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Abstract- Construction industry is one of the major industries which consume large amount of energy. Life cycle energy
analysis (LCEA) of a building includes its initial embodied energy, operational energy and recurrent embodied energy.
Embodied energy comprises direct need of energy to manufacture a product and indirect energy of the materials used in
the process. When the service life of the buildings is more, there may be a considerable increase in recurrent embodied
energy. Process Analysis, Input-Output Analysis and Hybrid Analysis are the major methods of measuring the embodied
energy of the building. In construction industry, residential sector are the major contributors of carbon emission.
Operational energy use is the major consumer of life cycle energy of the residential building. Embodied energy based
retrofit techniques may have a significant benefit in environmental as well as economic aspects. The literature finding
shows that energy efficiency practices will reduce the overall life cycle energy demand of the building. It also enhances the
sustainability and reduction of Greenhouse gas emissions. Thus the study on life cycle energy analysis of building proves
to be vital in the development aspect of the nation.
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I.

INTRODUCTION

The world is full of energy. Each and every product in the universe will consume some sort of energy directly or
indirectly. Construction industry is one of the major sectors which consume more energy, with infrastructure
development taking place all over the world, projects such as high rise buildings, metro rails and other construction
projects were highlighted and more energy shall be consumed. Globally 30 – 40% of all primary energy is used in
buildings of which residential sectors alone can be over 90%. The type of building and the climatic zone where it is
located determines the energy use pattern in buildings. Current scenario of energy consumption in buildings is more
during its operational phase for heating, cooling and lighting purposes which paved the way for more energyefficient buildings and rehabilitate the existing structure to suit for sustainability [1] and also due to usage high
embodied energy materials for construction. The generation of energy to fulfill these requirements shall emit more
GHGs. The 2014 IPCC assessment report, AR5 (Intergovernmental Panel on Climate Change 2014), estimates that
global GHG emissions need to be reduced between 41% and 72% from 2010 levels by 2050 to be likely to keep
warming under 2 degrees Celsius [2] and emissions need to be virtually eliminated by the end of the century. Key
risks with large magnitude, high probability and/or irreversible impacts include: mortality and morbidity from
extreme heat, breakdown of production systems and subsequent food insecurity, decreasing availability of water,
loss of marine ecosystem services and inland flooding with severe risks to human health and livelihoods [3], among
other risks.
II.

LIFE CYCLE ENERGY ANALYSIS

Life cycle energy analysis (LCEA) is a perspective way of quantifying the energy demand of a building across its
life time. LCEA of a building typically includes energy demand for manufacturing of materials associated in
building, construction technique, operation, maintenance and end-of-life phase of the building. It includes initial
embodied energy, recurring embodied energy and operational energy[4] as highlighted in Fig.1. Embodied is the
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energy embodied in a product comprises the energy to extract, transport and refine the raw materials and then to
manufacture components and assemble the product.

Fig.1. Components of life cycle energy

The total embodied energy comprises the direct energy purchased to support the process under consideration plus
the indirect energy embodied inputs to the process. During a building’s life the embodied energy is added through
goods and services used in maintenance and renovation. These additional provision and replacement materials and
works are quantified and valued and is known as the recurrent embodied energy. The operational energy is used for
space heating and cooling , hot water heating, lighting, refrigeration[5].
III.

MEASUREMENT OF EMBODIED ENERGY OF A BUILDING

Embodied energy analysis of a building may be calculated based on any one of the following methods: Process
Analysis, Input-Output Analysis or Hybrid Analysis as in Fig.2. The choice of method is based on accuracy and
extent of embodied energy analysis [6].
A. Process Analysis
In process analysis, embodied energy is calculated based on the direct energy required for manufacturing process
and the indirect energy embodied in the materials which are used in the manufacturing process (i.e., direct energy of
burning the clay bricks in kiln and indirect energy embodied in the clay).
The derivation of embodied energy figures for each individual product of a process generally is not feasible, due
to the onerous requirements for record keeping [7]. Some degree of data aggregation is therefore necessary.
However, the derivation of different embodied energy figures for short batch runs may be subject to large variations,
due to, for example, production run efficiency, raw material source and quality, and conditions requirement of the
process[8]. Process analysis excludes large number of small inputs and hence it is incomplete and also very difficult
to find all the process involved in manufacturing a product [9].
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Fig.2. Methods to calculate embodied energy

