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Abstract
The paper addresses certain issues pertaining to the energy, environment, alternative building technologies, and
sustainable building construction. Brief history of developments in building materials is discussed. Energy consumption
in manufacture and transportation of some common and alternative building materials and the implications on
environment are presented. Impacts of alternative building technologies on energy and environment are discussed. Some
thoughts about utilizing industrial and mine wastes as well as recycling of building wastes for meeting the demand for
buildings in a sustainable fashion have also been presented.

1. Introduction
Building material and technologies, and building practices have evolved through ages. Housing and

building conditions reflect the living standards of a society. Stones, mud, thatch/leaves, and timber represent
the earliest building materials used for the construction of dwellings. Hardly any energy is spent in
manufacturing and use of these natural materials for construction. Durability of the materials, directly derived
from natural materials like soil, thatch/leaves, timber, etc. is questionable. Quest for durable building materials
is an ongoing phenomenon ever since man started construction activity. Brick burning represents one of the
earliest examples of using energy (other than animate energy) to manufacture durable building materials from
the soil/earth. Firewood was the main source of energy for burning bricks. Use of metal products represents
the next energy consuming, manufactured material for the construction, after bricks. The manufacture of lime
and lime-based products comes after that. Burnt bricks, metal products and lime are the manufactured
materials (using external energy sources) commonly used for construction by our ancestors for a very long
period of time.

Table 1 : Historical development in building materials

MATERIAL PERIOD
Mud, stones, wood/thatch Prior 8000 BC

Sun dried bricks 6000 BC

Pottery products 4000-8000 BC

Burnt bricks 4000 BC

Lime 3000 BC

Glass 1300 BC

Iron products 1350 BC

Lime-pozzolana cement 300 BC-476 AD

Aluminum 1808 AD

Portland cement 1824 AD

Plastics 1862
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Discovery of natural inorganic binders like pozzolanic materials lead to the use of lime-pozzolana
(LP) cement for construction purposes. Experience of using LP cement paved the way for the invention of
Portland cement in 1824. Portland cement and steel brought revolutionary changes in the construction
practices from early part of 20th century. Then plastics and plastic products entered the construction industry.
The following points require attention, regarding the use of modern building materials: Energy consumed in
the manufacturing processes - energy intensity; Problems of long distance transportation; Natural resources
and raw materials consumed; Recycling and safe disposal; Impact on environment, and Long-term
sustainability. Thus, the issues related to energy expenditure, recycling, biodegradable, and environmental and
sustainability with respect to future demand need to be addressed during the manufacture and use of any new
building material.

2. Some issues on energy, environment, sustainable construction, and buildings
Indian construction industry is one of the largest in terms of economic expenditure, volume of raw

materials/natural resources consumed, volume of materials and products manufactured, employment
generated, environmental impacts, etc. Large variety of materials are manufactured and consumed in the
construction industry. Production levels and energy expenditure of some of the building materials consumed
in bulk quantities are given in Table 2. Total energy expenditure on bricks, cement aluminum, and structural
steel consumed in bulk quantities is 1684 x 106 GJ per annum. It has been estimated that 22% of greenhouse
gas (GHG) emissions is contributed by the construction sector in India. There is an ever-increasing demand
for building materials. For example, demand for houses has doubled in about two decades from 1980 (Figure
1) Projected demand for the building materials like bricks, steel and cement consumed in bulk quantities is
given in Table 3. Compounded growth rates of 2.5%, 5% and 5% has been assumed for bricks, steel, and
cement respectively to compute the projected demand. In case of brick-making activity, at present topsoil
equivalent of 300 mm from 100,000 hectares (1000 sq km) of fertile land, 22 x 106 tonnes of coal and 10 x 106

tonnes of biomass are consumed annually. We have an arable land area of 1.62 x 106 sq km comprising
alluvial soils, black soil, red soil, laterite soil, and desert soil. Alluvial, laterite and red soils are suitable for
brick making. Area under the soils suitable for brick making may not exceed 50% of the arable land. Brick-
making activity to meet the present and future demand can result in consuming the 300 mm depth fertile
topsoil of arable land in about 90 years (assuming 2.5% compounded growth rate). Similarly the pressure on
raw materials like limestone to manufacture cement and energy requirements to produce these materials has to
be addressed.
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Table 2. Volume and energy consumption of building materials in India (2003)

