash bricks which also have 26kg

weight of conventional
bricks: 3.5 kg

taken. Concrete frame structure have
been given with beam size of 230mm
width , 450mm height and the column
size of 230mm by 450mm. Filling

less dead load than conventional bricks

2. /}

Site is prone to floods due
to heavy rainfall in the
monsoon months which
leads to substantial risks
of the following :-

I Power Failure for 3-5
days

\l/

71\
i) Lack of food Accessiblity

We will provide sufficient plinth level as per high flood
level

We are using Luminous Eco Volt + 1650 Pure Sine Wave
Inverter 1500va 24 Volt for battery backup in case of

power cut.
S. No. Equipment Quantity Watt | Total Watt | Hours Days Total Watt hour
1 Fan 3 35 105 12 3 3780
2 LED 6 20 120 5 3 1800
3 Plug 6 100 600 1 3 1800
Grand 825 Grand Total 7380
Total
VA 1031.25 Round Total 10000

Table 12 : total watt hour consumption in case of calamities
« By square foot farming we are %
growing variety of species in a
limited space, this method
requires 80% lesser space. We
are also doing companion
farming a practice of planting :
different species in close F\g59 SQUOrefoonOrmmg
proximity so that they can offer Basilx Tomatoes
benefits to one another. We will CucumberxSunflower
achieve this by doing terrace Lettucex Garlic
farming,/ gardening on the roof PeasxMint
of semi-private & private spaces Carrotxonion

4

~—
Presence of high number
of mosquitoes results
high chances of diseases.

Solar Decathlon India 2022

MOSQUITO REPELLENT PLANTS .

@*@@

basil rosemary catwips
Fig 53: Mosquito Repellent plants

Various mosquito
repellent plants are
used the
landscaping of site
and unit both which
would not only repel
mosquitoes but also
attract pollinators.

in

lavender
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10.13 Engineering Design & Operations

1. Structure Sg
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(SCALE-1:50) Fig 56 : Foundation detail

This design approach utilizes load-bearing in the most effective way possible and
serves several purposes, including supporting weight, dividing the area, and insulat-
ing the structure thermally and acoustically. The walls considerable weight aids in
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TYPICAL COLUMN DETAIL

(SCA

Fig 57 : Typical column detail
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LE-1:75)

keeping the building intact and secure
against external elements like wind and
earthquakes for low-rise structures.

db = DIAMETER OF THE BAR
Id = DEVELOPMENT LENGTH
hc = HEIGHT OF COLUMN

SCHEDULE OF COLUMNS
(FOR ORIENTATION OF COLUMNS REFER LAYOUT)

MAIN STEEL
TIES
2 FROM LEVEL PEDESTAL
>
23 TO LEVEL FIRST FLOOR SLAB
753
A i.‘
SECTION
% 2—RING
COLUMN Nos. C1
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RCC SLAB SILCON FILLER DOUBLE TOUGHENED GLASS e Y
150MM THICK 2MM MIN.
t3
5 220
& SPACER BAR
s -
< MATT FINISH
' ISA 50X100X5 ANCHOR FASTENER b2
50MM DEEP b1
230
Fig 58 : Glass floor detail
(SCALE-1:20)

The Structural Design has been done in compliance with
the soil condition and the Earthquake loads of Anand,
using STAAD.Pro software. The Design is an 1S-456 Code complaint and has been done
for M-25 Grade of concrete and Fe-500 Reinforcement Bars. The design employs 2
types of structure, load bearing walls & R.c.c. columns for the staircase & water tank.

Fig 59 : Beam cross section

1
A
|

rEESE

LR R Ealalal Robel R LI L B I |

Fig 60 : Load Analysis Fig 61: Stress Analysis of slab

Filler slab Details - Erboided Energy for

T T 226 m? Slab (in MJ)
‘ ‘ 7000000
| | 6100460.184
! ! 6000000
. o = 5000000
—_— 4073459.09
= 4000000
4 - =
r T : 3000000
X X
2000000
8 TOR 1000000
@ 200c/c e
R.C.C. SLAB FILLER SLAB
FILLER MATERIAL
230:380x25MM - g 63 Comparision Analysis
Consumes less  concrete
and steel due to the re-
(A -—-— duced weight of the slab

‘ 8 TOR @ 200c/c

Fig 62 : Detail Plan of Filler slab of Living room

achieved by replacing con-
crete with light weight filler.

