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ABSTRACT

Regenerative architecture is a term that is framed in the late 215 century to ensure a
positive outcome from existing sustainable practice. In today’s trend construction industry
plays a major role in carbon emissions, water consumption, waste production which can
cause various environmental issues. These kind of buildings that are not optimised in
energy consumption can be named as vacuum buildings which inherit a trait of exploiting
ecological state. So, to preserve the ecological state of a region only sustainable practice
which reduces the impacts on environment is not enough but a style that breathes life and
restores the lost habitat is required. The term regenerative refers to a process that repairs,
recreates and restores its own source of energy. So, the objective of this research is to
create a regenerative environment that produces a net positive output by creating series
of complete loops for consumed materials and balancing them by creation of products or
from by-products.

The flow of this research focuses on restoring the equilibrium between nature and
man-made structures. For this to happen it is necessary to understand the parameters of
Regenerative design and how it influences the energy, water, material used over the
environment. Analysis is done based upon case studies to understand the form,
orientation, design elements etc. Qualitative study relating producing questionnaires,
research paper study and Internet study will be done to understand the context of
regenerative architecture. Quantitative details such as Water calculations, Electricity
calculation, Food waste, Rainwater calculation and environmental simulations will be
carried out. So the selected site will be incorporated with all the mentioned study to
conclude with the design.

So, to conclude this will be a qualitative approach which focus more on design
elements to improve the quality of lifestyle of people and ecology within the site.
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CHAPTER 1

INTRODUCTION

1.1 INTRODUCTION
Regenerative design is about thinking ahead, where one must design with the
future in mind. It contradicts with sustainably designed buildings, which are
based on the concept of only using the minimum resources you
need, regenerative buildings are designed and operated to reverse damage and

have a net-positive impact on the environment.

Buildings as trees, and cities as forests propose an evolution of modernist
architecture paradigms from mechanical to organic and that changes everything
where architecture is designed through regenerative processes that mimic

ecological interrelationship.

At the macro scale, regenerative buildings can serve as a carbon substation
sites which can generate and store energy on site for surrounding communities,
can use the site to clean storm water runoff, and can even have skins that ‘scrub’
the air. This idea is not just using fewer resources, but of replenishing and

bettering our environment.

A community could learn a great deal from the forestand the ultimate
technology of cooperation, networking, diversity, high technology, self-
organization. The energy is produced by water distribution, photosynthesis,
efficient communication, not generating waste etc. we are talking about a

regenerative system in all dimensions, the “law of the jungle” in partnership.

1.2 AIM
The aim of this thesis is to create an Eco resort that is built entirely with
natural materials and thereby interact with the site to Regenerate its resources

for it to self-sustain.



1.3 RESEARCH QUESTIONS IDENTIFIED
e How can Architecture help in Regenerative Environment design for a
Community?
e What are the feasibility aspects of Permaculture Architecture inside a
Community?

¢ How does a Circular Economy work within a community?

1.4 OBJECTIVES

e To Design a structure from natural Materials to reduce the impact on the

environment.

e To Study the state of architecture and how it helps to regenerate a piece of
land.

e To validate how effective a circular Economy functions within the site.

1.5 THE NEED FOR REGENERATIVE ENVIRIONMENT

In Today's construction Practice there is a lot of deviation with man-made and
ecological co-existence which is an essential parameter for life to co-exist. The
challenge of environmental architecture is to meet the current demands of people
and there by damping the impacts on ecology. The world has encountered a rise
in industrial and technological advancements at a rapid phase which lead to the
increase in demand to cope up the population boom and therefore causing an
inflation on construction field which let the environmental impacts left unchecked
in the past 2 decades.

Frank Lloyd Wright an innovator in terms of eco sensitive buildings even
before the term “ECOLOGY” was coined and used. He had a belief that a
building must live in harmony with its environment and therefore it is achieved by
technological material selection and understanding social aesthetic aspect. An
Ecologically sensible designer must design with a different approach such as
aesthetic, economical social and ecological sense that replaces the human

domination over natural world. And a building that does not come up with all



these parameters is considered as a vacuum design. To Maintain an ecological
integrity, the architect must have a thorough understanding of the local eco
systems which includes climate, flora, fauna, materials, soil type, water flow,
biotic communities, and critical habitat at-risk species Eco Friendly Buildings is a
mixture of passive design to reduce energy, bio mimicry, net zero, locally
available materials, vernacular architecture and giving way to ecological

sustainability.

The Research Paper “THE ECO-FRIENDLY BUILDINGS- A ARCHITECTS
PERSPECTIVE by Akanu Ibiam” generally focused on the impacts of vacuum
buildings on environment and suggestions were given on how to improve in
theoretical format. Environmental Sustainability at a global state is considered as
impossible in today’s Context due to the huge requirement of landscape. And
How much impact can this design reinvent natural coexistence. Due to the over
consumption of fossil fuels by vacuum buildings at a rapid phase it is a necessary
step to also research on eco-friendly buildings which promises on reducing the

natural impact over environment.

So in analyzing with this research paper, we can see that there are many
loop holes by which environment gets affected. The author coins the word
“Vacuum Buildings” to signify the importance of ecologically sensible
buildings that are sustainable in nature. He also adds the point that over
consumption of fossil fuels at a rapid phase is a necessary step to research
on ecofriendly buildings which promises on reducing natural impact on

environment.

1.6 SCOPE OF THE PROJECT
e The Project will Try to implement Permaculture within the site boundary which

is a key participant in Regenerative Designs.

o Will be Constructed using Locally available materials and Natural Materials

which can be gathered around the site.

e Cost Analysis will be made based on the materials that was used for

construction.



e Regenerative Aspects will be incorporated for Water and Energy resources
that are within the site.

1.7 LIMITATIONS OF THE PROJECT

e The structural height of any building within the site is only at ground level.

e Cradle to Cradle process and implementation of any material or resource is
studied only within the site.

e Ecological Footprint calculation will not be done for the Project.

1.8 VISION OF THE PROJECT
To create a symbiotic environment that is sustainable in nature, self-resilient,
supports humans and respects eco system which in-turn regenerates itself to

help in restoring the damaged equilibrium.



CHAPTER 2

LITERATURE REVIEW

2.1INTRODUCTION

Regenerative design relates to approaches the co evolution of humans as
well as natural systems in a partnered relationship. It can be better explained in a
sense that the building takes the role of a catalyst in self-healing and self-organizing
of living beings without compromising on ecology. With Regenerative design, built
projects and inhabitants are collectively focused on enhancing life of humans, other
species and ecological systems maintaining an equilibrium and thereby without
affecting the biodiversity of a specific system. It is also a process in which net
positive output is derived which includes, energy water and air without over
consumption and thereby having reduced impacts on environment. Net positive
outputs can only be Framed if the output of building ranges from 105% - 110% of the
total intake inside the site and all this must happen within the site so excessive

outputs can be stored and used later as a backup.

A Regenerative building not only restores but also improves the surrounding
environment by enhancing the biotic and abiotic components of the environment.
This technique requires the designer to think from site, water, climate, energy, flora,
fauna, microbes, human social system and culture. Carbon is seen as the main
enemy in pollution since we break its cycle which is considered as a design failure.
Regenerative design can be achieved by utilizing carbon free technologies,
producing net positive outputs, urban agricultures such as food on green roofs, local
animal farming and raising fish on ponds. Recharging storm water to nearby ponds
or self-developed ponds, constructed wetlands, and creating local ecosystems for

species who lost their habitat.

J.T. Gibberd argued “a building is an element set within wider human
endeavors and is necessarily dependent on this context. Thus, a building can
support sustainable patterns of living, but in and of itself cannot be sustainable”
Regenerative design goes a step further than sustainable design. In a regenerative
system, feedback loops allow for adaptability, dynamism and emergence to create
and develop resilient and flourishing eco-systems. Cole highlights a key distinction of

regenerative design is the recognition and emphasis of the “co-evolutionary,



partnered relationship between human and natural systems” and thus importance of
project location and place. Bruno Duarte Dias asserts that regenerative design goes
beyond the traditional weighing and measuring of various environmental, social and
economic impacts of sustainable design and instead focuses on mapping
relationships. Dias is in agreement with Cole stating three fundamental aspects of
regenerative design which include: understanding place and its unique patterns,

designing for harmony within place, and co-evolution.

2.2ELEMENTS OF REGENERATIVE ENVIRONMENT

To design human and ecological systems, the Designers use applied
permaculture design principles, systems thinking, and community development
processes. The biomimicry, circular economics, biophilic design, ecological
economics, considerably influence the development of regenerative design and also
social movements such as transition, permaculture, and the new economy. The
process of designing systems such as restorative justice, rewilding and regenerative
agriculture can be referred to Regenerative design.

Integrated design Thinking — Site, Material and Waste, Water, Energy, Human

health and Happiness, Equity and Beauty
e Energy Consumption and Saving Measures
e Sustainable site Developments
e Reduced Carbon footprint
e Net positive output in buildings
¢ Nature and Manmade Structure Symbiosis
e Increasing Bio Diversity
e Creating suitable Habitat for lost eco system
e Circular Economy

e Permaculture Architectural Designing



Over these elements Circular Economy, Permaculture design, Habitat for lost
eco systems, Increase in bio diversity, Environmental symbiosis shows the variation
of regenerative design from conventional sustainable practices. Circular economy
and Permaculture are the most influential over the others as they promote

regenerative aspects in a large scale.

2.2.1 Integrated Design Thinking:

e Involves in considering Site, Material and Waste, Water, Energy, Human
health and Happiness, Equity and Beauty as a whole and combining

them into a single design process.

e This ensures that the building gets constructed in an efficient way

without the usage of excess energy.

e For Example, when we consider site planning we must look into
excavation, replacement of lost ecology, reusing of excess soil within the
site, transportation, construction and demolition waste, energy required for

transport etc. to make the site efficient.
2.2.2 Energy Consumption and Saving Measures:

e Energy consumption within a selected area of study, effective measures to

create or recreate lost energy to get things into cycle.
e Role of energy efficient hardware can save a lot of energy.

e For example, use of LED bulbs as it tends to emit more luminance with

lesser watts.

2.2.3 Sustainable Site Developments:

e Things such as trees, ecology, water flow pattern, soil type, habitat at

risk all comes under this. This also comes under Integrated design



2.2.4

2.2.5

2.2.6

2.2.7

thinking process but here it specifically focuses more on how the site

interacts with the environment.

This is considered because a collection of sites give way in forming a

community so it is necessary we look into each and every site of location.

Reduced Carbon Footprint:

Reduction in overall carbon foot print can produce more sustainable and
efficient building systems. A Less power consuming settlement can lead

to Lesser urban heat islands.

Overall it helps the settlement go sustainable and cause lesser

environmental issues.

Net positive Output in Buildings:

Energy consumption within a selected building can produce excess energy
that can be shared with the central power grid for that local area, this
local source can thereby reduce the overall energy required for the

entire community.

This promotes a whole community regenerative power source.

Nature and Man Made Structure Symbiosis:

Design and construction of structures in an organic method in such a
way that it does not affect the natural ecosystem surrounding the man-

made structure.

Elements such as Bio degradable, non-toxic, non-hazardous can help

in environmental symbiosis.

Increasing Bio diversity:

Natural symbiosis helps to trigger bio diversity in eco system. Since
man operates as an equilibrium with the nature there is a scope for a

rich eco system.



An increase in Bio-diversity signifies that the Community is towards the
path to regeneration.

2.2.8 Creating Habitat for Lost Ecosystem:

Repairing existing resource which are damaged, encroached,
contaminated to support local ecosystem to improve bio diversity in a

specific region.

For example, use of constructed wetlands can improve eco system of that

specific region as well as clean the contaminated water present in a lake.