Material Volume of materials
manufactured per annum

(2000)

Thermal
energy

(MJ per kg)

Total energy
(GJ)

Bricks 150 x 10 9 Nos 1.40 630 X 10 6

Cement 96 x 10 6 tonnes 4.20 403 x 10 6

Aluminum 0.80 x 10 6 tonnes 236.8 189 x 10 6

Structural Steel 11 x 10 6 tonnes 42.0 462 x 10 6

Table 3. Projected demand for building materials

Building Material 2000 2020 Thermal energy
(MJ per kg)

Total energy
(GJ)

Bricks Nos. 150 x 10 246 x 10 9

Structural Steel Tonnes 11  x 10 30 x 10 6

Cement Tonnes 96 x 10 255 x 10 6

Table 4. Energy in Transportation of building materials

Building Material Unit Energy in Transportation
For 100 km (MJ)

Bricks m 200

Cement m 175

Aluminum Tonnes 100

Structural Steel Tonnes 100

3. Need for sustainable alternatives
Steel, cement, glass, aluminum, plastics, bricks, etc. are energy-intensive materials, commonly used

for building construction. Generally, these materials are transported over great distances. Extensive use of
these materials can drain the energy resources and adversely affect the environment. On the other hand, it is
difficult to meet the ever-growing demand for buildings by adopting only energy- efficient traditional
materials (like mud, thatch, timber, etc.) and construction methods. Hence, there is a need for optimum
utilization of available energy resources and raw materials to produce simple, energy efficient, environment
friendly and sustainable building alternatives and techniques to satisfy the increasing demand for buildings.

4. Energy in common & alternative building technologies & buildings
Energy consumption in buildings can take place in two ways: (i) energy capital that goes into

production and transportation of building materials and assembling of the building (embodied energy), and (ii)
energy for the maintenance/servicing of a building during its useful life. The second one greatly depends on
the climatic variations in a particular region. The first one is a one-time investment, which can vary over wide
limits depending upon choice of building materials and techniques. Energy in conventional (common) and
alternative building technologies and buildings, their implications on sustainable building construction
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practices are discussed in the following sections. Table 6 gives the details of energy content in various types
of common and alternative walling and roofing systems. The table indicates that: (a) Energy content of SMB
masonry and steam-cured block masonry are about one fourth and two thirds of that required for the
commonly used burnt brick masonry respectively, (b) Alternative roofing systems like SMB filler slab,
composite panel roof, ribbed slab roof, etc. can be used in place of conventional reinforced concrete roof
saving about 20-40% of energy, and (c) Ferroconcrete tile roof consumes 30% less energy when compared to
conventional Mangalore tile roof. Thus, it is clear that use of alternative building technologies results in
reduction of considerable amount of embodied energy in building systems.

Table 6. : Embodied energy in various walling and roofing systems
Building element Unit Energy per unit (MJ)

Walling systems

Burnt brick masonry m3 2141

SMB masonry m3 550

Steam cured block masonry m3 1396

Roofing systems (for 3.6 m span)

Reinforced concrete slab m2 730

SMB filler slab m2 590

Composite panel roof m2 560

Ribbed slab roof m2 490

Brick masonry vault roof m2 575

SMB masonry vault roof m2 418

Mangalore tile roof m2 227

Ferroconcrete tile roof m2 158

(Source: Reddy and Jagadish : Structural Masonry for Developing Countries)

5. Impact of alternative building technologies
The energy values of different components of buildings discussed earlier can be integrated into

computation of total embodied energy of a building. Total embodied energy of three types of buildings using
conventional and alternative building systems is given in Table 7. Embodied energy is computed based on the
actual measurements of quantities recorded while constructing these buildings. Energy per 100 m2 of built-up
area of the buildings is considered for the purposes of comparison. A multi-storied reinforced concrete framed
structure building is most commonly used for building flats in urban areas. Also, it is very common to find 2-
3-storeyed load-bearing brick and concrete slab roof buildings. The multi-storied building consumes highest
amount of energy at 4.21 GJ per m of built-up area, whereas the energy consumed by the load bearing
conventional 2-storeyed brickwork building is 2.92 GJ/m 2 (30% less than that used by multi-storied framed
structure building). Two-storied building using alternative building materials like SMB walls. SMB filler slab
roof etc. is highly energy efficient. The energy consumed by this building is 1.61 GJ/m2, which is about 40%
and 55% of that consumed by multi-storied building and conventional brick wall building respectively. This
clearly indicates that use of alternative building technologies results in considerable amount of reduction (~
50%) in embodied indicates that use of alternative building technologies results in considerable amount of
reduction (~ 50%) in embodied energy. thus paving the way for efficient utilization of energy resources and
thereby protecting the environment.
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Table 7. : Total embodied energy in a building

