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ABSTRACT

A modern sustainable home: No. 9 in Bangalorei™=

Sustainable buildings displays how changing the methods and inputs during the
construction process can make it more energy efficient and reduce the impact on the
environment. However, construction of sustainable buildings need knowledge of specific
techniques and inputs, knowledge that is not mainstream yet. This report presents an
exploratory study into the materials, techniques and training opportunities that are
practised in India, though not part of the conventional construction process yet.. The study
has two parallel focus points - 1) construction of new energy efficient buildings and 2) energy
efficient renovations on existing buildings. The report details the techniques, as well as
contacts of people and institutions associated with it. The findings of the research suggests
requirement of national level training of masons and construction workers so that they serve
to both disseminate knowledge about such practices as well as help implement it.

Keywords: Sustainable buildings, energy efficient buildings




Buildings are a fundamental necessity for a good
quality of life. They are fixed assets and have a
long operational lifespan. They consume
substantial amounts of natural and manmade
resources both during the construction and
maintenance phase. The Indian construction
industry is amongst the largest with respect to
demand for raw materials, employment generated,
capital input, and even environmental impact
(Reddy, 2004). The Construction industry in India
is at an average growth rate of 5.6% during 2016-20
period compared to 2.9% during 2011-15 period.
This is due to an ever-growing demand for housing
and commercial buildings. The excessive demand
for raw materials and the consumption of energy
resources in building needs to be addressed. This
growth in demand has been echoed in the rising
demand for building materials like bricks by 2.5%,
steel by 5%, and cement by 5% (Pranav, 2019).
While the industry is growing, estimates show that
over 22% of greenhouse gas emissions come from
the construction sector in India (USAID, 2018).

Besides this, production of building materials and
the construction process has moved away from the
earlier labour-intensive and highly decentralised
process to an increasingly centralised machine-
dependent model. This was done in an attempt to
make the construction process more efficient.
However, this type of production model increases
the expenditure on transportation, uses fossil fuel
based heavy machinery and is often times less
energy efficient and more polluting. The automation
has also resulted in the loss of jobs. This decline in
employment has also resulted in the loss of skills
that traditional masons, carpenters, and other
workers possessed (Reddy, 2004).Building materials
that form the largest share of a building’'s lifetime
carbon footprint. Studies have found that cement is
a key cause of pollution in the world. Manufacturing
construction material produces 7% of global carbon
dioxide emissions. Brick kilns contribute to up to
20% of global black carbon emissions, alongside
steel and iron production. Building construction is
also responsible for releasing toxic dust along with
producing large amounts of waste generation and
water use (Dezem, 2019).

It is important to invest in buildings that are
sustainable not just to build but also to
maintain. There are numerous ways in which
recycled and environmentally-friendly material
can be used for construction. Innovative strides
are also being made for the efficient operation
of buildings- energy efficiency, solar heating,
natural insulation, rainwater harvesting,
wastewater treatment, and solid waste
management (The Green Building Council,
2019). It is also imperative that all stakeholders
involved in the construction process understand
the need for and are familiar with
environmentally friendly alternatives to
conventional building materials and techniques
(Kakkar, 2014).
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THERE IS A NEED FOR A LABOUR FORCE THAT IS TRAINED IN
HANDLING THE DEMANDS FOR SUSTAINABLE CONSTRUCTION.

Sustainable construction is the need of the hour and there is a greater push towards it with
initiatives by the government and other bodies. In 2007, out of 85 internationally registered
projects under LEED NC-USA, 32 were registered in India. LEED is an international body that rates
sustainable buildings using several different factors. The number of buildings that have received
this rating has been growing steadily and the past decade has seen a significant jump in the
demand for sustainable buildings. This is being pushed by concerns about rapid climate change
and growing awareness about environmentally friendly alternatives (Tathagat & Dod, 2015). A
recent global study projected that the construction industry can reduce the embodied carbon
emission by 40% in the next ten years and reach net zero emissions by 2050 (World GCreen
Building Council, 2019).

One of the major hurdles in implementing sustainable building methods is the lack of awareness.
The Indian construction industry was largely reluctant in adopting sustainable practices - viewing
it as an extra cost instead of an efficient construction method (Reddy, 2004). With no institutional
mechanism to skill construction workers, they continue to receive informal training. This poses
two key problems: not all workers are able to receive the skills required and there is very little
utilisation of new technologies and techniques (Kakkar, 2014).



THIS EXPLORATORY REPORT HAS EMPLOYED
THE FOLLOWING RESEARCH METHODS:

Background Research

This forms the essential framework of the report, guiding all
other investigations. The focus of the background research has
been on understanding the topic at hand and compiling a
database of stakeholders. This includes research into
sustainable and energy efficient technologies, compiling a list
of vendors for sustainable construction materials, and research
into existing training programs for workers.

Primary Research

Primary research was conducted by the team in the month of
December 2019 for the understanding of the techniques and
materials used by different organisations working in sustainable
construction. Field visits, in-person and telephonic interviews
were conducted as part of primary research with various
stakeholders, including architects, manufacturers, construction
workers, and residents. These discussions revolved around
energy efficient methods used by the organisation, their view
about sustainable construction, need of training and skilled
workers in the construction of sustainable buildings.

LN

Research team atEarthblocKs India factory in-Bangalore




WHAT IS A SUSTAINABLE

BUILDING?

There are a number of features which can make a
building sustainable. These include:

Efficient use of resources like energy and water
Increased use of renewable energy like solar energy
and wind energy

Reduction of pollution and waste by enabling of re-
use and recycling

Improved indoor environmental air quality

Use of non-toxic and sustainable materials
Consideration of the environment in design,
construction and operation

Consideration of the quality of life of occupants in
design, construction and operation

A design that enables adaptation to a changing
environment



For a building to be truly energy efficient, the energy consumption in each phase of a
building’s life cycle must be achieved. These phases can be broadly categorised
under: pre-building phase, building phase, and post building phase. The ways to
provide energy efficiency is not only different for each of these phases but it will also
differ with factors like function, location, and budget (Module on energy efficiency in
buildings, 2009).