2.2.9 Permaculture Architectural Designing

Permaculture design emphasizes patterns of landscape, function, and
species assemblies. It determines where these elements should be placed

so they can provide maximum benefit to the local environment.

Permaculture maximizes useful connections between components

and synergy of the final design.

The focus of permaculture, therefore, is not on each separate element, but
rather on the relationships created among elements by the way they are

placed together, the whole becomes greater than the sum of its parts.

2.2.10 Circular Economy

A circular economy is defined as an economic system of closed loops in
which products, raw materials and components lose their value as little as
possible, renewable energy sources are used and systems thinking is at
the core.

It aims to keep products, equipment and infrastructure in use for longer,
thus improving the productivity of these resources. All "waste" should
become "food" for another process: either a by-product or recovered
resource for another industrial process or as regenerative resources for

nature.



Over these elements Circular Economy, Permaculture design, Habitat for
lost eco systems, Increase in bio diversity, Environmental symbiosis shows the
variation of regenerative design from conventional sustainable practices. Circular
economy and Permaculture are the most influential over the others as they promote
regenerative aspects in a large scale.

2.3 CIRCULAR ECONOMY

From the beginning of the 20" there has been various iterations of building
construction has shaped sustainability in such a way as how it is existing today. Bio
Climatic architecture (1908-1968), Environmental architecture (1969-1972), Energy
conscious architecture (1973-1983), Sustainable Architecture (1984-1993), Green
architecture (1994-2006), Carbon Neutral Architecture (2006-2015) and Finally
Regenerative Architecture (2016- Future). For the upcoming 20 years the verse of
the 7" Paradigm named regenerative architecture will be influenced by ideas of Lyle,
Braungart and McDonough regarding cradle to cradle design and Bio Mimicry. The
influence of these 7 paradigms has sculpted the architectural practice in a way that
encouraged new construction techniques such as insulation materials, renewable
system, efficient HVAC technologies. The most recent trend is ultra-efficiency and

effectiveness.

Buildings are Responsible for 40% of carbon emission, 14% of water
consumption, 60% of waste production and 50% of the world’s population is in urban
areas. The building construction and urban sprawl severely damage the Environment
that it destroys agricultural lands, wetlands or even water bodies present in its way
which the earth cannot compensate. Building Materials are another limited resource
within a building life cycle. The regenerative nature of most materials used is also
long since they were subjected to millions of years in making. Even the Net Zero
building concept that seeks to accomplish max efficiency from the notion of
neutralizing the resource consumption restricts a building’s impact to “zero” or “net

zero” which is misguided to a long term sustainable building practices.

In order to achieve a positive building foot print, we need to move from cradle
to grave paradigm which supports reduce, avoid, prevent fossil fuel energy use to a

regenerative paradigm that aims to increase, support, and optimize the use of

10



renewable energy resources. A regenerative sustainable building seeks the highest
efficiency in managing combined resources and max. generation of renewable

resources.

The term “Regenerative” refers to process that repairs, recreates or revitalizes
its own source of energy. In a sustainable society it shapes the needs of community,
its needs and its balance of nature. Thus, the concept of regeneration occurs by
creating a series of circle of consumed materials is balanced by creation of products
or by-products. Applied to architecture a building will integrate a number of
constrains inside its loop and there by on a whole it will be able to reproduce and
recreate all of its resources it consumed to be rebuilt to perform and function. Safe
and Healthy materials, Material Reuse, Renewable energy and Carbon
Management, Water Stewardship, Social Fairness are the necessary framework that

needs to be addressed at conceptual stage while designing a regenerative building.

Selection of construction system, defining of design elements and their
performance, enhance air quality and human health, energy saving, renewable
energy production, water management, designing with nature, choice of regenerative
materials to be used are some design criteria to be followed while formulating a

design idea.

11



Increasingly powered by
renewable energy

@ : Mining/materials manufacturing

Parts manufacturer

Biochemical l *
feedstock Product manufacturer
Restoration Biosphere l &

Farmin@/collection’

Biclogical cycles Technical cycles

Service provider

Biogas Cascades

Anaerobic

digestion/ Collection Collection
composting l l
Extraction of
biochemical Energy recovery t
feedstock? H * l :
T 0 A Leakage to be minimised
Landfill
1 Hunting and fishing
2 Can take both post-harvest and post-consumaer waste as an input
SOURCE: Ellen MacArthur Foundation - @ ELLEN MACARTHUR FOUNDATION
Adapted from the Cradle to Cradle Design Protocol by Braungart & McDonough

Fig 2.1 A Diagram depicting a typical circular economy

2.3.1 PRINCIPLES OF CIRCULAR ECONOMY

A Circular Economy is Looking beyond current existing model. A Circular
model economy aims to refine growth, focusing on positivity and society vice
benefits.

JELC Waste

Resource

Fig 2.2 A Diagram of cradle to grave system
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The 3 Principles of a circular Economy 1
include,
e Design out waste & pollution

e Keep products & material in use
e Regenerative natural system. Redistribute

A Circular Economy builds & Rebuilds the
overall system health there are 4 stages of

circular economy which includes,

Repurpose

e Purchase of resource

e Usage of Resource 3

Fig 2.3 A Diagram of cradle to cradle

* Repurposing of used resource svstem. (Circular Economy)

e Redistribution of used resource

1) Purchase:

e Circular economy starts with Circular
purchase. Economy _
Rebuilds
e Anything that undergoes a
circular lifestyle is designated for
disassembly.

Builds

e E.g Consumer purchase
recycled metals, plastic for

energy purpose and irrigation

system buys recycled water. Fig 2.4 A Diagram of Circular Economy
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Use:

2)

3)

Materials in circular economy don'’t just age as time passes by, they get

consumed for what they are designated to offer.

This must not only be a resident level but also at an industrial level so that it
makes sure that we deplete a resource before discarding it.

E.g., Refineries use sulfuric acid to produce alkylate, a compound in gasoline
that is used to improve fuel efficiency. Partner companies such as Veolia
reclaim this spent acid and regenerate it back into the original state to make
more alkylate.

Repurpose:
This process gives resources another life.

This process may not have the same product but a by-product which can be

re purposed.

E.g., Combined Heat and Power plants generate and form green steam that
makes affordable, low carbon alternative to independent heating systems in

buildings.
Redistribution:
e |tis critical to make a circular solution sustainable end to end.

e Communities need a way to capture the repurposed product and deliver it

to the next consumer.

e E.g., A town’s garbage collector can team up with manufacturers like

plastic, metal, paper, glass so that redistribution occurs

14



2.4PERMACULTURE ARCHITECTURE

David Holmgren and Bill Mollison devised the word permaculture in 1978. The
original meaning of the word permaculture is to refer "permanent agriculture”, but
was expanded to stand also for "permanent culture”, as it was understood. As
Masanobu Fukuoka’s natural farming philosophy inspired, the social aspects were
integral to a truly sustainable system and the Regenerative design is integral to

permaculture design.

& Asystem of design that provides all of the needs for humanityin a way
tht benefits the environment 7

S
ON

U
EARTHWURKS

\\

PERMACULTURENEWS.ORG

Fig 2.5 A Diagram of Permaculture

Robert Rodale coined the term ‘regenerative organic agriculture. The term
defined a type of farming that is more than ‘sustainable’. To regenerate when
disturbed, the Regenerative organic agriculture “takes advantage of the natural
tendencies of ecosystems. In that perspective, it is differentiated from other forms of
agriculture that may be either against or ignore the results of those natural

tendencies”. This kind of farming is defined by "tendencies towards greater diversity

15



in the biological community, greater reliance on internal rather than external

resources, more perennials and fewer annuals, and closed nutrient loops."

John T. Lyle (1934-1998), a landscape architecture professor observed the
relation between concepts developed by Bob Rodale for regenerative agriculture and
the chances to develop regenerative systems for all other aspects of the world. While
regenerative agriculture focused solely on agriculture, Lyle expanded its concepts
and use to all systems. Lyle understood that when developing for other types of
systems, more complicated ideas such as entropy and energy must be taken into

consideration.

Permaculture is a way to integrate Land, resources, people and mutually
beneficial strategies that initiates no waste closed loop system as seen in natural
systems. It is said that permaculture can provide solutions for rural as well as urban
context at any scale. It is a multi-disciplinary technique that involves agriculture,
water harvesting, energy, natural buildings, hydrology, forestry, waste management,
animal systems, aquaculture, technology and community development. It is a
integration of landscape and people in providing people with food, energy, place for

living and material needs in a sustainable way with harmony.

Permaculture design is basically a multi-faceted and fully integrated and
environmentally harmonious method for defining designs for human-focused
landscapes. The permaculture design environment will be capable of providing many
essential necessities of a family unit or a community efficiently and with use of
principles of sustainability. In integrated design, efforts are centered on inter-linking
all elements in a system by successful arrangement of the outputs of one entity to
the inputs of a second entity with more efficiency and zero waste.

The Permaculture design works also with natural harmonies to revitalize poor
yielding lands and construct natural systems to support human beings living on the
earth. There are many different disciplines included in Permaculture, such as
hydrology, soil science, biology, engineering, geography, climate, geology and
architecture. The Permaculture designers are considered to be generalists
possessing basic understanding of many disciplines and their practical use and
relevance. This perspective enables these generalist designers to envision a broad,

comprehensive view, or meta-picture of a large, interconnected network or system.

16



241 HOW PERMACULTURE DESIGN IS RELATED TO ARCHITECTURAL
PLANNING
Permaculture design has a basic connection to architectural planning and

design because it is focused on the following essential design elements:
* Mainframe Design:

Mainframe design is often the starting point for Permaculture designs projects as it
validates all dimensions of the big picture. The mainframe consists of study and
designs for the essential characteristics of a future human landscape. The essential
characteristics are water, structures and access. In Permaculture design, emphasis
iS given to optimize our interactions with water when it traverses through the
landscape with the essential functions of slow, sink and spread.

The fundamental rules for access design are traveling a landscape on contour when
possible, crossing valleys along dam or pond walls whenever feasible and to avoid
erosion, descending or ascending landscapes following ridge lines. In terms of
structure, by allowing the pattern of a physical site to rule, we will have a well-

situated, efficient and effective dwelling in harmony with nature.

* Sector Analysis:
Sector analysis is done with the current of steady incoming energies to the
site, that cannot be avoided. This is due to that the are exterior energies do not

originate and they are not controlled onsite.
e Zone Planning:

Zone planning makes use of a location-related approach to elements that we
may desire to include in a Permaculture design. It is not merely a manner of
approaching and studying energy needs of components for proper placement in
proximity to major habitation areas of the overall design, but requires a creative style

of placement as well as scientific considerations. These zones are not fixed.
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» Workflows:

Workflows, or “life flows,” are important design aspects of creating an entire
lifestyle, or Permaculture design. Designing for workflows entails using an
imaginative viewpoint to envision how we might interact with this newly created site

on a daily, monthly or yearly schedule.
* Analysing and Connecting Components:

Analysis and interlinking of components comprises of noting all of the
requirements and products or functions of each component of a system. By this
activity, we can easily comprehend how various components may interact so that we
may begin to envision the connecting of these components to form a “holistic” design

that is functionally integrated.