Filler slab reduces heat flow
through roof in the building due to

‘oo I

heat resistant qualities of the fill-
er materials and the gap between
two burnt clay tiles. The inner temp.

110MM THK.
F—%F
;ZEOMM
R
L A
s
et
LIS
[ ]
|
i
LIS
i

LSPACER

Fig 64 : Detail section
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LRCC*MZS LCLAY TILES LRE\NFORCEMENT

10MM AR GAP

of room drops by 5°C then com-
pared to coventional R.C.C. slab
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2. Smart Electrical Solution

- s

. "..

Smart i b
Switch '-_",L
=

Smart Devices

Wireless Mesh Net-
work using license 4y
free spectrum

i .U.L
system

Gateway
Module

Key

@ Switch Board with sensor
Fig 65 : Smart sensors work flow 232 Connection

Sensors will be installed in each area to help with understanding how the building sys-
tems operate on a daily basis and to raise awareness. a programme that keeps track of
the user’s buildings and has different modes like :- Air quality, lux Meter, etc as follows

dzr Tumrgl

¢ L ] 4 L]
Wiggal ' s g Tt vl Cgwrnd cuit

B o

14.4

Proepr Camibii il e

H  MQI35 & PM25 2) PIR Motion Sensor Detec- 3)  DHT22  Sensor  Module  4)MH-Z19E NDIR sensor 5) Sensor for water meter,
Sensor Module measures tor manages Lux Control measures Heat Stress Value for |ndoor Air Quality Electrical  consumption
CO, HCHO, PM25, PMI0 through changing ap- Sensor (Humidity, AT Tem- o hitoring,  Earth  Air & will recommend the

. R perature, MRT (Mean Radi- . . . .
Fig 66 Software ngeerture size of openings ant Temperature), Air Speed) tunnel & Air conditioner best saving techniques

The building will operate as living organisms while keeping
the central idea of health and wellbeing in mind. Through
sensors, data will be produced, and necessary actions will
be conducted or users will carry out suggested actions in ac-
cordance with their needs. The electrical system can be con-
trolled manually or with the help of smart devices like smart-
phones, smart watches, google assistant, and applications
from Amazon and Alexa. We could consume energy in this

manner, and the best possible living conditions would result.
Fig 67 : Facilities provided to building
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3. Earth Air Tunnel & Solar Chimney

A solar chimney is a passive ventilation sy-
sytem that uses natural convection to circu-
late air and creates an upward draft of air by
heating a vertical shaft with the sun’s energy.

The Earth air tunnel method is a comple-
mentary technique used with the solar
chimney to make it more efficient. An un-
derground pipe (1.2-20m below ground
level) to bring cool air from the earth into
the base of the solar chimney , where it is
heated and rises up through the chimney.

Cool air enters the space through intake
vents on the ground and is naturally cooled
by the earth. The air is heated in the solar
chimney and rises up through the chimney
by natural convection, creating ventilation.

This combination is an efficient way to ven-
tilate buildings in hot and humid climates.

Fig 68 EAT with solar chimney
4 Shading Optimization through Sensors

Sensors detect air quality & thermal conditions to determine whether an opening should
be closed/partially opened/fully opened according to matrix.These rules can be pro-
grammed into the system & adjusted as needed to optimize energy efficiency & comfort.

| Summer|
W il Aight

"'I..i ® o |
\%]f « = kL

uf w o

.}J'“ .":f & —_—
| | —
o e

g P e &
Open- 5 PM. 10 AM.
[ Winter | —
r _‘-\—\_\_\_\_
Word wand Ligyhvt ]
F oo o —
,!-l ] x -
- | - | - L
o : o
| ' - & | »
| E | E o | W —
| e
) L A .
'—ege?d ) e Closed- 5 PM. - 7 AM. Open- 7 AM.-5PM.
ent ou T entin
L otan @ View | Sooiain Fig 69 : Operational Matrix fo windows for proposed system
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10.14 AFFORDABILITY

Oneoftheprimarychallengeswithsustainabledevelopment&constructionisthecostofcon-
struction for developing nations. It can be challenging to decide how to achieve sustainable
construction using cost-effective & efficient methods, but it can be effective in the long run.