This section starts right when the site is being selected. It involves the entire design process and is the
most essential part. It is during this phase that care must be taken to maximise the energy efficiency of
the building. This will start with determining the position and orientation of the building based on the
climatic conditions and proximity to other buildings (Izzet, et al., 2016). The design should be such that
the building utilises the sun and wind, ensuring minimum heat gain in warm seasons and maximum in
cold. This can be done through using an open plan and proper ventilation channels. Windows reduce
the need for artificial lighting while improving daylight.

The selection of materials is a very important part of making a building sustainable. Materials should be
selected keeping in mind the location and cost of the building. Out of the total energy consumed
during construction, the amount of energy spent on transportation of materials to the site is
considerably high. If the construction materials are locally sourced, energy consumption and cost of
transportation can be reduced. Another solution can be to use recycled resources to provides a
considerable preservation of raw material and energy. Using highly qualified manpower in the
manufacturing process will also reduce the energy consumption. Materials that use non-renewable
resources and cause excessive pollution during the manufacturing process can also be avoided.

The energy consumption in construction changes according to building systems. Building techniques
and equipment consuming less energy should be given preference, while ensuring that no concession is
made in the quality of building. Heavy duty vehicles like lifting cranes, concrete pumps, and concrete
transit mixers consume high amount of energy. New and innovative construction techniques like rat
trap bonds and lattice walls should be the norm. Besides this, proper management of work site will also
help in reducing wastage of materials and energy consumption.

According to WBCSD (World Business Council for Sustainable Development) report, 88% of the energy
consumed in buildings is spent during usage and maintenance. Once the construction of the structure
is completed, energy is used for day to day activities and this can be made sustainable by using energy
efficient electrical and plumbing fixtures. LED lights use 75 % less energy than normal lights. HVAC
Electronics that are star certified consume 30 to 65 % less energy than non-certified products.
Installing solar panels or wind turbines on the roof will reduce the dependency on grid power. Using
albedo paints (cool roof coating) will further reduce heating up of the rooms and the need for cooling
systems. This can also be done through the construction of roof gardens that reduces the heat
absorption. These technologies may have high initial cost but are more efficient in the long run. The
GCovernment also provides subsidies for alternative practices like solar panels, LED lights etc.



Compressed Earth block is made from an
appropriate mix of inorganic soil, expansive
clay, and aggregate. The mixture s
compressed at high pressure to produce
blocks. These bricks can be produced on site
or on a much larger scale in a factory. The
bricks are extremely cost effective and
sustainable but do not compromise on
strength in any way (Auroville Earth Institute,
2012). Earth Blocks India Factory made using
mechanically compressed earth blocksCEBs
are manufactured in energy efficient and eco-
friendly process. These bricks produced are of
accurate dimensions and surface finish and
provide better thermal insulation. It is a cost
effective technology and does not require
external or internal plastering. These bricks
are also sound and fire resistant.

These bricks are made by mixing fly ash with
bonding agents like sand or stone dust,
hydrated lime sludge lime, gypsum, and even
cement. The fly ash, which constitutes over
60% of the brick, is obtained from thermal
power plants. Fly ash bricks are made using a
hydraulic or vibratory press (Shetkar et al,,
2016). Fly ash Sand lime gypsum bricks are
eco-friendly as it uses fly ash, which is a waste
by-product of thermal power stations. These
bricks are more energy efficient compared to
traditional burnt clay bricks. These bricks
produced are uniform in shape and require
less mortar in brickwork and finishing and
saves usage of cement mortar. These bricks
are lightweight, easy to transport and are
durable. They are also extremely cost effective
as its main component is a waste product
with zero value of its own (Rani & Sikka, 2018).

BRICKS

Cost Training Training
Brick Material (Compared 1o | Requirement: | Requirement:
conventional Production Use
bricks)
Compressed Inorganic Soil, | 15-20% Lower | Basic Basic
Earth Block Clay
Fly-ash Bricks Fly-ash, Sand, 3% lower Basic Basic
Lime, Gypsum
Marble Slurmy Marble slurry, 25-30% lower Basic Basic
Bricks cement, lime
Plastic Bricks Pladtic, bonding | NA Advanced + Basic »
agent, polymer Intermediate Intermediare

This type of brick is made primarily from
marble slurry, a waste by-product that is
otherwise a major pollutant. The slurry is used
as a fine aggregate in manufacturing bricks
by using cement or lime as a binder (Singh et
al., 2016). Marble slurry bricks are
environment friendly as it involves high
volume utilisation of waste. It cuts down cost
and time of construction. It has higher
strength and load bearing capacity in
comparison with regular clay bricks and are
fire resistant. These features of marble slurry
bricks make it an another option for
construction of sustainable buildings.

This new innovation takes tonnes of plastic
waste littering the environment and converts
it into sustainable building materials. The
bricks are made by collecting, processing,
and compressing plastic into building blocks
that can then be used for various purposes
(Varier, 2017). Plastic bricks are environment
friendly as they are made from polluting
waste. These bricks are thinner and lighter
than standard bricks. It has excellent heat
insulating properties and are strong and
durable. These bricks are also cheap and
more fuel efficient to manufacture. All these
features make it one among the available
alternatives for the construction of
sustainable buildings.



ABOUT

SUSTAINABLE BUILDING MATERIALS

Micro Concrete Roofing Tile (MCR)

These tiles are a cost effective and
sustainable roofing material. MCR tiles are
made by vibrating an optimum mix of
cement, sand, fine stone aggregate and
water on a vibrating table. These tiles can
replace traditional thatch and fired clay tiles
(Patara, 1992). The tiles are considerably
cheaper and highly durable compared to
other roofing. MCR is lighter than other
roofing tiles and requires less wunder
structure, cutting down consumption and
cost. It is easy to install and can be
customised. It reduces heat gain and does
not make noise during rains, making it ideal
for diverse climatic zones. MCR does not
contain asbestos fibres, reducing their
impact on the environment. The tiles do not
need to be fired and hence the impact on
the environment is further reduced
(Jayasinghhe et al., 2006).