2.4.2 PRINCIPLES OF PERMACULTURE ARCHITECTURE

The 12 permaculture design principles include thinking tools, that when
combined together, help us to creatively re-design our environment and our nature in
a world of less resources and energy. These principles are universal, although the
methods used to express them will vary greatly according to the situation and place.
They can be applied to our social, personal, economic and political reorganization.
The ethical foundation of permaculture supports the use of these design tools,
assuring that they are utilized in appropriate ways. Each principle can be considered
as a door that opens into a whole system of thinking. They provide a different
perspective that can be understood at varying levels of depth and application. David
Holmgren, the co-originator of permaculture, redefined permaculture principles in his
seminal book, Permaculture: Principles and Pathways Beyond Sustainability. When |
started giving talks about permaculture to all sorts of different audiences, | decided to
write my own explanations and apply the principle not only to designing gardens and
farms but to business, society and culture. Every principle comes with David's

‘proverb’ and is followed by an explanation.
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Fig 2.6 A Diagram of Principles of Permaculture

1. Observe and interact
2. Catch and store energy

3. Obtain a yield

4. Apply self-regulation and accept feedback

5. Use and value renewable resources and services

6. Produce no waste
7. Design from patterns to details
8. Integrate rather than segregate

9. Use small and slow solutions

10.Use and value diversity

11.Use edges and value the marginal

12.Creatively use and respond to change
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OBSERVE AND INTERACT:
“Beauty is in the mind of the beholder”

The element of observation and stillness and constructs the basis of
permaculture design. This is a world of instant makeovers, where every-thing
is fast, having the ability to observe the seasons, monitor the changing micro
climates on a piece of land, to understand how the patterns of wind, weather
and slope affect the frost pockets and plant growth, is a chance to learn the
major aspects of Earth Care. It also makes us more capable of making wise
decisions about how we design or eco-renovate our houses and plan our

gardens and farms.
CATCH AND STORE ENERGY:
“‘Make hay while the sun shines”

Closely connected to observation is the art of capturing energy in a
design, so that we can reduce the need to acquire resources from the outside.
In a garden this is like excluding planting young seedlings in frost pockets in
spring or increasing the solar energy, and it can be achieved by either a
conservatory or a greenhouse. By this approach, we are trying to retain the
resources like heat, water, sunlight, biomass, fertility and soil. This will make
us more self-supportive. So, we can extend the season and increase the heat

in a house with passive solar gain.
OBTAIN A YIELD:
“You can’t work on an empty stomach”

Food is so important as much as one third of our ecological footprint.
Hence it makes sense to grow as much as possible, even if this is constraint
to the sprouted grains on the windowsill of an apartment. So a permaculture
garden is an edible landscape accompanied with good floral plants. This will
attract beneficial insects, and a building is a potential heat store and structure
for solar panels. But the concept of 'yields' is not merely about renewable
energy or veggies; it can be a social capital. It is good to see people changing
their lives for the better, building community links and reducing their carbon.
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APPLY SELF REGULATION AND ACCEPT FEEDBACK:
“The sins of the fathers are visited on the children of the seventh generation”

When the fossil fuels are burnt, CO: is released into the atmosphere.
This will trap the heat and increase the temperatures on the planet surface.
This causes ice to melt which leads to loss of reflective surfaces, leading to
more absorption of sunlight and even higher temperatures. We must accept

responsibility for our actions.
USE AND VALUE RENEWABLE RESOURCES AND SERVICES:
“Let nature take its course”

Whenever possible, permaculture tries to utilize the renewable
resources. This is not only applicable to energy but also to soil conservation,
coppicing, ecological building and the planting of annual food crops, as well
as perennials with seed saving. The dangers of relying on non-renewables,

technological fixes and speculative money are becoming ever more evident.
PRODUCE NO WASTE:
“Waste not, want not”

In the UK, the equivalent of 24 bags of sugar per household per week
are to be thrown away. 14.1 kg per week is equal to 29 million tons per year
approximately. There is a favourite saying that the landfill of today will be the
'mine’ of tomorrow. There should not be any waste collection and the
business is to be designed on permaculture principles. Things must be reused
first and then recycled in all possible materials: cardboard, paper, glass,
textiles. All organic materials, from kitchen waste to shredded paper are to be
composted. The subsequent compost feeds the edible container garden and
provides a medium for growing plants for other projects at the Sustainability

Centre.
DESIGN FROM PATTERNS TO DETAILS:

“Can’t see the forest for the trees”
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There needs to be an 'edge’ between house and garden. And we must
make both productive aesthetic and in terms of energy harvesting and food
crops. The pattern of what sustainable living might be, with examples from
other places, and then we refined our exploration into the detail appropriate
for our particular site. We didn't make a 'shopping list' of individual items or
projects and try to mesh them together in a hotchpotch of what might be

regarded as 'green'.
INTEGRATE RATHER THAN SEGREGATE:
“‘Many hands make light work”

Using hard edges to design our spaces is a cultural tendency to
separate veggie gardens from flower gardens. The gardeners know that the
more integrated the orchard is with the wildflower meadow, or the vegetables
are with flowers frequented by beneficial insects, the less pests will prevail.
The same is true for people. Cultural diversity yields a robust and fertile
culture, whereas a rigid monoculture of politics and religion can bring sterility,

even social and political repression.
USE SMALL AND SLOW SOLUTIONS:
“Slow and steady wins the race”

Our society currently depends mainly on inputs of fossil fuels. But our
biosphere is over-loaded by the output of fossil fuels. The more accessible
and fixable our technology is, the more robust the system. This principle

speaks of appropriate technology and of hand tools, that can easily be fixed.

If the fuel supply is interrupted, the shelves of super-market will go
empty at an alarming rate. So it is better to build resilience into our systems
by delocalizing our essential needs as much as possible, we must have

technological alternatives so that we can fix.
USE AND VALUE DIVERSITY:

“‘Don’t put all your eggs in one basket”
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Biodiversity creates healthy and efficient ecosystems. Diversity in
terms of energy sources, crops and employment, make for greater
sustainability. Valuing diversity amongst people makes for a more peaceful,
equitable society. Conflict and wars are the biggest slayers of sustainable

development.
USE EDGES AND VALUE THE MARGINAL.:

“Don’t think you are on the right track just because it’'s a well-beaten path”

Examples of 'edge’ in nature are: where river and sea meet land in the
fertile interface of estuaries, full of invertebrates, bird and fish life; where
canopy meets clearing in the woodland, inviting in sunshine and air and a
profusion of flowers; where plains and water meet, flooding and capturing
alluvial soils; where the banks of streams meet the water's edge and fertility is
built with deposited mud and sand in flood time, giving life to a riot of plant life

etc.

Edge in nature is defined as increasing diversity by the increase of
inter-relationship between the elements: air, earth, water and fire (sun). This
phenomenon increases the possibilities for life in all of its forms. In human
society, edge is seen where we have cultural diversity. It is the place where
creative thinkers and so-called 'alternative' people thrive. where new ideas are
encouraged to develop and ageless wisdom is respected with its rightful

freedom.

CREATIVELY USE AND RESPOND TO CHANGE:
“Vision is not seeing things as they are but as they will be”

In nature, there is a process of succession. Bare soil is colonized by
weeds that are in turn superseded by brambles. Then pioneers follow; like
silver birch, alder and gorse which stabilize the soil. The latter two even fix
nitrogen to create an environment that can host slow growing temperate
climate species like oak, beech and yew. But nature is dynamic and

succession can be interrupted by brow-sing animals, storms that fell trees and
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create clearings or a changing climate that is less hospitable for certain climax

giants like oak and beech.
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CHAPTER 3
METHODOLOGY

3.1INTRODUCTION

This research work will mainly focus on restoring the equilibrium between
nature and man-made structures. For this to happen it is necessity to have a
thorough understanding of the local eco system, climate, flora, fauna, material
properties, soil type, soil composition, water flow, biotic communities, critical

habitat at risk species etc. of the selected city.

The flow of this research focuses on restoring the equilibrium between nature
and man-made structures. For this to happen it is necessary to understand the
parameters of Regenerative design and how it influences the energy, water,
material used over the environment. Analysis is done based upon case studies to
understand the form, orientation, design elements etc. Qualitative study relating
producing questionnaires, research paper study and Internet study will be done to
understand the context of regenerative architecture. Quantitative details such as
Water calculations, Electricity calculation, Food waste, Rainwater calculation and
environmental simulations will be carried out. So the selected site will be

incorporated with all the mentioned study to conclude with the design.

This study will be a qualitative approach which focusses more on design elements
to improve the quality of lifestyle of people and ecology within the site. For better

understanding
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Fig 3.1 Figure of Methodology Adopted

3.2IDENTIFICATION OF A CONTEXT
The Banasura Resorts is claimed to be the largest mud resort in Asia at
Vellamunda in the backdrop of Banasura hills, 18 km away from Mananthavady
in Wayanad district, Kerala. The whole construction of the structure is done with
mud and revolves around the gathering of materials that were available inside the

site.
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Regenerative Scope Identified:

No air-conditioners were needed as the mud walls act as an effective regulator of
heat and cold. Moreover, there is a cooling stream flowing through the property.
The Site features a bio-gas plant that recycles organic waste and fires the resort's
kitchens.

For extra Lighting CFL lamps are used as it minimizes energy consumption.
These CFL lamps are used all over the site. Natural Lighting is used to its fullest.
The resort is built entirely with mud and materials that are available around the
site.

Most of the woodwork is from recycled wood. To preserve its natural consistency
cashew olil is used to treat the wood.

Thousands of Guadua bamboo saplings planted around the resort create bio
fencing while improving the already pristine air quality. Soil erosion is controlled

by planting Vetiver grass in critical areas.

3.3 MATERIALS IDENTIFIED ON THE SITE

The whole construction of the structure revolves around the gathering of materials that

were available inside the site. Local construction techniques were implemented with the

help of the local tribes who are living in and around the resort area. Terracotta tiles and

Kurudis were outsourced with a local dealer but most of the materials used are only from

the site.

Mud Construction is adopted to reduce the impact on the environment staying true to the

nature of the context. The architectural design of the resort follows a rammed earth

construction technique. The structures of the resort are constructed using mud excavated

from the site itself. The area of the entire structure is about 20,000 square foot which is

made entirely out of mud, with bamboo roofing and coconut palm fronds.
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Table 3.1: Materials Identified

Materials used for Construction

Walls Clay and Mud Plaster

e Provides higher resistance to thermal radiation exposed
to solar radiation. And thereby reducing the interior air

temperature.

Flooring | Terracotta Tiles

e The tiles are eco-friendly as it is made entirely out of the

mud and has a good resistive property.

Ceiling | Thatch roof with Terracotta Kurudis insulation

¢ Inwarm and cold weather, the thatch has air pockets
that store air and thereby regulating the temperature

inside the structure by keeping it warm in winters and

cooler in summer.

¢ Installing Kurudis below the thatch roof is also an added
advantage to cut down excess heat that penetrates
through and keeping the earth room much more cool

during summer.
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Mud Construction has a R - value of 0.35-0.70 Km?/W which varies according to the
thickness of the wall and a U-value of 1.9 W/m?K and the thermal storage capacity is about
1830 kJ/m3K.

When It comes to mud construction they have an advantage of being cost effective
and local resource but at the same time they are time consuming and labour intensive. The
overall cost of the building will depend upon the design and the type of finishes one expects
from it. The technologies that are implemented are cost effective as such. Two types of mud
construction technologies can be taken into consideration in this context, which are
Compressed Earth Stabilized Block (CSEB) and Stabilized rammed earth. For this structure
they have went with stabilized rammed earth technique.

A finished Compressed Earth Stabilized Block (CSEB) is less expensive than a
conventional wire cut brick or fired brick. Walls made out of CSEB masonry is already
cheaper than a fired brick wall which is further more cost efficient when the same wall is
built using a stabilized rammed earth technique. Which concludes that rammed earth
technique is cheaper than CSEB. The material for both CSEB and rammed earth wall
remains the same but the difference comes when the bricks has to be moulded made and
cured on ground and later built by masons which is labour intensive when compared to
rammed earth construction. So overall cost of a finished rammed earth wall is cheaper than
a CSEB block work by about 20%-30% and 30%-50% for the same when it is constructed

using fired brick.
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3.4 TEMPERATURE AND COMFORT BAND

Temperature Chart
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Fig 3.2 Temperature Graph
Summer - March, April, and May, are the months of summer. Temperature Ranges from
34°C -36 °C. and the Humidity ranges between 73%-79% on average.

