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Sustainable  buildings  displays  how  changing  the    methods  and  inputs  during  the

construction  process  can    make  i t  more  energy  eff icient  and  reduce  the  impact  on  the

environment .  However ,  construction  of  sustainable  buildings  need  knowledge  of  specif ic

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  eff icient  buildings  and  2 )  energy

eff icient  renovations  on  existing  buildings .  The  report  details  the  techniques ,  as  well  as

contacts  of  people  and  institutions  associated  with  i t .  The  f indings  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  i t .
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P r o b l e m  D e s c r i p t i o n
Buildings  are  a  fundamental  necessity  for  a  good

quality  of  l i fe .  They  are  f ixed  assets  and  have  a

long  operational  l i fespan .  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  r is ing

demand  for  building  materials  l ike  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

earl ier  labour- intensive  and  highly  decentral ised

process  to  an  increasingly  central ised  machine-

dependent  model .  This  was  done  in  an  attempt  to

make  the  construction  process  more  eff icient .

However ,  this  type  of  production  model  increases

the  expenditure  on  transportation ,  uses  fossi l  fuel

based  heavy  machinery  and  is  often  t imes  less

energy  eff icient  and  more  polluting .  The  automation

has  also  resulted  in  the  loss  of  jobs .  This  decline  in

employment  has  also  resulted  in  the  loss  of  skil ls

that  traditional  masons ,  carpenters ,  and  other

workers  possessed  (Reddy ,  2004 ) .Building  materials

that  form  the  largest  share  of  a  building ’s  l i fetime

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  i ron  production .  Building  construction  is

also  responsible  for  releasing  toxic  dust  along  with

producing  large  amounts  of  waste  generation  and

water  use  (Dezem ,  2019 ) .

P r o p o s e d  S o l u t i o n

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- fr iendly  material

can  be  used  for  construction .  Innovative  str ides

are  also  being  made  for  the  eff icient  operation

of  buildings-  energy  eff iciency ,  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  famil iar  with

environmentally  fr iendly  alternatives  to

conventional  building  materials  and  techniques

(Kakkar ,  2014 ) .

Buildings at COSTFORD in Kerala



Sustainable  construction  is  the  need  of  the  hour  and  there  is  a  greater  push  towards  i t  with

init iatives  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  signif icant  jump  in  the

demand  for  sustainable  buildings .  This  is  being  pushed  by  concerns  about  rapid  climate  change

and  growing  awareness  about  environmentally  fr iendly  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  Green

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  eff icient  construction  method  (Reddy ,  2004 ) .  With  no  institutional

mechanism  to  skil l  construction  workers ,  they  continue  to  receive  informal  training .  This  poses

two  key  problems :  not  all  workers  are  able  to  receive  the  skil ls  required  and  there  is  very  l i tt le

uti l isation  of  new  technologies  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 .  

Workers at brick factory: Earth Blocks India in Bangalore



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  eff icient  methods  used  by  the  organisation ,  their  view

about  sustainable  construction ,  need  of  training  and  skil led

workers  in  the  construction  of  sustainable  buildings .

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  compil ing  a

database  of  stakeholders .  This  includes  research  into

sustainable  and  energy  eff icient  technologies ,  compil ing  a  l ist

of  vendors  for  sustainable  construction  materials ,  and  research

into  existing  training  programs  for  workers .
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M e t h o d o l o gy
THIS  EXPLORATORY  REPORT  HAS  EMPLOYED

THE  FOLLOWING  RESEARCH  METHODS :

Research team at Earthblocks India factory in Bangalore
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WHAT  IS  A  SUSTAINABLE

BUILDING? A  ‘green ’  building  can  be  defined  as  a

building  that ,  in  i ts  design ,  construction ,

and  operation ,  reduces  or  eliminates

negative  impacts ,  and  can  create  positive

impacts  on  our  climate  and  natural

environment .  These  sustainable  buildings

preserve  natural  resources  and  reduce

polluting  outputs .  Any  building  can  be  a

green  building  -  a  home ,  an  off ice ,  a

school ,  a  hospital ,  a  community  centre ,  or

any  other  type  of  structure  (Sing  & Pandey ,

2012 ) .

