UPSCALING THE APPLICATION
OF LOW CARBON AND
RESOURCE EFFICIENT
TECHNOLOGIES IN INDIA

Key Messages

The Indian construc on sector has a high
ecological and carbon footprint.
Low carbon and resource eﬃcient technologies
exist, and could substan ally reduce the
ecological footprint of the sector.
Policy makers need to streamline the policies and
develop guidelines that include the green
mandate.
Implementa on process and mechanisms should
be strengthened, which include technical capacity
building of government oﬃcials.
Knowledge dissemina on on the beneﬁts of
these technologies is essen al.
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1. The Construc on Sector of India
The Construc on sector is considered to be one of the major contributors to economic growth, and thereby a
measure for development of a country. It contributes signiﬁcantly to employment genera on, oﬀering job
opportuni es to millions of unskilled, semi-skilled and skilled work force. According to the Global Construc on 2020
Report, the sector will account for 13.2 percent of the world's GDP by 2020,and is es mated to grow by 67 percent
from $7.2 trillion in 2010 to $12 trillion in 2020 (Global Construc on Perspec ves and Oxford Economics, 2011). Of
this, China, India and the US will generate 54 percent of the $4.8 trillion increase in global construc on output.
The Indian construc on industry grew at a Compounded Annual Growth Rate (CAGR) of 9.42 percent between 200304 and 2012-13 and contributed to 8.2 percent of the Indian GDP (NSDC, 2012). It employed 41 million people in
2011 and is the second largest employer a er agriculture (Planning Commission, 2013). The growth in the sector is
fuelled by the rapid transforma on of the country from a predominantly rural to an urban society, which houses 377
million people in urban se lements i.e., 31.16 percent of the total popula on (Census of India, 2011). Small ci es
and towns are to be the primary locus of this growth, with the number of towns increasing from 2,774 to 7,935
between 2001 and 2011 (Census of India, 2011).
Figure : Projected Growth in Built-up Area by 2030
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Looking at the projected growth trends of built-up area, major growth in constructed area will be seen in the
2
residen al and commercial sectors. An increase of 4,973 million m of residen al area in 2030 from 2005 has been
predicted. The demand for commercial property will also increase to meet the business needs via oﬃces,
warehouses, factories and other buildings for industry. The growth rates in hospitality and retail sector are also high
although their total area remains rela vely small (Parikh K. , 2011).
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The current aﬀordable housing shortage in Urban India (2012-2018) stands at 18.78 million dwelling units (Ministry
of Housing and Urban Poverty Allevia on, 2012). This is expected to increase to 44-48 million units by 2022 (KPMG,
2014). Apart from the housing shortage, reconstruc on due to disasters and extreme weather events along with
renova on and aerial expansion of buildings will result in increased demand for materials from the construc on
sector. A number of Government programmes like Housing for All, Smart Ci es Mission and the
Atal Mission for Urban Rejuvena on and Urban Transforma on have been launched to meet this urban housing
shortage demand and are thus likely to give a further boost to the construc on sector.

1.1. Poten al for Change
The construc on sector is highly resource and energy intensive. In this regard, heat island eﬀect and other
environment impacts as a consequence of unsustainable urbanisa on are high on the global sustainability agenda.
The sector accounts for 30 percent of na onal electricity consump on and 23.6 percent of na onal greenhouse gas
emissions (Parikh K. , 2011). For example, the brick sector alone generates 24 million tonnes of CO2 annually and uses
20-30 tonnes of coal and 350 tonnes of top soil¹. Produc on of materials like cement, bricks, steel and lime is
responsible for 80 percent of the emissions (Reddy, 2003). The construc on sector is also es mated to roughly use
40–45 percent of steel, 85 percent of paint, 65–70 percent of glass, and considerable amounts of output from
automo ve, mining and excava on equipment industries.
Worldwide, the construc on sector accounts for over 30-40 percent of the material ﬂows. This holds true for India as
well. It is one of the largest consumers of material resources in India. Majority of the resources used in construc on
are u lised to manufacture bricks, cement and steel. These resources are ﬁnite and take longer to replenish. With
over 70 percent of the construc on by 2030 yet to be built, demand and pressure on limited stocks of these materials
are expected to increase exponen ally. Increasing conﬂicts over natural resources to sa sfy these demands is
already becoming the norm.
Considering the scale of the impact on the environment, it is impera ve that the construc on sector embeds the
concept of sustainability and green growth in its development trajectory. The pathways to sustainability in
construc on do exist. Cleaner and alternate technologies have been developed that can substan ally reduce the
ecological footprint of the sector. In the brick sector, the use of ﬂy ash and Hybrid Hoﬀman Kilns and Ver cal Sha
brick kilns can considerably increase resource eﬃciency. In the steel industry, coke dry quenching technique, DC Arc
technology, top pressure turbine and (TPT) and pulverized coal injec on (PCI) signiﬁcantly improve resourceeﬃciency. Cement produc on can also be made less resource-intensive thanks to ver cal roller mill technology;
ﬂuidized bed cements ﬁred kiln system, and the use of mineralisers.
The concrete industry of India has made some advances in lowering emissions as a result of research and
development that has been carried out across the world. Addi onally, alterna ve building materials, like microconcrete rooﬁng les, stabilized concrete earth blocks and prefabricated rooﬁng elements are also available as
alterna ves to materials with a higher carbon footprint which are commonly used. The use of alternate technologies
1 Development Alterna ves, 2012
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like rat-trap bonds, ferro-cement channels, slabs and cavity walls have been es mated to reduce the resource
consump on by 25-30percent (DA and CDKN, 2013).
Another alterna ve building material that is tradi onally used and is slowly gaining commercial importance in the
building sector is Bamboo. It is an extremely lightweight material and does not require the use of cranes and other
heavy equipment in construc on work. Bamboo is an apt example for the use of local construc on material, thereby
making it an economically viable op on especially in regions where it is cul vated.
Thus there are several good construc on prac ces which take into account the embodied energy of construc on
materials in associa on with environmental implica ons of resource deple on and GHG emissions. However, in
order to translate the opportuni es for the use these materials, to tangible beneﬁts, several interven ons in the
form of public policies, awareness genera on, capacity building and skill development, and appropriate ﬁnancial
tools are impera ve.
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2. Construc on Materials and Technologies
Interes ngly, construc on sector has been iden ﬁed na onally and interna onally as a sector where large savings in
energy emissions and resource consump on is possible. To tap into this opportunity, knowledge on the range of
technologies that can be used across diﬀerent pockets of the country is essen al. In this regard, an exhaus ve
mapping and proﬁling exercise of construc on technology and materials was undertaken at the country level. The
exercise comprised of iden fying good prac ces of tradi onal, conven onal and alternate/ indigenous/hybrids
produc on technologies in the sector.
The sec on below gives a detailed overview of the available technologies and construc on materials that meet the
criteria of resource eﬃciency and low carbon intensity.
Construc on materials and technologies can be classiﬁed according to the components in a building:
l

