
01

COMMUNITY 
RESILIENCE SHELTER

FINAL DESIGN REPORT
April 2023EnCircle

R



01

TABLE OF CONTENTS 
1. Index

1.A. List of tables
1.B. List of figures

2. Response to reviewer’s comments
3. Executive summary
4. Team introduction

4.A. Team name 
4.B. Institutions name 
4.C. Competition division 
4.D. Team members and organization
4.E. Background of Institutions 
4.F. Faculty Lead and Faculty Advisors
4.G. Industry partner
4.H. Design management process
4.J. Tools used

5. Project introduction
5.A. Project name 
5.B. Project partner 
5.C. Project brief
5.D. Total proposed built up area
5.E. Building use
5.F. Special requirements by project partner
5.G. Brief description of the context

6. Goals
7. Design documentation

8.A. Architectural design
8.B. Energy performance
8.C. Water performance
8.D. Embodied carbon
8.E. Engineering and operations
8.F. Resilience
8.G. Health and well being
8.H. Innovation
8.I. Affordability
8.J. Value proposition

9. Appendix
9.1. Building area program
9.2. Architectural drawings
9.3. Engineering drawings
9.4. Outline specifications of relevant building systems
9.5. Energy performance
9.6. Energy simulation inputs
9.7. Water performance
9.8. Summary of cost estimation sheet
9.9. Summary of embodied carbon sheet
9.10. Building operations narrative
9.11. Innovation
9.12 Resilience
9.13 Value proposition
9.14. Letter from project partner
9.15. Letter from industry partner

iii
iv
vi
1
2

4

6

7
11
14
17
20
23
26
29
32
33

37
38
39
44
45
49
50
54
61
63
65
66
67
68
69

ii



01

1. INDEX
1.A. LIST OF TABLES

iii

Table i
Table ii
Table iii
Table iv
Table v
Table vi
Table vii
Table viii
Table ix
Table x
Table xi
Table 1
Table 2
Table 3
Table 4
Table 5
Table 6
Table 7
Table 8
Table 9
Table 10
Table 11
Table 12
Table 13
Table 14
Table 15
Table 16
Table 17
Table 18
Table 19
Table 20
Table 21

Building use
Comparision of u values of materials
Comparision of lighting power densities
Details of fixtures
EPI calculation with loads
PV panel annual generation at different angles
Solid waste management action plan
Rainwater of Area of opening calculation for Double side opening  room – cross flow   
Base case vs Proposed Case Cost Estimate
Building Construction Timeline
Building Conversion Timeline
Building area program 
Lighting calculation - base case 
Lighting calculation - proposed case 
Load calculation - normal scenario and disaster scenario
Energy generation using gym equipment
Power of prayer - energy generation from buddhist prayer wheels
Input parameters
Base case per capita consumption
Sources of water
Non - disaster times water consumption
Base case - total domestic water demand
Proposed case - total domestic water demand
Disaster times - water consumption
Disaster times - water consumption - office
Base case vs Proposed case
Irrigation demand
Base case estimate
Proposed case project estimate
Material quantities
Carbon emissions per functional unit
Hardware list



01iv

1.B. LIST OF FIGURES
Context 
Issues
Programs
Team members
RV group of Institutions
Logo of industry partner - Fiducia | AI
Design management process
Logos of tools used
Satellite image of Itanagar
Context plan
Context map
Population
Division of industries
Economy division
Orientation
Stepping, pull and push
Solar direction
Zoning
Atrium
Vertical circulation
Terraces
Planter boxes
Fins
Normal scenario - Ground floor plan
Normal scenario - First floor plan
Normal scenario - Second floor plan
Views
Disaster scenario - Ground floor plan
Disaster scenario - First floor plan
Disaster scenario - Second floor plan
Views
Detailed views
Section AA
Section BB
Reduction of EPI using various strategies
Solar Radiation simulation
Thermal comfort strategies based on UTCI 
Wall Assembly 
Solar power division
Harvested rain water vs. treated grey water
Rainwater harvesting schematic
Base case vs proposed case water consumption  - Non-disaster times
Base case vs proposed case water consumption  - Disaster times
Eco STP
Bio-digester
Waste water treatment schematic
Water cycle diagram
Plumbing layout
Water inlet outlet schematic
Low embodied carbon building materials and construction techniques
Embodied carbon value
%  reduction of embodied carbon of materials vs. conventional materials

Figure 1
Figure 2
Figure 3
Figure 4
Figure 5
Figure 6
Figure 7
Figure 8
Figure 9
Figure 10
Figure 11
Figure 12
Figure 13
Figure 14
Figure 15a
Figure 15b
Figure 15c
Figure 15d
Figure 15e
Figure 15f
Figure 15g
Figure 15h
Figure 15i
Figure 16a
Figure 16b
Figure 16c
Figure 16d
Figure 17a
Figure 17b
Figure 17c
Figure 17d
Figure 18
Figure 19
Figure 20
Figure 21
Figure 22
Figure 23
Figure 24
Figure 25
Figure 26
Figure 27
Figure 28
Figure 29
Figure 30
Figure 31
Figure 32
Figure 33
Figure 34
Figure 35
Figure 36
Figure 37
Figure 38



01v

Sourcing of materials
Earth block construction 
Linoleum flooring
Fly ash concrete column
Waffle slab
One way slab
Wooden windows with light shelf
Bamboo fins
Bamboo processing
Moss concrete fins
Structural plans with Column position and Beam layout
View of structural model
View of Z shaped interlocking compressed earth block 
Construction of walls
Column – Footing detail
Column View
Short Pile View
Isometric of one way slab
Views of Solar panels supported by recycled steel sections
Section of Waffle slab
Solid waste management chart
Resilience cycle
Resilience strategies
Pre disaster plan
Disaster recovery plan
Conversion of building from normalcy to disaster scenario
Z shaped earth block
Bamboo reinforced blocks
Pile foundation
Linoleum flooring
Shading devices, buffer spaces and atrium
Moss concrete wall
Vegetation in the site
Light shelves, terrace cooling and buffers
Detail of gabion wall
Elevated site
Detail of food storage
Bio digester
View of therapeutic garden
Detail of courtyard
Prayer wheel railing view
View of community terrace
View of courtyard
View of movie screening in courtyard
Fire escape plan
Passive design strategies
Hourly internal temperature and relative humidity throughout the year
Graph derived from Simulation data
Window detail section :North-Eastern facade
Window detail section :  Western  facade
Window detail section : South-Eastern facade
Window detail Plan  :North-Eastern facade
Window detail Plan :  Western  facade

Figure 39
Figure 40 
Figure 41
Figure 42
Figure 43
Figure 44
Figure 45
Figure 46
Figure 47
Figure 48
Figure 49
Figure 50
Figure 51
Figure 52
Figure 53
Figure 54
Figure 55
Figure 56
Figure 57
Figure 58
Figure 59
Figure 60
Figure 61
Figure 62
Figure 63
Figure 64
Figure 65
Figure 66
Figure 67
Figure 68
Figure 69
Figure 70
Figure 71
Figure 72
Figure 73
Figure 74
Figure 75
Figure 76
Figure 77
Figure 78
Figure 79
Figure 80
Figure 81
Figure 82
Figure 83
Figure 84
Figure 85
Figure 86
Figure 87
Figure 88
Figure 89
Figure 90
Figure 91



01

Window detail Plan : South-Eastern facade
Daylight simulation and day light factor conducted  for March with intermediate sky
Biophilic concepts
Detailed Section of the Prayer Wheel Railing
Prayer wheel Railings
Toilet modules
Axonometric View
The process of conversion of the Refuge Rest chair into a bed
Refuge Rest in normal times
Refuge Rest in disaster times
Extension of Serenity chair
The process of conversion of the Serenity Chair into a bed
Serenity Chair converted to beds during disaster times
Oasis bed details
Cost per sqm sorted by Category of Construction comparison
Cost per Sqm comparison
Split of Construction cost comparison
Benefits to project partner
Benefits to user
Mobile application work flow
Value proposition poster
Office balcony with pergola
Front facade office balcony
Balcony from the break room view
Balcony with community gardening
Building front view elevation
Weep hole detail in windows
Sliding window, light shelf detail
Casement window detail
Fin detail (Shading device)
RWH downtake pipe layout
UGT, Domestic W/S, Waster water pipe layout
Landscaping pipe layout
Terrace RWH downtake pipe layout
Ground floor electrical layout
First floor electrical layout
Second floor electrical layout
Terrace Solar panels layout
Outline specifications of relevant building systems
Emissions from wall
Emissions from fenestrations
Emissions from Roof
Emissions from Structure
Emissions from floor
Source of materials
RWH Operation narrative
Bio Digestor Operation narrative
Solar pV panel Operation narrative
WWR, Uniformity ration narrative
Prayer wheel Operation diagram
Disaster management app diagram

Figure 92
Figure 93
Figure 94
Figure 95
Figure 96
Figure 97
Figure 98
Figure 99
Figure 100
Figure 101
Figure 102
Figure 103
Figure 104
Figure 105
Figure 106
Figure 107
Figure 108
Figure 109
Figure 110
Figure 111
Figure 112
Figure i
Figure ii
Figure iii
Figure iv
Figure v
Figure vi
Figure vii
Figure viii
Figure ix
Figure x
Figure xi
Figure xii
Figure xiii
Figure xiv
Figure xv 
Figure xvi 
Figure xvii
Figure xviii
Figure xix
Figure xx
Figure xxi
Figure xxii
Figure xxiii
Figure xxiv
Figure xxv
Figure xxvi
Figure xxvii
Figure xxviii
Figure xxix
Figure xxx

vi



01vii

RESPONSEREVIEWER'S COMMENTSSECTION

Thank you

Very good strategies with a good mix of passive design 
strategies and energy efficient fixtures for achieving low 
EPI. Detailed calculations and analysis provided in the 
annex. Good job!

Energy 
performace

Noted, has been 
incorporated in Section -
8.3, Water performance

Thorough and detailed presentation of strategies, 
calculations and analysis used for water management. 
Please recheck the calculations used for lpd water 
consumption especially for WC and Urinal. Not clear how 
you are able to achieve such less water consumption. 
Commendable job on achieving net positive annual water 
performance for the design.

Water 
performance

Noted, transportationn 
details have been 
mentioned in appendix 
section - 9.9

Excellent analysis showing tradeoffs of the strategies 
chosen and good achievement in the reduction of 
embodied carbon. In the computation table in the appendix 
(section 9.4) need a description for what entails transport 1 
and transport 2.

Embodied 
carbon

Noted, has been 
incorporated in Section -
8.F, resilience

Good integration of resilience measures into the design of 
the building. Flash floods and soil erosion appear to be 
frequent hazards in Ittanagar and the design could consider 
building resilience in infrastructure for these hazards as wellResilience

Noted, has been detailed 
in Section - 8.E, 
engineering and 
operations

This section could touch upon the engineering system 
envisioned for the water system and waste management 
system. You could also touch upon energy generation from 
gym and prayer wheels and how the system around it 
works. Finally you could also touch upon a the labour 
situation, skills and any training needs for the construction 
and scalability of your ideas.

Engineering 
and operations

Noted, Internal views are 
shown in appendix 
section-9.3 and the 
ambulance access is 
shown in architectural 
drawings

Neat functional spaces and well thought out design and 
adjacencies. Would be nice to see some internal views as 
well in terms of material treatment. Finally do consider how 
an ambulance can access the field hospital.

Architectural 
design

Noted, has been 
incorporated while doing 
the calculations

Detailed and extension calculation to arrive at cot per SQM. 
Also consider labour cost involved especially in new 
methods of construction and training needs if required.Affordability

Thank you
Several innovations have been included that make this 
proposal very good.Innovation

Noted
The design address both thermal comfort and ventilation 
requirements in an effective manner.

Health and well 
being

Noted, has been 
incorporated in section 
8.J - value proposition

The value proposition is very good. It would be good to 
highlight the value for the project partners first in terms of 
the USP of the building design and then top it up with 
added value proposition such as apps and social media.

Value 
proposition

2. REVIEWERS COMMENTS 
REVIEWER 1 
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REVIEWER 2 

RESPONSEREVIEWER'S COMMENTSSECTION

Thank youthe epi looks good and is well presented
Energy 
performace

Thank you
the performance report looks good, is detailed and well 
presented

Water 
performance

Thank youwell collated data and good graphics
Embodied 
carbon

Noted, has been 
incorporated in Section -
8.F, resilience

looks good. you can put earthquakes under resilience 
against disasters. Also, see if you can elaborate more on 
climate change and social resilienceResilience

The project is naturally 
ventilated and hence 
does not use HVAC. 
Electrical, waste and 
water management 
layouts have been 
shown in the appendix 
section-9.4

the drawings are very informative. please include hvac, 
electrical and waste and water management layouts

Engineering and 
operations

Thank youwell presented and integrated architectural design
Architectural 
design

Thank you
the affordability report and comparative analysis looks 
goodAffordability

Thank youthe ideas explored are creative and promisingInnovation

Thank you
the points covered are relevant and the graphics are well 
presented and informative

Health and well 
being

Noted, has been 
incorporated in section 
8.J - value proposition

The points covered look good. You can open with a note 
covering the points for the project partner benefits and 
then move on to the application description

Value 
proposition

viii
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3. EXECUTIVE SUMMARY

Arunachal Pradesh

Itanagar
SDMA office

Earthquakes
Seismic zone-v region
Richter scale magnitude - 2 to 6
Mercalli scale values - v to vii

Floods
Flash floods – due to heavy rainfall in
downstream areas. Riverine floods
occur majorly from the Dikrong River.