The average selling price in this area is 44,200/
m? and our proposed design is 46,800/m? Proposed cose
which is 6% higher than the average cost.

g

Use of Local Materials il
. . L
Materials used for construction are locally o
available like fly ash bricks, Lime, refurbished = s m——
doors and windows, manglore tiles, bamboo Qs N
Fig 32 : Civil work cost Analysis
Bagaing Estimate [Progect Partnes £ 50H basig) H Proposed Desagn ESimate
il 39,73
T T T T e T O T T L S T e T I I T S e Ty 150 7 L
1 16,62
Cvil Works s — 15, 46

5.78

Internal Works s 138

MEP Services st ¢ 63

263

Equipment & Furnishing s 8]

2 ; 0BS5S
Landscape & Site Davelopment 5 5s

)

Contngenty oy B, 05

1347
Togal Soft Cast e e |5

. N 3 1] 15 0 L an 15 A0 45
Fig 32 : Total Cost comparision

Reduction in Labour Cost

Instead of carrying out floor bedding andtiling, we are using slab for the flooring, leaving the
ceilingexposed andnotusing paintand plaster onit,and using exposed brickwork forthe ex-
terior.eliminatingfalseceilingcostswhilekeepingtheceilingaesthetically pleasing. Addition-
ally, the workers are going to come from the vicinity. Therefore, this will resultin cost savings.

Reduction in Energy
Buildings that use less energy hove_—-m
lower financial risks since they arel S

more cost-effective to operate, which
promotes stakeholder confidence.

Fig 32 : Reduction in energy

Reduction in Operational Cost

The return on investment - Any addition-
al passive design strategies used in build-
ing namely EAT & solar chimney based
thermal & air control system can be
paid of in approximately 7yrs. by reduc-
ing electrical loadConsidering the fact
that the project’s proposed cost is higher
than the baseline cost, the project’s over-
all operational cost is considerably lower.

Break even
point: 7 Years

Present value(Lakhs)

i i i (Years)
Fitlg3Z 3rddmsedos Pdapbsed case
Solar Decathlon India 2022
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10.15 INNOVATION

1. Earth Air Tunnel - Solar

Chimney
Fig 74 : Earth air tunnel

Purpose - Earth air tunnelis a pre-cooling which consists of
network of pipes buried at reasonable depth below the
ground. It cools the air by rejecting heat to the ground. A
solar chimney is a vertical shaft that uses sun energy to
improve natural stack ventilationin a structure.

Qutcome:- EAT matches the internal temperature with the
ground temperature There is a temperature difference of 8
to 10 degrees between surface and the ground but it is
largely dependent on soil type, location.

2. Filler Slab

i
‘ 2

*k 3

| \ &

Fig 75 : Filler Slab

Purpose :- R.C.C slab consumes more amount of materials,

But a filler slab usually consumes less amount of building
materials as the voids in reinforcement are filled with

manglore tiles. Embodied Energy(MJ)

o

O

<
Qutcome:- As compared to conventional S

O
slab we can save upto 33% of embodied Lo;p\

g

energy consumed in the material for 'g}
226 sqg mtotal RCC slab construction.

RCC Filler Slab

3. Earth Insulation

.\‘1-

Fig 76 : Earth Isulation

Purpose :- Earth Insulation essentially uses the earth around
the home as your insulation, helping to provide ambient and
constant temperatures in the building. The method involves
piling earth around the external walls of the building so that
the earth provides protection.

Outcome:- Thistechnique has significantly
reduce the overall EPI, we have tried to use earth
insulation on both the floors

4. Rat-Trap Bond

Fig 77 : Rat- trap bond
Solar Decathlon India 2022

Purpose - The Rat-Trap bond, is a double-wall technology
that dramatically lowers building costs, decreases
material and mortar consumption, and aids in increased
thermal efficiency without compromising wall strength.
Outcome:- Difference between U-values
By introducing Rat-Trap bond

U-Value of the wallis significantly

reduced by 55%, hence we will get

more thermal efficiencuy.

0.8 W/m’K 0.7 W/m’K
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10.16 HEALTH AND WELLBEING

Thermal Comfort Model o T e,
LS ATHON: \ i [y o — - - =
Lo foeegi nale . | BB o T Tas, Bime Toss fres - sz L
TobmBrwrve:  BACTUNe 42746 WUD Dimtms ke Bleration 44 | e 4ttt e '
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Strategies to achieve Thermal Comfort Fig 78 - Thermal Comfort Model

We can achieve thermal comfort by controlling the following five factors:-

1.Radiant Temperature
) Building Envelope b) Microshading through wall texture

Bricks are arranged in a criss-

cross pattern that will reduce ===
the impact of direct sunligh
result into better thermal
comfort.