Walling materials and technologies

l

Rooﬁng materials and technologies

l

Flooring materials and technologies

l

Construc on and structural systems

2.1. Walling materials and technologies
The most commonly used material for construc on of walls is red brick. The extrac on of this material has an
adverse impact on the natural resources as well
as on agricultural yield (i.e., exer ng pressure on
Figure 2 : Perforated clay bricks
food security) due to conﬂic ng uses of fer le
top soil between agriculture and brick making.
The tradi onal brick kiln units occupy
considerable land which is subjected to high
temperatures that make the land unﬁt for
agricultural use, post the abandonment of the
site. Other commonly used materials include
stone, reconstructed stone, cast concrete, and
wo o d w h i c h f u r t h e r ca u s e l a rge s ca l e
environmental degrada on from aggregate
mining and sand dredging of rivers for concrete,
mortars and plasters.
As stated above, the produc on of conven onal materials are resource intensive. However, there are energy
eﬃcient technologies that are applied in construc on using the same conven onal construc on materials. One such
technology is Cavity walling. It consists of two 'skins' (i.e., a brick or a concrete block) separated by a hollow space
(cavity). This method of construc on results in good insula on and can reduce the dependence of energy
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consump on on hea ng and cooling apparatus. Other methods of construc on of walls which are similar to cavity
walling are Rat-Trap Bond and English Bond. Rat- Trap Bond is a masonry technique in which the bricks are laid in such
a manner that a discon nuous cavity is formed between two faces of the wall. This method has proved to reduce 20
percent brick usage, 30 percent saving in mortar and 25 percent of the overall cost of the wall, in addi onal to
reduc on in CO2 emissions and good insula on. Another energy eﬃcient masonry technique is perforated or hollow
burnt clay bricks. These bricks save the amount of clay used, and provide be er thermal insula on due to the
presence of air cavi es. While these bricks can be ﬁred in conven onal brick kilns; however, further research and
development as well as policy support is required for investment in this technology and its diﬀusion in the Indian
market.
Figure 3: A typical Dhajji Walls

Further, there are cleaner brick technologies that not only save fuel and
reduce pollu on levels during brick produc on, but also result in high
quality bricks along with lesser breakage percentage. Ver cal Sha Brick
Kiln (VSBK)/Hybrid Hoﬀman Kiln (HHK)/ Tunnel Red Bricks are examples of
cleaner technologies for ﬁred clay brick produc on. VSBK consists of one or
more rectangular ver cal sha s within the kiln structure. The technology
relies on the principle of counter-current heat exchange between the
upward moving hot air and the downward moving green bricks in order to
achieve high thermal eﬃciency, thereby reduc on in the total fuel use. On
the other hand, HHK technology improves energy eﬃciency through
internal combus on of injected fuel through the applica on of heat.

Some of the tradi onal walling systems that use local materials like mud, stone, straw, mber/bamboo, sand etc.,
are Dhajji wall/Ko Banal, wa le and daub and Cob walls. These walling systems are both earthquake resistant and
have high thermal proper es. The walls are made of mber frames within-ﬁlls of light thin panels made by close
packaging of mud, stone, sand, straw and water. This combina on and use the of local materials acts as an excellent
thermal mass, and has low embodied energy and CO2 emissions, thus resul ng in least environmental impacts.
Hence, these walling systems are excellent examples of vernacular building construc on technology which are
suitable to hilly regions and seismic risk zone.
Other construc on materials that are sourced locally are laterite blocks and
Compressed Earth blocks. Laterite blocks are made from the extrac on of
laterite a er which it is cut into brick like shapes and used in walling units.
These bricks have lower embodied energy and high recyclability factor and
are used mainly in the coastal regions and are a good alterna ve in regions
where sand is a scare material. Compressed Earth blocks on the other hand
are formed of compressed earth/soil. This earth based construc on is best
suited for regions where the appropriate soil is available and there is
trained manpower with a good understanding of the soil proper es. Apart
from Himachal Pradesh where earth based techniques have been in use
tradi onally, these blocks are suitable also for semi-arid region.
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Apart from the above construc on materials, there has been signiﬁcant research and development as well as
marke ng of alterna ve construc on materials that enable reduc on in the overall use of virgin materials. Fly ash
brick is one such example of an alternate material that uses ﬂy-ash, which is a waste product of thermal power
plants. These bricks are manufactured from a mix of ﬂy ash, lime and calcite gypsum. They have proven to reduce the
embodied energy of building envelopes, and due to the non-ﬁring process during the produc on process, consume
very low energy. In the past few years, the manufacture and use of ﬂy-ash bricks has received high acceptability in
the construc on sector, especially due to targeted promo onal ac vi es conducted by the government as a
mandatory material to be adopted, at least in a 100km radius of a thermal power plant.
Another alterna ve construc on material is sand lime bricks which are produced using a mix of ﬁnely ground sand
and lime and in some cases also incorporates ﬂy-ash in the mix. Like the ﬂy-ash bricks, the advantage of using sandlime bricks is their low embodied energy value as compared to clay bricks. However, these bricks require a capital
intensive produc on infrastructure and therefore can be used only where the same can be facilitated. It is thus
preferable to use them in regions where ﬂy ash is available which can then be used in their produc on. This
technology is presently in the incuba on stage and similar promo onal as well as regulatory mandates will be
required for mainstreaming their use in the construc on sector.
The walling material component is one of the most crucial components of a building structure and thus research and
development of materials and technologies that are resource eﬃcient and of low carbon intensity con nues to be of
high priority. Jute-coir composites and Geopolymer waste building block are walling materials that are being
developed that use a considerable propor on of waste material, rather than virgin material. While jute-coir
reinforced composites are boards made of coir, rubber and jute; geopolymer waste building blocks are formed by
the pressure moulding process where ﬂy ash, steel stag, pulverized blast furnace slag, sand and an ac vator are put
together.

2.2. Rooﬁng materials and technologies
As far as technologies for rooﬁng are concerned, reinforced cement is
the most commonly used material along with the use of steel or clay
bricks. Trusses, space frame truss and Reinforced Cement Concrete
(RCC) slabs are resource intensive and require large amounts of steel.
RCC slabs is an example of a highly carbon intensive technique which is
also the most common technique for construc ng the roof/ﬂoor in
India. It is a monolithic element which consists of cement concrete
which encases within itself a matrix of steel rods called 'reinforcement'.
It uses the unique property of concrete to quickly harden into a rigid
mass a er being laid in diﬀerent forms and thicknesses. However,
concrete, which is most eﬃcient in resis ng compressive loads, is very
poor in resis ng tension which develops when it bends. So, the
performance of concrete is further enhanced by placing reinforcement
rods in the concrete which allows the concrete to resist the bending
which would result in a thin RCC slab spanning between two supports.
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While they have a high commercial applica on, they use large quan

es of both cement and steel.