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

There are a number of features which can make a

building sustainable. These include: 

Exposed bricks in the courtyard: No. 9
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Pre-building Phase
This  section  starts  r ight  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  eff iciency  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  util ises  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  venti lation  channels .  Windows  reduce

the  need  for  artif icial  l ighting  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 .    I f  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  qualif ied  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 .    

 

Building Phase  

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  l ike  l i ft ing  cranes ,  concrete  pumps ,  and  concrete

transit  mixers  consume  high  amount  of  energy .  New  and  innovative  construction  techniques  l ike  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 .  

 

Post building phase 
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  activit ies  and  this  can  be  made  sustainable  by  using  energy

eff icient  electrical  and  plumbing  f ixtures .    LED  l ights  use  75  % less  energy  than  normal  l ights .  HVAC

Electronics  that  are  star  certif ied  consume  30  to  65  % less  energy  than  non-certif ied  products .

Install ing  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  init ial  cost  but  are  more  eff icient  in  the  long  run .  The

Government  also  provides  subsidies  for  alternative  practices  l ike  solar  panels ,  LED  l ights  etc .

 

 

For  a  building  to  be  truly  energy  eff icient ,  the  energy  consumption  in  each  phase  of  a

building ’s  l i fe  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  eff iciency  is  not  only  different  for  each  of  these  phases  but  i t  will  also

differ  with  factors  l ike  function ,  location ,  and  budget  (Module  on  energy  eff iciency  in

buildings ,  2009 ) .
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Compressed Earth Blocks (CEB) 
Compressed  Earth  block  is  made  from  an

appropriate  mix  of  inorganic  soil ,  expansive

clay ,  and  aggregate .  The  mixture  is

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  (Aurovil le  Earth  Institute ,

2012 ) .    Earth  Blocks  India  Factory  made  using

mechanically  compressed  earth  blocksCEBs

are  manufactured  in  energy  eff icient  and  eco-

fr iendly  process .  These  bricks  produced  are  of

accurate  dimensions  and  surface  f inish  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  f ire  resistant .

 

Fly-ash Sand Lime Gypsum Bricks 
These  bricks  are  made  by  mixing  f ly  ash  with

bonding  agents  l ike  sand  or  stone  dust ,

hydrated  l ime    sludge  l ime ,  gypsum ,  and  even

cement .  The  f ly  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  l ime  gypsum  bricks  are

eco- fr iendly  as  i t  uses  f ly  ash ,  which  is  a  waste

by-product  of  thermal  power  stations .  These

bricks  are  more  energy  eff icient  compared  to

traditional  burnt  clay  bricks .  These  bricks

produced  are  uniform  in  shape  and  require

less  mortar  in  brickwork  and  f inishing  and

saves  usage  of  cement  mortar .  These  bricks

are  l ightweight ,  easy  to  transport  and  are

durable .  They  are  also  extremely  cost  effective

as  i ts  main  component  is  a  waste  product

with  zero  value  of  i ts  own  (Rani  & Sikka ,  2018 ) .

 

 

Marble Slurry Bricks
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  f ine  aggregate  in  manufacturing  bricks

by  using  cement  or  l ime  as  a  binder  (Singh  et

al . ,  2016 ) .   Marble  slurry  bricks  are

environment  fr iendly  as  i t  involves  high

volume  util isation  of  waste .  It  cuts  down  cost

and  t ime  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  i t  an  another  option  for

construction  of  sustainable  buildings .