U-value of Fly ash brick along
with the rat trap bond is 0.7
W/m?K which is quite lesser
than the normal conventional
bricks.

¢) Orientation d) Shading Devices

Building is tilted 33° £ Building also get better
NW which avoidsiy "t shading through box chajjas,; |
perpendicular \“\k /,' trees, fenestration solar’ = |
radiations of sun on %\' panels in maximum number of
the surfaces. S hours.

2. Air Temperature

a) Earth Insulation b) Sensor based openings

Sensor based openings take
live feedback about air
quality and thermal

Earth Insulation will keep the
indoor air temperature coole
than the outside temperature

blocks the conductive heat conditions to operate e
gain. accordingly. o

3. Air Movement and speed

a) Earth Air Tunnel b) Solar Chimney

EAT continuosly flow the cool air

i O
Solar Chimney —

?ﬂ‘T‘
L o

tothespaces.
/\_i_r_lrjl_et
. [ L stagnant air
through stack
ventilation allow

fresh airtodrawin

sucks out warm

Fig 79 : Strategies to achieve Thermal comfort
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4. Humidity
a) Lime Plaster b) Dehumidifier Plants Bamboo Palm

Lime plaster is good at Lime Plaster

absorbing moisture.
And also produce Q2 F'yAsh Bricks

forgoodhealth

5 Metabolic Heat
a) Ergonomic Design acc.to humananthropometry

Indoor plants like English lvy,
Bamboo Palm etc are use.
They will act as natural

dehumidifiers.

Ergonomics can be summed up simply as 2H+G=640mm L2700
making people more comfortable so they Proposeddesignhas:- i 28

will release less metabolicheat. 2(166)+298=630
Fig 80 : Strategies to achieve Thermal Comfort

AYURVEDA
PITTA KAPHA g .
......................................................... V) = e\
¥ O W

Air/Vayu Ether/Akash Fire/Agni Earth/Prithvi Water/Jal
Fig 81: Elements of Ayurveda

1. Air/Vayu

» Airbecomes contaminated by Co, & O, content decreases due to metabolic processes. In
amixed gathering the per capita output of Co, istaken as 0.6 c. ft. per hour.

» Volatile organic compounds (VOCs) such as formaldehydes, benzen etc. are the most
common contaminants that are often present in enclosed spaces.

» Health Aspects: Chronic bronchitis, lung cancer, bronchial asthma, emphysema and

respiratory allergies.
(src. SWASTHAVRITTA(Book) by Dr. Bargale Sushant Sukumar )

a.Fresh Air Ventilation b.Cross Ventilation

In all regularly occupied spaces of each Provide openable doors / windows
dwelling unit, openable windows or doors ventilators to the exteriors in all regularly
and ventilators to the exteriors must be occupied spaces in atleast two of the

provided asshowninthe table below. orientations.

(src. IGBC Green Affordable Housing) 70% of regularly occupied spaces complies
R Net Openable Area et Openable Area |\ ity the gbove statement, It Enables good

(IGBC Baseline) (Proposed)

Living Spaces 10% 20%| circulation of fresh air and provide a better
Kitchen 8% 25%| . X
Bathrooms 2% Tosl| indoor environment.
Itincreases the quality of life and health. (src. IGBC Green Affordable Housing)
c.Indoor Plants Lady Palm Peace Lily  Gerbera Daisy

Use of indoor plants to enhance indoor 5
air quality, thereby improving the health
and wellbeing of occupants. The

requirement is to have atleast one plant
inevery 100 sq.ft. Resistantto ~ Removes  Absorbs Co,,

(src. IGBC Green Interiors) pathogens. formaldehgdesl Benzene
Fig 82 : Indoor plants
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An experiment is done by our team to minimize Co2 level from the confined space
through planters (Arecapalm).

