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Abstract— Considering the volume of pollution produced by 

the different stages of the construction phase of any project, 

the construction sector accounts for the preponderance of 

the activities causing the environmental impact and hence 

the various stages need to be studied to utilise the 

environmentally optimised practices to avoid their 

dangerous impact on our environment. This paper is devoted 

to comparative assessment of building structures analysed 

throughout their life cycle. The methodologies used for life 

cycle assessment from research to current application are 

presented in this paper, based on reference values through 

statistical analysis. With regard to the performance based 

design the network aspects on pavement management 

optimisation and optimal structural design of buildings using 

the LCA have also been analysed and presented through this 

paper. 
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I. INTRODUCTION 

Sustainable development presented a new vision about 

development, defining it as a process which ‘satisfies 

present needs without compromising the ability of future 

generations to meet their own needs’, becoming thus a 

definition of the concept of sustainable development. With 

regard to the civil construction industry, from this new 

awareness, modern societies began to realize that the 

industry is one of the most impactful on the environment, 

being responsible for high energy consumption, a huge 

generation of solid wastes and for large volumes of global 

emissions of greenhouse gases. LCA is an analytical tool 

used to comprehensively quantify and interpret the 

environmental flows to and from the environment (including 

air emissions, water effluents, solid waste, and the 

consumption/depletion of energy and other resources), over 

the life cycle of a product or process. LCAs should be 

performed in adherence to the International Organization for 

Standardization (ISO) 14040 series of standards. 

The most important applications for an LCA are: 

 Identification of improvement opportunities through 

identifying environmental hot spots in the life cycle of a 

product. 

 Analysis of the contribution of the life cycle stages to 

the overall environmental load, usually with the 

objective of prioritizing improvements on products or 

processes. 

 Comparison between products for internal or external 

communication, and as a basis for environmental 

product declarations. 

 The basis for standardized metrics and the identification 

of Key Performance Indicators used in companies for 

life cycle management and decision support. In recent 

years, life cycle thinking has taken a more prominent 

role in environmental policy making. 

LCA provides the quantitative and scientific basis 

for all these activities. In many cases, LCA feeds the 

internal and external discussions and communication. Being 

active in LCA means being able to communicate the 

environmental impacts of products and business processes. 

A. An LCA study consists of four main phases:  

 Step 1: Defining the goal and scope of the study.  

 Step 2: Making a model of the product life cycle with 

all the environmental inputs and outputs. This data 

collection effort is usually referred to as life cycle 

inventory (LCI).  

 Step 3: Understanding the environmental relevance of 

all the inputs and outputs. This is referred to as life 

cycle impact assessment (LCIA).  

 Step 4: The interpretation of the study. 

LCA provides the quantitative and scientific basis 

for all these activities. In many cases, LCA feeds the 

internal and external discussions and communication. Being 

active in LCA means being able to communicate the 

environmental impacts of products and business processes. 

II. LIFE CYCLE ASSESSMENT 

Life cycle assessment (LCA) could be a tool to judge the 

environmental effects of a product or method throughout its 

entire life cycle. Life cycle assessment is the factual analysis 

of a product’s entire life cycle in terms of sustainability. 

With LCA, you'll be able to assess the environmental 

impacts of your product or service from cradle to grave. 

LCA could be a standardized methodology, which 

provides it its accountability and transparency. The 

standards are provided by the international organization for 

Standardization (ISO) in ISO 14040 and 14044. 

An LCA entails examining the product from the extraction 

of raw materials for the manufacturing method, through the 

assembly and use of the item, to its final disposal, 

and so encompassing the complete product system. A 

schematic illustration of a product life cycle is given in 

Figure 1: 

 
Fig. 1: 

The assessment method includes distinctive and 

quantifying energy and materials used and 

wastes discharged to the surroundings, assessing their 

environmental impact and evaluating opportunities for 

improvement. 

The distinctive feature of this kind of assessment is 

its focus on the complete life cycle, instead of one 

manufacturing step or environmental emission. The 

idea behind this approach is that operations 

occurring among a facility may cause impacts outside the 

facility's gates that require to be thought of once evaluating 

project alternatives. 

The life-cycle view 

point means we are looking into the entire lifetime of the 

product: from raw material extraction, through production 
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and usage, up to recycling or disposal – i.e. from cradle to 

grave. This helps us perceive our supply chain and the 

way a modification on one side will affect the other. 