However, there are some conven onal technologies that have lower embodied energy and are cost eﬀec ve due to
reduc on in the use of steel. Some of these technologies include Plank and Joist, stone pa rooﬁng and pre-cast
Arch panel roofs. Plank and Joist is a building system, in which pre-cast RCC slabs-planks- are supported over pre-cast
RCC beams, i.e., joists that are placed across walls. This technique can easily be adapted by masons who are familiar
with similar techniques of placing stone slabs on girders to construct roofs. This technique is suited to semi-arid
regions, where similar ﬂat roofs of stone slab roofs are constructed.
A similar rooﬁng system is the Stone Pa rooﬁng in which sandstone slabs are made to rest over beams. The beam
can be of steel or slender RCC/Ferro-cement sec on. Apart from have low embodied energy, this rooﬁng system
provides good insula on as the stone slabs are laid over with terracing which allows for rain water drainage. This
system is suited to semi-arid regions where sandstone slabs are easily available. Pre-cast Arch panel roofs are also
similar. The only diﬀerence being that the pre-cast panels are made with burnt clay les that are placed on pre-cast
reinforced concrete beams. This technique is recommended for areas where burnt clay products are commonly used
in both semi- arid and coastal areas.
Alterna ve technologies like Brick Jack Arches over RCC joists, micro concrete rooﬁng and ﬁller slabs use local waste
material like burnt clay les, bricks, coconut shells, stone pieces, terraco a pots etc., thus reducing the need for
virgin materials such as steel and cement. The Brick Jack Arches over RCC joists is a rooﬁng technique which consists
of shallow (low rise) vaults with compression materials like burnt bricks or compressed earth blocks, supported on
intermediate supports in the form of beams. Unlike regular arches, jack arches are not semi-circular but have the
proﬁle of a segmental arch. In the case of micro concrete rooﬁng, funicular shells and ﬁller slabs, concrete is partly
used along with waste materials. Steel is only u lized in pockets where reinforcement is required, thereby reducing
cement and steel consump on. These materials have low embodied energy and are of high durability. These rooﬁng
techniques can be applied to low cost housing, ins tu onal buildings etc., especially in regions where these waste
materials are easily available.
Apart from the above technologies there are new technologies being developed. Some of these include Bamboo
based corrugated rooﬁng sheets and Cellular Concrete. Bamboo
Figure 6: Bamboo corrugated roof sheets corrugated roof sheets are excellent alterna ves to corrugated metal,
plas c or asbestos rooﬁng sheets. These sheets provide for a cheaper, more
durable, and be er thermal and sound isola on, rooﬁng op on. They are
ideally used to cover homes, storage facili es, animal pens and other
temporary and permanent structures. On the other hand, Cellular concrete
is a low density ﬁll material which is primarily used in geotechnical
applica ons. It is made by the injec on (or blending) of a pre-formed stable
foam into a cement based slurry. These technologies although developed
to a large extent, con nue to require ins tu onal support for the
commercial applicability of these materials.
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2.3. Flooring materials and technologies
The commonly used materials in ﬂooring are concrete, stone chips,
ply wood etc. Terrazzo In-situ ﬂooring and les consists of a topping of
stone chips which are ﬁxed with a binder which is most commonly
cemen ous. The le is highly durable in nature and has a low
maintenance cost. Terrazzo ﬂooring is suitable for areas where waste
stone is readily available and can be recycled into the ﬂoor. Ceramic
les have a similar mortar mix which consists of sand, cement and a
latex addi ve.

Figure 7: Diﬀerent types
of terrazzo ﬂoors

Another cost eﬀec ve material is polished concrete ﬂooring. It is
concrete slab that has been treated with a chemical densiﬁer and
ground with progressively ﬁner grinding tools. This type of ﬂooring is considered a good sustainable design
ﬂooring op on because it makes use of materials that are already present. Polishing of the exis ng concrete
slab eliminates the energy and material consumed by applying a ﬂoor covering. Other materials that are
extensively used for ﬂooring are marble and granite.
Tradi onally, wooden ﬂooring used to be a common ﬂooring op on especially in hilly regions. It is a natural and
low carbon op on and the composi on of the material can vary from 100 percent wood to composite wood
ﬂoorings which include various recons tuted wood or other lignocelluloses material based products, such as
medium or high density ﬁbre with laminate or veneer. Interes ngly, reclaimed or salvaged wood that is used
for ﬂooring provides a more durable ﬂoor than using freshly harvested wood. This is one of the best op ons for
low carbon construc on, however, procuring of the same from other building sites is not a mainstream ac vity
and needs to be organised such that recycling of used wooden elements can be prac ced more commonly.
Addi onally, Bamboo ﬂooring is also commonly used in the coastal and hilly regions (Assam, Meghalaya, and
Kerala) since it is sourced locally with an assurance of quality due to its harves ng cycle. The Na onal Mission
on Bamboo Applica on (NMBA) is a premiere agency at the forefront of developing and standardizing new
bamboo based value added products and has stabilized the bamboo ﬂooring technology which is available for
commercial produc on.
A similar low carbon ﬂooring op on that is being developed is cork ﬂooring. The cork is obtained by peeling oﬀ
the bark of the cork tree thus resul ng in negligible environmental impacts.

2.4. Construc on and structural technologies
The overall construc on system is me, money, material and energy dependent. Therefore, developing
technologies that enable savings in these components is crucial. Timber framed construc ons as well as
bamboo structures are tradi onal building prac ces of construc ng light-weight structures which incorporate
a range of inﬁll materials like bricks, stone, and earth. These structures can be promoted as alterna ves to the
use of high-energy intensive steel structures. Local availability of both mber and bamboo and their high
recyclability factor make them cost-eﬀec ve construc on materials to use in earthquake prone areas. There is
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a great need for providing technological support to building professionals and local building ar sans to promote and
up-scale these construc on materials.
A technology that is fast picking up commercially is Mascon construc on. The technology enables the concrete that
is used in the construc on of the building as well as in the walls, ﬂoors, slabs, balconies, staircases, li sha s, window
hoods, curved and decora ve features to be cast monolithically, and thereby elimina ng joints. This technique is
proven to dras cally reduce both me and energy that is u lized in the construc on system.
Random rubble is a classic example of an aﬀordable and durable founda on construc on where cost plays a crucial
role. As a result of u lisa on of locally available stone and the use of less mortar and no use of reinforcement at all,
the technology is highly eﬃcient and is ideal for use in earthquake prone regions.
Another technology that is rapidly gaining commercial applicability is prefabricated construc on materials.
'Prefabrica on' is an industrialised construc on method whereby mass-produced components are assembled into
buildings. Prefabricated structural components made of concrete are referred to as 'precast units'. This means that
they are cast in advance and given me to harden and acquire strength before being taken to the actual construc on
site for installa on, making it a cost eﬀec ve as well energy and me saving construc on technology. High level of
recycle materials (ﬂy ash, slag, and silica fume, which would otherwise go to landﬁlls) are used to develop prefab
concrete products. These materials are used in concrete as cement replacements thus reducing the amount of
cement used by up to 60 percent. Further, Precast concrete has high thermal and acous c insula on proper es that
can result in signiﬁcant savings by up to 25 percent on hea ng and cooling costs. This technology has proven to be
cost eﬀec ve and me and energy savings for the construc on of low income housing in sub urban regions of metro
ci es. For example, a pilot project for this technology was applied in EWS and LIG housing in Boisar, Maharashtra,
based on in situ prefab components.