Landslides
Debris flows - triggered by heavy rainfall.
Rockfalls - triggered by earthquakes
Soil slips - occuring on gentle slopes

Project partner
To address these issues,
the Public Works
Department, AP has
proposed the construction
of the State Disaster
Management Agency
office building in its
capital, Itanagar, where
SDMA experts can
monitor the situation, and
coordinate and facilitate
relief efforts during crisis.

Border tension
Border disputes between India and China

We, team EnCircle as part of the Solar Decathlon (India), have taken this opportunity to design a net-
zero energy community resilience shelter for the PWD AP in Itanagar. We aim at improving the
microclimate of the space (using GRIHA strategies) and provide shelter, aid, comfort, social resilience,
water and food resilience to people during disaster. Our proposed project Aikyam, is a G+2 storeyed
office building situated in the Civil Secretariat complex at Itanagar, with a site area of 3640 smt,
adjacent to NH415.

Ground floor

First floor

Second floor

The Ground floor, mostly comprises of common-Use areas such as the
Canteen facility, the appurtenant Kitchen and Store, but also Public-use
areas such as a Bank, a Gymnasium, and Workshop / Auditorium which
may be leased out if needed.

The First floor comprises of Workshops and a small conference room,
along with day-care center for employee children, as also a dormitory for
visiting officers from other locations. These, while meant primarily for
the SDMA training purposes, can be pressed into service as a part of the
disaster shelter, whenever necessary.

The Second floor is reserved exclusively for the offices of the SDMA
which has.

Office
Uninterrupted workflow
even during disaster

Refuge shelter
The design we finally
arrived at, provides not
only a comprehensive
usage pattern during
normalcy, but also can
swiftly transform to a
Community Resilience
Shelter

Design process and solutions – Being a structure that could function as community refuge, our main
aim was to provide resilience during all circumstances. The potential disasters on site are landslides
and earthquake. Floods are not an issue due to the slope of the site. Landslides are countered using
gabion walls while earthquakes are countered using pile foundation, bamboo reinforced walls and
other material usage like polycarbonate and linoleum.

HIGHLIGHTS
Water resilience
The building can stores enough for 4
days during the times of disaster

Food resilience
An underground food/medicine storage
system has been proposed, for use during
disasters - this works on the principle of
cooling through wind energy.

Social resilience
Strategies to ensure well being of people at all
times have been proposed.

Disaster resilience
Resilient to man-made disasters, conflicts, 
pandemics and natural disasters. 122 people may 
be sheltered during a pandemic, 209 in case of 
conflict, and 460 during other disasters.

Climate resilience
Improving the microclimate and strategies
to combat climate change

100% natural ventilation
Passive strategies have been used to
maximize daylight, in addition to ventilation.

Net zero energy (EPI: 21.5 kWh)
Solar PV panels and other innovative
solutions have been used.

Net positive water
8,663 kl of rainwater are harvested per 
annum, of which only 30% is consumed, and 
the rest may be contributed to the Public 
Water Supply system.

Low embodied carbon materials
Use of local, rapidly renewable, recycled and
recyclable materials and fly ash-based products

Cost reduction

Flexible interiors
Conversion of the building to refuge
shelter during disaster scenario

App development
An app has been developed to aid
people affected during a disaster

INNOVATIONS
Innovative solutions have been proposed that effect a quick conversion of the public / common areas
of the building into a refuge shelter, using ingenious systems of furniture that may be transformed to
beds, as needed. Furthermore, extra beds have been designed, which may be stored in flattened
form, and brought into play when needed. Extra toilets, to serve the community in case of a disaster,
have again been proposed - these were inspired by the telescopic drawing rolls that all architectural
students use - and can be stowed away, when not needed. In addition, keeping the religion of the
area in mind, we have also proposed a system of power generation that we call the “Power of
Prayer”, which is detailed in a later section.

Fig. 1 Context Fig. 2 Issues

Fig. 3 Program
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4. TEAM INTRODUCTION
4.A. Team Name : En-Circle

4.B. Name of Institutions : RV College Of Architecture, RV College Of Engineering, RV University.
 
4.C. Competition division : Community Resilience Centre
 
4.D. Team Members and team organization

2

4.F. Background of the Institution: 
R.V. College of Architecture (RVCA), established in 1992, as 
the Department of Architecture in R. V. College of Engineering 
(RVCE), Bengaluru. The courses offered include B.Arch and 
M.arch which deal with topics like architectural design, 
graphic design, interiors, structures and also the integration 
of modern digital means in the design process. Main RVCE 
campus offers many undergraduate and post graduate 
courses including almost all branches of engineering. RV 
University offers undergraduate courses including B.Sc, 
B.Com, B.Des, B.B.A, B.A and PG courses including M.Des, 
M.A and M.Tech.

RVCA

RVU RVCE

Fig. 4 RV Group of institutions

FACULTY 
LEAD: 
Prof. Girish 
Ramanathan
DESIGNATION: 
Associate Professor

FACULTY 
ADVISOR: 
Prof. Anupriya 
Saxena
DESIGNATION: 
Assistant Professor

FACULTY 
ADVISOR: 
Prof. Ajinkya 
Kanitkar
DESIGNATION: 
Assistant Professor

Ranjitha NB -Team lead
Architecture 4th Year

Embodied carbon, Energy 
performance, Health & Well-Being

Posem Anjali
Architecture 4th Year

Energy Performance, Water 
Performance, Value Proposition 

Anoushka dewan
Architecture 4th Year

Architectural Design, Innovation, 
Value Proposition

Akruti Shah
Architecture 4th Year
Health and well being, 

Architectural Design, Innovation

Neha Ajit
Architecture 3rd  Year
Health & Well-Being, 
Engineering operations, 
Affordability 

Imran Khan
Architecture 4th Year

Innovation, Energy 
Performance, Embodied Carbon

Rohini C V
Architecture 4th Year

Water Performance, Engineering 
& Operations, Resilience

J Sai Raksha
Architecture 4th Year

Resilience, Innovation, 
Embodied Carbon 

Dishita Goel
Architecture 4th Year
Value & Proposition, 

Energy Performance , Resilience

Jayati T
Architecture 3rd  Year 
Health & Well-Being,  
Embodied Carbon,  
Architectural Design

Saman Kandagal
Architecture 3rd  Year

Affordability, Engineering & 
operations, Health & Well-Being

Preksha Rao
B.E (Mech. engineering) 3rd Year
Energy Performance, Innovation

Megha Parthasarathy
B.Des (Product design) 2nd Year
Innovation, Value proposition

Suchita H M
Architecture 4th Year

Engineering & operations, 
Water performance, Affordability

Anushka 
Agarwal 

Architecture 3rd  Year
Innovation, Resilience, 

Value Proposition

FACULTY 
ADVISOR: 
Prof. Minni 
Sastry
DESIGNATION: 
Professor

4.H. Industry partner:
Fiducia | AI Inc. started in Sep’2021 with a vision to deliver traceability and 
transparency applications  for multiple industries by using technologies 
that give capability to Brand Owners to connect to consumers with their 
Brands in Physical World, Digital World and Metaverse. Brands can convey 
their story to their consumers using augmented reality, video and content. Fig. 5 Fiducia | AI logo

Fig. 4 Team members
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4.I. Design Management Process:
Team EnCircle followed an integrated design approach in order to establish a strong 
interrelationship between all the contests. An orderly schedule was formulated to organize the 
work efficiently. Weekly meetings with the team were held to update about individual research 
and debate on design. There were regular discussions with the faculty lead and advisor and their 
suggestions were evaluated and applied. The members have researched in various disciplines and 
reached out to people in respective fields of expertise. The team has been communicating with 
the project partner back and forth, thereby incorporating their feedback. 

4.J. Tools Used:
Fig. 6 Design management process

Fig. 7 Tools used

Team registration

Finding project partner and 
project selection

Understanding the competition 
brief and the concept of net zero 
building design

Project introduction –
understanding the site, context 

and client requirements
Team organisation based on 
skill sets and interests

Understanding concepts 
using SLMs Site and climate analysis

Case studies Conceptualization and research 
for new strategies and 
technologiesShortlisting goals and 

strategies
Zoning 

Budget planning

Baseline energy, water, embodied 
carbon and affordability estimation

Ideation and iterations
Predesign analysis

Innovation 
conceptualization based on 

the building needs
Design development

Making design decisions based 
on simulations and calculations.

Thermal comfort, daylighting and 
material simulations

Selection of equipment

Demand reduction 
strategies

Basic structural system and
material selection

Incorporation of all 
strategies, design changes 
and debates

Start of app development

Ironing out clashes 
between contests 

Finalising app design

Fine tuning of energy and 
water systems

Research and detailing of 
innovations

August

October
DELIVERABLE 1

Integrating resilience 
measures

DELIVERABLE 2

Detailing strategies to make the 
building comfortable and net 

zero

Envelope and landscape 
detailing

Design finalization 
incorporating all the 
proposed strategies

DELIVERABLE 3

Simulations and design 
changes

Compilation

Design optimization and 
finalisation

DELIVERABLE 4

September

November

December

January

February

March

April

Meeting with 
Project Partner

Weekly team 
meetings

Innovation 
discussions with 
Ar. Kshitij Sawanth

IIHS site visit

Meeting with 
industry partner

Regular 
meetings with 
faculty mentor 
and advisors

Review with Ar. 
Minni Shastry

Review with Ar. 
Megha Naniah
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5. PROJECT INTRODUCTION
5.A.Project name : Aikyam
The Sanskrit word “Aikyam” , which implies oneness, harmony,
and unity, is a good fit with the adage "unity in diversity." To
provide a venue for the community, which is seen as the first
line of response following a calamity while simultaneously
promoting social interaction under regular circumstances.

5.B.Project partner: Public Works Department, Arunachal
Pradesh. About the project partner: The Public Works
Departments, Arunachal Pradesh being the Nodal Agency for
premier construction department with presence in all parts of
the state The main activities of the PWD are mainly the
construction of roads, bridges, RCC Slab Culverts, RCC Hume
pipe, CC Drain, retaining walls, and breast wall, buildings both
residential and non-residential under the different head of
accounts such as RIDF, CRIF, SPA, etc. and maintenance work
of all the above heads.

5.C.Project brief: The Public works department is responsible
for the construction and maintenance of government
infrastructure. The region is prone to natural calamities, and

Fig.8 Satellite image of Itanagar
Source : Google Earth

Fig.9 Context plan

owing to the climatic conditions the occupants are at constant risk. To overcome these perils the
PWD AP has proposed the construction of an office for the state disaster management officials to
monitor and provide relief in the event of any forthcoming danger. It is set within the Civil
Secretariat complex of Itanagar, within a site area of 3640 square meters adjacent to the national
highway 415(NH415). The intent is to construct an office building that is resilient under all
conceivable disaster events. Under normal conditions, the building functions as a government
office with related training and public functions, whereas during a disaster apart from functioning
as an office it also shelters the affected from nearby areas.
Other buildings situated in this complex include police headquarters, department of public
relations, human rights commission and department of rural and urban development.

Status of the project : Unbuilt

T

S W

O

Weakness - There is no existing
vegetation on the site and the site is not
very green. The state’s bylaws only allow
a building to be built of a height of not
more than 17m.

Threat - The site lies in an earthquake
zone. There is high humidity. Flash
floods are common in the location.

Strengths - The site is located in the Civil
Secretariat region, making it easier for local
people to locate in times of disaster since it is
a landmark. Heavy rainfall helps in rainwater
harvesting. Solar radiation allows for the
generation of electricity.

Opportunities - Located near the NH415,
facilitating with specialized if any during the
time of disaster. The internal and external
roads allow for easier accessibility for the
locals as well as the office goers. The existing
contours help in drainage without any great
difficulty.

Location: Itanagar, 
Arunachal Pradesh

Latitude: 27.08° N, 
Longitude: 93.61° E 

Climate: 
Humid subtropical

Hours of occupation: 
8 hours

Profile of occupants: 
Govt officials & NGO, 

Village & Voluntary 
trainees 
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5.E.Special Requirement by project partner:
• The project partner looks to expand the project by adding a health care facility as an extended

program, as a result of frequent natural disasters, compared to the rest of India
• The design should be aimed at achieving as close to net zero as possible
• The project partner looks to achieve a lower cost per sqm in comparison with going market

rates without compromising on the efficiency of the building
• The office department in the proposed building is required to continue to function being self

sufficient even during disruptions due to natural calamities, therefore being multifunctional.
5.F. Brief description of the context

Market potential : Our proposed building is a multi-functional building. It functions continually as
an office department. The training and related public functions are created as per client special
requirements as an aiding factor during disaster as well as for community engagement during
normalcy. Workshops shall be conducted as per state/national DMA with respect to construction
of temporary shelters, first aid and rescue; other helpful skills during disaster.
Rental opportunity: The Gym and Bank which had been asked for by the client could be used as a
source of income during normalcy. This building pays for itself during normal times, functioning as
an office and training center. During disasters however; the training and some public areas have
been designed to convert quickly to refuge shelters. A similar program could be replicated across
the country if needed. Number of innovations have been proposed - vide the furniture, the toilets
and the app towards this end. These have been discussed in detail in section 8.

