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Abstract
The building industry is responsible for about 30% of CO2 emission of the country. The purpose of this paper is to provide insight into the challenges faced by building industry and covers various approaches adopted to mitigate the CO2 emission. A study of the conventional building materials and techniques is carried out to assess the current energy consumption and associated CO2 emissions. Findings of the study suggest that proper sustainability in the built environment is necessary to ensure climate security over the next decade and this can be achieved by low carbon buildings which emit significantly less green house gases. Results also reveal that there is a need for use of the available low – carbon & energy saving technologies. This paper also explores a study of the innovative building materials and techniques, to assess the current energy consumption and associated CO2 emissions.  An investigation into the energy consumed by the individual building materials as well as their carbon emissions is computed to find out the total energy requirements and reduction in the carbon footprint for a single storey house type to prove superiority of innovative construction techniques developed by CSIR- CBRI, over conventional methods of construction.
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1. Introduction
With growing concern towards climatic change and environmental pollution, various strategies and activities have already started building up across the world [1]. It has been identified by the International Panel of Climate Change (IPCC) that buildings are the major contributors to global warming. In developing countries, the rate of building construction is unprecedented, with little attention given to the impact, that the construction and operation of these buildings will have on the environment, makes the situation even more worse [2].  Studies show that a person spends nearly 90% of his time indoor, thus building proves as the main locus of human activities and is responsible for climate change. The main source of green house gas (GHG) emissions from buildings is energy consumption. Energy is consumed during the following processes: (i) manufacturing of building materials (‘embodied’
energy); (ii) transportation  of these materials from production plants to building sites (‘grey’ energy); (iii) construction of the building (‘induced’ energy); and (iv) operation of the building (‘operational’ energy) [3,4]. The process of construction of buildings consumes huge amount of energy and in turn produces large volume of GHG. Construction sector in India is contributing to 17% of the total CO2 emissions when both direct and indirect emissions are considered. This emission comes from production and transportation of building materials like brick, cement, steel, coarse aggregate, sand etc. Brick manufacturing using existing brick kilns in India, which use coal as principal fuel, produces CO2 at the rate of 38 tons per one lakh of brick.  Apart from production of CO2, production of burnt clay bricks also results in serious environmental degradation through exploitation of the top soil mainly from fertile lands. Production processes of cement and steel are also energy intensive and huge amount of CO2 is emitted during the process.
Emission from crude steel production in sophisticated plants is about 2.75 ton CO2 per ton of crude steel or say 3.00 ton per ton of processed steel. Sand is another important material in building construction and is available from natural sources like riverbeds or queries. But transportation of the same by trucks requires energy and 0.00262 ton of CO2 is produced per liter of diesel consumption. If it is considered that average transportation distance for sand from the point of collection to point of use is 50 km then the CO2 emission per cubic meter of sand will be 0.004 ton. 
Considering diesel-operated machines at production point and transportation by diesel-run trucks, we can find out that CO2 emission per cubic meter of use of stone chips is about 0.008 ton [5 -12] & [16]. Table 1 gives a brief glimpse of the environmental effects of a building.   It is transpired that the maintenance and life cycle of a building is the most harmful stage. Hence, we have three different types of built environment to deal with i.e. new build, existing buildings and supporting infrastructures (for transport, water/sewage, waste and energy supply).The easiest sector to deal with first is the new build. As the buildings are built with good life-cycle and the existing buildings are likely to remain for sometime, it is important that they perform well in relation to CO2 emission. 
Table 1. Environmental effect of buildings

	Activity
	                           Environmental Effect

	Mining/drilling
	                 Deforestation, land erosion, water pollution

	Manufacturing/assembly
	                 Energy consumption, waste generation

	Transportation/distribution
	                 Energy consumption,CO2 emission , resource use

	Building
	                 CO2 emission, pollution and damage

	Maintenance/life cycle
	                 Energy consumption, CO2 emission, wear and                        

                 tear and water pollution

	Demolition
	                 Chemical contamination, toxicity

	Recycle/waste
	                 Ground water contamination.