2.5. Insula on
Thermal eﬃciency of a building is the determining factor of the extent to which addi onal hea ng and cooling
applicants are required. Maximum ingress of solar heat in tropical climates is from the roof. Covering ﬂat roofs with
Figure 8: Inverted Earth insula on inverted earthen pots is an easy and cost eﬀec ve method to reduce solar
gain, placed abu ng each other and the intervening space is ﬁlled with
cement/lime mortar and ﬁnished with the terracing material. These pots
increase the insula ng value of the roof by virtue of the air gap created by
them. Pots made with earth are recyclable and regionally available. Mud
Phuska is also a tradi onal insula on technique for ﬂat roofs where high
thermal mass of mud is used to insulate the roof.
Another cost eﬀec ve material for insula on, is the use of broken china
mosaic for terracing. It is a post-consumer product, as it is used as a cost
eﬀec ve external roof ﬁnish to reﬂect the incident solar radia on. It is thus a low energy cool rooﬁng technique,
thereby reducing the demand of cooling appliances in the buildings.
A trend that is seen in the recent years has been the transi on from the use of less intensive materials like
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mber/stone/mud to more energy intensive materials, like clay ﬁred bricks, to RCC slabs and ﬁnally moving to the
increasing use of steel products.
In this light, the study aims to iden fy construc on materials that are resource eﬃcient and of low carbon intensity
and to understand the drivers and barriers that may enable or hinder the up scaling of the use of such materials and
technologies.
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3. The Enabling Environment

DEMAND

Innova on support

The global discourse on sustainability has progressively intensiﬁed over the years. Considering the scales of the
impact on the environment, it is impera ve that the construc on sector embeds the concept of sustainability in its
development trajectory. Examples of cleaner and more resource eﬃcient materials and technology have been
described above, however, the usage of these products con nue to
na onal/
remain marginal due to a series of barriers. These include lack of
regional/ local
public & private
bodies
investors
coordinated eﬀorts by the various government agencies and other
ﬁnancing
ins tutes
stakeholders in ini a ng change towards more sustainable prac ces, lack
branch
households
of norms and regulatory systems, and unfriendly ﬁnancing systems.
organisa ons
community
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Figure 9: Actors in the process of
technology diﬀusion

Region speciﬁc case studies on par cular construc on materials and
technologies within India have helped in analysing economic,
technological, and regulatory and policy frames on successful
mainstreaming of low carbon op ons both within the sector. The case
studies selected from India are ﬂy-ash bricks, bamboo as an alternate
construc on material and cast in place construc on styles i.e.
prefabricated concrete slabs.

3.1. Technology Diﬀusion
Over a decade and a half, globalisa on and trade liberaliza on have oﬀered opportuni es to industries and
countries to 'catch-up' on development by adop ng innova ve technologies from across the globe. 'Innova on,' is a
cyclic process that encompasses the development, diﬀusion and implementa on of new compe ve technologies.
The social and economic context that revolves around the innova on is called the innova on system. It provides the
framework within which markets as well as governments form and implement policies to inﬂuence the innova on
process. The case where a new technology is introduced into an innova on system from outside the system, the
change in the system emerges out of socio-technical experiments, such as pilot projects. In these pilot projects, the
technology is applied through collabora on by various actors in exchange of informa on, knowledge and
experience, resul ng in the facilita on of the incuba on process of the new technology.
Figure 10: Development Alterna ves- Innova on-Incuba on engine 2015

Streamline Innova on to Incuba on
Innova on Phase
Innova on Engine
Transi on Phase

Incuba on Phase
Incuba on Engine
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The incuba on process is followed by the diﬀusion of the technology which is accomplished through human
interac ons and communica ons between the prac oners. By 'prac oners', we mean the actor network which
comprise a network of interrelated individuals, organisa ons and enterprises who share a common ﬁeld of
knowledge and interest with regard to the par cular innova on.
The ﬁgure below depicts an ecosystem where a mul -stakeholder approach is applied to the commercializa on of
eco-solu ons through partners and experts at diﬀerent stages and levels. While co-innovators, academic
ins tu ons and the household communi es ensure a steady ﬂow of market-oriented ideas and innova on, it is the
ﬁnancial ins tu ons that provide the cataly c fund for the development of innova ons, and their launch into the
market. Further it is the Na onal/regional/local bodies and other stakeholders like architects and engineers who
form the network for implementa on of the business model on ground. Such an enabling ecosystem, is not linear
but rather interconnected, where each func onal unit of the system impact the other.
The UNEP (2009) envisions Sustainability in the Building and Construc on Sector as an ac ve process where policies
and incen ves are provided by the government support to Sustainable building and construc on prac ces. In
addi on, investors, insurance companies, property developers and buyers/tenants of buildings are aware of
sustainability considera ons and take ac ve role in encouraging sustainable building and construc on prac ce
(Hakinen & Belloni, 2011).
With this regard, the present study has iden ﬁed case studies of good prac ce applica ons and an a empt has been
made to evaluate the drivers and barriers that have helped in the mainstreaming of these applica ons in the
construc on sector.

3.1.1 India: Case Study Briefs
Waste to Wealth- Fly Ash Bricks
Fly ash is one of the major wastes generated during combus on of coal in thermal power plants. It refers to the ﬁne
powder that is formed from the mineral ma er in coal during its combus on, consis ng of the non-combus ble
ma er plus a small amount of carbon that remains from incomplete combus on. As a result of the increased energy
requirements of the country, ﬂy ash genera on in the country has increased massively. Inadequate management of
this waste product and its appropriate disposal o has been of great concern.
While this material is considered waste for the thermal power plants, it is a valuable resource for building materials
and the construc on of roads, embankments, dams and dykes. Its prime use is in the use of Portland Pozzolana
cement. Apart from this it used in the manufacture of ﬂy ash bricks which is an excellent alterna ve to red bricks.
Currently, only 9.94% of the total ﬂy ash produced is u lised in the produc on of building materials like bricks/
blocks/ les. According to calcula ons, around 2800 ﬂy ash units are present in the country producing 6.65 billion
bricks annually, with a market share of only 3 percent as compared to red brick produc on.
A few of the states that have successfully adopted ﬂy ash brick technology are Maharashtra, Chha sgarh, West
Bengal, Andhra Pradesh, Tamil Nadu, Delhi, Odisha and Bihar. The success of this can be credited to regula ons and
incen ves by the central and state governments. The no ﬁca on numbered S.O. 763 (E) of Ministry of Environment,
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Forests and Climate Change and the Fly Ash Mission of Department of Science And Technology have played a crucial
role in the uptake of the technology, through technology demonstra on, easy access to ﬂy ash and mandatory use of
ﬂy ash bricks in construc on. Ini a ves by the state government include incen ves for ﬂy ash units under their
industrial policies and preferen al procurement of ﬂy ash bricks for public construc on. Fly ash is supplied to the
entrepreneurs by both public and private coal based power plants. Other stakeholders include support agencies like
research ins tutes, banks and ﬁnancial ins tutes and civil society organisa ons, technology service providers and
consumers including private builders and government departments.
While states can only incen vize entrepreneurs to set up more units, it is the markets that play a crucial role in
facilita ng a shi from the conven onal resource ineﬃcient technologies to ﬂy ash brick technology. Increasing brick
demand presents an opportunity to shi towards low carbon and energy eﬃcient ﬂy ash brick technology. Reduced
proﬁt margins of red bricks due to increased coal prices aid this transi on. Other drivers include heightened
awareness among the entrepreneurs as well as consumers, ease of access of technology and the ac ve engagement
of civil society organiza ons in promo ng the technology. It is thus a combina on of eﬀec ve policies, a market
demand, access to ﬁnance and strong quality control regula ons that have together led to the success of the uptake
of ﬂy ash technology in some states of India (e.g. Odisha, Bihar) and these should be replicated in other parts as well.
A few examples of successful u liza on of ﬂy ash are cited below:
l

Construc on of houses by private par es in ci es like Vishakhapatnam, Pune etc.