State area: 83,743 km2
Capital: Itanagar is the capital of Arunachal Pradesh,
India. known for its scenic beauty, Buddhist culture
and heritage.
GDP: 9,357 (Rupees in crores)
International Border: 1628 kms
Major Towns: Itanagar, Naharlagun, Tawang, Bomdila

Fig.10  Context map
Source : Google Images

Important Minerals
Dolomite, Graphite, 
Coal, Quartzite, 
Limestone, Crude Oil, 
Natural Gas, Yellow 
ocher marble 

Natural disaster
Under seismic zone 
V and experiences 
moderate to high 
risk of hazard with a 
magnitude 4 - 8. 

Local materials
Bamboo, straw, 
stone, clay, cane, 
adobe. 

Labor: Mostly works under 
the supervision of a labor 
contractor. Wages per 
person is about Rs. 350 to 
400/day according to the 
PWD AP 2021 schedule of 
rates. 

51%

49%

13%

Male population

Female population

Kids below 6 years

5%

31%

2%
3%

10%10%

15%

2%
3%

5%

17%

Hotels and restaurants
Agriculture, forestry and fishing
Mining and quarrying
Manufacturing
Utility services
Construction
Public administration
Real estate
Transport
Financial services
Other

67%

16%

9%

5%
3%

Agriculture and allied activities

Tourism

Hydro power

Mineral resource

Handloom and handicrafts

Fig.11 Population Fig.12 Division of Industries Fig.13 Economy division

5.D.Building use: 3640 sq.mTotal site area
2Max permissible FAR
7279 sq.mMax permissible built-up area
15 m, 17.5m with stiltsMax permissible height
4240 sq.m (1.16 FAR)Proposed total built up area 
43.25%Proposed ground coverage
3.75 x 3 =11.25 mProposed height
5 mSetbacks
Office - 70 people, Training - 112 peopleOccupancy - normal times
Refugee seekers – 460, Officers - 70Occupancy - disaster times

Office
Whole second floor; First floor – records, server room, 
visitors room; Ground floor – food court, gym

Training
Only education and workshops

Disaster
Entire ground and first floor

Table i. Building use
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EMBODIED CARBON

INNOVATION

ENGINEERING AND OPERATIONS

RESILIENCE

1. Customizable elements that can mold themselves based on user’s needs. (achieved 
using different kids of furniture and collapsible toilets)
2. Using peoples’ activity to generate power. (achieved using prayer wheel and gym 
equipment)

1. To establish efficient coordination amongst the various systems (achieved) 
2.To develop a context specific building structural system and envelope (achieved)

The total embodied carbon emissions of the project to be at least 50% less than the base 
case. (68% achieved)

1. Improving water-resilience  and self sustaining site. (achieved)
2. Providing earthquake resilience, pandemic resilience and climate resilience. (achieved)

AFFORDABILITY
1. Achieving optimal timing for construction. (24 months) 
2.Minimizing construction cost by atleast 10% (27.5% achieved)

ARCHITECTURAL DESIGN
To implement design strategies that help the community during disasters, while still 
functioning as an office at other times. (achieved by the architectural design)

VALUE PROPOSITION
1. To engage community to prepare them consciously in times of a disaster (achieved)
2. Understanding and working with the mindset - perspective of both occupants and 
investors. (achieved)

HEALTH AND WELL- BEING
1. Achieve acceptable IAQ as per ISHRAE. (achieved)
2. Achieve indoor comfort levels. (achieved)
3. Maintaining optimum lux levels. (achieved)
4. Promoting the well being of a person under all conditions (achieved)

WATER PERFORMANCE
1. Achieving net zero water and self sufficiency for 4 days during disaster. (achieved) 
2. Curtailing water consumption for the operation of the building by minimum 50% 
(achieved) 

ENERGY PERFORMANCE
1. Achieve net zero energy and EPI value of 50 kWh/sq.m annually or less. (21.5 kWh/sq.m 
achieved)
2. To provide energy backup that can sustain the facility for 4 days of disaster. (achieved)

6. GOALS

6
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7. DESIGN DOCUMENTATION
7.A. ARCHITECTURAL DESIGN

Fins and louvres at a calculated angle to properly shade the 
spaces inside and allow north light directly into the spaces.Introduce greenery in the site

STEPPING AND PUSH-PULL 
-Creates an interesting form 
-Allows for terraces to be 
formed on multiple levels
-Helps with terrace 
gardening 
-Breaking the volume
-introduces visual 
connectivity 
among the levels.

Fig 15g. Terraces

Due to the dual 
programmatic nature, the 
building is divided into 
two vertical zones, with 
the public functions 
happening on the lower 
floors, allowing the office 
to run without any 
disturbance and with 
privacy.

Fig 15e. Atrium

For providing shade to the large interior spaces

Fig 15h. Planter boxes

Fig 15b. Stepping, push and pullFig 15a. Orientation Fig 15c. Solar direction

Fig 15f. Vertical circulation

Fig 15d. Zoning

Fig 15i. Fins
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NORMAL SCENARIO
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DISASTER SCENARIO
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0    1     2      3    4      5                             10mFig 20. Section BB
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7.B. ENERGY PERFORMANCE

Solar radiation simulations helped identify areas of the building that are subjected to excessive
solar radiation and heat gain, resulting in discomfort or increased cooling loads. This has been
used to design shading devices for each façade to reduce solar heat gain and glare, while
allowing for ample daylighting to maximize natural lighting in the building.

BUILDING ENVELOPE OPTIMISATION

70

45

30
21.5

EPI

No Thermal Stress Strong Heat Stress

Use of passive design strategies 
Natural ventilation

Use of passive design strategies 
Envelope optimization
Shading

Efficiency
Maximizing daylight
Energy efficient fixtures

Fig. 21 : Reduction of EPI using various strategies

Fig. 22 : Solar Radiation simulation

N N

Fig. 23 : Thermal comfort strategies based on UTCI 
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DESCRIPTIONFIXTURE

Crompton LED Batten 
36W, 
100 lumens per Watt

Crompton LED 
Downlight 10W, 
100 lumens per Watt

Atomberg Efficio Energy 
Efficient Ceiling Fan with 
BLDC Motor

Atomberg Efficio Energy 
Saving Exhaust Fan with 
BLDC Motor

Wind Operated Turbo 
Ventilator

PROPOSED 
CASE (W/m2)

BASE 
CASE 
(W/m2)

LPD

617.1Workshops

510Office

511.5Meeting 
rooms

412.1Kitchen

27.7Toilets

26.8Storage

25.5Corridors/
Staircases

The lighting loads for base case are based
on LPD given in ECBC 2017 guidelines for
various spaces. The proposed light fixtures
are Ceiling Mounted LED Battens 0f 36W
and Ceiling LED Downlight 10W, 100 lumen
output per Watt. To enhance air flow along
with natural ventilation, fans with BLDC
motor have been proposed as they
consume 60% less energy compared to
standard ceiling fans.
(Refer to appendix for detailed calculations).

PROPOSED CASEBASE CASECOMPONENT

200mm th. Z-shaped Earth  blocks with 80 mm air 
gap and 40 mm Bamboo reinforcement with 10 
mm plaster on the interior.
U-value : 0.31 W/m2K

200 mm AAC block wall
U-value : 0.31 W/m2K

Wall

150 mm RCC slab with Fly ash concrete, Bamboo 
reinforcement and recycled steel
U-value : 0.88 W/m2K

150 mm RCC slab 
U-value : 1.25 W/m2K

Slab

Double glazed unit consisting of 2mm 
Polycarbonate and 6mm air gap.
U-value : 3.6 W/m2K

4 mm Clear glass
U-value : 4.8 W/m2K

Window

The walls are made up of Z-shaped Earth blocks, which create an air
gap of 80 mm. This air gaps provides insulation and reduces heat gain
in summers and heat loss in winters. Although AAC blocks have the
same U-value, earth blocks have been considered owing to the
embodied carbon content in AAC blocks. For windows,
polycarbonate sheets (earthquake resistant) with air gap for
insulation have been used for glazing.

ENERGY EFFICIENT FIXTURES

OutsideInside

Table 2 : Comparison of U-values of materials

Table 3 : Comparison of Lighting power densities

Table 4 : Details of fixtures

Fig. 24 : Wall Assembly 

Table ii

Table iii

Table iv
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27º12.09º42.09ºMONTH / 
TILT ANGLE

893478809503January
843977448700February
915686888998March
788680487361April
778382256988May
635368395595June
664470665951July
788482057182August
666066416361September
9990920810234October
924581179855November
765466898195December

966289352894924TOTAL

Annual Energy 
Consumption(kWh)LOADS

18645Lighting load
64957Equipment load
7713Ventilation load
91315TOTAL
4240Total built up area
21.5EPI achieved

The load calculations are based on a working
period of 8 hours for 313 days in a year for a
normal scenario and for a period of 4 days
during a disaster.
(Refer to appendix for detailed calculations)
The lighting loads have been reduced by 50%
as it is met with adequate daylight, SDA = 50%.
The solar energy potential has been
calculated for various tilt angles (lat. ± 15º) and
an optimum angle of 27º is considered. As per
base case calculations, about 68% of energy
requirements can be met using solar panels.
With the proposed case, 100% can be achieved
using solar energy.
Along with solar panels, energy is also
generated using gym equipment and the
power of prayer – Buddhist prayer wheels.
(Refer to appendix for detailed calculations)

SOLAR POWER GENERATION

Lighting panel Equipment panel Emergency panel

Ground floor distribution board

First floor distribution board

Second floor distribution board

Switch board 1
Switch board 2

Point loads
Pumps
Appliances

50 % lights in 
office and 15% in 
other areas 

Critical Appliances

180 x 445W PV Panels

60 x 60V 240Ah Lithium 
Phosphate batteries

Charge controller Inverter

Table 5 : EPI calculation with loads

Table 6 : PV panels annual energy generation at different angles

Solar panel modules
Capacity : 445 Watts
Efficiency : 17.10%
Dimensions : 2063 x 1026 x 35 mm
Solar Cells: Monocrystalline 
Number of cells: 144 cells 
Plant size : 80.1 kW
Annual energy generation : 96628 kWh

Fig. 25 : Solar power division

Table v

Table vi
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7.C. WATER PERFORMANCE

14

The main sources of water for our building
are rainwater, municipal water and treated
grey water. The region receives an annual
precipitation of 91.8mm per annum hence
making it the major source of water. Surplus
rainwater is given back to the grid making it
a net zero positive building.
Owing to seasonal variations municipal
water is taken during the months of
November, December, January, February to
curb the deficiency. (refer table 2)

SOURCE OF WATER

With the usage of efficient water fixtures
the water consumption has been brought
down from 45lpd to 25lpd during normal
times (refer table 3,4&5)

0.00
1,00,000.00
2,00,000.00
3,00,000.00
4,00,000.00
5,00,000.00

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

BASE CASE PROPOSED CASE

0
200000
400000
600000
800000

1000000
1200000
1400000
1600000

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

BASE CASE PROPOSED CASE

Along with the usage of efficient water
fixtures and by rationing water, the
consumption has been brought down from
135 lpd to 70 lpd (refer table 6,7,8 & 9)

WATER CONSUMPTION AND REDUCTION (BASE CASE VS PROPOSED CASE)

NON-DISASTER TIMES DISASTER TIMES

Base case water demand = 52,56,000 lpa
Proposed case water demand = 24,54,480 lpa
Therefore reduction by 51.2%

Base case water demand = 1,63,04,760 lpa
Proposed case water demand = 1,23,13,308 lpa
Therefore reduction by 51.8%

0.00

5,00,000.00

10,00,000.00

15,00,000.00
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30,00,000.00
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HARVESTED RAINWATER TREATED GREY WATER

Roof rainwater

Surface 
rainwater

Sand filter

Rainwater 
underground tank

RO filter

Handwash 

Cleaning 

Flushing  

Drinking 

Pantry 

The rainwater collected is primarily
filtered by sedimentation process
which removes the debris and
prevents the growth of pathogens
and bacteria. Later it undergoes acid
neutralization process in the UGT

100mm gravel

100mm charcoal

250mm sand
250mm gravel

Sand filter

Fig. 26 : Harvested rain water vs. treated grey water

Fig. 27 : Rainwater harvesting schematic

Fig. 28 : Base case vs. proposed case - non disaster times Fig. 29 : Base case vs. proposed case - disaster times
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WATER TREATMENT AND REUSE

ECO STP –It is an eco-friendly sewage
treatment system which uses anaerobic
bacteria. It works independent from power
supply.
Treated grey water is only used for irrigation

BIO-DIGESTERS - Human excreta is treated in
the holding tank using anaerobic bacteria. The
by product generated(biogas) is used for
heating water during disasters

NON-DISASTER TIMES DISASTER TIMES

Treated grey water = 12,25,305lpa
Irrigation demand = 5,77,221lpa
(refer table 10)

Fig. 30 : Eco STP Fig. 31 : Biodigester

Fig. 32 : Wastewater treatment schematic
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Fresh water inlet pipes Grey water outlet pipes Rainwater down take pipes

Fresh water
inlet pipes

Grey water
outlet pipes

Soil water pipes

Rainwater UGT

Black water treatment plant

Municipal water UGT

Grey water treatment plant

Grey water UGT

Rainwater harvested
98,20,133 

litres/annum

Municipal water
8,52,000 

litres/annum

Treated grey water
10,07,400 

litres/annum

Water given to grid
72,80,453 

litres/annum

OPTIMISATION OF ON-SITE
WATER STORAGE

The site has a 1,50,000 lts
capacity water tank to
provide resilience for 4 days
for 460 refugees in the
event of a disaster. Water is
sent to the municipality grid
only after the tanks at site
are completely filled, hence
providing resilience at all
times. So throughout the
year water keeps circulating
and does not stagnate
beyond 3 days

Fig. 33 : Water cycle diagram

Fig. 34 : Plumbing layout

Fig. 35 Water inlet outlet 
schematic
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8.D. EMBODIED CARBON

Concrete vs. 
Fly ash 

concrete

Recycled 
steel vs. 

steel

Bamboo fins vs. 
concrete fins

Wooden vs. 
uPVC window 

frames

Earth blocks vs. 
AAC blocks

Low impact design approach is achieved by:
Use of locally sourced materials
Use of recycled (steel, particle board) and 
recyclable materials (steel, earth block, 
bamboo pods, polycarbonate) 
Use of rapidly renewable and natural 
materials (bamboo, wood). 
Reducing cut and fill
Planting 2 sal trees on site or as ICSR for 
every tree cut for making window frames.
Optimized design mix (fly ash concrete, 
earth blocks)
Reduction in construction waste in the 
entire life cycle of the building
Use of less water during construction by 
use of fly ash based materials and earth 
blocks.