2.  Low carbon buildings
Worldwide, the United States generates over 21% of the world's carbon dioxide emissions, followed by China (17%), Russia (6%), Japan (5%) and India (4%). Keeping this huge problem in mind low carbon buildings (LCB) are introduced to mitigate the climate change [5]. The LCBs are designed to conserve resources, protect the environment and provide healthy environment for the occupants. LCBs also provide a road map that will lead to zero carbon building and recommends future development in relation to carbon emission and energy in buildings. A zero carbon building has a reduced energy demand for thermal energy and power and the supply is from renewable energy sources, integrated into buildings. Low carbon building not only reduces its operating energy through the judicial use of renewable resources but its embodied energy also gets offset. 
It has been found by researchers [11-13] & [16] that production of building materials has a major impact on environment. With the use of locally available materials, energy and carbon dioxide emissions can be minimized. In India, where surplus labour force is available, employment also increases with use the construction activities involving CO2 emission due to labour intensive techniques. 2.1 Low Carbon Development in India. India firmly believes that industrialized countries should fulfill the Kyoto Protocol commitment. To meet this Protocol, there are five main policy targets to be followed: i) increase the efficiency of buildings; ii) increase the energy efficiency of appliances; iii) encourage energy generation and distribution companies to support emission reduction; iv) change the attitude and behavior towards energy consumption; and v) promote the substitution of fossils fuels with renewable sources of energy.
 The enforcement of building codes is one of the policy frameworks. Results have shown that current energy codes alone are not sufficient to achieve the reduction targets. Building codes are always more successful when made mandatory rather than voluntary. The ongoing research at CSIR – CBRI aims to promote the adoption and implementation of policies for low-carbon development in India. The unplanned development in which rural villages have been engulfed by low-quality housing and associated infrastructure, the researchers [16] have involved strategies towards low carbon development. Modern methods of construction are being developed, which result in efficient use of resources, less waste and better quality control. 
3.   Energy intensity of building materials and carbon footprint
A carbon footprint is a total set of Green House Gas (GHG) emissions caused by an organization, product or person. A carbon footprint is made up of the sum of two parts, the primary footprint (home – gas, coal, electricity, oil, private & public transport etc.) and the secondary footprint (buildings & furnishings, public & financial services, recreation & leisure,     food etc.). The primary footprint is a measure of our direct emissions of CO2 from the burning of fossil fuels including domestic energy consumption and transportation (e.g. car and plane). We have direct control of these. The secondary footprint is a measure of the indirect CO2 emissions from the whole lifecycle of products we use, those associated with their manufacture and eventual breakdown [16]. 
The energy requirements for production and processing of different building materials have been studied by various researchers [4 – 14] , [16, 19] among many others and have calculated the energy content of various building materials, and have found that for the production or processing of different building materials, 16% of the total energy is consumed for the raw material, 8% for manufacturing of the industrial raw material, 16% for the manufacture of products, 10% for transportation of the products and people, 10% for human energy, mainly workers' food, and the remaining 30% for heating. 
Arabinda  et.al. [12], Reddy & Jagdish [13], Rai [14],  Kumar [16], and Chani [19] have computed the energy usage of major building materials in India and have observed that cement accounts for the highest percentage (25 - 30%), followed by bricks (10-15%), iron and steel (7- 10%) and glass (7 - 9%) approximately. The studies reveal that the construction cost per square meter of floor area is proportional to the energy consumption per unit area of built space. About 0.098 ton of CO2 is produced per Giga joule of embodied energy i.e. 0.098 kg of CO2 per MJ of embodied energy and per one unit of carbon is 0. 27273. Hence, 1 Kg of carbon burnt emits about 3.6 kg of CO2.
4. Regression equations for estimating the quantity of materials 
CSIR- Central Building Research Institute (CBRI) has published equations for the estimation of the major building material requirements (Table 2) with different floor areas for three types of houses i.e. single storey, double storey load bearing wall residential buildings and four storey framed structure residential buildings [12, 14, 16]. These equations are valid for 
total floor area ranging from 30 to 300 m2 for single and double storey structures, and from 120 to 400 m2 for four storeyed structures. In order to establish a relationship between the material requirement and the plinth area of different house types, other factors like the soil condition, floor height, foundation etc. are kept the same. With the help of these regression equations, the quantity of the major material required for the construction of the sub - structure and superstructure has been estimated for a single and double storey house having an area of 35m2 [16]. Plan of a single storey house is shown in Figure 1.
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Figure 1. Typical Plan of a dwelling unit (Area 35m2)
Table2. Equations for material requirements in residential buildings
(A is the floor area in m2)