l

NTPC townships in Simhadri in Andhra Pradesh, Sipat in Chha sgarh, Faridabad in Haryana and TalcharKaniha in Odisha have been constructed exclusively with ﬂy ash bricks

l

NTPC, Kahalgaon, Bihar uses ﬂy ash bricks for their own construc on

l

American Embassy has used ﬂy ash bricks in some of its construc on

The main driver in Odisha is the market demand. The state is host to various power plants like Na onal Thermal
Power Corpora on (NTPC), Orissa Power Genera on Corpora on (NTPC), Hindalco, Jindal and many others. On the
other hand, the seeding of ﬂy ash bricks in Bihar is policy driven. The scope of ﬂy ash u liza on in the state of Bihar is
limited to the regions around power plants. Currently, only NTPC plant at Kahalgaon is producing ﬂy ash. However,
the government of Bihar is ac vely involved in the promo on of ﬂy ash brick technology in the state. An Inter
Departmental Task Force on Accelera ng Cleaner Produc on Systems in the Building Materials Sector in Bihar has
been set up. The Mandate of the Task Force is to recommend, monitor and advise on accelera ng produc on,
availability, acceptability and use of low-carbon technologies and building materials in Bihar.

Bamboo as an alternate construc on material for the future
Bamboo is a low-cost construc on material, which was used tradi onally as well as perceived as a basic construc on
material to be used by the underprivileged and the poor. In recent mes it is being used as a decora ve material.
Further, case studies have shown that there con nues to be shi in bamboo usage from the purpose of interior
decora on to a construc on material.In Kerala bamboo reinforced columns and beams are being used to replace
steel in the conven onal framed structure. In Assam the Nyishi (indigenous tribe of Arunachal Pradesh) have
replaced their indigenous homes made of Thatched Chinese palm leaves and jungle banana leaves with bamboo
wall panels and bamboo CGS sheets for rooﬁng.
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The prolifera on of the use of bamboo as a construc on material, especially in the urban se ng is s ll weak.
However, there are some examples of buildings that have extensively used bamboo in their construc on.
For example:
l

Inspira on's oﬃce complex, Cochin

l

Hotel Sarovaram, Ernakulam

l

Whispering Palms' Holiday resort for Abad group at Kumarakom

l

Administra on Building for Socio Economic Unit Founda on, Alleppy

Bamboo products (bamboo boards, bamboo veneers, bamboo mat corrugated rooﬁng sheets, etc.) due to their
physical and mechanical performance in terms of hardness, stability and strength are gaining a en on with large
opportuni es in emerging market. Moreover, bamboo has the capability of mi ga ng climate change as it restores
degraded land, act as carbon sequesters and protects from soil erosion. Technology advancement and ini a ves
taken up by the central and state government has helped in the development of bamboo in construc on and
structural applica ons. Na onal Bamboo Mission and Na onal Mission on Bamboo Applica on are playing major
role both at central and state level. These missions are suppor ng the ac vi es taken up at state level for bamboo
development in construc on. State level missions have been set up in order to enhance the bamboo sector in the
respec ve states.

Cast in Place Construc on Style – Prefab Concrete slabs
In the recent years prefabrica on is a prac ce that has enabled reduc on in both me and energy in building
construc ons. It is a prac ce of assembling components of a structure in a factory or other manufacturing sites, and
transpor ng complete assemblies or sub-assemblies to the construc on site where the structure is to be located.
Globally, precast technology can be used in various ﬁelds which range from agricultural products (bunker silos, ca le
feed bunks agricultural fencing etc.), building and site ameni es to sanitary and storm water components (vaults,
catch basins and manholes). In this case study the focus has been on the construc on and structural uses of precast
concrete in India which include building components like walls, beams, ﬂoors, columns, precast concrete les etc.
Prefabrica on technology has been ge ng support from various stakeholders including Government, private
sector, research ins tutes and ﬁnancial ins tutes. Promo on and regula on of the use of prefabricated concrete in
construc on have helped in crea ng the market for these products. Policies like Na onal Urban Housing and
Habitat Policy, 2007 and Housing for All are playing a major role in promo ng the use of prefabricated products in
construc on of aﬀordable housing. Bureau of Indian Standards has formulated technical standards for prefabricated
components for their use in construc on.
The role of manufacturers and private developers in the promo on and the u lisa on of prefabricated concrete
products have been evident in construc on of residen al buildings. Moreover, increase in Ins tu onal partnership
has also led to the increased use of prefabricated concrete products.For example, the EWS houses constructed by
the Ahmedabad Municipal Corpora on and the township projects and residen al apartments constructed by Larsen
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and Toubro and Tata Housing to name a few, have all used precast concrete elements of wall panels, slabs, stairs
cases, balconies etc., in their building structures.

3.2. Analysis Frame
From the selected case studies of good prac ce applica ons and of conven onal applica ons in India, a detailed
evalua on was done to iden fy the drivers and the barriers that have helped in the mainstreaming of these
prac ces. The table below provides a structured framework on the areas that need to be iden ﬁed and analysed
within each case study and to thus iden fy the drivers for change within the ins tu onal mechanisms, ﬁnancing
systems, incen ves and partnership arrangements. Such
Analysis Frame
drivers are cri cal in helping to deﬁne the eco-system
l
Policy guidelines and regulatory frameworks
for the promo on of low carbon development
pathways. Similarly it is essen al to iden fy the barriers
l
Ins tu onal Mechanisms and synergies across
with respect to technology know-how, regulatory
ins tu ons
mechanisms,
and capaci es of stakeholders and market
l
Partnerships
solu ons so as to develop eﬀec ve strategies for
l
Investments/ Financing
sustainable delivery of low carbon solu ons for
l
Capaci es
sustainable development.

3.3 Key Ins tu ons and Stakeholders
The ﬁrst step to analysing the drivers and barriers of the diﬀusion of a par cular technology (in this case, ﬂy-ash
bricks, use of bamboo and prefab in construc on) is to iden fy the ins tu ons that are involved as well as the
diﬀerent stakeholders that play a crucial role in determining the success or failure of technological diﬀusion and its
acceptance in the market.

Public Sector
The public sector in any interven on plays the
crucial role of the facilitator as well as the
regulator. In the case of applica on of low
carbon and resource eﬃcient building
materials, governmental bodies have been
involved in the formula on of policies as well as
regula on and promo on of the sector.

Government ins tu ons involved in the promo on and
development of 'green' construc on:
l
l
l
l
l

While the Ministries are mainly involved in the
formula on of policies and guidelines, it is the
Central Public Works Department that engages
in the up grada on of technical knowledge of
engineers, by eﬀec ve training and
par cipa on in seminars, workshops etc. The
department also monitors architectural,
structural design and the construc on of

l
l
l

l
l
l

Ministry of Housing and Urban Poverty Allevia onMinistry of Rural Development
Ministry of Urban Development
Department of Science and technology
Central Public Works Department
Bureau of Indian Standards
Town and Country Planning Organisa on
Building Material &Technology Promo on Council
(BMTPC)
Housing and Urban Development Corpora on (HUDCO)
Na onal Housing Bank (NHB)
JNNURM
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buildings. As men oned earlier, the BIS sets the standards as well as provides cer ﬁca on and other promo onal
ac vi es.
Public ﬁnancial agencies like HUDCO and NHB provide ﬁnances which are targeted towards the use of local building
materials, cost eﬀec ve and innova ve construc on technologies for their possible u lisa on in the housing and
building construc on.
A combina on of policy formula on as well as regula ons by various government departments like the Bihar
Pollu on Control Board, Department of Environment and Forests, Department of Building Construc on and other
organisa ons like the Na onal Thermal Power Corpora on (NTPC) have enabled the accelerated adop on of Fly Ash
Bricks in Bihar. Further, Central as well as State sponsored schemes like the Na onal Bamboo Mission/State Bamboo
Mission are examples of targeted promo on ac vi es aimed at encouraging the growth of the bamboo sector.