B. Input-Output Analysis:
Input-Output Analysis (IOA) is an alternative method which depends on nation’s economic data which includes
most of the sectors which contribute to economy. IOA is based on the original work by Leontief [10] which paved
the way for approach to the analysis of economic inter-relationships. Later many researches [11][12][13], developed
IOA based on their requirements. Lenzen and Trelor [14] provide a more complete analysis by extending the
application of IOA to include capital input to products. Australian Bureau of Statistics [15] developed an InputOutput tables for the Australian economy in the form of 106x106 matrix. The total direct and indirect energy inputs
were included in the matrix. This approach provides the total energy requirements for every dollar output of
industrial sector.
The direct and indirect energy intensities for the appropriate sector for the product is done in the following ways:
(i). Price of the product or estimate of the building is obtained, (ii). Input-Output tables from Australian Bureau of
Statistics, (iii). Energy data from Australian Bureau of Agricultural and Resource Economics (ABARE), (iv).Both
(ii) and (iii) are combined to develop an energy – based input-output model of the economy, (v).The input-output
tables are divided into the sectors of Australian economy. Each one of the economic sector has a respective direct
energy intensity and total energy intensity, both quantified in GJ/$100 of product [16]. This Input Output Analysis is
more complete system than process analysis. Pullen [17] estimated that the Embodied energy co-efficient derived
from IOA may be around ± 20%.
C. Hybrid Analysis
Bullard et al [18] proposed combination of process analysis and input-output analysis by overcoming many
disadvantages of both analysis techniques. Many advanced research have been going in Australia and two types of
hybrid analysis have been defined by Trelor et.al [19] and later by Crawford [16] namely input-output hybrid
analysis and process hybrid analysis. In process based hybrid analysis, hybrid energy intensity (GJ/unit) figure was
calculated based on Bullard et al [18] and quantities of materials were from obtained from process analysis or from
BOQ. In input-output based hybrid analysis, relevant sector of economy of a product is determined and its energy
intensity is calculated from the input-output model developed by Trelor [6].
IV.

SCENARIO OF LIFE CYCLE ENERGY ANALYSIS (LCEA)

Considering the construction sector, residential buildings are the major contributors of carbon emission [20]. In
residential buildings, operational energy use is the largest consumers of life cycle energy than embodied energy of
materials used in the building [21]. Based on a study in India, Embodied energy of a building is about 11% of
operational energy and this embodied energy is equivalent to about 9 years of operational energy requirement.
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Considering the materials used for construction, steel is accounted for maximum initial embodied energy followed
by cement and brick. Also most of the operational energy is used for space cooling and lighting [22].
In Spain a study on energy consumption of building before and after refurbishment of different rehabilitation
strategies shows nearly 91% of embodied energy consumption can be decreased by adopting a strategy and type of
finish of the ventilated façade [23]. Based on the LCEA of residential apartment in china shows a change in
orientation of a building to a particular direction may have a life cycle energy savings of around 267.1 MWh and the
reduction in life cycle CO2 emission may be of 297 ton [24].
An energy efficient based retrofit technique shows a significant benefit in environmental as well as economic
aspects [25]. Construction of walls in a building plays a major role in contributing overall embodied energy of the
building. When comparing the Insulated concrete form (ICF) wall system and cavity wall system, the mean
electricity consumption of cavity walls are 16 % more than the ICF wall system during the use phase of the building.
Also, Greenhouse gas emission for the entire life cycle of the building for cavity wall system is 11% more than the
ICF wall system [26]. Wooden wall cladding with straw bales between I- joists will enhance a significant energy
efficient practice [27].
A study in South Africa, insisted that straw bale construction has more striking advantages in environmental and
embodied energy perspective [28]. Cork flooring with straw bales insulation proves to be environmental friendly
and optimum for green building concepts. Also straw bales insulation for roof construction may be more sustainable
alternative to conventional way of construction and it enhance reduction in CO2 emission and embodied energy as
in fig.3, preferable physical and thermal parameter which indirectly reduce operational energy use [27]. The increase
in service life of buildings will significantly lower the overall life cycle energy demand despite increase in recurrent
embodied energy [4].

Fig.3. Comparison of embodied energy by different materials

V.

CONCLUSION

The literature finding shows that energy efficiency practices will reduce the overall life cycle energy demand of
the building. It also enhances the sustainability and reduction of Greenhouse gas emissions. Thus the study on life
cycle energy analysis of building proves to be vital in the development aspect of the nation.
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