It conjointly provides assurance that reduction of the 

environmental impact on one stage in the life 

cycle doesn't come at the price of an increase of another 

stage. 

The "life-cycle" or "cradle-to-grave" 

impacts embrace the extraction of raw materials; 

the processing, manufacturing, and fabrication of the 

product; the transportation or distribution of the product to 

the consumer; the utilization of the product by the 

consumer; and also the disposal or recovery of the 

product after its useful life. 

There are four linked elements of LCA: 

 Goal definition and scoping: identifying the LCA's 

purpose and also the expected products of the study, 

and determining the boundaries (what is and isn't 

enclosed within the study) and assumptions based 

mostly upon the goal definition. 

 Life-cycle inventory: quantifying the energy and raw 

material inputs and environmental releases associated 

with every stage of production. 

 Impact analysis: assessing the impacts on human health 

and also the environment associated with energy and 

raw material inputs and environmental releases 

quantified by the inventory. 

 Improvement analysis: evaluating opportunities to cut 

back energy, material inputs, or environmental impacts 

at every stage of the product life-cycle. 

III. LIFE CYCLE STAGES 

Every product or process goes through numerous phases or 

stages in its life. Every stage consists of variety of activities. 

For industrial product, these stages may be broadly speaking 

outlined as material acquisition, manufacturing, use and 

maintenance, and end-of-life. In case of buildings, these 

stages are additional absolutely represented as: materials 

manufacturing, construction, use and maintenance, and 

finish of life.  

A. Material manufacturing  

This stage includes removal of raw material from the earth, 

transportation of those materials to the manufacturing 

location, manufacture of finished or intermediate materials, 

building product fabrication, and packaging and distribution 

of building products. 

B. Construction  

This section accounts for activities about actual construction 

of a building project. Typically, the subsequent activities are 

included during this stage: transportation of materials and 

product to the project site, use of power tools and equipment 

throughout construction of the building, on-site fabrication, 

and energy used for site work. Permanent impacts to the 

building site also fall into this stage, although these impacts 

are absolutely considered in current LCA strategies.  

IV. USE & MAINTENANCE  

This stage refers to building operation, which incorporates 

energy consumption, water use, and environmental waste 

generation. It additionally takes into consideration the repair 

and replacement of building assemblies and systems. The 

transport and equipment use for repair and replacement is 

additionally considered during this stage. 

A. End of Life  

This includes energy consumed and environmental waste 

produced because of building demolition and disposal of 

materials to landfills. The transport of waste building 

material is additionally included in this stage. Recycling and 

reuse activities associated with demolition waste may also 

be included during this stage, depending on the availability 

of data. (The return of significant high-value materials to the 

inventory through recycling will even be considered as a 

“negative impact.”)  

It ought to be noted here that the outline of building 

life-cycle stages given above relies on review of previous 

LCA studies. Every life-cycle stage may or may not embody 

all the activities delineated above, depending on the scope of 

the project. 

V. ENVIRONMENTAL IMPACTS OF LCA 

LCA involves the measure of all the inputs and outputs 

linked with the examined system’s life cycle. The potential 

for environmental impacts are calculated on the premise of 

all of the inputs and outputs, i.e. consumption of resources 

and emissions which may be related to the various 

processes. The results of a life cycle assessment will be 

calculated using a designated range of measurable 

indicators. LCA involves the measure of all the inputs and 

outputs linked with the examined system’s life cycle. The 

potential for environmental impacts are calculated on the 

premise of all of the inputs and outputs, i.e. consumption of 

resources and emissions which may be related to the various 

processes. The results of a life cycle assessment will be 

calculated using a designated range of measurable 

indicators. The most used indicators for assessing 

environmental impact and resource use are shown below. 

CATEGORY PROBLEM 

Global Warming 

Potential (GWP) 

When the quantity of greenhouse 

gasses in the atmosphere increases, the 

atmospheric layers near the earth are 

heated up, resulting in climate change. 

Acidification 

Potential (AP) 

When acidifying substances react with 

water and falls as ‘acid rain’, this 

leads to, among other things, 

decomposition of root systems and 

leaching of nutrients from plants. 