Picture taken at 12:45 PM on og 1 -- . / Picture taken at 9:05 AM on day 2
Time Duration No. of Occupants No. of times door opens Readings <
915 AM-12PM  Day1 2 0 5
12 PM-1PM Day 1 3 1 S
1PM-3PM Day 1 Empty 1 g_
3 PM-5PM Day 1 3 2 1251 ppm CO2 level fre
5 PM-6:30 PM Day 1 3 2 z
6:30 PM-12 AM Day 1 Empty 1 ':-
12 AM- 840 AM  Dqy 2 Empty 0 g
840 PM-10 AM  Day?2 2 1 712 ppm CO2 level o
Hencethrough we gotto know aboutthe changein Co2 level through the planters(No. of

timesdooropenedanditsduration mightalso affectthe reading.)
2. Water/Jala

a)Rainwater Harvesting et
Rain water is having taste is like Amruta (nectar), relieves fatigue,
exhaustion, thirst, toxicity, fainting, sleepiness, burning sensation, L

b)Purification of Water (Jal Shodhana)
Sand or stone filteration are used to purify
contaminated water. Rainwater will pass through
flowers such as Utapala, Patala etc into water which
removes bad smell and also through the aromatic

Patala
plants which willincrease its medicinal value.  (src. SWASTHAVRITTA(Book) by Dr. Bargale )
3, Fire/Agni Fig 83 : Water purifying plants
Fire represents light, heat, energy, metabolism, and the power of transformation.

Biological effects of light: The observation
that daylight could cause the in vitro
degradation of bilirubin. Other biologic
effects of light include effect on and the
stimulation of melanin synthesis, the
activation of precursors of vitamin D,
adrenocortical secretion.

; T ; Fig84:UDlI
We achived 56.63% of UDI where minimum

requirement is 40% considering threshold 90%  (src. SWASTHAVRITTA(Book) by Dr. Bargale )
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4. Earth/Prithvi

a. Aeromatic herbs and medicinal plants %
Plants with medicinal benifits like amla, Aloe

vera, grass lemon, Dhavana, Ashwagandhc &

Coleus, Mints are grown. £ Repewary Greew bapil  Farsley Cirrgane
Fig 85 : Aeromatic herbs

ﬂ"-!’:
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- Living Room AT
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= y ; i } | | e | ! | _l
Fig 86 : Ground Floor Plan Fig 87 : First floor plan

|:| Gathering spaces E Aeromatic Plants
5. Space/Aakash @
a. Gathering spaces b. Overcrowding

Design has well-being facilities of Overcrowding is a health problem in human
appropriate size covering about 15% of total dwellings. It may promote the spread of

builtup area as gathering space and respiratory infections such as tuberculosis,
common seating spaces. This would influenza and diphtheria. The accepted
enhance social connectivity and promote standards with respect to overcrowding are
health & wellbeing of occupants as below 110 sq. ft.-2 persons

(src. IGBC Green Affordable Housing) (src. SWASTHAVRITTA(Book) by Dr. Bargale)
The 5 elements and their associated organs and Chakras
These 5 elements originate from “Pancha
Tanmatra” :-sound (shabda), touch
(sparsha), vision (roopa), taste
and smell (gandha).

Fire is manifested as sight. Fire fuels
yme functions, intelligence,
system and the metabolism.

Smell @ Hearing
(]
]
'
(
W

Air elementis manifested as ~ Touch A 7R Taste wat

Earth element is
manifested as smell.
The earth element ig
foundinthe bones,
nails, teeth, muscles.

Ether/Space element
manifests as sound.
Relates to mouth,
nostrils ,thorax,

respiratory tract.

r element is manifested
touch. Is connected to the s AN as taste. Water governs

muscles, lung actio @ ptasma, the blood, saliva,

membranes.

Fig 88:5 Senses
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10.17 VALUE PROPOSITION

The five elements (Earth, Fire, Light, Wind, and Water), traditional techniques, net zero
energy buildings, fresh air, and designing buildings like a body—so that it senses what is
needed and then takes the necessary step—are all used to support our focus on health,
happiness, and well-being.

Better space quality is the consequence, and being a part of a particular area can be
therapeutic as well as green and net zero.

Sensor-based systems provide physio-psychological comfort by maintaining the hu-
man’s senses at the highest levels.

Thermal Therapeutic

Comfort Landscape

Health
Happiness
Well Being

Sensory based
design

Useful
Daylight

Indoor
air quality

Ergonomic
Design

Fig 32 : Value Proposition

We have developed methods like the Earth Air Tunnel, the Solar Chimney, the Earth
Insulation Method, and the use of lime as a plaster that exhales CO2 and inhales O2
to offer all of these. The house has been furnished with plants, and the landscaping
has been well done on the edges. The link between the ground and the sky has been
thoughtfully created. On the ground, one can feel construction.