Monsoon - The air temperature during the season of monsoon fluctuates between 24°C

and 32°C. The annual precipitation ranges from 167mm on average.

Winter - The air temperature during winter fluctuates between 22°C and 30°C.

Monthly Average Humidity
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Fig 3.3 Humidity Graph
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The Relative Humidity’s comfort band ranges from 30% - 60% According to ASHRAE
Standard 55 Thermal Comfort Assessment. This Graph signifies that Waynad has a

higher humidity level and does not fall under the comfort band.

3.5 NICOL GRAPH

To identify the Comfort band for temperature “Nicol Graph” is used. “Nicol graph”
uses the comfort temperature for free-running buildings (Tcomf) calculated for each
month. The comfort temperature is calculated from the mean outdoor temperature (Tom)
which is derived from the monthly mean of the daily maximum (To max) and minimum (To
min) temperatures from meteorological records. The comfort temperature is calculated
using the equation.

Teomt = 0.54 Tom + 12.9

This equation is from the analysis by Humphreys and Nicol (2000) of data from
comfort surveys. The Nicol graph allows us to compare the desired indoor temperature
(To) with the mean and range of outdoor temperatures - suggesting possible passive

cooling or heating strategies.

Nicol Graph
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lan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

. Min .temp 23 24 26 26 26 24 24 24 24 24 24 24
. Max.temp 33 34 35 35 34 31 30 30 32 33 33 34
I Avg.temp 28 29 305 305 30 275 27 27 28 285 285 29
Netural 27.95 2849 293 293 29.03 27.68 27.41 27.41 27.95 28.22 28.22 28.49
| ower Limit 25.57 26.11 26.92 26.92 26.65 25.3 25.03 25.03 25.57 25.84 25.84 26.11
e Jpper Limit 30.33 30.87 31.68 31.68 31.41 30.06 29.79 29.79 30.33 30.6 30.6 30.87

Fig 3.4 Nicol Graph for Waynad
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Table 3.2: Nicol Comfort Band for Wayanad

Nicol Comfort Band For Wayanad

Temp/
Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

Min 25| 26| 26| 26| 26| 25| 25| 25| 25| 25| 25| 26

Max 30| 30| 31| 31| 31| 3029, 29| 30| 30| 30| 30

The achieved temperature is the interior comfort band for Waynad. So, any
temperature that falls in-between the range is considered as a comfortable temperature
inside the structure. So on average, we can say that 25°C - 31°C is the Nicol comfort
band for Waynad.

3.6 ROOM TEMPERATURE ANALYSIS FOR THE EARTH STRUCTURE

bbbt

——ad/

"
*Points 1 and 2 are the locations where the readings were taken for analysis.
Point 1 — Common area, Point 2 — Inside an Earth Room.

Fig 3.5 Plan of the Earth Structure
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Table 3.3: Room Temperature Analysis

Room Temperature Analysis

Point 1 — Common Area

Point 2 — Earth Room

Here the Temperature tends to reduce
gradually from 28°C to 25°C as the time
passes by from 11 am — 3 pm and here
we can see that the temperature tends to
stay inside the comfort band suggested by
Nicol Graph which is 25°C - 31°C

TEMPERATURE AND RELATIVE HUMIDITY
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Here the Temperature tends to maintain
at 27°C as the time passes by from 11 am
— 3 pm and here we can see that the
temperature tends to stay inside the
comfort band suggested by Nicol Graph
which is 25°C - 31°C.

TEMPERATURE AND RELATIVE HUMIDITY

27.7 27.6 27.

w

11:.00AM 12:00PM  1:00 PM 2:00 PM 3:00 PM

— —Temp Spot Rh Spot

QUTSIDE TEMPERATURE AND HUMIDITY

11:00AM 12:00PM  1:00 PM

— —Temp Spot

Inference:

2:00PM  3:00PM

Rh Spot

The analysis was done on 22nd march 2021 which comes under the summer month

which has the highest temperature range of 26°C - 35°C outside. When Comparing the

interior air temperature against the exterior temperature we can see a reduction of 2°C

- 3°C. The interior temperature tends to maintain at 28°C and the outside temperature

is 2°C higher at the same time.
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3.7SURFACE TEMPERATURE ANALYSIS

Table 3.4: Interior Surface Temperature Analysis

Interior surface Temperature Analysis

Point 1 — Common Area

Point 2 — Earth Room

Surface Temperature

11:.00AM 12:00PM  1:00 PM

2:00PM  3:00 PM

S Roof e Wall Floor

11:00 AM 12:00 PM

Surface Temperature

1:00 PM  2:00 PM  3:00 PM

S Roof e Wall Floor

The Surface Temperature of wall
and Floor materials tends to be
below the actual room temperature
which is averaging 25°C - 31°C.

The surface temperature of the
wall ranges from 22°C - 24°C and

the material identified is a mud

The Surface Temperature of wall
and Floor materials tends to be
below the actual room temperature
which is averaging at 22°C - 23°C.
The surface temperature of the
wall ranges from 20°C - 23°C and

the material identified is a mud

plaster. plaster.

e The Floor  temperature is e The Floor  temperature is
maintained at 22°C -24°C and the maintained at 22°C overall and the
material identified is terracotta material identified is terracotta
tiles. tiles.

Inference:

In this comparison, we can see a difference in temperature between two specific

spaces inside the same structure within a couple of meters apart.
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The reason for this is the variation of construction techniques between spaces.

The Common area has a roof treatment with only bamboo purlins and rafters with a
thatch roof with insulation whereas for the rooms the same layer is followed but a
layer of terracotta kurudis is added. This creates an air gap in-between further
reducing the interior temperature inside the accommodation room. This kind of

treatment is only done for the rooms.

3.8 LIGHTING ANALYSIS

Table 3.5: Lux Levels

Lighting Analysis
Point 1 — Common Area Point 2 — Earth Room
Lux Lux
2:00 PM I 2:00 PM I
1:00 PM . 1:00 PM

12:00 PM I 12:00 PN

11:00 ANM I 11:00 AM I
0 20 40 60 80 0 100 200 300

The natural Light achieved in the | The natural Light achieved in the hearth
common area is about 40 Lux on|room comes to around 100 Lux. The
average. The reason for this is that mud | minimum requirement of Lux as per NBC
tends to absorb the Ilight in the | standards is 100 lux which gets satisfied

atmosphere. here.
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Inference:

The Common area tends to receive a lesser lux level as compared to the earth room
which receives 100 lux on average throughout the time. Since it is a common public
area people won't use it more often so artificial lighting can be provided. And since it
is double-height space ventilation and lighting are adequate without the need for

artificial lighting.

3.9 CONCLUSION

We can see a significant reduction in the temperature and cost of construction plays a
major impact on mud structures. In this research, we were also able to relate and compare
how much temperature reduction can be achieved on a hot summer day. When comparing
the interior air temperature with the Nicol graph we can conclude by saying that it is
comfortable inside the structure as the temperature falls inside the comfort band.

Moreover, when it comes to regenerative aspects, mud is a natural material that does
not alter the property of the land from which it is excavated. So more than exploitation, it
can be told like a change in the composition of mud without any toxic chemicals in the mud.
This is a way of conserving the natural state of the land. Restoring habitat will happen
automatically as there won't be any kind of toxic substance around the structure so by this

way regeneration can be initiated.
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CHAPTER 4
STUDY OVERVIEW

*The Selected Site is a live Proposal from Malabar Hotel and
4 ) Resorts, Kerala

Site Selection And Site Analysis : P

The Site Is Located In Nenmara Nelliayampathi Road on the Way to Nelliayampathi Forest.
- 2 v IR 8 \ = 5 R ] O

*It is Located in Nenmara which is 50 kms from Palakkad and
Pollachi. With this Pothundi Dam is located about 2kms
from the site which is selected.

*The Location experiences a Warm and Humid Climate.

*The Developer focusses on making a Eco Resort that blends
with the fields with a capacity of 30 Homestays that
comprises of Single Units and Double Units.

*The Total Area of the site Comes around 19 Acres with
some vegetation.

vl m)\)\v.
PALAKKAD _u_ﬂamu 8 *Only 10 Acres of the Site is Going to be used for this

fameren " vt
NALAPPURAM [T AS}

development.

*Among this Plantation is going to be done in the North (4
Acres) and Southern Region (4 Acres) of the site.

*There is a water body available within the site due to
undulations caused by natural factors.

*No Littering or Waste Disposal was found in it as well. So
the site has a scope of regeneration without any kind of
external means.

Section AA Avg Slope -3.3%

Section BB Avg Slope - 2.9%

SATHYABAMA INSTITUTE OF SCEIENCE AND TECHNOLOGY RS st Rajan (39890000

senm“. H___amu Hnalyse the Performance of a Eco- Tourism Resort in a Regenerative Enviroinment

Fig 4.1 Site Location and Details
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Site Selection:

MATERIAL RESOURCE AROUND THE SITE

Local Rock Available:
The Site is Free from any kinds of Vegetation on the proposed piece of e - ; "
land. A Boundary is Demarcated with a group of Coconut and Palm Trees : Rocks are used for vanous ucaom.mm.wﬁwn_:m 33
around the site boundary. A natural Water body is formed during A 4 - B:%Enﬁ_o: of roads, u_‘a_mmy buildings 10 patin
monsoon seasons temporarily inside the site. -y W kitchen, as a gem stone o just for decorating your

TREES FOUND IN PALAKKAD DISTRICT . v
NAME TYPE USE . e
COCONUT TREE WOooD
PEEPAL TREE WooD , »,
NEEM TREE WOOD AND HERBS NENMARA
TEAK TREE WO00D Soil Type :
KONGINI SHRUB ORNAMENTAL
THULASI SHRUB MEDICINAL |

TREES INSIDE THE SITE

A @

NENMARA

PEEPAL, NEEM, - Hydraulic Lime:
ELANJI, TEAK

COCONUTAND
PALM TREES

WILD GRASS AND
FUNGI

Non Hydraulic Lime
Powder Costing,

Rs 4.38 per kg
Rs 4000 per Metric Ton'

SATHYABAMA INSTITUTE OF SCEIENCE AND TECHNOLOGY
M.Arch Thesis

2019 21

garden. However, some rocks have rare properties.
Migmatite uses in construction industry include As
B dimension stone, Cement manufacture, For road
aggregate, Making natural cement.

s Exterior — For Bui

- Migmatite Rock

ing Stone, As Facing Stone, Kerb

Interior — Kitchens and Countertops

Loam is the ideal soil type: typically
it's a combination of sand, and
clay. It is dark in color and soft, dry
and crumbly to the touch. Loam is
great for supporting foundations
because of its evenly balanced
properties, especially how it
maintains water at a balanced rate.
Loam is a good soil for supporting a
foundation, as long as no
miscellaneous soils find their way
onto the surface.

S TBEEH

" |-Loam Soil

Three layers of subsurface loam; surface layer is dark brown fine sandy loam, subsurface layer is pale brown fine sandy loam,
#==w= subsoil is red clay loam and sandy clay loam.

Non Hydraulic Shell Lime:
I *Company Name — Aishwarya Lime
Shell Agencies

*Company Name - “Pandarathu

Limestone Mine” For M/S 9
MALABAR CEMENTS LIMITED. e *Non Hydraulic Lime Plant Located @
*Hydraulic Lime Plant Located 9 100 kms From Site.