 

Plastic bricks
This  new  innovation  takes  tonnes  of  plastic

waste  l i ttering  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  l ighter

than  standard  bricks .  It  has  excellent  heat

insulating  properties  and  are  strong  and

durable .  These  bricks  are  also  cheap  and

more  fuel  eff icient  to  manufacture .  All  these

features  make  i t  one  among  the  available

alternatives  for  the  construction  of

sustainable  buildings .
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Micro Concrete Roofing Tile (MCR)
These  t i les  are  a  cost  effective  and

sustainable  roofing  material .  MCR  t i les  are

made  by  vibrating  an  optimum  mix  of

cement ,  sand ,  f ine  stone  aggregate  and

water  on  a  vibrating  table .  These  t i les  can

replace  traditional  thatch  and  f ired  clay  t i les

(Patara ,  1992 ) .   The  t i les  are  considerably

cheaper  and  highly  durable  compared  to

other  roofing .  MCR  is  l ighter  than  other

roofing  t i les  and  requires  less  under

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  i t  ideal

for  diverse  climatic  zones .  MCR  does  not

contain  asbestos  f ibres ,  reducing  their

impact  on  the  environment .  The  t i les  do  not

need  to  be  f ired  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  versati le  form  of  reinforced

cement  concrete  possessing  unique

properties  of  strength  and  durabil ity

(Sriraman ,  1996 ) .   Ferrocement  roofing

channels  have  low  installation  t ime  and  cost

as  shuttering  is  not  required .  This  technique

is  both  more  cost  effective  and  more  energy

eff icient  compared  to  traditional  roofing .

These  roofs  are  l ightweight  and  slender ,

reducing  the  dead  load  on  walls .  It  has  high

strength  to  weight  ratio  makes  i t  suitable  for

intermediate  f looring  as  well .

 

 

Bamboo Roofing Sheets 
This  is  an  alternate  roofing  material  to

galvanised  i ron  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  fr iendly  and  natural  roofing

alternative .  It  has  high  energy  eff icient

production  and  installation .  It  is  l ight  but  high

in  strength  and  resi l ience .  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 ) .

 

Ab o u t  
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Bamboo Flooring
Bamboo  f looring  gives  a  wood  l ike  f inish  but  is

considerably  more  sustainable .  This  f looring  is  made

from  Bamboo  which  is  a  natural  vegetation  that

matures  in  three  to  f ive  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  i f  the  bamboo  is  sourced  locally  and  the

manufacturing  plant  is  close  to  the  construction  site .  

 

Reclaimed Hardwood
Instead  of  using  traditional  hardwood  f loors ,  more

eco- fr iendly  options  can  be  considered  to  combat

deforestation  concerns .    Reclaimed  wood  is  an  ideal

option  as  i t  reuses  existing  wood  from  discarded

furniture ,  f looring ,  doors ,  or  any  other  wood  products

(Meghna ,  2019 ) .  The  manufacture  of  this  f looring

provides  an  employment  opportunity  for  unskil led

workers .  The  installation  process  is  similar  to  that  of

other  hardwood  f loors  and  the  same  type  of  training

is  required .

 

Glass Tiles 
These  t i les  are  made  from  recycled  glass  bottles  and

are  extremely  energy  eff icient .  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 ,  i t  can  be  incorporated  into  any  design .  The

cost  of  the  product  is  also  less  as  i t  reuses  waste .

Experience  is  required  to  work  with  these  t i les  and

masons  will  need  a  l i tt le  training .

 

Ferro Cement Wall Panels
These  are  a  cost-effective  product  used

for  wall ing ,  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  eff icient

technology .  It  has  dimensional  regularity

in  shape  and  size .  It  contributes  to  the

reduction  in  construction  and  f inishing

time .  Components  for  these  ferro  cement

wall  panels  can  be  recycled  from

construction  sites  (Selvamani  et  al . ,  2014 ) .

 

Bamboo Mat Boards
These  boards  can  be  used  as  partit ions ,

false  ceil ings ,  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  partit ions ,  ceil ings  etc  are

energy  eff icient  and  environmentally

fr iendly  technology .  It  functions  l ike

plywood  in  terms  of  versati l ity ,  strength ,

and  durabil ity .  It  is  resistant  to  water ,

fungi ,  termites  and  other  insects  ( Iprit i ,

2001 ) . .  