Concrete vs. 
Fly ash 

concrete

Recycled 
steel vs. 

steel

Bamboo fins vs. 
concrete fins

Wooden vs. 
uPVC window 

frames

Earth blocks vs. 
AAC blocks

Concrete vs. 
Fly ash 

concrete

Recycled 
steel vs. 

steel

Bamboo fins vs. 
concrete fins

Wooden vs. 
uPVC window 

frames

Earth blocks vs. 
AAC blocks

Recycled 
steel vs. 

steel

Concrete vs. 
Fly ash 

concrete

Recycled 
steel vs. 

steel

Bamboo fins vs. 
concrete fins

Wooden vs. 
uPVC window 

frames

Earth blocks vs. 
AAC blocks

-2

-1

0

1

2

3

4

5

6

7

Fig 37 Embodied carbon values

Base case

Proposed material

Fig 38 Percentage in reduction of embodied carbon of materials vs. conventional materials

Percentage of conventional material - 100%

Percentage of low embodied carbon material

Balcony flooring made 
from tile waste on site.

6mm air gap between 2 
layers of 2 mm clear poly-
carbonate sheet encased 
in sal wood frame and 
particle board light shelf

Moss concrete fins

200 x 600 mm Earth blocks(Soil (55%) + 
Sand (22%) + Straw fibers (8%) + Water 
(3%) + Cement with 30% fly ash(7%)) with 
bamboo and fly ash cement mortar 

Bamboo basket pods for 
waffle slab

One way fly ash concrete 
slab with 50% bamboo 
and 50% recycled steel 
reinforcement

50% fly ash concrete 
columns with recycled 
steel reinforcement

Anti skid ceramic tiles

Linoleum flooring

Grass pavers for outdoor 
pavement

Bamboo fins with sal 
wood frame tiles

Low embodied carbon materials are an essential component of sustainable construction practices, 
aimed at reducing the carbon footprint of the built environment. The use of low embodied carbon 
materials has become increasingly important as the construction industry is responsible for a 
significant proportion of global greenhouse gas emissions. Using local materials, fly ash-based 
products, rapidly renewable materials, recycled and recyclable materials we intend to mitigate the 
impact of climate change and create a more sustainable future.

Low VOC plant 
based paints

17

Fig. 36 Building materials and systems
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WALLS - EARTH BLOCKS -  600 x 200 x 155 mm
Composition – Soil (55%) + Sand (22%) + Straw fibers (8%) + 
Water (3%) + Cement with 30% fly ash (7%)
Choice of material – Soil contains least amount of 
embodied carbon and it is available on site. Sand and 
cement can give it more strength and hence make the 
block resistant to seismic forces. Straw fibres can act as 
a binder to hold the different elements together. All the 
materials are available close to the site, hence reducing 
the embodied carbon emission due to transportation.
Each block will have two 40 diameter voids for a bamboo insertion which holds the blocks together 
in case of shear and lateral thrust. 10mm aggregate can be used to secure the bamboo in  place.
Mortar - Cement mortar with fly ash

Earth blocks
Bamboo
Aggregate with 
cement filling

Fig 40 Earth block wall construction

FLOORING - LINOLEUM SHEETS
Its flexibility and durability make it a good choice for earthquake prone 
areas. It is made from natural, renewable materials such as linseed 
oil, wood flour, and jute which are non-toxic and biodegradable, and 
hence have a low environmental impact and low embodied carbon 
which makes it a sustainable choice for building construction and 
design. It is also easier to maintain, hence reducing the need for harsh 
chemicals or cleaning agents that can have a negative environmental 
impact. 

Linoleum flooring

Adhesive
Cement oxide
Concrete slab

Fig 41 Linoleum flooring

COLUMNS AND BEAMS
Recycled steel ties – To hold bamboo together and provide 
structural support. According to a 2018 report from the World Steel 
Association, the average embodied carbon value of recycled steel 
is 0.46 kg CO2 eq per kg of steel which is significantly lower than 
that of virgin steel, because the process of recycling steel uses 
significantly less energy and produces fewer emissions compared 
to the production of virgin steel.
Concrete with fly ash – Fly ash reduced the amount of cement 
content in concrete. According to a 2018 report by the World 
Business Council for Sustainable Development, embodied carbon 
value of concrete with 30% fly ash replacement is approximately 295 
kg CO2 eq per cubic meter, while that with 50% fly ash replacement 
is estimated to be around 200 kg CO2 eq per cubic meter, which is 
half the value of conventional concrete i.e., 400 kg CO2 eq per cubic 
meter. 

Recycled steel 
main bars

Concrete with 50% 
fly ash

Recycled steel 
stirrups

Fig 42 Fly ash concrete column

Fig 39 Sourcing of materials

All materials apart from recycled steel are 
available within 300km radius. Recycled 
steel is bought from Jindal steel and power, 
Chhattisgarh, located 1850 kms away from site. 
Material suppliers are located within 30kms 
radius from site, hence, reducing the embodied 
carbon emission due to transportation. (Refer 
section 9.4 for detailed calculations and 
embodied carbon summary sheet)

18
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FINS - WOODEN FRAME WITH BAMBOO PANEL
Bamboo - It is cost effective, sustainable and 
renewable. Studies from Delft university of 
technology state that bamboo is a carbon 
sequestering material with an embodied carbon 
value of -0.313 kg CO2 eq. It can be easily found 
nearby, hence reducing embodied carbon emissions 
due to transportation.

SLABS - WAFFLE SLABS AND ONE WAY SLABS
Waffle slabs are built using weaved bamboo basket pods, fly ash 
concrete, bamboo bars and recycled steel stirrups. 
Bamboo basket pods - Bamboo baskets tend to have a lower 
embodied carbon value than PVC waffle pods. Bamboo is a highly 
renewable material that grows quickly and sequesters carbon 
as it grows. The embodied carbon value of bamboo baskets is 
estimated to be in the range of 0.1 to 0.3 kg CO2 eq per kg of 
bamboo, while that of PVC waffle pods is between 1.5 to 2.5 kg 
CO2 eq per kg of PVC. Exposed bamboo basket pods also brings in 
the element of vernacularity and aesthetics.
One way slabs - Recycled steel reinforcement is alternated with 
bamboo reinforcement to reduce the carbon content and dead 
load of the slab.

FENESTRATIONS - POLYCARBONATE WITH SAL WOOD FRAMES 
Sal wood - It is estimated that the embodied carbon value of Sal 
wood is 1.1 to 1.3 kg CO2 eq per kg of wood which is lower than that 
of many building materials like steel or aluminum. However, it’s also 
important to consider the environmental impact of sourcing Sal 
wood. Hence, twice the number of trees cut will be planted on the 
site and through social forestry.
Particle board light shelves with reflective coating - The embodied carbon value of particle 
board is lower than that of solid wood, as the manufacturing process for particle board typically 
involves using smaller pieces of wood that might otherwise go to waste, and the process involves 
compressing and bonding the wood particles together using adhesives. This process can use less 
energy and produce less waste than the process of producing solid wood.
Polycarbonate - It is suitable for use in earthquake prone areas and has a lower embodied carbon 
footprint than traditional glass. A life cycle assessment study conducted by the University of Bath 
and commissioned by the European Union found that the embodied carbon value of polycarbonate 
sheets ranges from 1.1 to 1.5 kg CO2 eq per kg of material.

Sal wood frame
Particle board light shelf

Polycarbonate 
sheet

Fig 45 Wooden 
windows with light shelf

`

Fig 47.Bamboo processing

Harvesting

Cleaning

Boiling & 
chemical 
treatment

Drying

Finishing

(Refer appendix section 3 – material quantities and embodied carbon calculations)

Type - Bambusa tulda is a fast-growing bamboo species which is known for 
its strength, durability, and resistance to pests and diseases.
Source - The plantation in Chimpu village serves as a source of bamboo 
and helps in generating income for the locals through the sale of bamboo. 
Bamboo harvesting and trade are regulated by the local Forest Department.
Bamboo treatment plant - Bambusa tulda bamboo treatment is typically 
done by specialized bamboo treatment plants. One such facility is located 
in the nearby town of Naharlagun, around 10 km from Itanagar. 

Bamboo basket pods
Fly ash concrete slab

Fig 43 Waffle slab

Bamboo 
rebars

Fly ash 
concrete 
slab
Recycled 
steel 
rebars

Fig 44 One way slab

Fig 46 Bamboo fins

Moss concrete - It incorporates living moss as a decorative and sustainable element. 
There is currently limited research available on the embodied carbon value of moss 
concrete, but incorporating living vegetation into concrete can help to reduce 
the overall embodied carbon value of the material as plants absorb CO2 from the 
atmosphere during photosynthesis, which can help to offset the carbon emissions 
associated with the production of cement.

Fig 48 Moss 
concrete fins
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8.E. ENGINEERING AND OPERATIONS

20

Ground floor Second floor First floor 

Fig 49. Structural plans with Column position and Beam layout

300 x 450 beam 450 x 1000 beam300 x 600 beam300 x 750 beam

Earth at Site

Fly ash concrete and 
Recycled Steel Columns

Fly ash concrete and 
Recycled Steel Beams

Skylight area

Waffle beams

Other than the interlocking of blocks, bamboo 
culms gives additional reinforcement by 
piercing through these blocks 

40⌀ Bamboo culms
Cement Mortar

Z shaped interlocking 
compressed earth blocks

Fig 51 View of Z shaped 
interlocking compressed earth 

block 

Fig 52 Construction of walls

Fig 50 View of structural model
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• Panel size - 2063 x 1023 mm x 35 
mm

• Tilt angle - 27 degrees, 144 Cells
445 W each panel 

Fig 57. Views of Solar panels supported by recycled steel sections

The 27 degree tilt angle strikes a good
balance between maximizing solar
energy production and minimizing
seasonal variations.

Fig 53. Column – Footing detail

10-T20 main reinforcement bars
T8 Column ties 

• Column, Beam, Plinth Beam,
Footing and Column Pedestal,
Short Piles - Fly ash concrete,
Recycled Steel reinforcement

• Slab – Bamboo & Recycled Steel
reinforcement, Fly ash concrete

4-T20 main reinforcement bars
T8 Column ties 

8-T16 main reinforcement bars
T8 circular Pile ties, 2.4 m depth

Short Piles

T16 main reinforcement bars
T8 Column ties

T16 main reinforcement bars in both 
directions

2.4 m

To make the Concrete mix robust, strong, and
environmentally friendly, Fly Ash Concrete is used. The
addition of fly ash to concrete improves its crack resistance,
which is significant in seismic events. Fly ash also increases
the concrete's workability and cohesiveness, allowing for
improved consolidation and densification during placement.
This results in a more homogeneous and consistent
construction that can handle earthquake forces better.
As compared to standard concrete, fly ash reduces the rate
of shrinkage and creep over time, which can help lessen the
risk of structural damage from long-term stress and strain.