Ferrocement Roofing Channel

These are prefabricated cylindrical shell
units that can be used as roofing channels.
The length of these channels can be
adjusted to the length of the room to be
roofed. It is made from ferrocement which is
a is a highly versatile form of reinforced

cement concrete possessing unique
properties of strength and durability
(Sriraman, 1996). Ferrocement roofing

channels have low installation time and cost
as shuttering is not required. This technique
is both more cost effective and more energy
efficient compared to traditional roofing.
These roofs are lightweight and slender,
reducing the dead load on walls. It has high
strength to weight ratio makes it suitable for
intermediate flooring as well.

ROOFING
Rooling Material (Compared to | Requirement: | Requiremeni:
convenlional Production Use
reofling)
Micro Concrete | Cement, sand, NA Basic Basic
Roofing Tile fine stone
AgEIRE
Ferrocement Ferrocement, 40°% reduced Basic Intermedize
Roofing Channel | sand
Bamboo Bamboo, 40°% reduced Basic Basic
Roofing Sheets | preservative,
brush bond

Bamboo Roofing Sheets

This is an alternate roofing material to
galvanised iron and asbestos corrugated sheets.
It is made out of bamboo mats treated with
preservatives and bonded with polymer and
brush bond coating.Bamboo roofing sheets are
environmental friendly and natural roofing
alternative. It has high energy efficient
production and installation. It is light but high
in strength and resilience. These sheets are
lightweight and waterproof and termite proof.
It has excellent thermal insulation properties. It
is also an income generating activity for local
population in bamboo growing regions (D.N.,
2015).




Bamboo flooring gives a wood like finish but is
considerably more sustainable. This flooring is made
from Bamboo which is a natural vegetation that
matures in three to five years, compared to the
twenty years trees can take. It is durable, easy to
maintain and to install. The material is also
considerably cheaper and the cost can be further
reduced if the bamboo is sourced locally and the
manufacturing plant is close to the construction site.

Instead of using traditional hardwood floors, more
eco-friendly options can be considered to combat
deforestation concerns. Reclaimed wood is an ideal
option as it reuses existing wood from discarded
furniture, flooring, doors, or any other wood products
(Meghna, 2019). The manufacture of this flooring
provides an employment opportunity for unskilled
workers. The installation process is similar to that of
other hardwood floors and the same type of training
is required.

These tiles are made from recycled glass bottles and
are extremely energy efficient. It is a renewable
source and specially suited for bathroom and kitchen
walls. It is non-absorbent and resistant to mold in
damp environments. It is easy to maintain and does
not stain. Because glass comes in many different
colours, it can be incorporated into any design. The
cost of the product is also less as it reuses waste.
Experience is required to work with these tiles and
masons will need a little training.

WALLS AND PARTITIONS

Caost Training Training
Product Malerial {(Comparedte | Requirement: | Requirement:

conventional) | Production Use
Ferro Cement Cement, 15-18% lower Brasic Intermediate -
Wall Panels aggregate, steel Advanced
Bamboo Mat Bamboo mats, | 40% lower Basic Basic
boards preservatives,

polymer

Flooring

Cost (Compared | Training Training
Flooring Material to conventional) | Requiremeni: | Requirement:

Production Use

Barmboo Bamboo, bond, | 15-18% lower Buasic Basic
Flooring peeservative
Reclaimed Waood, bond. 10-20%% lower Intermediate Basic
Hardwoad preservative
Glass tiles Glass Upto 3% lower | Advanced Imermediate

These are a cost-effective product used
for walling, particularly during speedy
construction projects. It is made of
closely spaced, multiple layers of mesh or
fine rods completely embedded in
cement mortar. Ferro cement wall panels
are cost effective and energy efficient
technology. It has dimensional regularity
in shape and size. It contributes to the
reduction in construction and finishing
time. Components for these ferro cement
wall panels can be recycled from
construction sites (Selvamani et al., 2014).

These boards can be used as partitions,
false ceilings, shutters, and anywhere else
to replace commercial plywood. They are
made out of bamboo mats treated with
preservatives and bonded with polymer
and brush bond coating. Bamboo mat
boards used for partitions, ceilings etc are
energy efficient and environmentally
friendly technology. It functions like
plywood in terms of versatility, strength,
and durability. It is resistant to water,
fungi, termites and other insects (lpriti,
2001)..



Low VOC paints have reduced amounts of
volatile organic compounds. These paints
are much better suited for the indoors
and provide for a healthier environment.
No expertise is required to use this paint
and painters can pick it up with brief
training.

Paints with no VOCs have no volatile
organic compounds in them and do not
contain any harmful chemicals.
Application process is similar to normal
paints and painters can be trained very
easily.

These paints are made using natural
substances and have no harmful
compounds in them. They are made by
mixing organic base solvents with natural
tints derived from things like flowers,
fruits, vegetables, and chalk. However,
they are considerably harder to use and
require ample understanding and
training (Sorrel, 2009).

PLASTERS
Caost Training Training
Product Material {Compared to | Requirement: Requirement:
conventional Production Use
opition)
Clay Plasters Mud + additives | B0% lower Intermediate - Basic
Advanced
Lime Plasters Lime + additives | NA Intermediate - Basic
Advanced

PAINTS

Cost (Compared to | Training Training
Product Marerial conventional Requirement: Requirement:
option) Production Use
Low VOC Paints | NA Upto 30% higher Advanced Basic
Zero VOU Paints | NA Upto 30°% higher Advanced Batic
MNarural Paints (hganic base | NA Intermediate Imtermediate
natural tints

Mud-based plasters often use mud in
combination with other natural materials such
as wheat straw or cow dung, or with mineral
additives such as bitumen, to improve the
basic qualities of the earth by acting as
stabilisers, hardeners, and waterproofers. Even
without additives, however, mud plasters and
renders can give excellent results provided
they are made and applied with skill and care,
and maintained regularly. Clay plasters are
natural and environmentally friendly method;
the plaster is less toxic and highly energy
efficient. These plasters are cost effective, do
not require expensive and elaborate tools and
can be easily repaired and touched up.
However, it requires skilled craftsmanship for
good finishing (Roberts, 2017).