Ab o u t  
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Clay Plasters 
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  qualit ies  of  the  earth  by  acting  as

stabil isers ,  hardeners ,  and  waterproofers .  Even

without  additives ,  however ,  mud  plasters  and

renders  can  give  excellent  results  provided

they  are  made  and  applied  with  skil l  and  care ,

and  maintained  regularly .  Clay  plasters  are

natural  and  environmentally  fr iendly  method ;

the  plaster  is  less  toxic  and  highly  energy

eff icient .  These  plasters  are  cost  effective ,  do

not  require  expensive  and  elaborate  tools  and

can  be  easily  repaired  and  touched  up .

However ,  i t  requires  skil led  craftsmanship  for

good  f inishing  (Roberts ,  2017 ) .

 

Lime Plasters
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  f ibres  l ike  r ice  husk ,  jute  pieces ,  etc .

Lime  will  set  with  t ime  due  to  carbonation  and

makes  a  plaster  layer  as  tough  and  solid  as

l imestone .  This  plaster  is  less  toxic  and

environmentally  fr iendly .  Lime  plaster  sets  up

to  a  solid  mass  that  is  durable  yet  relatively

f lexible .  The  plaster  is  less  affected  by  water

and  will  not  soften  or  dissolve  l ike  drywall  and

earthen  or  gypsum  plaster .  Plaster  made  from

hydrated  l ime  is  less  brittle  and  less  prone  to

cracking ,  requiring  no  expansion  joints .  It

requires  trained  artisan  to  provide  the  perfect

f inishing  (Roberts ,  2017 ) .  

Low VOC Paints
Low  VOC  paints  have  reduced  amounts  of

volati le  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  i t  up  with  brief

training .  

 

Zero VOC  Paints
Paints  with  no  VOCs  have  no  volati le

organic  compounds  in  them  and  do  not

contain  any  harmful  chemicals .

Application  process  is  similar  to  normal

paints  and  painters  can  be  trained  very

easi ly .  

 

Natural Paints
These  paints  are  made  using  natural

substances  and  have  no  harmful

compounds  in  them .  They  are  made  by

mixing  organic  base  solvents  with  natural

t ints  derived  from  things  l ike  f lowers ,

fruits ,  vegetables ,  and  chalk .  However ,

they  are  considerably  harder  to  use  and

require  ample  understanding  and

training  (Sorrel ,  2009 ) .

Ab o u t  

S u s t a i n a b l e  B u i l d i n g  M a t e r i a l s
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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  l ike  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  i t  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  rainwater

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  f i ltered  and  stored  in  reservoirs  for  further

uses .  According  to  Morey  et  al . ,  the  biggest

advantage  is  less  rel iance  on  other  sources  for  water

and  is  reduced  water  consumption  bil ls .  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  i t  is  less  expensive

and  provides  high  quality  water .  Reusing  kitchen

water  for  gardening  purposes  are  another  simple

method  that  can  be  fol lowed  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  bil ls ,  low  cost ,  and  superior

quality  of  water .

 

 

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  using  an  inverter  to  power

household  appliances  and  electric  f ixtures .

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

ProductLine ,  2019 ) .

 

Energy Efficient Lighting
About  one- f i fth  of  India ’s  electricity

consumption  is  through  l ighting .  A  large  part  of

this  is  wasted  through  ineff icient  l ight  bulbs

and  tube  l ights .  More  than  400  mill ion  l ight

points  in  India  sti l l  use  incandescent  bulbs .  I f

these  were  to  be  replaced  with  more  energy

eff icient  options  l ike  CFLs ,  i t  would  lead  to  a

reduction  of  over  10 ,000  MW  in  electricity

consumption  (Doola ,  2009 ) .  While  these  l ights

are  sl ightly  more  expensive ,  they  greatly  reduce

electricity  cost .  The  government  even  provides

incentives  and  subsidies  for  the  promotion  of

their  use .