Fig 55.Short Pile ViewFig 54.Column View

(Bamboo Reinforced Slab with Steel as 
additional reinforcement for Structural 
strength and cost-economy)

Fly ash concrete

Bamboo reinforcement

Recycled Steel  
reinforcement

Recycled Steel and Fly Ash Concrete is used 
mainly to build the structural frame of the 
building

Fig 56. Isometric of one way slab
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Itanagar garbage generation from commercial 
building in kg/capita/day

Normal times
No. of occupants = 320

Disaster times
No. of occupants = 530

Biodegradable waste
79.2

Biodegradable  waste
393.525

Non 
biodegradable 

waste
64.8

Non 
biodegradable 

waste
321.975

250g organic manure 
produced per 1 kg

Non 
biodegradable 

waste produced 
in 1 week
453.6

Organic waste 
generation in 1 

week
554.4

Total organic
manure produced 

in one week
688.66875

Organic waste 
generation 1 

week
2754.675

Non 
biodegradable 

waste produced 
in 1 week
2253.825

Total organic
manure produced 

in one week
138.6

Bio digestor

1652.40 cum 
biogas/year (4.52 cum 
biogas/ day) can serve 
11 occupants per day

8216.10 cum 
biogas/year (22.5 

cum biogas/day can 
serve 57 occupants 

per day 22

SOLID WASTE MANAGEMENT

Itanagar garbage generation from 
commercial building in kg/capita/day

Normal times
No. of occupants = 320

Disaster times
No. of occupants = 530

Biodegradable 
waste
79.2

Biodegradable  
waste
393.525

Non 
biodegradable 

waste
64.8

Non 
biodegradable 

waste
321.975

250g organic manure 
produced per 1 kg

Non biodegradable 
waste produced in 1 

week
453.6

Organic waste 
generation in 1 week

554.4

Total organic
manure produced 

in one week
688.66875

Organic waste 
generation 1 week

2754.675

Non biodegradable 
waste produced in 1 

week
2253.825

Total organic
manure produced 

in one week
138.6

Bio digestor

1652.40 cum biogas/year can 
serve 12 occupants per day

8216.10 cum biogas/year can 
serve 57 occupants per day

ACTION PLANMATERIALTYPE
Collected by waste management facilities equipped with 
collection, treatment and disposal

Non biodegradable plastic and PVC generated from 
the building

NON BIODEGRADABLE 
WASTE

Biodegradable slurry is supplied to bio digestor manually to 
generate biogas which will be utilized as cooking fuelKitchen waste and landscaping waste

BIODEGRADABLE 
WASTE

Collected by recycling management facilities equipped with 
collection, treatment and disposalCardboard, paper and office wasteRECYCLABLE WASTE
Collected by toxic waste management facilities equipped 
with collection, treatment and disposalBatteries and E-waste, construction wasteTOXIC WASTE
Collected by medical waste management facilities equipped 
with collection, treatment and disposal

Sanitary pads, first aid medical waste during disaster 
times from the gym-converted-field hospitalBIOWASTE

Fig 58. Section of Waffle slab

Wicker basket is coated with a layer of cement paste before pouring 
Fly ash concrete to make it non-permeable

SOLID WASTE MANAGEMENT

Waffle slab system was chosen to
avoid columns in the middle of Gym
area, Seminar hall area and Office,
and also due to their ability to
distribute the load over a wide area.
Wicker baskets are used as waffle
pods as a sustainable and eco-friendly
option. It also help to support local
artisans and promote traditional
crafts and for its unique aesthetic
value to the construction project.

WAFFLE SLAB SYSTEM

8500 Litre Bio Digestor 
tank has been installed

Fig 59. Solid waste management chart
Fig. 59 Soild waste management

Table vii Solid waste management 
action plan
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8.F. RESILIENCE

23

RESILIENCE

CommuNIty 
pREpaREdNESS

phySICaL 
StRuCtuRE

NatuRaL 
SyStEm

CLImatE 

Designed 
against:
-Earthquakes
-Landslides
-Flash floods

-Heatwaves
-UHI
-Floods
-Droughts
-Mudslides

-Passive design
-Thermal comfort
-Biophilia 
integrated design
-IAQ

-Emergency management 
capacity(workshops, 
mobile application)
-Community engagement

humaN WELL- BEING

-Water and 
energy
resilience

- Food storage 
and security

-Emergency 
operations
-Field hospital
-IAQ
-Social resilience

-Social resilience

-Climate 
adaptation

-Waste 
management

-Engineering and 
design

-Water and 
energy resilience
-Fire hazard

-Climate 
adaptation

-Social awarenes

The building is flexible and 
resilient during man-made 
disasters, epidemics, 
earthquakes by functioning as a 
refuge or a field hospital where 
460 people are accommodated 
during a disaster, 209 people 
could be accommodated during 
conflict and 122 people could be 
accommodated during 
pandemic.
The ground and 1st floor houses 
refugees, with convertible 
furniture. The second floor 
continues to function as an 
office for state disaster 
management, helping 
monitor and coordinate relief 
works during the disaster.

Post disaster 
recovery stages

Emergency 
response stage

Emergency 
repairs

Recovery stage Infrastructure

Management 
recovery

Environmental 
recovery

Social recovery

Society 
mobilization

Sheltering

-Structure repair
-Restoration of power
-Debris cleaning
-Emergency operations

-Restoration of life-line 
services

-Damage assessment
-Human resource 
management

-Minimization of energy 
usage
-Waste management

-Enhanced social ties
-Cultural sustainability
-Physical & mental health of 
occupants
-Awareness

-Rescue and relief
-Enhanced communication
-Distribution of resources

-Water 
resilience
- Food storage 
and security
-Energy
-fire hazard

Pre disaster 
planning -
Preparation

Training of local 
population

App-Based 
Communications

Community 
awareness of 
disaster scenarios

Vulnerability 
detection

Risk identification 
& hazard 
assessment

Knowledge & 
information

Fig 60. Resilience cycle

Fig 62. Pre-disaster plan
Fig 61. Resilience strategies

Fig 64. Conversion of building from normalcy to disaster scenario

Fig 63. Post disaster recovery plan
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Resilience against heatwaves could be avoided through 
passive design approaches like the use of shading de-
vices, envelope optimization, light shelves(that bring in 
diffused light), terraces(which act like buffer spaces) and 
stack effect(through atrium). On Northwest, to block the 
west sun, a sawtooth form has been used with windows 
facing North. On Northeast, vertical fins have been used 
to reduce glare in the morning, while on the Southwest, 
vertical fins are used to reduce glare in the evenings. 
Visually light materials and colours are used to reduce the 
heat gain. 

CLImatE RESILIENCE

EaRthquakE RESILIENCE
1. Z-shaped earth blocks: The form of the 
600X230X155mm CSEB blocks is designed 
in such a way that they interlock with 
each other, thus providing more rigidity 
to the structure. 

2. Bamboo reinforced walls: The CSEB 
blocks are reinforced with 40mm 
diameter bamboo which holds the blocks 
together in case of shear and lateral 
thrust, thus making the wall strong and 
steady in  times of an earthquake.
 
3. Pile foundation: 2400mm deep and 
230mm diameter short piles are used to 
hold the building in place in case of an 
earthquake. Long piles are avoided since 
they might break during an earthquake 
event. 

4. Linoleum flooring:  It is used for shock 
resistance during disasters

Biophilic design with local vegetation is integrated to 
improve air quality. Moss walls are also used to increase 
oxygen content. The vegetation also strengthens the 
soil and prevents mudslides. It can mitigate climate risks 
by assisting in thermal regulation by providing cooling 
effects through evapotranspiration and reducing drought 
and floods through increased soil water retention and 
absorption.

Fig 65. Z-shaped earth block

Fig 67.Pile foundation

Fig 66. Bamboo reinforced blocks

Fig 68.Linoleum flooring

Fig 69. Shading devices, buffer spaces and atrium

Fig 70. Figure showing moss concrete wall Fig 71. Vegetation in the site

Fig 72. Light shelves, terrace cooling and buffer
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Landslide resilience: 3m high and 1m thick gabion 
wall is provided on the south east side to protect 
from landslides. 1mX2mX1m baskets are used.

Food security and storage: Rationing of food and 
water during disaster(storage of rice, pulses, 
vegetables and medicines (if required) in a storage 
chamber of 3mX3.5m located below the staircase 
near the main entry.Food is stored for 530 occu-
pants, for 4 days. Vegetables are grown on site 
come in handy in times of emergency.

Flood resilience: Site is located at a higher platform 
to reduce the risk of floods. The planting of 
vegetation around the periphery also helps to 
retain excess water in times of floods. The plinth is 
raised by 600mm and the drainage system is also 
planned properly throughout the site.

FIRE RESILIENCE

SoCIaL RESILIENCE

Resilience against fire 
hazard is provided by the 
the demarcation of fire 
escape route. Fire 
extinguishers, hooters 
and fire buckets are 
placed in easily accessible 
corridors and spaces. 
Multiple fire exits are 
provided to avoid the 
overcrowing of people. 2 
hour fire rated doors are 
provided.

Certain design strategies 
have been adapted social 
resilience which includes 
people supporting each 
other socially and building 
a sense of community.
Community and 
therapeutic gardens are 
provided for community 
activities and interaction.
Courtyard area with 
patterned floor for 
community games.

Prayer wheels are used as an architectural element to promote the belief in almighty which would bring 
people together. Movie screening also happens(with the energy generated from prayer wheels) in the 
courtyard area to engage the community.

Waste disposal: 
The waste generated from the site does not end in 
a landfill. It is either re-purposed or given to people 
who will reuse it. Bio digestor is used to generate 
biogas from kitchen waste which is given back to 
the kitchen as cooking fuel.

Construction waste and first aid medical waste during disaster that is produced from the field hospital are 
collected by waste management facilities that specialize in collection, treatment and disposal.

Fig 73. Detail of gabion wall

Fig 75. Detail of food storage

Fig 77. Therapeutic garden view Fig 78. detail of courtyard Fig 79. Prayer wheel railing

Fig 82. Movie screening in courtyardFig 81. View of courtyardFig 80. view of community terrace

Fig 74. Elevated site

Fig 76. Biodigester

Fig 83. Fire escape plan
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8.G. HEALTH AND WELL BEING
The building is designed for a naturally ventilated operation . It is naturally ventilated for 98 % 
of operational hours assisted with ceiling fans  . This would help in achieving 100% comfortable 
operational hours for the occupants throughout the year. (As per ASHARE55 ,NBC2016 for 
warm and Humid climate )

The layout and orientation of the building is optimized for better cross ventilation of usable 
spaces and operable openings are provided to maximize the air flow movement as well as 
maximize daylit spaces. To reduce solar heat gain on western and southern facade ,terraces 
are introduced which acts as a buffer zones .  The WWR   on N,E,S,W facade is 24% , 14.2 % , 22% 
and 22.5% respectively .

Outdoor comfort – Urban Heat Mitigation

Naturally Ventilated – Operable system  

Effective use of cross ventilation Stack ventilation Provision of louvres in interiors 

Terraces as buffer zones 
More than 50 % of site surface area covered with 
reflective finishes , solar panels, vegetation , 
landscaped area , shaded areas , pergolas etc.

Area of opening calculation for Double side opening room – cross flow (WORKSHOP  )

Months of the year 

Te
m

p 
in

 d
eg

 C

The below graph shows the operative
temperature lies within the maximum and
minimum temperature of comfort band as per
IMAC .

Fig. 86 Graph derived from Simulation data 

The graph shows hourly internal
temperature and relative humidity
values through out the year. Using
algorithms given under NBC, it is found
to be thermally comfortable 98% of the
time without the use of mechanical
ventilation

Fig. 85 Hourly internal temperature and relative 
humidity throughout the year

Max temp

Min temp

Operative 
temp

Comfort 
Band

Thermal Stress Relief– Terraces

Fig 84. Passive design strategies

Table viii Area of opening calculation for Double side opening  room – cross flow   (WORKSHOP  )  
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Fig .87 Window detail section :North-Eastern facade Fig.88  Window detail section :  Western  facade

Fig.90  Window detail Plan  :North-Eastern facade Fig.91  Window detail Plan :  Western  facade

North –West
HSA : -90, -41

North –East
HSA : -29, -90

South–East
VSA : 45 

South–West
VSA : -90,47 

Fixed Tempered 
glass 

3 track Wooden 
Sliding Window 

RCC Planter Box 

Root Barrier

Particle board 
with metal 
cladding 

MS cladded with 
Wooden Planter 
Boxes fixed via 
bracket to the wall

Vegetation 
(Local Plants )

+
150*150 Wooden 
Post 

Bamboo jaali

Vegetation 
(Local Plants )

2 track Wooden Sliding 
Window 

2 track Wooden Sliding 
Window 

RCC Slab 

Beam 

Fig.89 Window detail section : South-Eastern facade

Fig.92 Window detail Plan : South-Eastern facade

VISUAL COMFORT 
The different orientations of the building are optimized for maximum daylight by using the
appropriate opening size, type and shading devices .Given the requirement of large spans for
spaces such as workshops, seminar halls, etc. light shelves have been used to help penetrate
light much deeper. The light shelf is made up of particle board with metal cladding having 80%
reflectivity. The portion above is a fixed window while the portion below is a sliding window.
Fins and angular shading in northeast and western façade to reduce glare and heat gain .For
the visual comfort of occupants planter box along the façade has been designed in such a
way that it is visible from work plane level ,750 mm above FFL.

The building connects outdoor flora and fauna by providing adequate views to achieve direct 
line of sight to vision glazing and uninterrupted view upto 8m to the surroundings ( GRIHA IEQ 
CREDIT)

INDOOR AIR QUALITY 

The choice of Low VOC building finishes i.e use of natural organic paints which has no VOC
helps in reducing the CO2 content in the indoor environment in office spaces. Provision of
planter boxes which helps in absorbing the dust, reduce humidity and accelerate air speed. 12
ACH is maintained for Office spaces (as per NBC) .
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Peace Lily Snake Plant Arrowhead Schefflera VenulosaAreca Palm

SOCIAL AND EMOTIONAL WELL -BEING 
Biophilia integrated design is proposed by bringing the outside in –which unifies man-made and 
natural environments and has the potential to transform the nature of new workspace design by 
promoting health and wellbeing in office settings.