This is a type of plaster that uses Lime as a
binding substance and is mixed with clay,
sand, water, and even cement in some cases.
This mixture can be reinforced with natural
additive fibres like rice husk, jute pieces, etc.
Lime will set with time due to carbonation and
makes a plaster layer as tough and solid as
limestone. This plaster is less toxic and
environmentally friendly. Lime plaster sets up
to a solid mass that is durable yet relatively
flexible. The plaster is less affected by water
and will not soften or dissolve like drywall and
earthen or gypsum plaster. Plaster made from
hydrated lime is less brittle and less prone to
cracking, requiring no expansion joints. It
requires trained artisan to provide the perfect
finishing (Roberts, 2017).



Rat trap bonds

This is a type of wall brick masonry bond in which
bricks are laid on edge. This leaves the wall with an
internal cavity bridged by the rowlock and cuts the
consumption of raw materials like brick, mortar and
cement. This technique reduces the consumption of
bricks by 25%. It also reduces mortar consumption.
Total load on foundation is 80% less than that of a
solid wall and it has excellent insulation and
strength. This is one of the most common
techniques used in the construction of sustainable
buildings (SEP, 2011).

Rainwater harvesting system

Morey et al., (2016) alludes rooftop
harvesting systems at homes as the most suitable
way to meet demand for increasing water supply for
different purposes. Rooftop rainwater harvesting
system collects water in the catchment area and is
then filtered and stored in reservoirs for further
uses. According to Morey et al, the biggest
advantage is less reliance on other sources for water
and is reduced water consumption bills. Roof top
rainwater harvesting systems are easy to construct
and manage. Cost of rainwater harvesting system
varies depending upon the type, area of catchment
etc.The major advantage is that it is less expensive

rainwater

and provides high quality water. Reusing kitchen
water for gardening purposes are another simple
method that can be followed in every home.
Costford organization has also experimented their
buildings with sloping roofs and water tanks
connected to roofs that helps in recharging the
reservoir tank with water from the roof. Advantages
of Rainwater harvesting system include: Reduced
water consumption bills, low cost,
o‘alit o) ter.

and superior

Solar Panels

Photovoltaic solar panels are used in
sustainable homes to generate electricity.
These panels are usually installed on the roof
where they absorb sunlight as a source of
energy to generate direct current electricity.
This electricity can then be stored in batteries

and converted wusing an inverter to power
household appliances and electric fixtures.
These panels are also used in solar water

heating systems. Solar energy is a renewable,
clean, and free source of energy. The use of this
technology greatly reduces electricity cost and
the government even provides subsidies to all

households that use this technology (Team
ProductlLine, 2019).

Energy Efficient Lighting

About one-fifth of India’s electricity

consumption is through lighting. A large part of
this is wasted through inefficient light bulbs
and tube lights. More than 400 million light
points in India still use incandescent bulbs. If
these were to be replaced with more energy
efficient options like CFLs, it would lead to a
reduction of over 10,000 MW in electricity
consumption (Doola, 2009). While these lights
are slightly more expensive, they greatly reduce
electricity cost. The government even provides
incentives and subsidies for the promotion of
their use.

A solar water heating sylem a

. . M
gsidence in/Bangalore
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A TRAINED LABOUR FORCE IS KEY FOR BOTH CREATING
AND SUSTAINING A DEMAND FOR SUSTAINABLE BUILDING
MATERIALS AND METHODS. AFTER EVALUATION OF THE
VARIOUS SUSTAINABLE BUILDING MATERIALS AND
TECHNIQUES, THE FOLLOWING TRAINING OPPORTUNITIES
HAVE BEEN IDENTIFIED:

Compressed Earth Block

Training can be provided on both manufacturing and use of CEBs. For the
manufacturing of bricks, basic knowledge on the working and handling of
CEB Press is required. The building technique differs only slightly from
that used with regular bricks and can be easily adapted with brief
training. Additionally, training can also include the use of other eco-
friendly building materials like natural mortar mixes and plasters.

Building with eco friendly bricks

Training opportunities are available on the use of different bricks like fly
ash bricks and marble slurry bricks. The training will include knowledge
on the different types of bricks and practice on working with different
types of bricks.

Micro Concrete Roofing Tile

Training would include both manufacture and use of MCR Tiles. For the
manufacturing of the tiles, basic training the machinery is required. The
building technique differs only slightly from that used with regular tiles
and can be easily adapted with brief training. Additionally, training can
also include the use of other eco-friendly building materials like natural
mortar mixes and under structures.

Ferrocement Roofing Channel

The training can include both manufacture and installation of the roofing
channels. These roofing channels require a high level of expertise to
install. The training will need to be provided by experts and cover all
relevant knowledge: mould preparation, steel and mesh preparation,
casting procedure, demoulding procedure, installation procedure, and
curing procedure.

Bamboo roofing sheets

Basic training will help construction workers in mastering the
manufacture and installation process. The manufacturing process also
provides a great opportunity for the employment of people with little skill
and only brief training. The mats function similarly to traditional roofing
methods and masons can adapt with brief training . There are several
organisations that provide training in this area.

Rat trap bond

This is a labour intensive technology requiring skilled labour and extra
care. Masons need ample training and familiarity with the bricks, mortar,
and placement technique. There are several organisations that provide
training in this area.