Ab o u t  
S u s t a i n a b l e  B u i l d i n g  T e c h n i q u e  a n d  T e c h n o l o g y
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A rainwater harvesting system installed at Costford in Kerala A solar water heating system at a residence in Bangalore
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T r a i n i n g  O p p o r t u n i t i e s
A  TRAINED  LABOUR  FORCE  I S  KEY  FOR  BOTH  CREAT ING

AND  SUSTAIN ING  A  DEMAND  FOR  SUSTAINABLE  BUILDING

MATERIALS  AND  METHODS .  AFTER  EVALUAT ION  OF  THE

VARIOUS  SUSTAINABLE  BUILDING  MATERIALS  AND

TECHNIQUES ,  THE  FOLLOWING  TRAIN ING  OPPORTUNIT IES

HAVE  BEEN  IDENT IF IED :

MASONS
 

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  sl ightly  from

that  used  with  regular  bricks  and  can  be  easily  adapted  with  brief

training .  Additionally ,  training  can  also  include  the  use  of  other  eco-

fr iendly  building  materials  l ike  natural  mortar  mixes  and  plasters .  

 

Building with eco friendly bricks 
Training  opportunities  are  available  on  the  use  of  different  bricks  l ike  f ly

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  t i les ,  basic  training  the  machinery  is  required .  The

building  technique  differs  only  sl ightly  from  that  used  with  regular  t i les

and  can  be  easily  adapted  with  brief  training .  Additionally ,  training  can

also  include  the  use  of  other  eco- fr iendly  building  materials  l ike  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  l i tt le  skil l

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  skil led  labour  and  extra

care .  Masons  need  ample  training  and  famil iarity  with  the  bricks ,  mortar ,

and  placement  technique .  There  are  several  organisations  that  provide

training  in  this  area .  

Lattice brickwork wall: COSTFORD



CARPENTERS
 

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  l i tt le  skil l  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 .  

 

PAINTERS AND PLASTERERS
 

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  tai lored  to  f it  the

existing  skil l  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- fr iendly

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 .

 

Plumbers 
 

Installation of Rainwater Harvesting System
With  the  government  mandating  rainwater  harvesting  systems  in

most  cities ,  i t  becomes  essential  to  be  famil iar  with  the

technique .  The  installation  process  is  fair ly  simple  and  only  brief

training  will  be  required .  The  training  will  have  to  cover  various

aspects  l ike  installation  of  different  f i ltration  systems ,  roof

requirements ,  piping ,  and  even  maintenance .  Along  with  this ,

the  training  session  can  also  include  information  on  install ing

other  sustainable  f ixtures  l ike  low  water  use  taps  and  f lushes .

 

Electricians 
 

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  eff icient  l ight  f ixtures  l ike  CFLs .
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A house with a courtyard: No. 9
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Factory from Compressed Earth Blocks: Earth Blocks India in Bangalore
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Walls with natural plasters and paints 
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Walls with a light coat of natural plaster
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D e t a i l  O f  M a t e r i a l s  a n d  T e c h n i q u e s
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D e t a i l  O f  M a t e r i a l  C o s t
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L i s t  o f  V e n d o r s
 



C o n c l u s i o n
 Designing  an  energy  eff icient  building  is  possible  with  a  multidisciplinary  study  of

different  stages  of  the  building  l i fe .  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  eff icient  once  i t  starts  being  used .

While  environment  fr iendly  practices  and  materials  is  important ,  the  quality ,  cost  and

durabil ity  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  skil led  and  will ing  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  r ise .  Widespread

use  of  sustainable  technology  is  only  possible  i f  the  workers  are  aware  about  eff iciently

handling  natural  resources .  With  a  dearth  of  workers  who  are  skil led  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 .
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 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

SCGJ (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

List of Interviews:

 

List of Stakeholders Gathered Data from:



21

R e f e r e n c e s

Ameta ,  S .  (2017 ) .  PS  Group :  Finding  solution  to  marble  slurry  menace  of  Udaipur .  Retrieved  from

https : / /www .udaipurblog .com /ps-group- f inding-solution-to-marble-slurry-menace-of-udaipur .html  