Abiotic Depletion 

Potential for 

Fossil Resources 

(ADPf) 

Heavy consumption of abiotic 

resources can contribute to the 

depletion of available fossil energy 

sources such as oil or coal. 

Depletion 

Potential of the 

Stratospheric 

Ozone Layer 

(ODP) 

Depletion of the stratospheric ozone 

layer which protects flora and fauna 

against the sun’s harmful UV-A and 

UV-B radiation. 

Eutrophication 

Potential (EP) 

An excessive supply of nutrients 

generates unwanted plant growth in 

delicate ecosystems, for example the 

growth of algae which results in the 

death of fish. 
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Total Use of 

Primary Energy 

(PEtot) 

A high use of resources in the primary 

energy form from fossil and 

renewable sources can contribute to 

depletion of natural resources. 

Formation 

Potential of 

Tropospheric 

Ozone 

Photochemical 

Oxidants (POCP) 

Contributes in connection with UV 

radiation to the formation 

of ozone in the lower atmosphere 

(summer smog) which is 

damaging to the respiratory system, 

etc. 

Table 1: 

Due to myriad of issues being visage at the 

worldwide level throughout numerous phases of 

construction and connected activities numerous authors have 

expressed that Environmental Impact Assessment (EIA) is 

key product of Life Cycle Assessment (LCA). 

EIA would essentially involve the subsequent stages: 

Screening to see that projects or developments need a full or 

partial impact assessment study; 

 Scoping to spot which potential impacts are relevant to 

assess (based on legislative necessities, international 

conventions, professional information and public 

involvement), to spot various solutions that avoid, 

mitigate or compensate adverse impacts on 

multifariousness (including the choice of not continuing 

with the event, finding various styles or sites that avoid 

the impacts, incorporating safeguards within the style of 

the project, or providing compensation for adverse 

impacts), and eventually to derive terms of reference for 

the impact assessment; 

 Assessment and analysis of impacts and development of 

alternatives, to predict and establish the likely 

environmental impacts of a planned project or 

development, as well as the careful elaboration of 

alternatives; 

 Reporting the Environmental Impact Statement (EIS) or 

EIA report, together with an environmental 

management arrange (EMP), and a non-technical 

outline for the final audience. 

 Review of the Environmental Impact Statement (EIS), 

based on the terms of reference (scoping) and public 

(including authority) participation. 

 Decision-making on whether or not to approve the 

project or not, and beneath what conditions; and 

 Monitoring, compliance, social control and 

environmental auditing. Monitor whether or not the 

anticipated impacts and planned mitigation measures 

occur as outlined within the EMP. Verify the 

compliance of somebody with the EMP, to confirm that 

unannounced impacts or failing mitigation measures are 

known and self-addressed in a timely fashion. 

A. Strategic Environmental Assessment 

Sadler and Verheem (1996) outline Strategic Environmental 

Assessment (SEA) because the formalized, systematic and 

comprehensive method of distinguishing and evaluating the 

environmental consequences of planned policies, plans or 

programs to make sure that they're totally enclosed and 

suitably addressed at the earliest possible stage of decision-

making on a par with economic and social concerns.  

Since this early definition the sphere of SEA has 

quickly developed and dilated, and also the number of 

definitions of SEA has increased consequently. SEA, by its 

nature, covers a wider vary of activities or a wider area and 

often over an extended time span than the environmental 

impact assessment of projects.  SEA could be applied to a 

whole sector (such as a national policy on energy for 

example) or to a geographical region (for example, within 

the context of a regional development scheme). SEA doesn't 

replace or cut back the requirement for project-level EIA 

(although in some cases it can), however it will facilitate to 

contour and focus the incorporation of environmental issues 

(including biodiversity) into the decision-making method, 

typically creating project-level EIA a more practical 

method. SEA is often delineating as being proactive and 

‘sustainability driven’, while EIA is commonly delineate as 

being mostly reactive. 

VI. LIFE CYCLE ASSESSMENT TOOLS FOR BUILDING 

ANALYSIS 

Energy consumed by buildings represents a major fraction 

of the overall energy use within the world. Therefore, 

building energy value analyses is a vital consideration. 

These analyses should be performed in early building design 

stages. A building and building systems can consume a large 

quantity of energy and cash throughout their time period. 

The energy consumption throughout the whole time period 

should be considered while evaluating different building 

design solutions. Building operation and maintenance 

practices will play a big role during this analysis. LCA 

evaluations for buildings can inform selections relating to 

choice of various building systems. 