*In Kerala, the main source of lime is

@ 50 Kms From Site.
from sh:

G Y *Hydraulic Lime Powder *There were many local techniques of

GRDBIZ60. The keaso & renewed.  eoting, using lime within Kerala itself.

on 26.082003 for period of 20 o 8 ,
years, upto 25.08.2023. *Many organic items were added to
T ; ) *Rs 9800 per MetricTon  increase the strength of the lime
*Total geological reserve:

1,09,28,967.174 Tonnes " mortae

T . “ *Lime made from shells was used as

mortar for the superstructure shells
were burnt in kilns.

§ Ganesh Ee_ ‘agm_g@

7,689,834.306 Tonnes

*Per cent (%) of extraction: 85%
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Fig 4.2 Local Materia
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Climate Analysis:  LOCATION : NENMARA, KERALA Elevation: 82 m DRY BULB VS RELATIVE HUMIDITY
Latitude / Longitude:10.554586 ° N, 76.614237° E Time Zone (GMT+5:30) In months February to May the humidity also

ranges highin 8 AM -8 PM.
TEMPERATURE RANGE

It is mandatory to remove or reduce the humidity

1 Itis noted that the months from February to May Doesn’t fall levels.
k g under the comfort band signifies that we can harness much of 8 AM -8 PM
~ solar radiation from these months. And Since this falls under the HUMIDITYRANGE
. 5 . 2 Summer solstice it is necessary to mitigate the radiation thatis  The Humidity ranges are high and therefore making
" . - emitted. the area uncomfortable.
~ Radiation Range: of et
I — PO O e ) P O R 0 R S
o IR R CIRCRE
L T [ e ™ n k ™ S ot v 3 = e |—H7 iy g 1 =1= o - i
- 7 3 X
Recorded Highest Recorded Lowest o %EL ,u‘m V_ﬁ
TEMPERATURE RANGE - - [iﬁ = = W
Recorded Lowest — 26 °C (July and August) el DryBulb  © e B T J
Recorded Highest — 29 °C ( March and April) e Heudy, ¢ 1 0T I [ T T R
WERAGELOW. Comfort Zone T o o e
=Comfortable Temperatures on Summer - veseaLow. e s Recorded Recorded Lowest , |
21°Cto24°C RERBEDLON; 3 DRECT NORMAL Highest Radiation ! ,
CouroRT 0K€ Winter 3 GLOBALHORZONTAL  Radiation JO P9 P99 TS X3 CXI PP S PO O et ST oSN 8
*SUMMER SOLSTICE - 2157 of June SR ALS0% [ TOTAL SURFACE | [
(Comfortable ) ss.iu....ﬂis Relative Humidity (M. per day) N N T R
.no“io:mc_m Temperatures on Summer - Radiation Ranges are High in the month of March and April which gl
24°Cto27°C The Comfort Range of Relative Humidity implies a Lesser Cloud cover and since the monsoon gets over by
*WINTER SOLSTICE — 2157 of Dec ( Ranges from 20% to 70% October the next 5 months sees relatively lesser precipitation
Uncomfortable ) giving way to construction. afssafariosedaes Y P
Relative Humidity Relative Humidity LR O LT e «
below $4.92 % B beowss09% P T
e s 492105588 % Hl 500sn% B Dol o e et
w”,BMMB: 55.88 t0 56.84 % B ss73ws36% o) —
[ 620106742% 56.84 10 57.80 % [ s636w57.00% © i @
2 s7.42w6814% S7MW0BI6% [ s700057.61% ,
[ ss14t06886% It % - T ssnaas assfassltserissstesolses ssataselssstesctonatse,
[ ssssrwe9se%n 9.71 10 6067 % [ 5828105891 %
B s 7030% 60.67t06163% B sso10955%
Bl ononn% 6LE306259% Il sosswe.19% J P & e 2
B oen0% above 6259 % B aoec0i9% !
Time of Analysis — 10 am Time of Analysis — 2pm Time of Analysis - Gpm > g P T 5 O
1 W 1074 i Mo ~aos RH Max - 60.83 o o
RH Min - 64.54 RH Min - 53.97 RH Min = 54.45 UNCOMFORTABLE v ] o
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ILLUMINATION RANGE

11— —
| E=—=

Period Of Monsoon Period Of
Construction Season Construction

SKY COVER RANGE INFERENCE:

Since the Months June — October tends to be the monsoon
Period The [llumination tends to be at a diffused state giving
a average of 10,000 LUX.

In the Months of Jan to Mar the lllumination has a lesser
Diffused property and so Glare Component needs to be
taken care of by providing soft scape

L]

|

|

1.

HEERC____1

ANNUAL RAINFALL MONTH:

HOURLY ILLUMINATION

DAYLIT HOURS ONLY

'RECORDED HGH
AVERAGE HGH -
MEAN
AVERAGELOW -
RECORDEDLOW -

RECORDED:
[ DRECT NORMAL

i

I GLOBAL HORZONTAL

L

Total Cloud Cover
RECORDED HIGH -
AVERAGE HIGH -
MEAN -
AVERAGE LOW -
RECORDED LOW -
Clear Skies
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WIND ROSE OF NENEMARA :

Nemmara

- -—

/% summary
" obs court: 144964
Missing: 4917

Avg Speed: 41 mph

|
|
|
|
1
|
|
I
+
I
I
|
]
|
I
1
|

Monsoon Season
from Jul to Oct

WIND ANALYSIS INFERENCE :
The Date Recorded - 18 Nov 2020

The Predominant Wind Direction is generally
through West to East and East to West.

Average Speed Ranges Around 4 mph

Light breeze is expected all around the site so
provisions for wind tunnel effect for cross ventilation
purpose needs to be incorporated.

=

B 02710041 mis
B 041t0054mis
[ 05410067 mis
[ 067t008t ms
[ 08110094 mss
B 0940108 mys
B 10800 121m)s
B avove 121 s

Min: 0.00 m/s
Max 135 m/s

Date and Time of Analysis - 21* of Jan 2018 2 PM >

§ Ganesh Rajan  (39890007)
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ENVIMET ANALYSIS — POTENTIAL AIR TEMPERATURE e of Analysis - 22° of March 2021

TIME 10 AM 12PM 2PM 4PM
AR Potentisl Al Tomperstre Potentsl Air Tempersture l!lt...ili..
2 Selow 2225 %C
TEMPERAT Hﬂmﬁﬂa ks 1102244 % 2AWBAC
usonsc | - . 4102367 % nwsRY
URE : Bl 2850208 Z wﬁwwﬂm B3 %i1025%c [ ®s0n3C
[ 385t A : CJ vsonmc ] axnwnec
m 486102586 °C m 213102236 % B snuunec s
25.85026.86 °C V6W0BBLC | i " 4
P ey Eoo
© 611031,
e H woezssc “ IITTTTOODDL R e | o el DHIT
Morning 10 Am e swc Afternoon 12Pm . 1000 Afternoon 2 Pm [ %2 Evening 4 Pm o<
279C t0 29 °C was 29°Cto32°C s 31°Cto 34°C 32°C t036°C
RELATIVE Sy oty = IR, oo _
| ety 1
HUMIDITY 1 I st s or o S5860588% |

_l BABL0% |
Bl noonss |
L= mise msa—
] mn0mus
B munmes
Bl nsn0ss
Bl conoess

Bl snvons

CJ #nones
n2B0LRN% B newnss
nOwIN%

NS %
7662107958 %

5898 w199 W

0 sionens
[ sasrnesms
[ sotto7iai sy
T

418107725 %

Temperature :

According to ASHRAE Standard 55
Thermal Comfort Assessment the
Comfort Band ranges from 20 °C to 27
°C. for a normal human to be
comfortable. The place Nenmara does
not come under the comfort band at
any point of the day as the
temperature at 10 am morning starts
by 28 °C and it steadily increases and
its peak reaches at 1:45 Pm with
temperature 38 °C. Around 4 pm in the
evening the temperature gradually
reduces to 35 °C and still reducing
further.

Relative Humidity:
The Relative Humidity’s comfort band

sbove 1958 % B o 7.25%
e e S ranges from 30% - 60% According to
Momning 10 Am  Jo47% Afternoon 12Pm  J=sss Afternoon 2Pm sk Evening 4 Pm R ASHRAE Standard 55 Thermal Comfort
68% to 72% 56% to 64% 52% to 58% 49% to 55% Assessment In this chart we can clearly
HOBO DATA LOGGER : s -2 HOBO DATA LOGGER V'S ENVIMET COMPARISON: e
. Date of Analysis — 22 of March 2021 b b 4 urider the oot bad Thriost:tiie
Temperature and Relative Humidity " of the day
70 e
35 > o a———
65 —\ o i
60 \ g 30 —
55 ) RH COMFORT BAND 30% - 60% W 25 TEMPERATURE COMFORT BAND 22°C TO 26°C
50 0 —
45 15
2 10:00 AM 12:00 PM 2:00PM 4:00PM
40 — ~Hobo Temperature 28.306 36532 37.99 35202
35 T ——————— SIS ~Envimet Temperature Max 29.85 3227 3487 36.06
- ~Envimat Temperature Min 19.87 19.99 20.27 2071
30 i
Temperature :
25 TEMPERATURE C FORT BAND 22°C TO 26°C
- Y gaFe BT The Onsite temperature surpasses the Max temperature suggested by Software analysis. The variation is less
around in the mornings and around 12 noon and 2 pm there is a remarkable difference of about 4 °C by 12
w m w m w w w m m m w m m m m m w m m m m m m m m noon and it gets reduced by 3 °C by around 2 pm and gradually coming into the suggested max temperature
2439843484898 49823934898% S arounddpminthe evening.
O 000 H e H AN ANANANHHARSSNNNNMOMOMMM T
Do B B T I T I o B B B |
~Temp °C ~RH % Both the Envimet Result and Hobo data logger measurement does not come under the comfort band

suggested by ASHRAE 55 Standard Thermal Comfort Assessment.
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MAHONEY’S TABLE COMFORT BAND : Humidity Chart

[ EFFECTIVE TEMPERATURE it T T Mahoney's table suggests that in *
o | ot e e y == march from the time 09:00 Am-10:00 0 —
2 oy | 2 | w -1 ~  Am are comfortable in the mornings
EN T P : m 1 *  and the time 06:00 Pm - 10:00 Pm are 7
R - H : ~ considered as comfortable hours in 2
- b 2 % 4 60
& June 28 19° * the 8. £ /
7 wy | o | 8 | 1. “A! ) . E e
8 Augst | o7 | 18 gl || S AR - The site experiences a hot 50 ey
] e W W. - pu N uncomfortable climate through the o
r 3 . . .
P e T m “ . entire period of time. TR e
e 5 But the readings were took from . 0 0P 0P CoPH
The Comfortable Band arrived from g ~ 10:00 Am — 04:00 Pm which comes  —yoco relztive Humicity 6229 0218 36311 46511
’ g under the Uncomfortable time range. —Envmet i tax 2162 s 8255 8033
Mahoney’s table states a Temperature of, m » H— —Envimet RH Min 64.17 5656 5292 951
Min -22°C b1 =
A : —H [ - Relative Humidity :
Max - 26 °C m b | : This on the other hand has similar difference but here the relative humidity tends to go further below the
And the Months April and September u L suggested RH minimum value but staying into the comfort band.
experiences the Highest effective temperature A
of about 31°C. “it= Both the results fall well inside the comfort band of Relative humidity suggested by ASHRAE 55 Standard Thermal
COMFORT BAND : LY 5.3 Comfort Assessment. The Comfort Range of Relative Humidity Ranges from 20% to 70%

NICOL GRAPH :

Since the ASHRAE comfort band 22 °C -26
°C is not practical to achieve in India the
formula driven Nicol graph helps us to get
the adequate interior comfort temperature.