Arvind ,  J .  (2016 )  Case  studies  of  community  managed  toi lets  in  urban  areas ,  Citizen  Consumer  and  civic

action  group

Aurovil le  Earth  Institute .  (2012 ) .  Compressed  Stabil ized  Earth  Blocks .  Retrieved  from  http : / /www .earth-

aurovil le .com /compressed_stabil ised_earth_block_en .php  

Dezem ,  Vanessa .  (2019 ) .  Cement  produces  more  pollution  than  all  the  trucks  in  the  world .  The

Economic  Times .  Retrieved  from   https : / /economictimes . indiatimes .com /news / international /world-

news /cement-produces-more-pollution-than-all-the-trucks- in-the-world /articleshow /69919005 .cms?

from=mdr  

D .N .  Uday ,  Sujatha  D ,  Mamatha  B  S ,  and  Dr  B  N  Mohanty .  (2015 ) .  ECO-FRIENDLY  ROOFING  SOLUTION

FROM  BAMBOO .  10th  World  Bamboo  Congress ,  Korea .  

Doola ,  Suryanarayana .  (2009 ) .  Energy  Efficient  Lighting .   CEP  Course  on  Energy  Management ,  I IT

Bombay .  Retrieved  from  https : / /www .ese . i i tb .ac . in /~suryad /Lighting-CEP .pdf

Izzet  Y . ,  & Tülay  T  K .  Submitted :  (March  12th  2016 )  Reviewed :  (October  31st  2016 )  Published :  (January

18th  2017 ) ,  DOI :  10 .5772 /66670 ,  Energy-Efficient  Building  Design  in  the  Context  of  Building  Life  Cycle ,

Retrieved  from

https : / /www . intechopen .com /books /energy-eff icient-buildings /energy-eff icient-building-design- in-the-

context-of-building- l i fe-cycle  

IPRITI .  (2001 ) .  Transfer  of  Technology  Model :  Bamboo  Mat  Board .  International  Network  for  Bamboo  and

Rattan .  Retrieved  from  https : / /cgspace .cgiar .org /bitstream /handle /10568 /64363 /BambooMatBoard .pdf?

sequence=1& isAllowed=y  

Jayasinghe ,  C .  M  H  P  J  De .  Silva ,  D  M  M  P  Dissanayake  and  C  T  K  I  Fernando .  (2006 ) .  Engineering

Properties  of  Micro  Concrete  Roofing  Tiles .  ENGINEER  -  Vol  39 ,  No .  03 ,  pp .  35-41 .  

Kakkar ,  Anju .  (2014 ) .  Training  Construction  Workers  for  Sustainable  Environment .  International  Journal

of  Environmental  Research  and  Development .  Vol .  4 ,  No ,  1 ,  pp .  21-26 .  Retrieved  from

https : / /www .r ipublication .com / i jerd_spl / i jerdv4n1spl_04 .pdf

Module  on  energy  eff iciency  in  buildings  (2009 )  (n .d . ) .  Retrieved  from

https : / /www .unido .org /sites /default / f i les /2009-02 /Module18_0 .pdf  

Morey  et  al . ,  (2016 )  Rain  water  harvesting  system ,  International  Research  Journal  of  engineering  and

technology .

Patara ,  Shrashtant .  (1992 ) .  Micro-Concrete  Roofing .  Newsletter :   Development  Alternatives ,  Vol .  2  No .  5 .

Retrieved  from  https : / /www .devalt .org /newsletter /mar92 /of_1 .htm

Pranav ,  Divay .  (2019 ) .  Snapshot :  Building  a  Sustainable  Future .  Invest  India :  National  Investment

Promotion  and  Facil itation   Agency .  Retrieved  from  https : / /www . investindia .gov . in /sector /construction  

Rani ,  Deepa  & Rahul  Sikka .  (2018 ) .  Cost  Comparative  Study  of  Fly  Ash  Brick  Masonry  and  Conventional

Masonry .  International  Research  Journal  of  Engineering  and  Technology  ( IRJET ) .  Vol .  05 .  Issue  8 .