Use of Bamboo

Basic training will help construction workers in mastering the
manufacture and installation process. The manufacturing
process also provides a great opportunity for the employment of
people with little skill and only brief training. Bamboo mat
boards function similarly to plywood and workers can adapt
with brief training. There are several organisations that provide
training in this area.

Use of natural plasters

Training program will include the different materials and
techniques involved in working with natural plasters. While
these are innumerable in number, they can be tailored to fit the
existing skill sets and the geography of operation. There are
several organisations that provide training in this area.

Use of natural paints

Natural paints are not just cost effective and eco-friendly
alternatives to regular paints but are also safer to manufacture
and use. The non-toxic alternatives require basic training to be
adapted by painters. There are several organisations that provide
training in this area.

Installation of Rainwater Harvesting System

With the government mandating rainwater harvesting systems in
most cities, it becomes essential to be familiar with the
technique. The installation process is fairly simple and only brief
training will be required. The training will have to cover various
aspects like installation of different filtration systems, roof
requirements, piping, and even maintenance. Along with this,
the training session can also include information on installing
other sustainable fixtures like low water use taps and flushes.

Installation of Solar Panels and Generators

Electricians can be trained to install a solar power generating
unit. This will include knowledge on installation of solar panels,
batteries, and inverters. This training can also include brief
knowledge other energy efficient light fixtures like CFLs.



Factory from Compressed Earjh Blocksi Earth Blocks India in Bangalore

Compressed Earth Bricks
Name of the Institute Training Provided ContacvAddress
OnSpecialization
Awroville Earth Several training programs of | Pondicherry, (D) 413 - 262 I
3330/ 262 3064,
Incstinute: short duration that covers training{Teanh-auroville.com
manufactering. building. and

disigning with CEBS

Eco [riendly bricks
Name of the Institute Training Provided ConacAddress
OnSpecialization
Van Sampada training and help in finding
Napgpur
employment in the fly ash S423110814

brick industry

VSBRACESEF Project

Extensive training program

covering multiple sustainable

VSBK Project Nepal
Pulchowk, Lalitpur PO Box
113, Kathmandu, Nepal
shashank pandey@vsbloorg.n

TARA (The Saciety for

Technology & Action for

Training and Capacity
building in CEBs, fly ash

B-32, Tara Crescen,
Cruiub Institutional Area
New Delhi - 110 016, india
mailto:tara@devaliong

women in Assam, Bibar, UF.

The training includes a

building materials and p
practices
BMTPC - Building Material Training woeking Cisre 5 - A, First Flogr , India
Habitat Centre, Lodi Road,
and Technology Promotion | professionals and workforce | New Delhi- 110 003,
34638007
Council: o various topics including
sustainable construction with
earth blocks.
DRISHTEE & manth training program o BS1 Rise Tower,

H-15, First Floor- 1077108
Sector 63, Noida: 200307

info@drishiee.com

Rural Advancement) bricks

BMTPC - Building Material | Training working Core 5 -A, Firdt Floor , India
Habitat Centre, Lodi Road,

and Techaology Promation professionals and workforce | New Delhi- 110 003,

Council

on various topics including
sustainable constuction with
hollow cement bricks, CEBs,

fly ash bricks

24638007

WE RISE homes by NIVASA

Training by NIVASA an
architectural ngo in Bangalose
that aims 1o build community
driven sustainable housing for
marginalised community.
They provide trainings on
making bricks using ilt

deposited in nearby lakes

The Millenia Tower- B Level
12-14 No.1&2 Murphy Road
Ulsoor Bengaluru 560008

SCJ - Skill Council for Green

Jobs

training, focused on skill
building and use of
eco-friendly building

materials incloding bricks

3rd Floor, CBIF Building,
Malcha Marg, Chanakyapuri,
New Delhi - 100021

info@sscgj.in




Ferrocement roofing channel

Rat trap bond

ferrocement roofing

Name of the Institute Training Provided Contac/Address
On/Specialization
BMTPC - Building Material Training working Core 5 -A, First Floor . India
Habitat Centre, Lodi Road,
and Technology Promotion professionals and New Delhi- 110 003,
24638097
Council workforce on the
manulacnune and
installation of

Name of the Institute

Training Provided
On/Specialization

ContacUAddres

PMAY - Pradhan Mantri

Awaas Yojna

one day training on rat rap

brick woe wall

Multiple locations.

BMTPC - Building Material

Training working

Core 5 -A, First Floor, India
Hahitat Centre, Lodi Road,

and Techaology Promation professionals and workforce | New Delhi- 1101003,
24635097
Council on rat trap bond method of
masonsy
PSG Institute of Technology | Two day Hands on Training Avinashi Road, Neelambar

Appropriate Technology:

for effective dissemination of
manufacturing and use of

alternative roofing technology

channels
Auroville Earth Instituie A week long course covering | Pendicherry, (0) 413 - 262
3330/ 262 3064,
various applications of training@earth ville.com
fermocement are Laught
through bectures,
presentations and
predominanty hands-on
demaonstrations
Concrete roofing tiles

Name of the Institute Training Provided ContacvAddress
On/Specialization

SKAT - Swiss Centre for disigned taining packages Skat Consulting Lud.

Vadianstrasse 42
CH-9000 StGallen
Switzerland
info@skat.ch

TARA - The Society for

Technology & Action for

Training and capacity

building in the manufacture

‘World Headquarters:

B-32, Tara Crescent,
Qutubs Institutional Area
New Delhi - 110016, India

Council

on the use of micro concrete

roofing tiles

Rural Advancement: and use of micro concrete mailtoctara@devaliog
roofing
BMTPC - Building Material | Training working Core 5 -A, First Floor, India
Habitat Centre, Lodi Road,
and Technology Promotion professionals and workforce | New Delhi- 110 003,

24638097

Coimbatone - 641 062

and Applied Research on beick masonry in New Taemalnadis,
ool 0a22 33366
Delhi
Bamboo sheets and other bamboo products
Name of the Insiitute Training Provided ContacUAddress
OnSpecialization
DRISHTEE 6 month training program for BSI Rise Tower,

‘women in Assam, Bihar, UP.