Private sector
The private sector on the other hand is crucial in enabling the green construc on material sector to penetrate into
the construc on market. This includes the private ﬁnancial ins tu ons, developers, individual home owners,
building material manufacturers etc.
Private Developers: A number of private developers like
3C, DLF, Mahindra Life Space Developers, Jaypee Group,
K. Raheja Corp., as well as infrastructure agencies like
Tata Realty and Infrastructure, Larsen and Tourbo etc.
have begun to develop huge townships and residen al
apartments where precast concrete elements of wall
panels, slabs, stairs cases etc. are being used. Developers
like Amrapali and Supertech Ltd. are also involved in
se ng up their own precast plants.
Manufacturers: They have an important role to play in
promo ng the use of such green construc on materials.
Manufacturers like Teemage Precast Ovt. Ltd, Bharathi
Concretech, Precast India Infrastructure Pvt. Ltd among
others are ac vely involved in supplying precast
concrete products.
Similarly, in the case of ﬂy ash bricks the coal based
thermal power plants and cap ve plants are the major
ﬂy ash producers. This resource is then u lised by
entrepreneurs in the produc on and sale of ﬂy-ash
bricks. Currently, there are approximately 2800 ﬂy ash
brick entrepreneurs in the country. In addi on, the

19

Bamboo House India (BHI)
It is a social enterprise, striving to create chain of
bamboo showrooms across the country which shall
promote & market all bamboo based products under
one roof star ng from Bamboo pen to Bamboo
Housing Structures. BHI works through a hybrid
model, a 'for-proﬁt' component and a 'non-proﬁt'
component. "For proﬁt" ac vi es "Bamboo House
India" involves sourcing, designing, retailing,
exhibi ng and developing markets and "not-for-proﬁt"
ac vi es are handled by "Bamboo Ar san Welfare
Society" involving skill training & up grada on, design
development & capacity building. The organiza on is
taking ini a ve of opening showrooms for bamboo
products, ar facts, materials etc. BHI is also
encouraging the ar sans to come up with bamboo
based materials by providing them with interest freecash in advance for their orders which allows ar san to
purchase equipment and raw materials without going
into debt by taking out loans with high interest rates.
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entrepreneurs are aided in se ng up of plants by technology service providers, the services of which include tes ng
of raw materials, layout and design of the site, installa on of equipment, training of manpower and troubleshoo ng
services. Some of the major service providers are TARA Machines and Tech Services Pvt Ltd., Jayem Manufacturing,
Lakshmi and Co etc.
Financial agencies: Private ﬁnancial ins tu ons look for creditworthiness in the lender. This is mainly due to the
small scale at which the green material construc on sector operates. With greater awareness and expansion of
technical know-how, the creditability of the sector and more importantly the credibility of the entrepreneurs can be
built. At present, some of the possible ﬁnancial ins tu ons that need to be targeted for providing 'green' loans are
DHFL, Micro Finance Corpora on Ltd., and Magma Housing Finance Corpora on.

Civil Society Organisa ons
The main role of civil society organisa ons is of advocacy. Despite the formula on of policies and regula ons, the
enforcement of these policies are weak. In the case of applica on of Bamboo in construc on as well as the use of ﬂyash bricks, policies and regula ons alone have been unable to penetrate the construc on sector. With respect to ﬂyash technology, civil society organisa ons like INSWAREB (Ins tute of Solid Waste Research &Ecological Balance)
and Development Alterna ves (DA) have been instrumental in inﬂuencing the policies as well as increasing
awareness of the technology through workshops and seminars. With respect to bamboo, Bamboo House India has
been one such enterprise that has helped in building networks and partnerships in the bamboo sector for greater
knowledge dissemina on of bamboo and other bamboo based material products.

Users/Ci zens
Finally, the home-owners, which we refer to as the end-users, are the key absorbers of the green products. While
policies and regula ons aim at the producer end of the chain, a en on needs to be paid to increase the awareness
among the users. Along with providing an inventory on the low carbon and resource eﬃcient technologies,
percep ons on some of the technologies need to be corrected, which tend to remain a huge obstacle in the
acceptance and use of such materials. Once awareness is created and the demand increases from the users- end, the
demand- supply market take over the produc on and the consump on of the product in the economy.
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4. Policy & Regula on
Successful formula on of policies and regula ons are derived from a combina on of research and development to
the promo on as well as commercialisa on of the product/technology. This enables the product/technology to
enter the market, which would thereby result in an upscale of the produc on and consump on of the
product/technology.

4.1. Research and Development on Technology
The stage of research and development deals largely with intangible and random or stochas c processes. The
outcome of R&D is more o en than not uncertain. The R&D processes use as input the resources allocated like
budget, number of people assigned or laboratory equipment available. On the other hand, the output is the number
of innova ons or the patents that are used (Milling & Maier).
Thus to establish a conducive environment where R&D can take place, there is a requirement of systems that
encourage and support innova on in a par cular sector. Ins tutes like Council for Scien ﬁc and Industrial Research
(CSIR), Indian Ins tute of Technology (IITs), Central Building Research Ins tute (CBRI) have conducted extensive
research to determine the feasibility of use of ﬂy ash as a raw material for the produc on of various products. Overall
these ins tutes have been instrumental in research and development in the construc on and building materials
industry, hence providing the valida on for the use of such technologies and the speedy adapta on of new methods
including precast technology.
Policies with regard to research and development have been through the establishment of the Fly Ash Mission
(1994) and the Na onal Mission Bamboo Applica on. The role of the Government has been majorly focused on the
promo on of research and development of technology and the commercial applica on of the technology in building
construc ons. The Fly Ash Mission was commissioned in 1994 as a joint ac vity of Department of Science &
Technology (DST), Ministry of Power (MOP) and Ministry of Environment & Forests (MOEF), with Department of
Science & Technology as the nodal agency. As men oned above, The Fly Ash Mission has provided a single pla orm
for the safe management and gainful u liza on of ﬂy ash. The main objec ves of the mission are:
l

Technology development and demonstra on

l

Facilita on and hand holding for the mul plier eﬀects

l

Policy measures for sustainable use

On similar lines, The Department of Agriculture & Coopera on (DAC), Ministry of Agriculture has implemented a
centrally sponsored Scheme called Mission for Integrated Development of Hor culture (MIDH) in which Na onal
Bamboo Mission (NBM) is being implemented as a sub-scheme.
Under the Mission, steps have been taken to increase the availability of quality plan ng material by suppor ng the
se ng up of new nurseries and strengthening of exis ng ones. Further, the Mission has taken steps to strengthen
the marke ng of these bamboo products, especially those of handicra items. It supports ac vi es for bamboo
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sector in North East state (Assam, Mizoram, Tripura etc.), Andhra Pradesh, Jharkhand, Gujarat, Kerala, U aranchal
and Orissa. The aim of the Mission is to support applica on oriented research and developmental ac vity for
u lising bamboo for construc onal applica ons.