Building and specifications No. of

Storey
's

Total built-up
area of the

building (m2)

Total embodied
energy per 100 m2

of built-up area

Equivalent
amount of coal

per 100 m2

Reinforced concrete framed structure
with in filled burnt brick masonry walls

8 5120 421 GJ 21 tonnes

Load-bearing brick masonry walls,
reinforced concrete slab roof, mosaic tile
floor

2 149.5 292 GJ 15 tonnes

SMB load-bearing walls, SMB filler slab
roof, terracotta tile floor finish

2 160.5 161 GJ 8 tonnes

(Source: Reddy and Jagadish : Structural Masonry for Developing Countries)

Major features/impacts of the alternative building technologies discussed in the previous sections can be high-
lighted as follows:
•    Energy efficient, consuming less than half of the energy required for conventional building methods
leading to energy conservation
•    Techniques are simple and employ maximum local resources and skills
•    Decentralized production systems and small-scale age-rations that generate local employment
•    Reduce cost and energy involved in transportation of building products.

6. Use of industrial mine wastes and recycling of building wastes
Need for building materials will grow at an alarming rate in future, in order to meet the demand for

new buildings.

Manufacturing of building materials like bricks/blocks, cement, steel, aggregates, etc. consumed in bulk
quantities, puts great pressure on natural resources (raw materials) and energy requirements. As already
mentioned, the top 300 mm layer of fertile soil will be used for brick manufacture in due course of time, if we
do not use alternative materials for bricks. In order to sustain the construction activity in future, it becomes
inevitable to explore the following possibilities:

•    Use of energy-efficient alternative building technologies

•    Efficient utilization of natural resources/raw materials
•    Optimal designs and planning practices
•    Recycling of building wastes
•    Utilization of industrial/mine wastes for the manufacture of building materials

•    Adopting energy-efficient process in manufacturing processes of building materials

• Use of renewable energy sources and technologies.

7. Conclusion
Certain issues concerning embodied energy in buildings and its implications on environment and

sustainability of currently used methods of construction are discussed in some detail. Construction industry
contributes 22% of GHG emissions into the atmosphere. It is difficult to sustain the building activity in the
long-term to meet the future demand for buildings by using the currently available energy-intensive materials
and building techniques /technologies. It becomes inevitable to steadily switch over to the use of energy-
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efficient building materials and technologies and devise methods and mechanisms to utilize industrial/mine
wastes and recycling and reuse of building wastes for the manufacture of building materials and products for
the sustainable construction practices.

Currently R&D efforts in developing sustainable building technologies are limited in the Indian context. There
is a large scope for R&D efforts in developing alternative building technologies, addressing the following
issues.

 Clear understanding of the sector-wise demand and growth of the Indian construction scenario.
 Estimating current building stock and the contribution of unorganized sector in manufacturing and supply

of energy intensive building materials.
 Assessing the availability (region wise) of local resources, raw materials/traditional materials for

developing and manufacture of building products.
 Developing alternative building technologies to meet the region-specific needs/demands for buildings.

References
1. The Handbook of Housing Statistics Part -1, National Buildings Organization (NBO), New Delhi, India, 1990.
2. The stabilized mud block, user’s manual for mud block press, 'ITGEVOTH' Gramavidya, Bangalore. India. 2nd

edition 1992.
3. Venumadhava Rao, K., Venkatarama Reddy, B. V., and Jagadish, K. S., Flexural bond strength of masonry using

various blocks and mortars. Mater. Struct, 1996
4. Venkatarama Reddy, B. V. and Jagadish, K. S., Field evaluation of pressed soil-cement blocks. Proceedings of the

4th International Seminar on Structural Masonry for Developing Countries, Dec. 1992, Madras, India.
5. Working document of a project proposal on 'Energy efficient and renewable energy sources project India'

Development Alternatives, New Delhi, 1995.
6. Yogananda, M. R. and Jagadish, K. S., Possolanic properties of rice husk ash, burnt clay and red mud. Build.

Environment 1988.