Therefore, if someone is willing to pay 6-9% more than the running cost, they can also
reduce their entire medical bill spending. Such design interventions can increase one’s
productivity and creativity.

As a net zero building, it then occasionally operates on its own. The structure func-
tions like a living thing. Taking energy from nature from all the way.

Narrative For Project Partner

This form of housing which is centred around human, health and well being confront,
cherish by adapting 2 Natural system within marginal increases cost is a untapped mar-
ket. Which can be provided to end users ensuring high sellability and better habitat.

Narrative For End User

We can sell this scheme as tagline “Being here is therapy” User stay here
and become healthy with nature and integrating natural system which
was a way of living in our traditional systems, being close to nature.
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12. LETTERS OF CONFIRMATION
12.1 PROJECT PARTNER CERTIFICATE - RS CORPORATION

XA Rocihesas fome. Qo Good Sogis, &Rond - 35860

Tel OT4R2 24TTIF

Erad @ noorporpsn 1972 Eyohon coln /
welwvev C DR 1 e 2

CORFOBATION

Date- 2¢) - 09 - 2021
Tea,
The Direclor,

Solar Decathlon India

Dear Sir,

This is Lo inform you that our arganization RS Corporalion has provided Information
about our Radhasoami Sukkhdham protect io the participating team kad by APIED, so
that their tleam may use this information for their Solar Decathlon India 2022.23
Challenge eniry.

As & Project Partner to this team lor the Solar Decathlon India 2072-23 compelition, we
are inberested in seaing the Net-Zero-Energy, Met-Zero-Waler, resiient and affordable
salution this student team proposss and the nnovalion that results from this, We intend
o have a representatve from our organization afiend the Design Challenge Finals event
in Apud, if this leam iz ealected for the finais,

We would ke our crganization’s logo 10 be displaved on the Solar Decathion
India website, recognizing us as ona of the Project Pariners for he 2022-23
Chalienge

With wam regards,

Name fo Rapresentative; Jignesh Shah
Dasignadion: Froprita
Emabmcorparaton_ 18728y ahoa codn
Phone: BEIE0ED084
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12.2 INDUSTRY PARTNER CERTIFICATE - THE GRID

tHE gRID

Date 21-08-2022
To,

The Dt ciear,
Solar Decathion India

Dear Sir.

This is fe inform you that our organization. (IHE gRID Architacts). i cofaborating
with the pariicipating team ‘ad by Andndbhai Patol institute of Emwnonmantal Design
on a Ressdeniial Busding prosect for their Solar Decathlon ndia 2022-23 competiton
entry

The nature of aur coflaboration will include guidance and resource sharing on
Irtegrated design approach

Setting up a benchmars and scope of the project

Narmowing down of technology. matenal, farm and design axpréession
Initial estimation & pay-back congderations

ldenttying stages of design development and execulian

Perdormancea mundurm; dunng déssgn stage and pregaration of firal Erawang
sel

Integratng legal forces i the design

Client engagemant nuances.

Scheduling aciivites on site

DN

o

Wie would like 1o have a represeniative from our organization attend he Design
Challenge Finals event in Aprifiay, if this team is selected fo thi Finals

We would like our crganizabon's Iogo to be displayed on the Solar Decathion
India website, recognizing us as cne of the Indusiry Parners far the 2022-23

conmigustiban
Ehaolpe Jutthafe

With warm regards, ARCHITECTS

Name (Snehal Suthar, Bhadr Suthar
"ishvay il Hada)
Designation Co-Founder and Co principal designers and vishvajit sonior
Architect
Mame of the Organization tHE gRID Architects
Email Info@hegrid-arch.com
Phone 9427418225

aneth Ripridian, C- 1008, Dpp hew Gu@asa? ligh Court, S0 iaghway Shamedabu 35HNA]
T G745 SO0F7005 | E ebaiMbegrad-gnch soen | wawe [hogead et 060
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12.3 INDUSTRY PARTNER CERTIFICATE - AD CONSULTANT

Date 14-10-2022
To,

The Direclor,
Solar Decathlon India

Dear Sir,

This is to inform you that our organization, A.D.CONSULANTS | is collaborating with the
pariicipating team led by Arvindbhai Patel Institute of Environmental Design on a
Residential Building project for their Solar Decalhlon India 2022-23 competition entry,

The nature of our collaboration will include guidance and resource sharing on:

1, Selection of heating/cooling mechanism or system for lownship-based detached
single-unit housing.