These help in improving air quality and maintain humidity levels providing thermal and visual
comfort of the occupants

Operable components enable control of 
indoor environmental quality and provides 
visual comfort to the occupants .

The courtyard design creates a safe 
communal space that is both a 
recreational and therapeutic space 

Increase oxygen levels and subsequently improve 
concentration levels and decrease mental 
fatigue.

Plant life in workplace

The courtyardGreen Façade 

Ground floor First floor Second floor 

Fig.93 Daylight simulation and day light factor conducted  for March with intermediate sky  

As we seen in the simulations ,use of operable windows with light shelves helps to distribute 
daylight deeper and most of the  usable spaces can use maximum daylight to carry out 
different functions and activity. The only spaces which does not receive daylight can be 
addressed by using artificial lighting to meet NBC requirements . 

Terraces

DF

Presence  of moss 
concrete panels to 
increase oxygen 
levels and provide 
dehumidification

Fig.94 Biophilic aspects
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8.H. INNOVATION

29

The Roll Toilet

It is natural for all people to beseech the almighty for help during emergencies. Given that a large majority of the 
Arunachala's are Buddhists, we proposed that the railings in the courtyard area on the first and second floor be 
constructed using the Buddhist Prayer Wheels. These will function like dynamos, when used, and help generate 
power for the building.  It will also give the refugees a sense of purpose in life during disasters, and dissipate the 
feeling of hopelessness - specially if they are told about the purpose of the wheels in detail. This idea can be 
marketed in different areas of Buddhist significance.

The Power of Prayer

Fig.95 Detailed Section of the
Prayer Wheel Railing

Technology Readiness Level
Applied research is done and practical application has been found for 
the prayer wheel setup. Preliminary testing has been established in 
laboratory environment. (Prototype in progress)
Innovation Readiness Level
The prayer wheel railing has been integrated in the design for the 
intended application. The cost estimates and ROI calculations have 
been done.
Costs and benefits
The proposed innovation has potential to reduce greenhouse gas 
emissions as it generates electricity for the building. The entire setup 
generates 50 KWh per year, assuming it runs for half an hour per day,
which is enough energy to light a 10 watt LED bulb for 5840 hours. 

Top Rail

Prayer wheel

Particle Board
Chain
Sprocket

Shaft

During disaster times, the energy generated 
using the Prayer Wheel (and gym equipment) is 
utilized to operate movie screenings in the 
courtyard to promote social well-being of the 
refugees. Additionally the presence of prayer 
wheels add immeasurable emotional value to 
the project and the refugees in times of 
distress.(Refer section 9.7 for cost details and 
energy calculations) 

Fig .96 Prayer wheel Railings

Taking inspiration from an architecture sheet container, the
design of the roll toilet consists of six circular sections made of
uPVC working on a slide, twist and lock mechanism. The module
acts as an enclosure with an attachable door which can be
collapsed and stored. The innovation can be marketed to different
industries which require collapsible toilet enclosures to save on
storage space.

Technology Readiness Level
Applied research is done and practical application has been 
found for the roll toilet. Preliminary testing has been 
established in laboratory environment. (Prototype in 
progress)

Inspiration

Module size – 1.2 dia x 2.1 m high
Material used – uPVC
Quantity – 24 modules
(18 Indian toilets and 6 western toilets)

Innovation Readiness Level
The roll toilets have been integrated in the design for the 
intended application. The cost estimates and ROI calculations 
have been done.

Costs and benefits
The design of the roll toilets is original and solves the 
problem of storage. Each unit costs 15,000 rupees, and in 
comparison to a rectangular portable toilet it can be stored 
in a volume of 0.45 m3  while the other takes up to 2.78 m3  . 
This means we can store 5 roll toilets stacked on one another 
in place of 1 rectangular portable toilet.

2.1m

1.2m dia
1.2m dia 0.4m

Toilet module when fully
assembled

Toilet module when
folded and stacked

Sliding and turning
mechanism to interlock
the panels

Fig .97 Toilet modules
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1. Refuge Rest
Location: Auditorium
The site has a steep slope on the South-East side, which made it ideal for locating an auditorium on the natural
gradient. The seating for 128 people in the auditorium can be converted to 28 beds by folding the backrest back
against the higher auditorium step. The auditorium steps, consequently do not follow the standard raking, given
the nature of the problem and the need of the project.

Convertible and Collapsible beds

Fig.98 Axonometric View Fig. 99 The process of conversion of the Refuge Rest chair into a bed 

Technology Readiness Level
For this innovation, applied research is done and practical application has been found. (Refer section 
9.7 for hardware details) 

Innovation Readiness Level
The Refuge Rest has been integrated in the design for the intended application. The cost estimates have 
been done.

Costs and benefits
The design of the refuge rest solves the need of collapsible beds required in the project. Each chair 
costs 44,430 rupees and can to converted into a bed in less than 1 minute.

2. Serenity Chair
Location: Workshop
The building will shelter 460 refugees during disaster and hence 460 beds are required. The Auditorium provides 
28 beds. The design of the Workshop Chairs evolved due to the need of more beds. The mechanism consists of the 
pad below the normal chair which can be swung up and locked, and 2 chairs (each 2 seater)  in total can be 
converted to 1 bed. This results in the formation of 82 beds, which are located in the workshops and the small 
conference room on the first floor.  The tables in the workshop will have legs that may be swung up and locked to 
function as makeshift stretchers in case of need, or stacked flat against a wall, when not needed.

Upright position of the 
Refuge Rest , used as a 
chair.

Transitionary state of 
conversion

Collapsed position of the 
Refuge Rest, used as a bed.

Fig.103 The process of conversion of the Serenity Chair into a bed Fig.102 Extension of Serenity chair

1. Each chair is extended as per 
illustration.

2. The chairs are brought near and turned 
to face one other.

3. The chair come together to form a bed.

1 2

3

Fig.100  Refuge Rest in normal times Fig.101 Refuge Rest in disaster times



0131

Technology Readiness Level
The Serenity Chair has applied research done 
and practical application has been found. (Refer 
section 9.7 for hardware details) 
Innovation Readiness Level
The Serenity Chair has been integrated in the 
design for the intended application. The cost 
estimates have been done.
Costs and benefits
Each Serenity Chair costs 64,050 rupees. The 
design of the chair provides convertible beds 
which can be assembled within 5 minutes 
(considering maximum distance between two 
chairs in the workshop).

3. Oasis Bed
Inspired by architecture students sleeping on mill boards, the idea of bunk beds made out of cardboards was
proposed. These have been used before, most notably at the BIEC, Bangalore, during Covid times, but not as
Bunks. The Auditorium and workshop provide 28+82 = 110 beds. We have proposed 82 beds of this category, which
can sleep 164 people. These beds can be stored flat, under the stage of the Seminar Hall (First Floor), or in the
Store Room (Ground Floor), and deployed when needed. We then proposed 186 inflatable mattresses which can
be kept on the floor, near the other beds, for use by the last few refugees. This brings us up to the committed
number of 460. The flooring in the building will be marked with coloured linoleum, which will look like a design
element during normal times, but in time of emergency, can serve as a marking for quick bed deployment.

Axonometric View 

Technology Readiness Level
The technology of oasis bed is in basic research. The details of its various parts has been worked out 
which are all made using 12mm, 2mm and 6mm thick cardboard.

Innovation Readiness Level
The Oasis Bed has been integrated in the design for the intended application. The cost estimates have 
been done.

Costs and benefits
The design of the Oasis Bed provides collapsible beds which are completely made of cardboard 
making them lightweight and easily portable. Each bunk bed costs 12,595 rupees which is much 
cheaper than its counterparts. In the present market, average wooden bunk bed of similar dimensions 
costs 37,000 rupees which is 34% costlier. The Oasis Bed can further be dismantled and stored in much 
lesser space than a wooden bunk bed.

Front View Side View 

Oasis Bed Views

Fig .104 Serenity Chair converted to beds during disaster times

Fig .105 Oasis bed details
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8.I. AFFORDABILITY

32

Table ix. Base case vs Proposed Case Cost Estimate ( Refer appendix for detailed calculations)

• Base line construction estimate is 

40,997 Rupees / Sq.m

• The proposed design estimate is 

29,807 Rupees/ Sq.m

• The proposed design cost per Sq.m 

is 72.70 % of the Baseline cost

Fig. 108 Split of Construction cost comparison

Fig. 106 Cost per sqm sorted by Category of Construction comparison

Fig.107 Cost per Sqm comparison

BASE CASE PROPOSED CASE
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BUILDING CONSTRUCTION TIMELINE

BUILDING CONVERSION TIMELINE
• We have prepared a Construction timeline that

determines when the shelter will be ready to use
in case of an emergency. The sooner the shelter
is constructed, the better prepared the
community will be in the event of a disaster. This
is done to ensure that the project stays on
schedule and within budget, helps in allocating
resources efficiently.

• We want to communicate the timeline to the
community, so that the residents can stay
informed about the project's progress and be
involved in the process.

• The construction of the project would get
completed in 770 days as per the above timeline.

• The Conversion Timeline is prepared to show
number of volunteers needed to convert the
building in the event of disaster, depending
upon the criticality of the situation.

• When the building is under conversion in the
event of disaster, the initial registration of
people etc can be completed under 2 hours 15
minutes. The Ground floor, given 25 volunteers
can be ready for occupation in 30 minutes.
Similarly, First floor can be ready in 33 minutes.

Table x. Building Construction Timeline

Table xi. Building Conversion Timeline
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8.J. VALUE PROPOSITION
PROJECT PARTNER BENEFITS

 Climate resilient
 Earthquake resilient
 Climate Resilient

 Passive strategies 
have been used 
reducing the EPI by  
47%

 86,63,797 litres of 
rainwater 
harvested/annum 

 30% is consumed , rest 
given off to the grid

 Reduction in operation 
cost because of using 
eco-STP, rainwater 
harvesting, solar panels

 During disaster, 
battery storage can 
sustain the building 
for 4 days

 Increasing the comfort 
of the occupants by 
designing shading 
devices   such that the 
interior spaces are 
lighted up even when 
the lights aren't 
switched on

 Reduction in 
transportation 
costs by using 
locally available 
materials

 Integrating 
greenery in the 
office spaces to 
increase the 
productivity of the 
workers 

USER BENEFITS

 Privacy to the office 
users as they are placed 
on the topmost floor

 Outsiders can enter the 
building from the 
exterior itself instead of 
entering the building 
every time 

 Using convertible 
furniture which can be 
replicated in other 
buildings 

Fig 109. Project partner benefits

Fig 110. User benefits
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MOBILE APPLICATION

The team aims to design an application that is not only focused on the particular building being
designed but also try and help the general public as well. The app acts as an alert as well as an
awareness app, alerting the users during times of disaster and guiding them to safer places and
spreading awareness about different disasters and how to take precautions against them. At the
same time, the app is working even during non-disaster times, providing activities and notifications
that help raise awareness but also help keep the mind active

Fig. 111 Mobile application workflow
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Fig. 112 Value proposition poster
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9.1 BUILDING AREA PROGRAM
9. APPENDIX

The entire building will be non conditioned, i.e., mechanically ventilated with HLVS fans and 
natural ventilation will happen through passive design strategies like increased window to wall 
ratio and use of landscape.

Table1 Building area programme

UNDER NORMAL CIRCUMSTANCES - NON DISASTER
PERIOD

UNDER EMERGENCY CIRCUMSTANCES - DISASTER 
PERIOD

SPACES AREA (sq.m) SPACES AREA (sq.m)
BUSINESS ( OFFICE) 1173BUSINESS ( OFFICE) 1173
Designations: Designations:
Deputy Secretary + P.A 23Deputy Secretary + P.A 23
Under secretary + P.A 30Under secretary + P.A 30
Commissioner Room +P.A + Visitors room 80Commissioner Room +P.A + Visitors room 80
Joint Secretary room +P.A 30Joint Secretary room +P.A 30
Director + P.A 45Director + P.A 45
Minister's room + P.A 52Minister's room + P.A 52
Commissioner Room +P.A 45Commissioner Room +P.A 45
Open Offices 550Open Offices 550
Conference Hall 40Conference Hall 40
Meeting Room 30Meeting Room 30
Peon Station + staff room 25Peon Station + staff room 25
Department Room 60Department Room 60
State Alert and Warning system 65State Alert and Warning system 65
Record Room : Archives 15Record Room : Archives 15
Store room 25Store room 25
Control room 8Control room 8
Facility Management Room 50Facility Management Room 50
EDUCATION (HEALTH TRAINING CENTRE) 948REFUGE SHELTER 948
Workshop spaces X2 : medical + 
precautionary 170x2

Shelter Rooms 820Seminar Hall (Ground Floor) 200
Seminar halls (First Floor) 280
Equipment store( for disaster) : 
stretchers,etc + portable toilet 65

Equipment store( for disaster) + Bunk 
beds 65

Dormitory for visitors 63Dormitory for visitors 63
COMMON SPACES 1239COMMON SPACES 1239
Wellness centre 40Wellness centre 40
Day Care centre 28Shelter room 28
Gym 140Gym 140
Space for SBI Bank 100Space for SBI Bank 100
Food Store 50Food Store 50
Food Court / dining 140Food Court / dining 140
Kitchen 50Kitchen 50
Utility space (washing ,etc.) 50Expanded to kitchen 50
Toilets + Bath 75x 3Toilets + Bath 75x3
Locker room 16Lockers for valuables 16
Staircase area (25x2)x 3 floorsStaircase area (25x2)x 3 floors
Lift shaft 3Lift shaft 3
Service Room 32Service Room 32
Parking 215Toilets 215