	Materials
	Single  Storey
	Double  Storey

	Bricks (1000 numbers)
	2.26A + 66.8
	2.15A + 63

	Cement (ton)
	0.153A + 0.57
	0.145A + 0.54

	Steel (kg)
	21.3A - 314
	21.97A - 305

	Coarse Aggregate (m³)
(all sizes)
	0.176A - 0.21 + 0.145A + 1.5
	0.178A - 0.21 + 0.075A + 0.78

	Brick Aggregate (m³)
	0.113A - 0.83
	0.056A - 0.42

	Timber (m³)
	0.019A + 0.23
	0.019A + 0.23

	Lime (100 kg)
	0.145A - 0.35
	0.073A - 0.17

	Surkhi (m³)
	0.052A - 0.37
	0.026A - 0.18

	Bitumen (kg)
	1.836A -  9.0
	0.918A -  4.0

	Glass (m²)
	0.064A - 0.73
	0.064A - 0.73

	Primer (1)
	0.068A
	0.068 A

	Paint (1)
	0.108A + 0.27
	0.108A + 0.27


 Note:  The quantity of material required for the installation of electrical, mechanical,   

 plumbing, sewage and drainage systems is not included.

Similarly, based on the quantity of the major materials required for the construction of different walling, roofing and other non structure items, the embodied energy and carbon footprint has been computed [16]. The embodied energy and carbon emission computations of the various innovative building materials and technologies are done based on the procedure adopted by different researchers and compared with conventional materials to prove their superiority and the values are given below in Table 3 [16]. After estimating the quantities of major building materials required in the house, the energy cost of these materials is assigned to the estimated quantities. 
Energy consumed by these individual materials is, then, added to find out the total energy requirement for a given floor area of single storey house. The procedure was repeated for double storey type of house having the floor area of 35 m2. 
The data generated through this method shows that energy used for constructing single storey houses with load bearing structure using innovative materials and techniques (shown in Figure 2 & Table 4, Sr. no. 5) is less than that the conventional materials used in single as well as double storey [16, 18].  An investigation into the total quantity of the materials estimated with the help of the CSIR - CBRI equations in the two types of houses shows that the cost of building materials per unit of floor area decreases with an increase in the total floor area for the two types of houses and the unit cost is lower for two storey residential houses compared to the single storey houses [16, 17].

Table 3. Embodied energy and carbon emission of various materials and technologies
	Item Description
	Embodied Energy 
	      Carbon Emission

	Sr.No.
	Item
	MJ / Kg, MJ /sq.m, MJ/no.
	MJ / cu.m.
	KgCO2 /

Kg/cu.m. /no.
	Carbon Emission Kg/unit

	1.
	Cement average (bag 50 kg)
	4.20
	6300.00
	0.412
	0.11 kg/kg

	2.
	Steel
	42.00
	330120
	4.116
	1.13 kg/kg

	3.
	Cement sand mortar  

(1cement : 4sand )
	_
	1819.81
	178.341
	48.64kg/m3

	4.
	Cement sand mortar (1cement : 6sand )
	_
	1226.15
	120.162
	32.77kg/m3

	5.
	Stabilized earth sand mortar (1cement : 4soil : 8sand)
	_
	632.21
	61.957
	16.90kg/m3

	6.
	PCC (1cement : 4sand : 8aggregate)
	_
	1274.30
	124.882
	34.06kg/m3

	7.
	Wire cut fire Brick Wall 23cm thick 
	539.0
	2345.00
	229.810
	62.68 kg/m3

	8.
	Concrete Block Wall 20 cm thick
	235.0
	1175.00
	115.15
	31.45 kg/m3

	9.
	Clay fly ash brick wall (22.9 x11.4 x7.6cm) and 23 cm thick in 1:6 cement mortar
	372.10
	1606.10
	157.43
	42.93 kg/m3