The Nicole's comfort band varies from
month to month and the comfort band
ranges from 23 °C. -30 °C. and the average

L 7 Nicol’s Graph comfortable temperature without the need
Months [Min temp|Maxtemp | Avg.temp | Netural [I Lower Limit [ Upper Limit | | for Air conditioning facility is about 26 °C
Jan 18 33 255 %6 || 242 289 || 37
Feb 19 36 215 2768 || 253 3006 |, 34 Tem .
perature :
I
ﬂ” wm .w.w uw% WMMW f www“ u.u% %u “ 31 The Site at Nenmara reaches a max
May 1 3 275 2768 |1 253 30.06 “ 28 temperature of 37 °C in the months of
Jun 20 30 25 2633 || 2395 B |1 g march and april which is way beyond the
Jul 19 29 24 2579 |, 2341 28.17 " 2 comfort band.
Aug 19 30 245 2606 || 2368 844 The months June to august experiences the
Sep 19 31 25 2633 |, 2395 871 |} 19 — — — — — — — — — — — most comfortable months over the entire
n“ W WH wm mew i wwww M.ww | 16 i year as the temperature range fluctuate
Dec 19 31 % 2633 || 239 81| Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec between20°C-30°C

EWMin temp MMax.temp WAvg.temp —Netural —Lower Limit —Upper Limit

SATHYABAMA INSTITUTE OF SCEIENCE AND TECHNOLOGY § Ganesh Rajan  (39890007)
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SITE PLAN

_ Sewage Treatment Plant Static Water Storage Fire Sump
AgL) ) ) (2 X 30000L)
SM X 4M X 1.2M Rainwater Harvesting Tank '

(400001L)

8M X4M X 1.25M
t Bio Gas Plant

(1.7 cubic m)

12MX2M
7 Transformer Yard

(5MX5M)

Space for Organic Farming.

Service Entry

~——— (400001L)

Natural Reservoir <
Visitor’s Entry

Solar Power Plant
150 KWhr

f Buggy Parking / Drop off
: and Pickup
Rainwater Harvesting Tank

(400001L)

SATHYABAMA INSTITUTE OF SCEIENCE AND TECHNOLOGY ~ &vixemx2sm

Rainwater Harvesting Tank

8MX4M X 1.25M

Cars and any motorised vehicles are
stopped at the parking facility.

Battery car access is provided all around
the site to have a pollution free site.

Parking area is covered using solar panels
oriented facing the south to harness max
solar energy

The natural Pond is Retained and a little
land development is done to make it
aesthetically appealing.

There is a Farm land Within the site to
provide the food resource for the site.

Log houses are Complete Houses built
using locally available bamboo

Fig 4.7 Site Plan

Admin and Reception and
Restaurant

Point of Attraction -
Natural Pond

Suite Rooms

Cottage

180 B0

Log Houses

§ Ganesh Rajan  (39890007)
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TEMPERATURE AND RELATIVE HUMIDITY COMPARISON AFTER ADDING THE WATER RESERVOIR :

Potential Air Temperature

AFTER

by 65%

Reduced Relative humidity

] ~se7s mre7m
Bl 761t06843%
Bl ss43106926%
) above 69.26 %

Min: 6184 %
Max: 70.08 %

Relative humidity at 61%

Min: 56.59 %
Max: 6207 %

M 50.83 %

Relative humidity at by 54%  wecssess

L] wanons
| Bl s0205079%

Bl somwsios |
| Bl woesi2r%

Reduced Relative
humidity by 50%

Min: 47.02 %
Max: 5174 %

Potential Air Temperature Poteatial Alr Temperature Potential Air Temperature
B beow 2087 M.N._.MMMA B eon 273 B beon 225°C
Bl xsroasc DUODEC Bl u5wsC Hl 250207
’ B 216700 286%C ALy 219102485 Bl 28w252c
w [ 2860258 °C DN LUV 46502611 C B 2532t 2685°C
m [ 2386t0218°C 90t 26.13°C B s1w2sc [ 2685102839
Q [ 28602885 W.NBMNM ] vswnm< [ s»w2a0%c
1 286028 _ 0, ] »ownnec 0 290203146
0 A 810 81y A 6500 2051 — ~ I e 4600
S Bl 27550855 °C |l ssw3mc | : ) Hl usonacl . netwusc |
| B otovesss<c | g _.I soeILc g © B sove 341C | | B o353 |
Morning 10Am = ===== = 0 Afternoon2Pm33°C ~ T T "7 =~ | Evening4Pm34°C = ===-=-=-=
0 Min: 1987 °C Afternoon 12 Pm 31 °C Min: 19.99 °C Mn: 2027 °C Min: 2071 °C
27.86°C Max: 2085 °C Max: 327 % Max: 487 °C M 3606 %C
Potential Air Temperature
Potential Air Temperature Potential Air Temperature
Potential Air Te ———— - - iPee ol B RS R g
[t —ll eblbatind) below3teasc | B veow 3265 %C
l below 2744 °C l — — I 3164t03192°C ﬁ —
| Bl oswosc | | 207102001 %C | pryideematll | [ YT |
=l o R SUDAILX 4 ." BFLTER ROZIUE
DewRTC 301110 3032°C kit 331910 3345 °C
= [ :24st03276°C
B vrvosc B 0x2vusc 8 B nswnnc
) vowosc ] ns2oun2%c ] nenmc [ Bnengc
B vsoanc [ »72v03%0%2% L oL B sowusc
Bl 2owsnc Bl onounc NN w0360 [ BT
B s2wnuc El nonnc $ —— “ promdyeoid el B 30903475 °C
b g B 2oe2831C o S B sbove 3133 °C - B sbove .75 °C
Reduced air temperatureat .. Reduced air temperature zmuwnmn ma: _ﬁmaumazoa T Reduced air temperature
. . - 29. 5 0, =
morning 10 Am 27.44°C ~ remac by 12 pm below 29.71°C  rax3is3%c by 2pm below 31.64°C  ecsticc by 2 pm below 32.66 °C a0
Relative Humidity Relative Humidity
Reiative Humidity Relative Humidity —— - - flloggybigeg AR
B beowss21 % | beow ot % B beow 558 % | _I below 52.68 % |
A 22 06 200 B i000% I 596105883 % Bl 2S5
B c2600.0% | Bl coswa = [ 509 s ] 4520 6082 =
' | S n0wns . ' lllm..w“.wul_ 67910 6476% Bl ss2w60%
“ rElwva.lt.f_ 0 e25400258% 647610 67.72% C 1.90 t0 64.97 %
[ 7390764 % ] n8w0nm% ] 67.720 70.69% $4971068.04%
m [ 7644t078.48% B nownns 706910 73.65% 68.04107111%
w Bl 754810805 % 757710 7851 % 73650 76.62% 1.11t0 74.18 %
B sos3o8s7 % Bl 7sioss% 766210 79.58% Bl s0725%
2 - [ atoves2s7% e e e e B sboes126% e e e above 19.58 % ! w2 B tove77.25%
Morning 10 Am PRy Afternoon 12 Pm R Afternoon 2 Pm ene Evening 4 Pm e AR
68% to 72% Ssshasooiis 56% to 64% Hac 90 52% to 58% erorsivder 49% to 55% koo
Relative Humidity Relative Humidity Relative Humidity
B bebov 6267 % B bebw s7.14% B beow 7.9 %
EE 6267t063.49% El 5714057.6% Bl vo09%%
E s9weistn Bl s7s9w5824% B 75%6w8u%
. _|I|o.§lalfr 1 $8.2410 58.78 % [T
[ es4t6se | Bl sansnns [ ssonaisn
| T essstess | L] »5nsns% [ ] #380485%

From this table, we can infer that after adding the reservoir we can see that there is a reduction in temperature of about 2 °C than the actual existing temperature. Where as the Relative
humidity tends to maintain or fluctuate between 50% - 65%.
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Cube Oriented at 30°

Base case Started with a

Cube form and tilted it
30° (From NZEB
Website ) with respect

to the direction of wind.

Semi Cube Oriented at
30°

My next Iteration is
having a curved profile

on the West face where

wind plays a role in

Semi Cube Oriented at
45°

Shorter shadow is achieved
at the west direction.

Shadow achieved here is

very much better in terms of
area covered as compared to

previous options.

Longer shadow is cast
towards the west direction
as compared to the previous
option.

Solar Analysis

Surface area exposed to
solar radiation is higher in
this option as compared to
the others.

We can see a reduction in

Wind Analysis

Form is placed at 30°
orientation of wind
direction to better utilise
the ventilation here the
wind speed tends to
nullify at the edges and
get deviated from the
building.

Max speed -5 m/s

Form is placed at 30°
orientation of wind

solar radiation on the curved direction to better utilise

surface exposed to the sun
on the west.

Surface area exposed to
solar radiation is better in
this option as compared to
the others.

the ventilation here the
wind experiences a
aerodynamic edge so the
direction doesn't get
deviated.

Max speed -5 m/s

Form is placed at 45°
orientation of wind
direction to better utilise
the ventilation here the
wind experiences a
aerodynamic edge so the
direction doesn't get
deviated.

Max speed - 4.8 m/s

SATHYABAMA INSTITUTE OF SCEIENCE AND TECHNOLOGY
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Cylinder
My next Iteration is

having a curved profile
on all the faces.

other options.

Shadow achieved here is
longer and surface covered
on shadow is higher than the sides due to less surface area through the sides without
exposed to a solar radiation. any disturbance.

Solar Analysis

We can see a reduction in
solar radiation on all the

Wind Analysis

The formitself is
aerodynamic in nature so
wind tends to pass

Circle Vs Other Forms:
Less Material Requirement.

Of any shape a circle has the shortest
boundary relative to it's area.

A round house has less wall length,
thus fewer materials are required to
built it.

15 - 20% less material is needed to
create the same size building
compared to a rectangular design...

Seismic Stability:

/T 719
D&l

P .M.q
| o rﬁﬂu.

A Round House has dozens of interconnected points which

give it a unique combination of flexi

ity and strength -

qualities that make them significantly stronger than

rectangular bul

Perimeter / Area Ratio :

ings during earthquakes..

The P/A (Perimeter/Area) ratios indicate radiative gains or
losses and efficient ventilation. Low P/A ratios are suitable

for hot dry climates.

[TETE™ Lesser the P/A the
ILEDEETN more efficient the

Square 1 structure performs.
Rectangle, 105 _ _
_rna.o s |
T
P/A =0.88 P/A=1 P/A=1.05

More Energy Efficient:

As a Round House has a lower
surface area relative to floor space
when compared to a rectangular
building, this means that as there is
areduced area exposed to the
weather outside it will take less
energy to heat / cool the interior.

Round Houses are also more
aerodynamic and so admit fewer
draughts.

Fig 4.9 Pros of a Cylindrical Wall

Maximum Day Lighting and Solar
Energy:

It promotes optimal exposure to
daylight and solar energy
throughout the day; as at all times
the sun's rays are perpendicular to
the Round House exterior wa

Ganesh Rajan  (39890007)

Hnalyse the Performance of a Eco- Tourism Resort in a Regenerative Enviroinment

44



SUITE ROOM :
Iteration 1 Iteration 2 Iteration 3

o) 30 ° angle is selected
ﬂ 3 7 £ to the direction of
= =b 8 the prevailing wind
direction
COOLAR
- N Passive Cooling inside the
< Room as Hot air raises
Iteration 1 Iteration 2 Iteration 3 And this is further reduced after the |
Exposed sunlight ranges Exposed sunlight ranges Exposed faces receives 6 addition of a sloped roof element on
from 4 hours to 10 hours  from 4 hoursto 10 hours ~ hours to 10 hours of shading the west facade.
of shading in the specific  of shading in the specific in most of the face exposed
face face. But there is lesser 1o soleyadiation. Bedroom Dining Area| | Private sit
radiation on the curved out
surface. —

OR CONSTRUCTION

*Area of Suite Room is about 25 sqm and the expected number
going to be built is 10 numbers.