HARDSCAPE AREA 1214TERRACED AREA 1435
Parking 215First Floor terraces 35 + 86
Driveway 660Second Floor terraces 142 + 42 + 63
Entance plazas 35 + 39Second Floor Roof 1067
Paved Area for workshops 265LANDSCAPE AREA 1580

Spaces with same functionality
Spaces with changing functionality

37



01

9.2 ARCHITECTURE DRAWINGS
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Figure v  - Building front view elevation
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9.4 ENGINEERING DRAWINGS
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Figure vii - Sliding window, light shelf detail

Figure viii - Casement window detail Figure ix - Fin detail (Shading device)
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PLUMBING LAYOUTS

Figure x - RWH downtake pipe layout

Figure xi - UGT, Domestic W/S, Waste water pipe layout

Figure xii - Pipe layout for landscaping

40
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3.75 m

15 m

11.25 m

11.25 m 11.25 m

11.25 m

7.5 m

3.75 m

7.5 m

3.75 m

15 m

Rainwater
UGT

Rainwater
UGT

Rainwater
UGT

Rainwater
UGT

Municipal
water UGT

Greywater
UGT

Blackwater
ecoSTP

Grey water
ecoSTP

Blackwater plant
bio filter and
ground recharge

Greywater
plant bio filter

Rainwater down 
take pipe layout

Figure xiii - Rainwater down take pipe layout
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Figure xiv - Ground floor electrical layout

Figure xv - First floor electrical layout

42
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Figure xvi - Second floor electrical layout

Figure xvii - Terrace floor solar panel layout

43
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OUTLINE SPECIFICATION OF RELEVANT BUILDING SYSTEMS

Pile foundation : use of short piles, the piles are bored below both the plinth beam 
as well as to the footing 

Waffle slab system : locally available wicker baskets are 
used as pods for the waffle

Compressed Stabilised Earth Blocks : Walls are made up of CSEB, interlocking of 
these blocks are done to provide more resilience against disasters, bamboo poles 
are also inserted at regular intervals for extra stability of the building

Footing : The refill mix for the footing is made up of 
excavated earth, recycled rubber pieces and steel fibres to 
absorb earthquake vibrations

Eco STP : one of the sustainable methods to treat wastewater. The system contains 3 
RDF chambers, a plant bio filter, with zero electricity requirement

Rainwater harvesting :  reliable source of water during 
normal times and also disaster. By using rainwater 
harvesting system the building is reducing its demand on the 
municipal water supply completely. 

LED light fixtures : Led light fixtures are extremely energy efficient, and use 90% less 
power than the traditional light sources. This results in lower energy bills and 
reduced environmental impact. They have a much longer lifespan hence, reducing 
the operational cost of the building. Generates less heat than traditional lighting 
sources, thus, keeping the interiors cool. 

Energy Generation : Solar panels have been implanted on 
the roof top of the building, gym equipment and prayer 
wheels are the other sources of electricity generation.

Brush Less DC Fans : BLDC fans are more efficient at moving air and can produce a 
higher air flow rate with less noise, resulting in better performance and comfort.

01
02

03

04

05

06

07

08

09

9.5 OUTLINE SPECIFICATION OF RELEVANT BUILDING SYSTEMS

Figure xviii - Outline Specification Of Relevant Building Systems
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LPA (kWh per 
year)

Lighting 
power 

allowance
Lpd (W/m^2)AREA (sq.m)SPACES

1500BUSINESS ( OFFICE)

1627.66501065State Alert and Warning system
375.61501015Record Room - archives

200.3280108Control room
12525001050Facility Management Room

13772550010550Open Offices
425.681706.825Store room
1151.8446011.540Conference Hall
863.8834511.530Meeting Room

6262501025Peon Station + staff room

1502.46001060Department Room

Designations:
575.922301023Deputy Secretary + P.A

751.23001030Under secretary + P.A
2003.28001080Commissioner Room +P.A + Visitors room

751.23001030Joint Secretary room +P.A

1126.84501045Director + P.A

1302.085201052Minister's room + P.A
1126.84501045Commissioner Room +P.A

1173

2000
EDUCATION (HEALTH TRAINING 
CENTRE)

17127.36684017.1400
Workshop spaces X2 : medical + 
precautionary

5759.2230011.5200Seminar Hall (Ground Floor)
8062.88322011.5280Seminar halls (First Floor)

1106.7684426.865
Equipment store( for disaster) : 
stretchers,etc + portable toilet

945
1191COMMON SPACES

941.5043769.440Wellness centre
701.122801028Day care center

4802.672191813.7140Gym
851.363406.850Food Store

4942.896197414.1140Food Court / dining
1514.9260512.150Kitchen
851.363406.850Utility space (washing ,etc.)

3155.04126012.6100SBI bank
4338.181732.57.7225Toilet + bath

41.31616.55.53Lift shaft
2065.88255.5150Staircase lobby

1184.3924732.2215Parking

86881.288224693309Total

9.7 ENERGY PERFORMANCE

Table 2 Lighting calculation - Base case
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Table 3 Lighting calculation - Proposed case

TOTAL 
WATTAGE

NUMBER OF 
FIXTURESFIXTURE TYPELUX LEVELAREA (SQ.M)SPACE

DISASTER TIMENORMAL
GROUND FLOOR

86424LED Battens300180Shelter roomWorkshop
86424LED Battens300180Shelter roomSeminar hall
404LED Downlight10020Toilet storageToilet storage
10010LED Downlight10064ToiletsToilets
72020LED Battens300144Field hospital extentionGym
3249LED Battens300100SBI bankSBI bank
2166LED Battens30042Field hospitalWellness center
1805LED Battens30044ReceptionReception
404LED Downlight10021Staircase 1Staircase 1
43212LED Battens30086Shelter roomEquipment storage
1444LED Battens20042KitchenKitchen
404LED Downlight10026Food storageFood storage
404LED Downlight10016UtilityUtility
404LED Downlight10016Electrical roomElectrical room

57616LED Battens300135Food courtFood court
404LED Downlight10021Staircase 2Staircase 2
3249LED Battens100195CorridorCorridor
722LED Battens10034Office entranceOffice entrance

1083LED Battens10066Main entranceMain entrance
FIRST FLOOR

86424LED Battens300180Shelter roomWorkshop
0(Shelter room)(Seminar hall)

10010LED Downlight10064ToiletsToilets
129636LED Battens300288Shelter roomSeminar hall 2
1805LED Battens30044ReceptionReception
404LED Downlight10021Staircase 1Staircase 1
2166LED Battens30042DaycareDaycare
2166LED Battens30042Shelter roomConference room
404LED Downlight10016Electrical roomElectrical room
722LED Battens20034ArchivesArchives

2888LED Battens30064DormitoryDormitory
404LED Downlight10021Staircase 2Staircase 2

57616LED Battens100390CorridorCorridor
72234Terrace 1Terrace 1
72266Terrace 2Terrace 2

SECOND FLOOR
24010LED Battens30078CommissionerCommissioner
1928LED Battens30056MinisterMinister
1928LED Battens30048Under SecretaryUnder Secretary
1928LED Battens30050Deputy SecretaryDeputy Secretary
964LED Battens30026Joint SecretaryJoint Secretary
10010LED Downlight10064ToiletsToilets
1446LED Battens30048State alert roomState alert room
1446LED Battens30048Department roomDepartment room
1205LED Battens30044ReceptionReception
404LED Downlight10021Staircase 1Staircase 1
1446LED Battens30042Break roomBreak room
404LED Downlight10016Electrical roomElectrical room
964LED Battens30034Meeting roomMeeting room
404LED Downlight10021Staircase 2Staircase 2

168070LED Battens300540Open officeOpen office
1083142Terrace 3Terrace 3
72242Terrace 4Terrace 4

108364Terrace 5Terrace 5
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Table 3 : Load calculation – Normal scenario

Table 4 : Load calculation – Disaster scenario

TOTAL (kWh)NO OF DAYSHOURSWATTAGEQUANTITYEQUIPMENT
15024313850120Laptop
1126.831341506Projector
250.43138520Telephone
13140365243005Refrigirator
1502.431323008Printer
2003.231328004Microwave

3680.8831324707Water purifier
547.53650.515002Water pumps 

136.8753650.57501Water pumps
2504313810001Lift
125203138100506A sockets
12520313210002016A sockets

64956.055
VENTILATION

7572.096313828108Ceiling fans
140.2243134167Exhaust fan
7712.32

LIGHTING
34615.296313836384LED Battens

1953.1231381078LED Downlights
721.15231382412External lights

37289.568
18644.784(50% reduction)SDA = 50%

TOTAL (kWh)NO OF DAYSHOURSWATTAGEQUANTITYEQUIPMENT
9611650120Laptop
0.3111502Projector
0.418510Telephone
7.21243001Refrigirator
1.2123002Printer

0.0011111Microwave
11.76124707Water purifier

1.510.515002Water pumps 
0.37510.57501Water pumps
0.0011111Lift

80116100506A sockets
101110001016A sockets

208.737
VENTILATION

18.1441122854Ceiling fans
0.44814167Exhaust fan
18.592

LIGHTING
23.3281123654LED Battens office
11.52183640LED Battens other
6.241161039LED Downlights 

41.088

Table 4 Load calculation - Normal scenario

Table 4 Load calculation - Disaster scenario
47
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Natural ventilation calculation : 

Algorithm used as per NBC Part 8, Natural ventilation (5.6.1.1)
Q = KAV

Example – Workshop 
K = Coefficient of effectiveness = 0.3

V = Wind speed, in m/h 4.5 km/h = 4500 m/h

A = 2 two track sliding Windows (3.6m x 1.4m), 2 three track sliding windows (2.4m x 1.4m)
A = (2 x 3.6 x 1.4 x 0.5) + (2 x 2.4 x 1.4 x 0.3)
A = 5.04 + 2.016
A = 7.056 sq.m

Q = 0.3 x 7.056 x 4500
Q = 9525.6 cum/h

Volume of room = 720
(Floor area = 200 sq.m, Height = 3.6 m)

ACH achieved = 9525.6/720 = 13.23

Table 5 : Energy generation using gym equipment

ENERGY PRODUCED ANNUALLY (kWh)DAYSHOURSWATTAGEQUANTITYEQUIPMENT

73036551004Treadmill

547.536551003Training bench

547.536551003Elliptical

912.536551005Stationary bike

124.13655681Chest press machine

182.53655502Arm curler machine

2861.6TOTAL=

Energy generated in a year (kWh)Energy generated (W)Number of prayer wheels

22.01681.1652First floor atrium

27.94441.1666Second floor atrium

49.9612

Table 6 : Power of Prayer – Energy generation from Buddhist prayer wheels
(Assumption – The prayer wheel are rotated for 30 minutes everyday)

Table 5 Energy generation using gym equipment

Table 6 Power of Prayer - Energy generation from Buddhist prayer wheels
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Proposed Design valuesUnitsInput Parameters
General

4240m²Building area
-m²Conditioned Area
7INR/kWhElectricity Rate 

INR/GJNatural Gas Rate
Normal time - 9:00 am to 5:00 pm , During disaster - 24 hoursBuilding Occupancy Hours

m² / personAverage Occupant Density

Internal Loads
4.4W/m²Interior Average Lighting Power Density

List of Lighting Controls
17.1W/m²Average Equipment Power Density

l/sec.m²Minimum OA Ventilation (Building Average)

Envelope
0.88W/m².KRoof Assembly U value

Roof Assembly SRI
0.31W/m².KAverage Wall Assembly U value

%Window to Wall Area Ratio (WWR)
3.6W/m².KWindows U value

Windows SHGC
%Windows VLT
ac/hInfiltration rate

A sawtooth shaped wall for the Northwest façade to let in 
diffused north light and block west sun, Vertival fins on south 
east and northeast facades, Windows with light shelves on 
south westDescribe Exterior Shading Devices

Not ApplicableHVAC System

Service Hot Water
SHW Type and Description

Proposed Design ValuesUnitsOutput Parameters
215kWh/m²/ yrProposed EUI (Total)

EUI Breakdown by End Use
-kWh/m²/ yrHeating
-kWh/m²/ yrCooling

1.8kWh/m²/ yrFans
0.2kWh/m²/ yrPumps

-kWh/m²/ yrHeat rejection
-kWh/m²/ yrService Hot Water

4.3kWh/m²/ yrLighting
15.2kWh/m²/ yrEquipment

W/m²Total Envelope Heat Gain (Peak)
-SF/TrCooling Load of Conditioned Area

W/m²Building Electric (Peak)
INR/m²Annual Operating Energy Cost

30Annual Unmet Hours
-Cooling Capacity

8730Annual Hours of Comfort without Air Conditioning
ConsumptionGenerationMonthly Energy Performance
67638934kWhJanuary
71248439kWhFebruary
75649156kWhMarch
78967886kWhApril
80137783kWhMay
81786353kWhJune
84936644kWhJuly
81457884kWhAugust
80536660kWhSeptember
75069990kWhOctober
68729245kWhNovember
67087654kWhDecember
9131596628

9.6 ENERGY SIMULATION INPUTS

Table 7 - Input parameters 49
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9.7 WATER PERFORMANCE