Retrieved  from  https : / /www . i r jet .net /archives /V5 / i8 / IRJET-V5I8269 .pdf  

Roberts ,  Tobias .  (2017 ) .  Natural  Plasters :  A  Simple  Way  to  Beautify  Your  Home .  Permaculture  Research

Institute .  Retrieved  from  https : / /permaculturenews .org /2017 /08 /16 /natural-plasters-simple-way-

beautify-home /  

Selvamani ,  Grija  & Sivakumar ,  P .  & Lakshmikandhan ,  K .N .  & Ravichandran ,  R .  & Karthikeyan ,  B . .  (2014 ) .

Novel  ferrocement  l ight  weight  wall  panels .  International  Journal  of  Applied  Engineering  Research .  9 .

4645-4658 .  

SEP .  (2011 ) .  Rat  Trap  Bond  –  A  masonry  technique .  Web .  http : / /sepindia .org / ihd-sep /ceeef-

technologies /rat-trap-bond-a-masonry-technique /  

Shetkar ,  Arati .  Nagesh  Hanche  and  Shashishankar  A .  (2016 ) .  Experimental  Studies  on  Fly  Ash  Based

Lime  Bricks .  IRD  India .  ISSN  (Online ) :  2347  -  2812 ,  Volume-4 ,  Issue  -7 .  Retrieved  from

http : / /www . i rdindia . in / journal_ i j raet /pdf /vol4_ iss7 /21 .pdf  

Singh ,  Manpreet  & Srivastava ,  Anshuman  & Agarwal ,  Pratyaksh .  (2016 ) .  Low  cost  concrete  bricks  using

marble  slurry  as  a  raw  material .  

Sing ,  V .  S .  & D .N .  Pandey .  (2012 ) .  Sustainable  Housing :  Balancing  Environment  with  Urban  Growth  in

India .  Climate  Change  and  CDM  Cell  Rajasthan  State  Pollution  Control  Board .  Retrieved  from

https : / /dlc .dlib . indiana .edu /dlc /bitstream /handle /10535 /8794 /Pandey .pdf?sequence=1  

Sorrel ,  Katherine .  (2009 ) .  Paint  the  town  green :  A  guide  to  eco  and  natural  paints .  The  Guardian .

Retrieved  from  https : / /www .theguardian .com / l i feandstyle /2009 / feb /09 /eco-natural-paints-guide-best  

Sriraman ,  V .  (1996 ) .  Ferrocement  :  An  Enabling  Habitat  Technology .  Newsletter :  Development

Alternatives .  Retrieved  from  https : / /www .devalt .org /newsletter / jun96 /of_5 .htm  

Tasthgat ,  Devarshi .  Ramesh  D .  Dodd .  (2015 ) .  Role  of  Green  Buildings  in  Sustainable  Construction-  Need ,

Challenges  and  Scope  in  the  Indian  Scenario .  IOSR  Journal  of  Mechanical  and  Civi l  Engineering ,  e- ISSN :

2278-1684 ,p- ISSN :  2320-334X ,  Volume  12 ,  Issue  2  Ver .  I I ,  PP  01-09 .

Team  ProductLine .  (2019 ) .  Benefits  of  rooftop  solar  panels  and  factors  that  further  aid  their  installation

in  India .  Economic  Times .  Web .

USAID .  (2018 ) .  Greenhouse  Gas  Emissions  in  India .  Retrieved  from

https : / /www .climatelinks .org /sites /default / f i les /asset /document / India%20GHG%20Emissions%20Factshe

et%20FINAL .pdf  

Varier ,  Megha .  (2017 ) .  Building  from  waste .  The  News  Minute .  Retrieved  from

https : / /www .thenewsminute .com /article /building-waste-these-young-kerala-engineers-recycle-plastic-

waste-bricks-57550  

World  Green  Building  Council .  (2019 ) .  New  report :  the  building  and  construction  sector  can  reach  net

zero  carbon  emissions  by  2050 .  Retrieved  from  https : / /www .worldgbc .org /news-media /WorldGBC-

embodied-carbon-report-published#_ ftn1  

 