H-15, First Floor- 107/108
Sector 63, Noida- 2001307

The training includes a info@drishice.com
module on use of
indigenously grown bamboo

SCJ - Skill Council for Green | training focused on skill 3rd Floor, CBIP Building,

Malcha Marg, Chanakyapuri,

Industries Research Institue

Including Bamboo primary
processing and Mat making,
installation of bamboo roofs

eic

Jobs building and use of New Delhi - 110021
evo-friendly building info@sscgi.in
materials like bamboo

IPIRTI - Indian Plywood Research and training Post Bag No.2273, HMT

Link Road OFF Tumkur
Road, Yeshwanthpur,
Bengalung - 560022

directon@ipli.gov.in

EMAY - Pradhan Mantri

Awaas Yojna

Training on progurement and
wreatment of bamboo, making

of trusses

Multiple locations




Natural plasters

Name of the Institute Training Provided Comacv/Address
On/Specialization
Made in Earth Architecture studio in Nagarabhavi Circle, Jyothi
Nagas, Bengaluru, Karnataka
Bangalore that holds regular | 560072
workshops on natursl plasters | 9986704355
and working with clay for
interions
Natural paints
Name of the Institute Training Provided ContatUAddress
OnSpecialization
Indian Paint Association A training program on paint | The Indian Paint Association
Secrctariat
and paint application for Affiliated with CIT
6, Netaji Subhas Road,
painting supervisors, Kolkata 700 001
applicators and painters. 9133 2231 5571
Berger Painis Training under Green Berger House, 129 Park

Horizon- an eco-friendly

painting opdon

Street, Kolkata 700017

91 3322799724

Kamdhenu Paints

Training on green paints in
association with

Graphensione

2nd Floow, Tower A, Building
No. 9,

DLF Cyber City, Phase 3,
Gurgaon 122002 (Haryana)

«/“//““’”{:'...,m,,,v,

NI i

Walls with a light coat of natural plaster




DETAIL OF MATERIALS AND TECHNIQUES

Technique/Process Cost Labour Requirement
Compressed Earth Blocks 15-20% less than - CEB allow unskilled
conventional regular and unemployed

Micra concrete roofing files

The manulacising
provess culs down an
Bath malerial cest and
produciion tins:
Labour post s alen
it oo willh 3 €t i
consieuction and
Tinishiing time

G of wndersirucme
is peduced
Deconimalized

prawluction protess

The produstinn
process and maching
is eoonemical and
requines brief raining
fo masier

Thee meanisfactsing |
can b easily
docentralized
Wlasers can adagi
their skills i MCR
willy ménimun

training

fired bricks { Cost people to learn a skill,
details CSEB £t 2 job and rise in
produsced with an the social values
AURAM press in = Produced locally by
July 2002) semisskilled and
Reduced labour cost. unskilled people
Reduced raw material - Training required 1o
€0 understand product
Cheap equipment and operate
production machinery
- Labour requirement
for use in construction
is same as that of
coaventional bricks
Fly-ash lime gypsum brick The cost of fly ash = The manufacruring of
brick is approximately bricks requires
3% lower than clay employment of both

beick (Rani & Sikka,

skilled and unskilled

Ferrocement Rooflng

Manufacturing

2018) Labourers
Trarspodation cost = With briel training.
can be cut as the unskilled and
bricks are lightweight unemployed people
and in case of bulk can be employed
supply the plant can = Masons will also
be installed at site 1o require brief waining
further minimize the 10 alter building
CosL methods
Cost of cement morar
is reduced

Marble Slurry Bricks - Lower cost of - Wiith brief training,
production because unskilled and
chief raw material is unemploved people
industry waste and has can be employed
lirtle monetary value = Masons will also

= Cuts down on mortar require brief raining
use by 28% 10 2leer building
- Cuts down labour cost methods.
by 20%
Plastic Bricks - The material cost is - Manufacturing is done

extremely low

Cheaper and lighter
beicks that are easier

10 TSRO

I industrial Facionies
and requires a cenain
level of expenise

Masons peed 10 be

trained in order Lo
adopt the new
technology.

Chamnels + Reduces uptio 4096 process is fairly
€0s [0 companisan simple and linle
wilh FLC.C ioal tralning is sequired
- Reduces labour cosg « Imstallavion process
by saving 3 weeks of requires expetise and
CONSEIC L s pelevant iralning
Ramboo reofing sheets +  Extremely affordable + Manufaciuring
anil costs upte 4% process can ensplayes
Tess than ather similar a large niimbes of
ronling mascrials people with linle skill
and only briel rralning]
is sequired
- The meas functian
similacly do tradilbonal
roafing meibods and
mases Can addapl with
bricf raining.
Clay Plasters = Faw material used is - This is a Libour
natural, cheap, and intensive rechialogy
Incally availahle + The methid reduires
«  The plastering cost warkers with adegquate
can be cut by aver Enwaledge sbaut the
IS composition and the
applicalion of mud
plasiers.
Lime plasters = The plasser is made - This s a labour
Teoen ingaponsive intensive technaligy
malerials arel hence « The methad requines
redhaces the pwerall warkers with adequale
ol of the building Enwledge sbout the
composition ard ihe
application of mand
plastess
- Extremely cost ~  Labour intensivie
Rat trap bond effective as the gaw rechnology

malerial cost is

reduced considerably

Skilled labar and extrs

care are needed la

design this band




e Product

Earth Blocks India Compressed Earth Bricks
Interlecking Compressed
Earth Blocks
CEB Press
Auram Press 3000