Table 8 - Base Case per capita consumption

Table 9 - Sources of water

Table 10 - Non disaster times - water consumption
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Table 11 - Base case - total domestic water demand

Table 12 - Proposed case - total domestic water demand

Table 13 - Disaster times - water consumption
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Table 14 - Disaster times - water consumption - office

Table 15 - Base case vs Proposed case

Table 16 - Irrigation demand
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9.8 SUMMARY OF COST ESTIMATION SHEET

Table 17 - Base case estimate
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Table 18 - Proposed case project estimate
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9.9 SUMMARY OF EMBODIED CARBON SHEET

Table 20 Carbon emissions per functional unit 

Proposed caseBase case
Wall

WeightDensity

Blocks per 
3439.9 sq.m 
= 46323

Volume per 
blockMaterial WeightDensity

Blocks per 
3439.9 sq.m 
= 26636

Volume per 
blockMaterial

7,97,3781,324602.1990.013Earth block383558.4600639.2640.024AAC blocks
201375.34561520132.483780.0028622% sand66483.456208031.96320.0012Cement mortar

510062.5531540331.209450.0071555% soil59441.6448144041.27892Cement plaster
18011.7720999718.065970.000393%water

60701.6592144042.153930.000917%cement
7226.38815048.175920.001048%straw

3487507504650.15Bamboo
86716.656208041.69070.0009Cement mortar 

Area - 2734Flooring
8345.711007.587Linoleum225555275082.02Granite
3034.812002.529Adhesive180444220082.02Cement screed

180444220082.02Cement screed
222382.2482.052Ceramic tile

Windows

726000.12
Particle board light 
shelves199.84852213300.150262047uPVC

224.412000.187Polycarbonate181.124985525000.072449994Glass
151.927200.211Sal wood

Structure
262.07Column - Proposed case Column - Base case

30858.742578503.93105Steel rebars30858.742578503.93105Steel rebars

16457.99678502.09656
Steel ties - spacing -
300mm16457.99678502.09656Steel stirrups

448074.1825256.04239Concrete with 50% flyash614501.7362400256.04239Concrete

423.63Beams423.63Concrete beams
301817.6922785038.44811366I sections49882.432578506.35445Steel rebars

4333.2757505.7777Steel rebars26603.96478503.38904steel stirrups
24189.30478503.08144Steel stirrups827773.022000413.88651Concrete

752645.49272000376.3227463Concrete with 50% flyash

3548.48Slab
Total volume177.91Waffle slabArea-532.273548.48One way slab

344789.582000172.39479Concrete with 50% flyash41783.35278505.32272Steel bars
2134.927502.84656Bamboo pods1053898.562000526.94928Concrete

20948.902578502.66865Steel 
Total volume531.786One way slab

7976.7975010.63572Bamboo bars
20872.600578502.65893Steel bars

1036982.72000518.49135Concrete with 50% flyash
Area-164.991649.98PlinthPlinth

325046.062000162.52303Concrete with 50% flyash325046.062000162.52303Concrete 
19428.514578502.47497Recycled steel19428.514578502.47497Steel

5884.16Total area 

Roof
118.89Waffle slab412.334997.98One way slab

229219.922000114.60996Concrete with 50% flyash33986.6299578504.329507Steel bars
1426.687501.90224Bamboo pods816008.9862000408.004493Concrete

18665.7378502.3778Steel 17635.48815
215.28One way slab

8449.7478501.0764Steel bars
3229.27504.3056Bamboo bars

4197962000209.898Concrete with 50% flyash

Table 19 Material quantities
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9.8 WATER PERFORMANCE

Baseline - 150mm thick RCC slab
Proposed - 150mm thick flyash concrete slab with 50% bam-
boo and 50% recycled steel reinforcement, waffle slab with 
bamboo basket pods

0.0
20.0
40.0
60.0
80.0

100.0
120.0
140.0
160.0

Baseline Proposed Baseline Proposed Baseline Proposed

Material emissions
(kg -CO2 e)

Transport 1
(kg -CO2 e)

Transport 2
(kg -CO2 e)

Emissions from Structural

0.0

1.0

2.0

3.0

4.0

5.0

6.0

Baseline Proposed Baseline Proposed Baseline Proposed

Material emissions
(kg -CO2 e)

Transport 1
(kg -CO2 e)

Transport 2
(kg -CO2 e)

Emissions from Fenestration

Fig xx. Emissions from fenestrationsFig xix. Emissions from wall

Fig xxi. Emissions from roof

Fig xxiii. Emissions from floor

Fig xxii. Emissions from structure
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DistanceSupplierDistanceManufacturerMaterial
12Naharlagun84PapumpareSoil
136Jhorat258River beds of HimalayasSand
4Chimpu94.4East kamengStraw bale
5Itanagar265DimapurFly ash cement

On siteWater
10Naharlagun4Chimpu forestBamboo
5Itanagar265DimapurCement mortar
5Itanagar265DimapurConcrete with 50% fly ash
10Naharlagun4Chimpu forestBamboo baskets
3Itanagar1850Jindal steel and power, ChattisgarhRecycled steel rebars
12Naharlagun146JhoratLinoleum 
12Naharlagun146JhoratFlooring adhesive
5Itanagar265DimapurCement floor screed
2Itanagar10NaharlagunParticle board
4Itanagar32Itanagar Polycarbonate sheet
10Naharlagun140Pakke tiger reserveSal wood
3Itanagar1850 Jindal steel and power, ChattisgarhRecycled steel sections

Fig xxiv. Sources of materials

Baseline - 200 x 600 mm AAC blocks with cement mortar
Proposed - 200 x 600 mm Earth blocks(Soil (55%) + Sand 
(22%) + Straw fibers (8%) + Water (3%) + Cement with 30% fly 
ash(7%)) with bamboo and fly ash cement mortar 

Baseline - 4mm float glass panes with uPVC frame
Proposed - DGU with 2mm polycarbonate and sal wood 
frame+particle board light shelves

Baseline - Tan brown 18 mm granite
Proposed - Laminate sheet, ceramic tiles(washrooms) and 
its wastage(balconies), green pavers(outdoor)

Baseline - RCC
Proposed - 50% flyash concrete + recycled steel reinforcement

According to 
calculations 
from the EC tool, 
carbon emission 
of materials is 
reducing by 68%. 
All materials are 
available within 
300km radius 
but, due to the 
non availability 
of recycled steel 
near Itanagar, 
emissions due to 
transportation from 
the manufacturer 
to supplier is more 
than the baseline.
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9.10 BUILDING OPERATION NARRATIVE

6

 . BUILDING NARRATIVE

RAIN WATER HARVESTING
An on-site rainwater harvesting system has been constructed for effective 
utilization of rainwater. This system consists of down-take pipes, under-
ground storage tanks, sand filters (for the removal of debris and pathogens). 
It is further treated in an RO filter for potable uses.

RAIN WATER HARVESTING AND ECOSTP

BIODIGESTER

The aim is to re-purpose majority of the solid waste generated on site or to get it collected by recycling facilities, so 
that it none of it ends up in the land fill eventually. 
The manual procedures involved in supplying kitchen waste to a biodigester are as follows: 
a) Segregation of waste: The first step is to categorize kitchen waste into separate groups: food, vegetable, and 
fruit. This is necessary to ensure the proper nutrient balance is maintained in the biodigester. 
b) Waste collection: After segregating the waste, it should be collected and kept in a container or bin.  
c) Waste mixing: To make a slurry, it’s necessary to combine the kitchen waste with water. This can be accom-
plished manually by churning the garbage in a container 
d) The slurry is manually fed into the biodigester 
5)regular inspection and maintenance instructions 
The biodigester should be inspected weekly, for any leaks or signs of damage. The inlet and outlet pipes should be 
checked to ensure that they are not blocked. The quality of biogas should be monitored regularly to ensure that it 
meets the required standards. The gas pipes should be checked for leaks, and the gas pressure should be checked. 
The following are the steps that can be taken during emergency situations to manage solid waste effectively: 
a) The segregation of waste is done into different categories such as recyclable, non-recyclable, hazardous, and 
first-aid medical waste  
b) Disaster times, the first-aid medical waste are collected by medical waste management facilities that specialize in 
collection, treatment and disposal  
c) Toxic waste like batteries are collected by toxic waste management facilities that specialize in collection, treat-
ment and disposal 
d) The bio degradable waste generated from kitchen at our site, is fed to the bio digestor and bio gas is generated 
for cooking fuel during disaster times.

KITCHEN WASTE

LANDSCAPE WASTE

BIODIGESTER

COOKING FUEL

BIOGAS

DIGESTATE

FERTILIZER

POWER SAVED

COAL SAVED

ANNUAL SAVINGS

ROI ACHIEVED IN 

6570 KWH/YEAR

5.26 TONNE/YEAR

65,494 

2 YEARS

1ST STAGE RDF

2ND STAGE 

3RD STAGE RDF

ECOSTP is a reliable and eco-friendly Zero Power, Zero Odour and Zero 
Chemical Sewage Treatment Technology. It is a treatment system that 
lasts for generations with no overground space requirements, dai-
ly surveillance, treating the wastewater to pollution control board 
specifications. It is based on gravity and natural principles with no 
operators. The sewage flows through multiple chambers and the an-
aerobic bacteria decomposes the pollutants . It comprises of three sep-
arate chambers with rumen digester filters and a final planted bio filter. 
Once in 2 years or 4 years the sludge has to be removed. It doesn’t need dedicated maintenance personnel unlike 
in conventional technologies since there are no electro – mechanical components involved. The only maintenance 
required is de-sludging once in 2 years. However we also do Annual Maintenance Contracts (AMC) We do monthly 
checks on water, engineer visits and annual desludging.

Fig xxv. RWH Operation narrative

Fig xxvi. Bio Digestor Operation narrative
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6

 . BUILDING NARRATIVE

Precast concrete short pile foundation system was 
chosen for this project to combat with earthquakes. 
When compared to long piles that are subjected to 
plastic hinge effect during earthquakes, short piles 
are much more resilient with this regard. 
Short pile foundations are typically less expensive 
and faster to install than long pile foundations, 
making them a more cost-effevctive option. We have 
short piles under the plinth beam in addition to the 
footing short piles for additional stability.
They also produce less waste during installation and 
can be easily removed and recycled at the end of 
their useful life, making them an environmentally 

PILE FOUNDATION

WINDOW WALL RATIO, UNIFORMITY RATIO FOR LIGHTING AND VENTILATION

The ventilation system comprises of an adaptable 
cooling system that is often utilised with variable 
diurnal temperatures and allows the building’s occu-
pants to choose the quantity of light and ventilation 
they desire to enter into the structure. 
The manual procedures involved in window opera-
tion are as follows: 
a) Both casement and sliding windows are manually 
operated
b) BLDC fans in the building are a switch-operated 
systems and occupants have the option of speed 
regulation.
c) light switches are operated by manual control
Instruction for routine inspection and maintenance 
is that the reflective coating must be cleaned. During 
the monsoon season we might have to repaint to 
maintain the efficiency of the light shelf.

The following are the steps that can be taken during emergency situations to manage energy systems effective-
ly:
a) in case of critical conditions, only the important loads are considered given the sunshine hours reduced, and 
only four days of battery backup is taken into considerations, so the building’s critical functions, such as the 
SDMA office, will be maintained, as will emergency lights and adequate ventilation for the refugees. 

SOLAR PV PANELS WITH ENERGY-STORAGE SYSTEM ALONG WITH OTHER ENERGY 

1. It generates off-grid power using solar panels and 
lithium phosphate batteries for energy storage, en-
abling four days of autonomy. In addition, mechan-
ical energy from gym equipment and the power of 
prayer - Buddhist prayer wheels with a gear system 
- are used to generate energy. 
Everything is executed manually, including opera-
ble windows with shading devices tailored to each 
facade and the installation of energy-efficient fans 

Fig xxvii. Pile foundation narrative

Fig xxviii. Solar PV panel narrative

Fig xxix. WWR, Uniformity ratio  narrative
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9.12 INNOVATION

65

Fig xxx. Prayer wheel operation diagram 

Table 21 Hardware list
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9.12 RESILIENCE

66



01

9.13 VALUE PROPOSITION
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9.14. Letter of confirmation from project partner
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9.15. Letter of confirmation from industry partner
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FIDUCIA AI (INDIA) PRIVATE LIMITED 
Phone: +91-6302395390     Web: www.fiduciaai.com 

 

Regd Off.: 104, Aliens Fastrack, Vittalrao Nagar, Madhapur, Hyderabad. Telangana – 500081 
1 

 
Date: 18-Feb-2023 
 

Industry Partner Confirmation Letter 
 
To, 
 
The Director, 
Solar Decathlon India 
 
Dear Sir, 
 

This is to inform you that our organization, Fiducia AI India Private 
Limited, is collaborating with the participating team led by R.V. 
College of Architecture on a Community Resilience Shelter Building 
project for their Solar Decathlon India 2022-23 competition entry.    
 
The nature of our collaboration was to provide technical assistance in 
software development as part of their project.   
` 
We would like to have a representative from our organization attend the 
Design Challenge Finals event in April/May, if this team is selected for 
the Finals. 
 
We would like 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. 

 
With warm regards, 
 
 
 
 
Nipun Goel 
CTO & MD 
Fiducia AI India Private Limited 
nipun.goel@fiduciaai.com 
+91-6302395390 