	10.
	Cement concrete block wall (30 x20 x15 cm) and  20 cm thick
	268.25
	1341.25
	131.44
	35.85 kg/m3

	11.
	Course Ruble stone wall (30 x20 x15 cm) and 30 cm thick
	411.735
	1372.45
	134.500
	36.68 kg/m3

	12.
	Sand lime brick wall (22.9 x11.4 x7.6 cm)
	428.05
	1861.1
	182.38
	49.74 kg/m3

	13.
	Cement concrete aerated block wall (40 x20x 20 cm ) and 20 cm thick
	170.75
	853.75
	83.66
	22.82 kg/m3

	14.
	Fal – G – block wall (30 x20 x15cm) 
	212.25
	1061.25
	104.00
	28.36 kg/m3

	15.
	R.B.C. slab roofing system (10cm thick )  M20 Concrete
	450.09 
	_
	44.10
	12.03 kg/m2

	16.
	R.B. slab roofing system (10cm thick ) 
	480.10 
	_
	47.04
	12.83 kg/m2

	17.
	Jack- Arch roofing system  
	515.466 
	_
	50.51
	13.78 kg/m2

	18.
	RCC slab (12 cm. thick),  grade of concrete M20 (1:1.5:3)
	543.63   
	_
	53.27
	14.53 kg/m2

	19.
	R C. Plank and joist  roofing system(120 x 30 x 6 cm) 
	381.93 
	_
	37.42
	10.21 kg/m2

	20.
	Brick panel roofing system size of panel (120 x 53 x 7.5 cm) using R.C.C. Joist of size 15 x 15 cm
	427.39 
	_
	41.88
	11.42 kg/m2


The Figure 2 shows a comparison of the embodied energy calculations for five types of single storey houses by using conventional and innovative materials & techniques developed at CSIR- CBRI, Roorkee. Similar, study has been carried out for various other combinations to prove the superiority of alternative materials developed across the country by different organizations.
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Figure 2.  Comparison of embodied energy for five types of single storey houses using conventional and innovative materials & techniques.

The Table 4 below shows the building materials and construction techniques used in comparing the embodied energy.

Table 4. Computation of embodied energy for five types of single storey houses
	Sr.
No.
	Description of items / materials used in the house
	Embodied energy (MJ)

	1.
	Traditional house using conventional materials such as brick masonry in foundation & in walls and R.C.C. in roof. (Thickness of walls 23 cm).
	    82178

	2.
	Single storey house using stone masonry block in foundation, brick masonry in walls and R.C. Planks and Joists in roof. (Thickness of walls 23 cm).
	    61106

	3.
	Single storey house using stone masonry block in foundation, Clay fly ash brick masonry in walls, and Brick panel, R.C. Planks and Joists in roof. (Thickness of walls 23 cm).
	    57484

	4.
	Single storey house  using stone masonry block in foundation, stone masonry block masonry in walls and Brick panel, R.C. Planks and Joists in  roof. (Thickness of walls 30 cm).
	    50301 

	5.
	Single storey house using stone masonry block in foundation, concrete block masonry in walls and Brick panel, R.C. Planks and Joists in roof. (Thickness of walls 20 cm).
	    46395


5. Conclusions and recommendations 
The review of different approaches towards reducing CO2 emission scenarios across the world reveals that there is a lack of awareness about low cost energy efficiency measures and lack of indicators to measure energy performance in buildings. Most of the occupants have very limited or no knowledge about the energy saving potential of the building they are living in. There is a gap between ‘as designed’, ‘as built’ and ‘as managed’ energy performance. Thus, verifiable indicators are required which measure and compare energy consumption in buildings. Study concludes that the energy efficiency improvement in buildings is considered to be one of the major vectors of energy saving potential and mitigation of CO2 emissions. The following recommendations, if implemented, would make a significant contribution to about 80% reduction in emissions; i)  Monitoring of private and public sector low carbon domestic and non- domestic buildings including behavioral and occupier lifestyle monitoring as well as energy efficiency, carbon foot print, temperature, ventilation etc. built both with public funding and by public sector; and ii) Training and capacity building on using new technologies, new products and new standards etc. Bricks, cement and steel are the three major contributors to the energy cost of constructing a building. 
Therefore, to reduce the indirect energy use in a building, the innovative and energy –efficient materials and construction techniques developed by CSIR-CBRI need to be used in all the projects and promoted by the government with additional incentives. The investigations presented in this paper lead to the conclusion that there is a huge potential in saving energy about 25-30% in single and double storey houses in India by using innovative materials and techniques for the construction. This huge energy savings will contribute in reducing the carbon footprint in the country.  The outcomes of this study will be used for furtherance of the research on multistorey and tall buildings. The results will also be used for developing strategies for retrofitting existing buildings to achieve a certain degree of greenness by using energy – efficient and green building materials as well as construction techniques.
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