Shankala interlacq Briques

Aureka Auram Press 4000
Compressed Earth Bricks
Earth Blocks
Sri Banashankramma Interlocking  Compressed Interlocking
Block Eanh Block
Fly Ash Bricks
Magic Zane International Private Fiy fish Bricks.
Limited Fly Ash Bricks
Gray Fly Ash Blocks for
Tetron Merchandise P Lid Side Walls
Reclangular Plastic Brick
Rajratan Pvt Lid Pallet
Rectangular Recycled
Plastic Brick Pallet,
Naza Indusines Capacity: 200 Ton
Rectangular Recycled

Bansidhar Products
SAl PRASAD LED AND SOLAR

Plasuc Brcks Pallels

SYSTEMS Solar heater
Salar Water Heater 300
Arin Energy LPD
Fowertrac Solar Water Heater

Green Life Solution Private
Lirmited Solar Heater
Water Purification For
Drinking Borewell Water
Treatment Plant
55 And FRP
Semi-Automatic Effuent
Treatment System,
Effluent Treatment Plant
Borewell Water 151
Meneral Water Plant, 150,
Jar Filling Machine
Staindess Steel Industial
Water Purification Plant

Red Steel/ Stainless
Steel Corrugated Roofing
Shri Vardhan sTEEL Sheets
Evershing Roofing and Cladding Corrugated Roofing
Sheets

Steel Jindal Corugated
Rooling Sheels, for
Residential
Jain Biogas Plant with
Fabric Digester, Usage:
Industrial
Semi-Automatic Floating
Dome Biogas Plant for
Indusirial

Toyam Industries Pyt Lid

Red Circle Industries

RO Plant Solutions

Keten RO Solutions

Jain Profile and Sliting Industries

Burhani Trading Company

Urja Bio System Pvt Lid

Location

Bangalore

Hosur, Tamil Nadu

Auroville, Villupuram

Bengakuru

Rajarhat, Kolkata, West Bengal
Nagpur
Chandrapur
Bowhazar, Kolkata, West Bengal

Siyagan, Indere, Madthya Pradesh

Sardar Nagar, Maorbi, Rajkol, Gusarat
Sardar Nagar, Morbi, Rajkot, Gugarat
Nagpur
Nagpur

Vayusena Magar, Nagpur,
Maharashira
Pratap Magar, Nagpur, Maharashira

Lulla Nagar, Pune, Maharashira

Manewada, Nagpur, Maharashira

Wardha Road, Nagpur, Maharashira

Vayusena Nagas, Nagpur,
Maharashira

Lakadgan, Magpur, Maharashtra

Bajaj Magar, Nagpur, Maharashira

Bagadganj, Magpur, Maharashtra

Gandhibagh, Nagpur, Maharashira

Shivaji Nagar, Pune, Maharashira

Contact

9095796662

4132622278

BO4BS20,501

BO4B0GES595

BO42955194

B4B105315

BO4E056094
BO4BE3B152
BO4BATLLES

TITIZTZEAT

B04B429735

B048934890

BO4B024412

BO49440591

BO48569334

BO4B566649

BO48881565

BO4B972173

BO48IS6HTS

B042952049

8048712503

Price

Specifications (one unit)
Rs 2B per uni (Min order: - i

1500 units) 300 X 150 X 90 mm
£x107x5" Wih
Rs 26/Pwece (8" X10°X57) Wih
125 swokes per hour
400 strokes Per hour
Rs 16,450 10 Rs1.,67.300 according 1o the speed of
per machine the operaton
Rs 28/ Block 12x6x6
Rs 18/ Block AnGx¥
Rs 28/ Block
Rst/piece 3
Fs 6.25/Piece (Min order:
4500 Piece)
Rs240/piece 12,18,21.25 MM
Rs TVSquare Feet
Rs BVSquare Feel
Rs 14 500/Fiece
Rs 20,000/Unat 300 LPD
00 Ipd, 200 lpd. 200 - 300
Rs 13,000/ Pwce more than 500 lpd
Rs 16,200\Wan (Min order
10 watls)
Capacity Inlet Flow Rate
Rs 50,000 Una 500 m3hour
Rs 8 Lakh/una 2464 Lre™
Capacity Inlet Flow Rate
{cubic meterhour) 2000
Rs 4.25 Lakh/Unit Litour
Rs 4.5 LakhUnit 500- 1000 LPH
Rs 64/Kdogram
0.35 - 0.80 mm
Rs 4000Square Meter (thickness)