2. Software integration in the design process.

3. Pointers for Architects and Designers to keep in mind while designing.

4. Life Cycle Costing/Payback Period for higher energy efficient systems

5, Cost Imphcations of various systems.

6. Knowledge of Building Management Systems/ Building Infermation Madelling (if
applicable).

7. Latest innovations in the MEP sector.

We would like to have a reprasentative from our organization attend the Desgn
Challenge Finals evenl in AprilMay, if this leam is selected for the Finals.

We would ke our organization’s logo to be displayed on the Solar Decathlon

India website, recognizing us as one of the Industry Partners for the 2022-23
competition.

e regards,

Marme
PRINCIPAL CONSULTANT

AD.CONSULTANTS
Adc.1366@gmail.com
8099916140

Solar Decathlon India 2022
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12.4 INDUSTRY PARTNER CERTIFICATE - KESARJAN BUILDING CENTER

RJAN

BUILDING CENTRE
FYT. LTDn

January 10, 2023

The Dirachor,
Soplar Decathlon India

Dear Sir,

This is to inform you that our organization, Kesaran Buikiing Center Pvi Ltd ks
collaborating with the participating team ked by Andindbhai Pals_lr Instilute of ,
Environmental Design on a Residential Building project for their Solar Decathion India

2022-273 compelition entry

The nature of our collaboration will include guidance and resource sharng on:
Integrated desgn approach.
Sefting up a benchmark and scope of the project _
Narrowing down of technology, material, form and design expression.
Initial estimation & u:{n?-h_aukdmna;umﬂn::;d S
ifyi asign deve ! :
mmﬁiﬁiﬂuring gunng -:lasqﬁeu:gn and preparation of fmal drawing set.
Integrating legal forces in the design
Client engagement nuances
Scheduling aclivites on sie

2l R L e R =

We would Be to have a representative from our organization attend the Design
Challenge Finals event in ApritMay, if this team is selecied for the Finals.

W would fike our organization’s logo 1o be displayed on the Solar Decathlon
india website, recagnizing us as one of the Indusiry Panners for the 2022-23

competition

With warm regards,

i

Keyur Sarda
Director

Kesarjan Building Center Pyt Lid
88250 4576

Regd. Offica : 301, Aryperat Redidency, Nr Suyagan Tower, B/h HA. Commerce Callege, Hotel President Lane, Ahmedabud - |

Facioery | Mmm-lwm mmmm-mm
-l 1 e arjan@hotmail corm | Wb © wwv kesaancom | Mebile ; B8250 45768
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12.5 INDUSTRY PARTNER CERTIFICATE - SHASHWAT

Mawi Pedh, Pune-£11030

E-mail: gaurangifishashaabghc com
SHASHWAT Webarle www shashaatghe com

SHASHWAT
‘(j\. THNS, Flat no 8, Mok Apariment, LES road,

Ahmedabasd Pune Indora

Diate:; 7 fan 2073

To,
The Director,
Lolar Decathion India

Dear Sir,

This is b0 Infpem you TR oul ORganraton, SHASHWAT Green Building Consullanis i collaborading with
the participating team led by Arvindbhal Patel Institete of Environmental Design on 2 Residential
Builtieg project for their Solar Decathics ingia 207323 competition entry. The rature of our
pelabarpticn will inchade guidance srd feiouroe shining on:

Iriegrated deiign approach

Sefting up a benchmark end seope of 1he project,

Marowing down af technelogy, material, form and design cxpression.

Initial estimatian & pay-back considerations.

identifying stages of design development and susoution.

Performance maonitaring during design stage and preparation of final drasving set
Inbegrating begal fances in the design,

Client engagement nuances,
Scheduling activitles cn sibe.

e T

W veculd like 1o have § repredentative rom cur orginiation attend (ke Design Challenpe Finali event
in Aprilfdday, if this team & selected for the Finals. We would Ifor cur organization’s logo to be displayed
an the Solar Docathion India sebsitg, nifogniting w8 ong of the Industry Partners for ke PO73-23

tampsetition.

Name of the Organization: SHASHWAT Green Buiding Consultants

With waim regacdd,

Kﬁy
Mame: Gaurang Govind Lele

Detignatian; Director

Frmail. gauang@shashwatghe com Phome: S823108563

SHASHWAT

Solar Decathlon India 2022
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