4.2. Technology Promo on
There lies a signiﬁcant lack of empirical informa on which is necessary for stakeholders to make informed decisions.
A lack of informa on on the comparison of conven onal and green building costs, detailed data on the energy, water
and other resource savings from green construc on; availability of consultants and providers who oﬀer green
building services and products, and investments in ﬁnancing packages for green buildings have all hindered the
growth of this sector.
While policies exist, knowledge about such products and technologies is lacking. Thus awareness genera on is a
crucial for deriving the success of the policies. Further, capacity building of oﬃcials working in the construc on as
well as sensi zing them to low carbon and resource eﬃcient resources will enable greater acceptance of these
technologies. The Indian Bureau of Standards and the Building Materials Technology Promo on Council have been
key in promo on as well as se ng standards and quality cer ﬁca on of innova ve building materials and
construc on technologies. BMTPC has been promo ng development, manufacture and use of alternate materials
and technologies through the use of waste products, energy conserva on, and development of subs tute materials
for scarce materials e.g. wood, and disaster resistant construc on technologies. Building centres have thus been set
up across the country to disseminate the research beneﬁts.
However, these codes and standards are not enforceable and therefore regula on of the eﬃciency and quality of the
building materials that are used remain weak. NGOs and think tanks can play an important role in ﬁlling these data
gaps, publicising the informa on, and undertaking awareness genera on and policy engagement ac vi es.

4.3. Technology Commercializa on and Mainstreaming
With the Na onal Housing Policy advoca ng the use of alternate technologies and a holis c approach to
sustainability, the overall interest in promo ng 'green' in the construc on sector India has greatly picked up. To
mainstream green-building prac ces, the Government of India has several policy ini a ves in the form of
regula ons and voluntary schemes.
In order to streamline low carbon and resource eﬃcient technologies, an eﬀec ve policy regula on has been of
sustainable public procurement (SSP). In the Indian context, preferen al procurement of certain products and
services have been introduced through policy measures and guidelines at the central and the state level. A few states
in India promote ﬂy ash brick produc on by giving preference in the purchase of ﬂy ash brick for the use in public
construc on. State governments like Odisha, Bihar and Jharkhand have made the use of ﬂy ash bricks mandatory in
all government buildings located within a radius of 100km from the thermal power plants. For those areas not within
the 100 km radius, 50 percent of the brick requirement in government buildings has to be met by the use of ﬂy ash
bricks, irrespec ve of loca on.
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5. Strategies for Change
The concept of low carbon and energy eﬃcient material is of using locally available material that meet the target of
minimal use of natural resources i.e., resource eﬃciency and that which is not carbon intensive. With that regard,
good prac ces of three construc on materials which were iden ﬁed were ﬂy ash bricks, bamboo and prefab
technology. While these may seem readily available, there con nue to be barriers to a ain the maximum u liza on
of these materials. Below are some of the drivers, that have helped to increase the u liza on levels, as well as other
barriers, that have prevented in the up-scaling of these technologies.

5.1. Technology and Capaci es
Currently the Indian construc on sector suﬀers from lack of appropriate technologies and the support by eﬃcient
technology transfer. Innova on of cleaner and environment friendly technologies is essen al to transform the
construc on sector. The absorp ve capacity due to lack of informa on and skill deﬁcit is a major barrier to the
growth of technological innova on in the country. Several aspects need to be addressed for the development and
transfer of these technologies. Some of them include collabora ve research, technology demonstra ons, access of
informa on, and capacity building of the workforce.
Successful adop on of these technologies can be seen in small pockets across the country. While these technologies
are available, limited informa on about the beneﬁt of these technologies, its viability in the local context, and the
opera on processes hinders its growth. Large-scale awareness programmes targe ng both entrepreneurs and users
is the need of the hour to develop and nurture service providers.
Lack of technical capaci es is one of the biggest barriers faced by this sector. In India, about 12 million people join the
workforce each year, and only 4 million are skilled workers (FICCI & Ernest and Young, 2012). While several schemes
that work towards upgrading the skills of the workers have been launched by the Central and State Governments,
they remain woefully inadequate. The technical training of masons and engineers is not organised on a regular basis
and it is hard to obtain industry-sponsored appren ceships.
While technologies are innovated, and awareness of these technologies may exist, without the technical capacity to
set-up these technologies and their opera on, this technology is rendered useless.
Another major concern is the lack of a deﬁni on of green construc on. While several green building ra ng systems
like the Leadership in Energy and Environment Design (LEED) and Green Ra ng Integrated Habitat Assessment
(GRIHA) are present, ambiguity in the deﬁni on s ll exists and the mul plicity of these systems adds to the
confusion. As a result, many buildings are being marketed as green, which undermine the quality of green
construc on. The current ra ng systems focus majorly on energy eﬃciency. Pilot projects should be undertaken to
demonstrate its beneﬁts. Some of the popular ra ng systems have been adapted from other countries and are not
suitable for India. Their suitability in the Indian context in terms of quality and environmental sustainability needs to
be assessed, before being implemented. Thus, a common framework deﬁning the parameters of green construc on
should be developed and implemented across the country
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5.2. Policy and Regula on
An economy, is a sum total of various sectors in the country. With the focus on a green economy, a policy push is a key
driver that advocates for the use of alterna ve technologies. Understanding this need, both the 12th Five Year Plan
(2013-2017) and the Na onal Ac on Plan on Climate Change have iden ﬁed green buildings and construc on as
focus areas.
However, despite several policy mandates; the transla on to plans and schemes has been minimal. Policies and
schemes such as Jawaharlal Nehru Na onal Urban Renewal Mission (JNNURM) and Rajiv AwasYojana (RAY) that
aimed to provide aﬀordable houses lacked the inclusion of green features in their objec ve. Schedules of Rates (SoR)
do not always include a wide range of green op ons. To remedy this, guidelines should be developed to include the
aspects of green construc on in policies and schemes. The scope of SoRs should be expanded to accommodate
green building materials. This would enable the government departments to use environment friendly construc on
techniques and technologies in their construc on. Awareness genera on should also be an integral aspect of these
policies. Capacity building of oﬃcials for the proper implementa on of these policies should also be within the scope
of this framework. Such a s mula ng policy framework would help in crea ng conﬁdence among the stakeholders in
environment friendly technologies and green construc on.
While the concept of green construc on is missing as the basic fabric, the set of codes and standards that regulate
the eﬃciency and quality of the building materials used is rather weak. Where Bureau of Indian Standards (BIS) has
set standards for some alternate building materials, however it doesn't have any mandates for enforcing it. A quality
control system should be set in
TARA Karigar Mandal
place that is in the form of ecolabelling/ ra ng systems for
TARA Karigar Mandal (TKM) is a social enterprise that builds capaci es of materials and products. While
masons through dissemina on of sustainable eco-friendly construc on ensuring quality is essen al, it is also
techniques. Registered as a Mutually Aided Coopera ve Society (MACS) crucial to allow ﬂexibility in the
with the Madhya Pradesh State Government in India, TKM facilitates design and applicability of these
crea on of eco-houses by ac ng as a service provider to provide materials. Materials and design
construc on services and training masons to fulﬁll the needs of the people should be selected on the basis of
while contribu ng to low carbon development. The masons under the local geographical condi ons,
Karigar Mandal, help meet the growing demand for rural housing without climate and availability of local
harming the Earth.
materials.
The availability of skilled masons enables new homeowners to make
informed and empowered choices. A frontrunner of green job crea on TKM has supported training of ar sans across the state of Madhya Pradesh
to service their social housing ini a ve, The Karigar Mandal model has a
large poten al for replica on by skill enhancement and currently six other
Karigar Mandals are being incubated in the Bundelkhand Region. TKM has
been ini ated and supported by Development Alterna ves.
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Further, policies and standards are
essen al to mainstream green
construc on. For this greater
integra on and coherence among
the government departments and
policies is necessary. For example;
the responsibility of management
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and u lisa on of ﬂy ash lies with the Ministry of Environment, Forests and Climate Change. However, other
departments also play a key role in ensuring the eﬃcient usage of the same, like the Department of Science and
Technology encourages research and development, and demonstra on of ash disposal and u lisa on technologies.
BIS has developed standards for building materials produced out of ﬂy ash, and further at the state level, the
Department of Industries promotes industries based on ﬂy ash through incen ves and subsidies. Thus a concerted
eﬀort by all the government departments has resulted in an increase in the u lisa on of ﬂy ash in the country.