Rs T/ square meter
Waste input: 0100
kg. 100-500 kg. 500-1000
As 45,000/80x kg

Rs 40 LakhPiece 510 ton, 1-50 Ton



Name Product
Sustaibli building
BMTRC methads
Earth Blocks India 3 Compressed Earth Bricks
Aureka CEB Fress
TARA Muiliple
Van Sampada Fly Ash Bricks
Panchianka Azh Brick Industry 1 Fly Ash Bricks
Mahila Ash Indusiry Fly Ash Bricks
Jal Balajee Enterprises Fiy Ash Bricks
GLT Enlarprises Fly Ash Bricks
Eca Viskon Industries Fly Ash Bricks
SR Windows and Glass Solutions Fly Ash Bricks
W K Enterprises Fly Ash Bricks
Aparna Enterprises Limitad Fly Ash Bricks
Alla Tile Company Fly Ash Bricks
Techna Design Fly Ash Bricks
ABM Enterprise Fly Ash Bricks
Marzhall Corporation Limited Fly Ash Bricks
Asler Enlerprise Fly Ash Bricks
Dev Infralech Fly Ash Bricks
Meloo Blocks Mg, Co. Fly Ash Bricks
Bhaomi Tradng Corporation Fly Ash Bricks
Mohta Cement Fvt Lid. Fly Ash Bricks
Paooja Enerprise Fiy Ash Bricks
Altied Concrate VWorks Fiy Ash Bricks
Shreaji Fiyash Bricks Fiy Ash Bricks
SRG Infratech Fiy Ash Bricks
Sheetal Fipes Fiy Ash Bricks
Shil Sal Pavers Fiy Ash Bricks
Soanii international Fly Ash Bricks
Teraco Tiles Fly Ash Bricks
Balaji Cemend Products Fly Ash Bricks
Mrinmayee Siabilized Mud Bricks
Tab India Marbde slwmry Bricks.
Bamboo House India Plastic Bricks
Bambeo House India Bamboo Housing
Earth Blocks India Compressed Earlh blocks
Sulabh intemabional Social
SOPACE prganisalion Biogas
Quantum Grien Biogis
Swearaj Equipments Biopas
MEA Bio energy Biogas
Sundaram Fabicalions Bicgis
Adjun energy corporation Biogas
Benchmank enginess and
consulanis Blogas
Energy management solutien of
Inida Biogas
Biogas
Fini SoR Technolpgies Biagas
Eavish Bioenergy Piivate Lid Biogas
Dheethya green energy Biogas
Fromabers of envirgnmental
technology & Enargy resources Biogas
B suslain energy projects Biogas
Fine Sofl Technologies Weader Ireatment
Fromabers of envicenmaental
technology & Enargy resources Weater ireatment
Promaters of envirenmantal
teehnology & ENERgy résauices Sodar hpater and lights.
Indir solar Selar heater
Racold $alaf wirler hiating
syzlem Solar hester
Tala power solar systems Solar heater
Emvee Solar heater
Holak Uirja Solar hester
Fhaton enengy sysiems solar energy
Wikram Saolar Solar enengy
AURCOVILLE BUILDING FERROCEMENT
CENTRE(AVEC / EARTH UNIT) CHANNELS
FERROCEMENT
CHAMNELS

ERPTC

Cormuoated ambon recfng

Location

Hew Dethi
Bangalore
Auroviie
Hew Dethi
Magpur
Magpur
Chandrapur
FRourkela
Hew Dethi
Hoida, Demi
Moida, Dethi
‘Guraon, Demi
Hyderabad
Chennal
Chennal
Holkala
Kolkala
Kochi
Vadodra
Mumbal
Mumbal
Ohar
Pune
Mumbai
Vadodra
Jalpur
Nagpur
Ludhiana
Haooghty
Bengalui
Rafkot
Bangalore
Jaipusr
Hyderabad
Hyderabad
Bengalum

Haowe Dedhi
Bengalui
Chennai
Gujaral
Salem
Salem

Codmbatore
Chennai

Coimbatone
Foadichemy
Chennai

Chennai

Arpmabakkam
Ceimbatore

Chennai

Chinn i
Mumbai

Bengalun
Bengalun
Bengalun
Bengalun
Thrissur
Bengalum

Auroshilpam, Aurovile - 635 101Tami
Hadu, INDIA

Hiw Qe

Contact

011- 24636705
GAEEEIG00E
132622278

26545100

H425110814

4953362622
BA4TET0282
B5ETHI0505
G643007608
BITTRO9349
BITTROZ1B5
B53ERIZI6S
BS8EBI2343
GI53162608
B53EBOOTET
BER25909487
BITTROS662
BATERQG0EI
BA53354304
BITGROT22Y
B58T0A6TH
BEBGGTOIEA
HTHITI60
BITTRO9200
BEBEB59155
GO53363063
Gh43007025
BITERO923T
080 26582970
o1 141 2744500

GB45500056

25057745
B095619619

B0G1882880
04272313200
08424 80265

7010435068

055352 61893
DEQ-43053125
04428133643

044- 25550423

044-23630783
055855 61593

044-25550423

044-25550424
022-24125430

080- 65598222
43450 31532
096861 0706
0B0-48522634
048T-2331141
0B0-23580064

I (WA3.62237T 4
622163

09924636703



CONGLUSION

Designing an energy efficient building is possible with a multidisciplinary study of
different stages of the building life. This starts from the idea of constructing a building
and includes the practices and materials used during construction phase along with the
technologies required to make the building energy efficient once it starts being used.
While environment friendly practices and materials is important, the quality, cost and
durability of the structure should not be compromised.

The background research and interviews with industry experts has made one thing clear:
there is a dearth of labour force that is skilled and willing to take up the challenges of
sustainable buildings. The harmful impact that conventional construction methods is
quite important and the demand for alternative green methods is on the rise. Widespread
use of sustainable technology is only possible if the workers are aware about efficiently
handling natural resources. With a dearth of workers who are skilled in understanding
and working with sustainable alternatives, a nation-wide program on sustainable
construction will not only help create a competent workforce that will be capable of
handling the demands of the future but will also contribute to a cleaner and greener
environment.




Architect Basanth from Basanth Consultants

Megha Nanaiah and Shravan Pradeep from Enviarch Studio
Prof. Yoganandan from Mrinmayee consultants

Architect Devapriyan from COSTFORD

Debashish and Esha Sahoo- Residents of Bangalore

Indrani and Sunil Kumar- Residents of Bangalore

Mr. Chokalingam- Resident of Bangalore

Ranjith Reddy from Earth Blocks India

Housing and Urban Development Corporation Ltd.
Ministry of Drinking Water and Sanitation

Ministry of Housing and Urban Affairs

Ministry of Rural Development

National Building Construction Corporation (NBCC) Ltd.
Industry Association

Building Material and Technology Promotion Council
Confederation of Real Estate

Developers Associations of India

National Institute of Urban Affairs

National Real Estate Development Council

Zed Earth

Total Environment Homes

Earth Soul

We Rise Homes by Gramantara and Nivasa

1ghar.org

Made in Earth

Earth Blocks

SCG3J (Skill Council for Green Jobs)

Vasudha Foundation

Seeds organisation

BMTPC (Building Material and Technology Promotion Council)
Sohrabji Godrej Green Business Center

Firm Terra Architects

Dharmalaya

De Earth

Space matters

Auroville green practices

ICMQ India

COSTFORD (Center of Science and Technology for Rural Development)
Enviarch Studio

Mrinmayee consultants
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