*Structure is oriented in North south direction with west facade
having a curve nature.

*On the Ridge of the roof is a transparent slit that filters heat and
lets in only the natural light. Which reduces the usage of artificial
lighting in the day.

Clay and Mud
Plaster

Use of Plants and vegetation
in the west to reduce heat

Flooring Terracotta Tiles Gain.

Openable walls and
Shaded Outdoor Porches

Ceiling Sloping roof to reduce heat gain

made out of
Bamboo Rafters
and Thatch
Roofing

o

Suite Room :

A suite room includes a
room separate from the
bedroom. One room is
usually a living area with
a couch that converts to
a bed, a separate TV, and
a  kitchenette  with
dinning area.

- Madras
Roofing

Shaded Porches and Entry
Points to reduce heat Gain

Foundation Stone
Foundation

View Of Suite Room Mud Plaster

SATHYABAMA INSTITUTE OF SCEIENCE AND TECHNOLOGY § Ganesh Rajan  (39890007)
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Iteration 1

Exposed sunlight
ranges from 4 hours
to 10 hours of shading
in the specific face

MATERIALS FOR CONSTRU

Walls Clay and Mud

Plaster

Flooring

Sloping roof
made out of
Bamboo Rafte
and Thatch
Roofing

Ceiling

Stone
Foundation

Foundation

Terracotta Tiles

Iteration 2

Exposed sunlight
ranges from 4 hours to
10 hours of shading in
the specific face. But
there is lesser radiation
on the curved surface.

rs

Iteration 3

Since the surface area
of solar radiation is
increased there more
area is under the
influence of shadow
for 6hrs to 10 hours

Cottage:

A cottage includes a single
room with toilets attached to
is not so premium

it. And
like the suite rooms.

9 10

Addition of a Projection
on the roofing material
we can see a increased
time of shadows on the
structure

Reduced in solar
radiation on all the
. sides due to less

. surface area exposed
. toa solar radiation.

Hot Air escaping
~outviaaventilator

Bedroom

be laid by stones

SATHYABAMA INSTITUTE OF SCEIENCE AND TECHNOLOGY

Bamboo Roofing

" Mud Plaster

SINGLE SIDED VENTILATION

CROSS VENTILATION STACK VINTILATON

\LC\,(W W |

The Concept of Stacked ventilation promotes
the outlet of Hot air through the Openable

ventilators

*Area of Cottage is about 19 sqm and the expected number going
to be built is 10 numbers.
*It has a curved profile to reduce the solar radiation fa
*Entire structure is constructed using mud and the foundation is to

g onit.

in the roof.

Temperature Differences
between warm and cool
air inside the room can
cause the air in the room
to raise and exit at the
ceiling or ridge and enter
via the lower openings in
the wall.

Long Eaves reduces the solar
radiation on walls by casting
shadows to promote self
shading

§ Ganesh Rajan  (39890007)
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Fig 4.11 Typology — 2 — Cottage
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LOG HOUSE

30° angle is selected to the
direction of the preva
direction

Log House:

Log houses are twin sharing rooms
with a common verandah looking
through the lake.

Iteration 1 Iteration 2

The face exposed to the Splitting the face to reduce the WM QH”M_MM %Hwﬂﬁﬂﬂhwﬂﬂ%_
ST e 5 g o e surface area exposed to the further but keeping the shadow
area which has a shadow sun so this cuts the radiation AR b m.puo mo:_‘m
influence of 6-10 hours into half which has a shadow ¥ ’
influence of 6-10 hours
Log House:
MATER ALY EORCONSIRUCHON *Area of Log House is about 19 sqm and the expected number going
to be built is 10 numbers.
Walls Bamboo Walls *It is going to be situated on the banks of the pond having the view
B of the pond..
A Houss 1 r House/2 ot *Entire structure is constructed using bamboo saplings found around
: _‘_ the site.
Flooring Local Wood =
Planks : M Entire structure
T " made out of
bamboo
Ceiling Sloping roof
made out of = |y | =
Bamboo Rafters -
and Thatch Bedroom 11
Roofing ! | I~tAL |

Common
let Verandah
L IL

View Of Log House

SATHYABAMA INSTITUTE OF SCEIENCE AND TECHNOLOGY § Ganesh Rajan  (39890007)

Fig 4.12 Typology — 3 - Log House
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DORMITORY

30° angle is selected to the
. direction of the prevailing wind
direction

=T Provides ample natural day light
Dormitory: without the need for any artificial

A Dormitory is a common place for single travelers  18hting during the day times.

which has shared toilets and shared bedrooms. Also has a sense of connect with the
nature within the structure.

Iteration 1 Iteration 2 ; ) )
The face exposed to  Splitting the face to reduce the Addition of Roofing material “Unlike other structures the dormitory is
the sun has a higher surface area exposed to the reduces the solar influence articulated in such a way that it is in a
surface area which has sun so this cuts the radiation further but keeping the shadow rigld shape __x.m asdigtes
a shadow influence of into half which has a shadow influence by 6-10 hours. *In the Centre is a green courtyard that
6-10 hours influence of 6-10 hours Dormitory : has u_mﬁm and trees and all forms of
“Area of Log House is about 19 sqm and  Vegetation.
R the expected The total capacity of the  ‘The roof is traditional flat roof with roof
dormitory is only 6 beds which is  insulations onit. This dormitory s Warm air raises above the vegetation and draws the
Clay and Mud connected by a garden space in the aimed for nature lovers who travel cooler air from the court yard.

Plaster middle of the structure to enhance the alone.

feel of outdoor connectivity within the Warm air raises from the court yard drawing the

Fig 4.13 Typology — 4 - Dormitory

site. cooler air from the atmosphere.
Flooring Terracotta Tiles i i ikt
Dormitory 1 ﬁ

Ceiling Sloping roof ™ ] ] n

made out of . T View Of Dormitory

Bamboo Rafters 4

d Thatch N

i ¥ y Green Area = XX

Roofing .
S ] # — . Common

oundation Stone ! ) % Dormitory 1 area with Dormitory 2
Foundation S 7 Dormitory 2 Green space
Toilets
1= . — =1

SATHYABAMA INSTITUTE OF SCEIENCE AND TECHNOLOGY § Ganesh Rajan  (39890007)
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ADMIN AND RECREATION BLOCK _.omnm& :

Iteration 1

The face exposed to the sun has
a higher surface area which has a
shadow influence of 4 hours

MATERIALS FOR CONSTRUCTION

Walls Clay and Mud
Plaster

Flooring  Terracotta Tiles

Ceiling Sloping roof
made out of
Bamboo Rafters
and Thatch
Roofing

Foundation Stone
Foundation

Iteration 2

The face exposed to the sun has a
higher surface area which has a
shadow influence of 4-6 hours

Iteration 3

Fmtor Ama!
Ty

SATHYABAMA INSTITUTE OF SCEIENCE AND TECHNOLOGY
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Hnalyse the Performance of a Eco-

The Curved face exposed to the sun
has a lesser surface radiation which
has a shadow influence of 4-6 hours

Iteration 4
Increasing the Curved profile exposed to the sun further
reduces the solar radiation by providing self shading for

about 4 hours to 6 hours in each segment.

§ Ganesh Rajan  (39890007)

Tourism Resort in a Regenerative Enviroinment

Fig 4.14 Admin Block
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CALCULATIONS FOR ENERGY SAVINGS
BIO GAS PLANT:

Low Cost Flexible Bio gas Digester

Sturry level

SECTION OF A BALOON DIGESTER PLANT :

Flexible Balloon Digester :

The balloon technology can recycle wastes like Man made, Animal made,
Bio wastes (green or dry) with water with the help of gravity. Because of
8" dia inlet, very thick & hard solid agri wastes can also be induced into

VIEW OF A BALOON DIGESTER

The Volume of a Balloon
digester can be
calculated using the

formula,
the plant. Where,
The Released Gas is free of cost. The Plant can be operated fully Vp - Volume of Digester
automatic, semi-automatic or manual depending upon individual site ) _ i er
situation. No pressure booster pump is required if reduction in gas L - Length of the digester.
pressure as we can place a sandbag on balloon. S
Calculation : b= Amv 2

The digester volume Vj, is determined on the basis of the chosen retention

time Ryand the daily substrate input quantity Sd.
Vi = Sq % Ry [m® =m®iday x number of days |

I}
!

The substrate input depends on how much water has to be added to the substrate in order to arrive at a
solids content of 4-8%.

The digester must be sized for the least favorable season of the year. For a
plant of simple design, the retention time should amount to at least 40 days.

Substrate input (Sd) = biomass (B) + water (W) _Sma_
For optimal biogas production, water must usually be added to the waste, and other feedstock put into the

digester. the added water volume can be assumed to equal the waste volume (most biogas plant manuals
recommend adding water to the waste in a ratio of 1:1).

SATHYABAMA INSTITUTE OF SCEIENCE AND TECHNOLOGY
M.Arch Thesis

2019 -21

Table 14: Estimated volume of a balioon digester by length and diameter

24 aw 113 188
24 £ ) pE
28 a0 154 257
30 5% 17 295

Source - (International Renewable Energy Agency (IRENA)

Calculation for The resort :

Length = 1.5 metres

088
127 oa

173 058
226 07
286 095
353 118
4 143
509 170
597 1%
895 231
795 265

Quantity Units
Per day Waste
Generated 3 Kg/Day
No of Guests 60
Total waste wmzwaﬁa 18 Ke
per day on site
1 cubic meter = 1000kgs, 1000 Kg
24 kgs to cubic meters = ;
1/1000 0.018 cubic m
Water content to be
added inside the 0.018 cubic m
digester 1:1 ratio

plant capacity = (water quantity + sl
ion Days

urry quantity) X

Retention days capacity is around 40 days for food
waste (reference from web )

Slurry Volume 0.036 | cubicm
Retension Period 40 | days
Required Bio Gas Plant 144
Volume in cubic m i

* 1 m?of biogas = 0.65 m* of methane

* 1 m’®of methane = 34 MJ of energy
® of bi -

0t Ml o 00 o * 1 m?of biogas =22 MJ of energy

om0 0s7 osal | * 1 m*/day of biogas = 8,060 MJ/year

os "2 T EHTT M

126 302 10 148
159 382 27 EAH
196 an 157 28
238 870 190 an
283 679 226 an
an 79 265 a2
s 924 308 58
a2 1060 sy 580

PART SITE PLAN

Proposed Bio Gas
plant on site

Proposed Flexible Balloon Digester on site :
Size-1.2MX2M

Digester Volume achieved — 1.7 cubic m

Gas storage volume — 0.57 cubic m

Daily gas production —0.94 cubic m / per day

.mn:u&m;n‘_.i““gzw_oﬁa!!sf Bio gas Plant methane gas generated on site per day
11 cubic meter of bio 065 cubic meters of | 0.94 145 PubicTEte ST methane
_gas per day |___methane | """ | )
1 cubic meter of | | cubic
methane gas per 34 | Miofenergy | 0.94 metersof| 49.16 |MJofenergy:  13.65 KWh
| day ! | methane
| 1 cubic meter per ! i 3238 kWh
ey of blo pas 8060 | MJ per year , 0.94 m 11656 | MJ per year
1M =.2778 KWh

§ Ganesh Rajan  (39890007)
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Fig 4.15 Bio Gas Plant