5.3. Market and Finance
The construc on sector in India is highly
unorganised and informal. For adop on of
alterna ve technologies, aggrega on of the
construc on sector will be impera ve. The
advantage of economies of scale as well as sharing of
technical- know of these technologies will result in
the streamlining of these technologies. Micro
enterprises can ensure con nuous supply of
construc on materials, which have the advantage of
using local materials as well as catering to the local
demands and crea ng local employment
opportuni es.
A market for adop on of alternate technologies
essen ally cannot just entail access to the
alterna ve construc on material but also a
standardised curriculum and a system of cer ﬁed
skills for masons and ar sans. This is necessary to
ensure quality of construc on material as well the
method of construc on. Despite the availability of
the market, the demand for such technologies and
prac ces is low due to the low level of awareness of
various stakeholders. As a result, the level
acceptance of the end-users is low.

Green Building Centres
TARA Machines and Tech Services Pvt. Ltd, a social
enterprise of the Development Alterna ves Group, has
partnered with ACC and is se ng-up TARA-ACC branded
"Green Building Centres". These franchises are a one-stop
shop for all green building requirements, from design to
facilita on of construc on. The Green Building Centre is a
very a rac ve social entrepreneurship model with high
investment returns.
The setup of the Green Building Centres, co-branded with
ACC cements, provides best technology solu ons as well as
a quality brand name to develop a strong and growing
business model for the entrepreneur. Green Building
Centres have mul ple economic, environmental and social
impacts. Other than crea ng employment and giving a
boost to the local economy, they have a huge poten al in
mi ga ng climate change impacts through promo ng
energy and resource eﬃciency and waste u lisa on.

5.4. Ins tu ons and Partnerships
Given the current state of technology in the construc on industry, research and development is essen al for
improving and promo ng environment friendly and eﬃcient technologies. While R&D goes on, these technologies
remain conﬁned to the research laboratories and ins tu ons, completely inaccessible to common entrepreneurs
and developers both in terms of the accessibility and aﬀordability of the technology. This is par cularly true of the
construc on industry. It is thus, essen al to strengthen commercialisa on of appropriate technologies as and when
they are invented or developed. One of the methods to do this is through propaga ng incuba on services
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Green Infrastructure Bonds
th

YES Bank, the 4 largest private sector bank in
India has successfully issued India's ﬁrst Green
Infrastructure Bonds raising an amount of INR 1000
crores. The money will be used by YES Bank to ﬁnance
Green Infrastructure Projects in Renewable Energy
including Solar Power, Wind Power, Biomass and Small
Hydel Projects. The main challenge in the promo on of
green construc on is the access to ﬁnance for
entrepreneurs. In the space of small size loans, the
Indian lending system has s ll under-developed. While
incen ves should be provided to entrepreneurs for
inves ng in environment friendly techniques and
construc on, other mechanisms could be in the way of
Green bonds for investors or Green Mortgages for
home owners. Green mortgages provide retail
customers with considerably lower interest rates than
market level for clients who purchase new energy
eﬃcient homes and/or invest in retroﬁts, energy
eﬃcient appliances or green power. An eﬀort to
extend these to housing construc on which use green
construc on materials could be a possibility worth
exploring.

that act as intermediary between the laboratories
and research ins tu ons, and entrepreneurs. Such pilot
demonstra ons will generate awareness among the
stakeholders. However, the incuba on service should
not be limited only to technologies. The incuba on
service can also include other so er aspects of
construc on like design and processes, capacity
building, etc.
With the increasing involvement of private sector in the
construc on industry, it is vital to promote publicprivate partnerships (PPP). In such partnerships, the
services are delivered by the private sector, while the
responsibility of providing service rests with the
government. PPP includes all non-government
agencies such as the corporate sector, voluntary
organisa ons, self-help groups, partnership ﬁrms,
individuals and community based organisa ons. PPPs
will not only help in commercialisa on of the
technologies, they would also play a key role in crea ng
a cri cal mass of skilled workforce necessary to
implement the policies and incorporate green aspects
in construc on.

The table below summarises key barriers and drivers in the mainstreaming of green construc on.
Means of
Implementa on
Technology

Barrier

Driver

•

Absorp ve capacity due to lack of
informa on and skill deﬁcit

•

Lack of technical capaci es
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·

Large-scale awareness programmes for
entrepreneurs and users

·

Technical training of masons and engineers

·

Eco-labelling system for pilot projects

·

Common framework deﬁning parameters
of green construc on
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Means of
Implementa on
Policy and Regula on

Market and Finance

Ins tu ons and
Partnerships

Barrier

Driver

•

Transla on to plans and schemes

•

Quality control system

·

Inclusion of green feature in policy
mandates and guidelines

·

Capacity building of oﬃcials

·

Greater integra on and coherence

•

Supply chain of materials and
services

·

Aggrega on to construc on services and
micro-enterprise

•

Acceptance by the end-users

·

•

Access to ﬁnance

Innova ve tools taxing and disincen vising entrepreneurs who use
conven onal technologies

•

Conﬁned to research laboratories

·

Propaga ng incuba on services and pilot
demonstra on

·

Promo ng public-private partnership
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6. Conclusion
In conclusion, it is evident that the construc on sector is a disaggregated sector with complex interlinks among both
the public and private stakeholders. But at the same me, one is able to iden fy the key agents of change whose
coopera on as well as coordina on can bring about a paradigm shi in the construc on sector from a carbon
intensive and resource ineﬃcient sector to a more sustainable construc on sector.
On one hand, the government agencies need to work towards streamlining policies to include the 'green' mandate,
strengthen the implementa on processes and mechanisms and increase coherence and integra on among
departments. On the other hand, the private sector needs to build partnerships so as to strengthen the supply chain
as well as enhance access to ﬁnance to provide an impetus to micro-entrepreneurs. Finally, the civil society
organisa ons also have a crucial role to play in genera ng awareness as well as building capaci es towards the use of
green construc on materials. Thus the coming together of all these stakeholders with a universal goal of
mainstreaming the use of low carbon and resource eﬃcient construc on materials and technologies will result in
the transi on to a green and more inclusive economy.
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