50



CALCULATIONS FOR ENERGY SAVINGS Table L ot Roqerusemts b Bebiogs
WATER CALCULATION : Total Water Required according to NBC — 180 per head Casld

— S Type of Building Consumptien
Total Water for Residence Total Water Requirement for Admin Area e per Day, Btres
Accomodation Population [ @ 3)
Type Of Housing Units Water Total Water ] mn:ligaa!aﬁa 45 perhead
LR || GRS | TpeOfousig Unlts | o) feopie. | Requirementin | Requirementin i) P whew 20 balk moms e perbend
= required o be provided
rMMWmB 3 = i Fesiouor ondBer 100 > S O el bt
Houses 3 10 30 M Hal 150 15 2250
/otal Water Required in KLD (Kilo Litres per Day) Admin Office 10 s 450
Total Water Required in KLD (Kilo Litres per Day) 9700

Fire Sump 2 nos

* 30,000 Litres each 1. (Commersoocostalmdioane. - 15puen
Total Water Requirement for Other Amenities a) Day schools 45 perhead
Total Water Required Water Required Per Day i Bomhig cheok 135 per head
Tpeofrousngunts [ o RLE o _.o.._i-!s i S s s
Total Water Requiremnt | Residence | Commercial | Other Amenities _.—oz_ <<w§ Ee_:& d i e
Achieved | 1aa00 [ 9700 | 101800 Sviming Pool T sm..lrf, ﬂmﬂ Size of Swimming Pool:
Gm 10 45 450 Size-10MX10MX1M
Spa 20 45 900 Volume of Water=10X 10X 1
Static Water Requirement for Fire Fightin Ingoor L3 E—» > = 1 cubic m = 1000 L of water
< Eotal e Rerpvet WU ol s pyioi) 101 1 100 cubic m X 1000 Liters of Water
Fire Requirement Nef Water Required ] . 1,00,000 L of water per cycle
Total Water 50% of Total Residence InKLD 16400 Scope of Recycling |
Static Water Storage Requirement Water Commercial in KLD 9700
Achieved q Other Amenities 101800 ) STP Required
125900 05 Fire Requirement 62950 = Selage Tt e | el water tsect
Total water for Fire Requirement in KLD 62950 Total Water Required 188850 r Calculation
== STP it _n_._ ! Total En.!.noé._-!-s. 20100 09
RAINWATER HARVESTING SUMP: amsite with warer Ll
- : i output capacity of Total water that Can be 21690
Water Storage Provided Scope of Rain Water harvesting Treatedin KLD
T T B T H about 21690 KLD ———
e 8 _ 4 — 1.25 5MX4MX1.2M TP RWH Reservoir
e e o @ SCOPE OF RAINWATER HARVESTING : A ) RWH
Admin Block Rainwater Reservoir for .
1 cubicm =1000L 1000 S Sump 1 Fire
cubicm = Roof Area in sqm X Precipitation Amt in mm the entire site
SEERECH sty CELTakN 40000 Precipitationin | Total Water
cubicm RIS pothundy |  Harvested RWH
Storage Capacity of 4 Tanks . _ %0000 _ om0 1000 2579 2975000 Sump
in cubic m Net Water Harvested from Rain 2979000 283

RWH SUMP 2 & 3 RWH SUMP 4 RWH SUMP 1
~ ] -

Consolidated “ Consolidated Water Required and Treated in KLD |
Water Data e Residence |
V| Chteedns [ e '
| [ Static Water Requirement 509% of Required 62950 | |
| Total Water Requirementon Site 188850 |
Rainwater Harvesting Sump of each 40000 Litres Capacity 1 STPTreated Water Qutput sl
SMXAMX1.25M 1 Extra Water Required After Treated STP Water 104210
| | Rainwater sumps provided 2 _ o0 kb e e I S PART SITE PLAN
SATHYABAMA INSTITUTE OF SCEIENCE AND TECHNOLOGY | on site 12" § Ganesh Rajan aemgce:
e —— T e e e e et Ve e e e o

M.Arch Thesis
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Fig 4.16 Water Calculations
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CALCULATIONS FOR ENERGY SAVINGS
ELECTRICITY LOAD CALCULATION:

TOTAL ELECTRICAL LOAD REQUIRED FOR THE RESORT:

ELECTRICAL FIXTURES : Consclidated Energy Required
Product Info Picture Specs Typology b et o
e = Admin Block 1 5838 6838
— — Dormitory 1 215 2275
R, - Sy o= = ot = -
Ceiling Points ...5!!” r — .ﬂ Suite Room 10 1835 1835
Brand - Plilips ok = - - - Cottage 10 180.5 1805
’ e Log House 10 180.5 1805
Total Energy Required per Hour (unit in Watt) 125105
Inftial Performance (EC Compliant)
Cove Lighting - ot s s ey ) 1 o B it — — —
Soiee \\\l\ | — —% = [Energy Required in Watt hours 125105 12[ 150126|
Brand - Plilips N - [ 1 — —
e oo L - L Energy Required in KWh Watts/1000 150.126
Proposed solar panel Capacity 440 Watts
Initial Performance (EC Compliant) Total Power Required 150126 Watts
o
Down Lighting G u et s e - i o . Power Required /
Brand - Plilips ‘\ oD H o | Total Sclar Panels Required e o 3411954545
[y — LT Cost savings
Piceof 1unitof cumertinkeraa | PBVETRAIBYSO | 000
Inftial Performance (IEC Compliant) 315 150126
Linear Lighting eltenlasms oo r=- - O -
Brand - Plilips A bbe iy " idtyons e e Area of 1 Panel
| PO A J Area Required for The Solar Power Lengtt (in sqm)
205 099 2.0295
Area of 340Panels 20295 3411554545 692.456175
Wall Points
Brand - Plilips - Area Provided For Parking onsite 700 sqm
Overall Requirement:
A total of 340 Solar panels of 440 Watts
each is required to power the entire
resort.
Fan .
Brand - Luminous
Total area required for the solar plant is
Ema |- o | about 690 sqm.

SATHYABAMA INSTITUTE OF SCEIENCE AND TECHNOLOGY

Since the power plant is proposed over
the car parking area, the area proposed
for the car parking comes around 700sgm
and therefore satisfying the space
requirement.

Brand -
Loom Solar
Output Power
440 W.
Brand Loom Solar
T ORGSR U Sy 1
—Dhc.; Power 440 Watts
245q. feat
||||||||||| 1
24 Volt
Monn PERC
10 year on manufacturing defects

A

PROPOSED SOLAR PANEL SPECS :

25 Years

6th Generation Mon
Cell (PID FREE)

Additional Fealures

Compliance with IEC standards

Elevated Solar Power Plant
PART SITE PLAN

§ Ganesh Rajan  (39890007)
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Fig 4.17 Electricity Load Calculations
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CHAPTER 5
INFERENCE OF THE RESEARCH

Table 5.1: Parameters of Regenerative Architecture Implemented - 1

Parameters of
SNO ra. ers i Identified on site Onsite References to support the theory
Regenerative Architecture

=Having 3 Solar power plant over the parking space which
provides 150Kwh of power 1o sustain the entire resort. And
zaving space by elevating it

Solar power panets of 150KWh is provided on site at the
parkinng ares

¥
Energy Consumption and a o=

L Saving Measures =Grey water trestment plant to recycle and revse the water
TEEOUMCE.
Sweage trestement plant of capacity 20,000 Litres is
provided on site
R
©33%
sUze of Low flow water fictures to reduce Litres of water
used per day
=Use of Mud for construction which does not invade the
wocal hiabitat
sConzerving the Top Soil layer as for mod constructuion we
ce ool =3 '] 1 os
Sustainable site only use soil bieiow 500 mm in depth Conserving the top soil and only mud structures all arownd
2

Drevelopments the site

2 <
A<

ol ol A

Recreating the existing water body

=Conzerving the water body that was already existinginthe
zite without disturbing the waterdrain direction

=This Criteria iz hypothetical as nature and man made structure cannot functionin 3 symbiotic pattem.

Nature and Man made =Butwe can say that this one satisfies to a certain extent as the structure which is proposed is entirely out of mud that can
3 N - zelf sustain ife even after it it demolizhed without any costruction debriz or any harmful non recyclable material.  =Since
structure Symbiosts thereis also 3 new rainwater harvesting pond the eco system in this anes willimprove over time and some kind of
symbiosiz can bezesn.
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Table 5.1: Parameters of Regenerative Architecture Implemented - 2

4 Increasing Bio Diversity

=*Conserving the water body that was slready existing in the
site without disturbing the water drain direction

=5ince the top Soil is retained the fertility of the soil is not
compromised

=Planting of native species trees like Peepal, Meem,
Coconut, Kongini shrub in the empty site can inceasesthe
scope of bio diversity

Endosing and increasing the count of native speacies without
any invading species

5 Circular Economy

*|ncorporating 8 Bio Gas plant inside thesite. It serves
purpose for the conversion of Organic waste into methane
which can be used as3 cooking gas for kitchen. The total
energy generated is 1.45 cubic m per day

=All the Organic waste and agricultural waste from the
surrounding can be feeded inside this bio gas plant and
slurry can be used 3= 3 manure and thereby makingthiz az a
Zen waste output process.

=0n site Solar Power station reduces the need for electricity
from the power grid on most of the months. Thiselectricity
can also be supported by the biogas plant within the site as
it can produce about 13.65 K¥Wh of energy if it is used for
electricity purpose.

Here Organic waste is the raw material for the bio gasplant
and the resultant output slurmy is the raw material for the
secondary input in theform of manure

Permaculture Architectural
Dresigning

=Permaculture design is 8 multi-faced and environmental by
hamonious, fully integrated method for creating designsfor
human-focused |andscapes.

*The local ervironment of 8 permaculture design will be
capable of supplying many essential necessities of 3 human
family unit or larger community efficiently likefood and
water

=|nter-connecting all elements in 8 system by successful
alignment of the outputs of one element to the inputs of 2
second element with high levels of efficiency and no waste.

iE ap
Yy /ﬁ
ot L — 5

Understanding the working of site and incoprorating
solutions to benefit the living beings and the enviminment

Reduced Carbon Foot Print

=T he Use of natural materials from the construction site itself reduces the embodied energy required for construction

=Transport being the main consumer of embodied energy is nullified as everything required to build is inside the site itseff.

=Recycling of waste materials and production of required electricity within the site makes the site non dependant on

power grid.

=Construction and demolition waste is not going to be a8 issueif the structure is going to be demolished st a |ater stage.

5.1 INFERENCE:

This thesis is an attempt to make the resort function as Regenerative design. The

existing proposal can be further improved to a better design by focusing on various other

parameters as well. Regenerative design is about thinking ahead, where one must design

with the future in mind. It contradicts with sustainably designed buildings, which are based

on the concept of only using the minimum resources you need, regenerative buildings are

designed and operated to reverse damage and have a net-positive impact on the

54




environment. Buildings as trees, and cities as forests propose an evolution of modernist
architecture paradigms from mechanical to organic and that changes everything. Where
architecture is designed through regenerative processes that mimic ecological

interrelationship.
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Web Links:

https://bis.gov.in/index.php/standards/technical-department/national-building-code/

https://permacultureprinciples.com/

https://www.permaculture.co.uk/articles/what-permaculture-part-2-principles

https://www.ellenmacarthurfoundation.org/circular-economy/concept

https://kenniskaarten.hetgroenebrein.nl/en/knowledge-map-circular-economy/what-is-the-

definition-a-circular-economy/

https://igbc.in/igbc/redirectHtml.htm?redVal=showGreenResortRatingSystemnosign

https://www.banasura.com/

https://www.new-learn.info/packages/clear/thermal/people/adaptive/adapt standards.html
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