A large range of life-cycle assessment 

tools are developed for designers and researchers to 

investigate the life-cycle cost of buildings. LCA tools for 

buildings measure the economic prices and environmental 

performance of building product and systems by using the 

life-cycle assessment approach laid out in the ISO 14040 

series of standards. The life-cycle stages of 

buildings include raw materials, producing, transportation, 

use, and end of life. The subsequent four tools are reviewed: 

1) BEES  

2) Athena Eco Calculator  

3) Athena Impact calculator  

4) SimaPro 

A. BEES: 

A Product-Level LCA Tool the Building for Environmental 

and Economic sustainability (BEES) software package was 

developed by the U.S. Environmental Protection Agency 

(EPA) Engineering Laboratory. It's a helpful methodology 

for choosing efficient, environmentally preferable building 

products. It's offered online via the BEES online access to 

designers, builders, and product makers. BEES online 

includes actual environmental and economic performance 

knowledge for two-hundred and thirty building products, 

that is adequate for most of the analysis. All stages within 

the lifetime of a product are analyzed: material acquisition, 

manufacture, transportation, installation, use, as well as 

recycling and waste management. Economic performance is 

measured using the ASTM customary life-cycle cost 

methodology that covers the prices of initial investment, 

replacement, operation, maintenance and repair, and 

disposal. 
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B. ATHENA EcoCalculator: 

An Assembly-Level LCA Tool uses EcoCalculator for 

assemblies includes a series of spreadsheets developed by 

the Athena Institute in association with the University of 

MN and Morrison Hershfield Consulting Engineers. The 

tool provides instant LCA results for normally used building 

structure and envelope assemblies. It's offered free of charge 

with 2 versions: EcoCalculator for business Assemblies and 

also the new EcoCalculator for Residential Assemblies. The 

program covers data on many common building assemblies. 

This calculator estimates the environmental effects of 

building materials and their connected processes. It doesn't 

estimate or account for operational energy. It's meant to be 

used to quantitatively compare differing kinds of building 

materials and assemblies. This calculator accounts just for 

environmental impacts, like global warming potential, 

acidification potential, ozone depletion potential, HH 

respiratory effects potential, eutrophication potential, and 

smogginess potential, and do not embody associated 

economic costs. 

C. ATHENA Impact estimator (IE): 

A Whole Building Level LCA Tool in North America, the 

Athena Impact estimator for Buildings, conjointly developed 

by Athena Institute, is the only software package that's 

significantly designed to judge whole buildings based on 

life-cycle assessment methodology. Using IE, architects, 

engineers, and others can assess and compare the 

environmental impacts of commercial, institutional, 

industrial and residential buildings. A trial version is on the 

market online for a brief amount use. The software system is 

capable of modelling well over 1,000 structural and 

envelope assembly combos. 

D. SimaPro:  

A Material-Level LCA Tool SimaPro is an elaborated LCA 

tool developed by PRé Consultants, This software 

contains variety of impact assessment strategies. SimaPro 

comes with a large set of knowledge libraries coving 6,000 

processes. The software system covers all the main points of 

life-cycle analyses. The software system can be used 

to design analysis models in several fields of engineering. 

Building a model in SimaPro could be 

a tedious process because several details need 

to be established. The software system is 

comparatively high-priced, and it's specific memory 

necessities owing to comparatively advanced computations. 

Life-cycle assessment is comprehensive evaluation 

of building and its performance over its whole lifespan. 

Many LCA tools have been developed for different fields of 

application. For model construction, these above mentioned 

four tools have different levels of flexibility as well as 

detail. SimaPro is the most complicated LCA tool and it can 

deal with complex building models. SimaPro will also be 

the best choice to work on details of every process.  If users 

are interested in a general analysis, they can use BEES and 

Athena EcoCalculator. They both will significantly save 

time during the model set-up stage. SimaPro has the most 

powerful calculation engine and offers dozens of impact 

assessments to evaluate the performance of various 

products. For integrated analysis of buildings, total overall 

performance is produced by BEES. BEES combines 

environmental performance and economic performance into 

a uniform scale of evaluation and hence produces best 

overall performance. 

VII. GUIDELINES TO INTEGRATE LCA IN BUILDING DESIGN 

AND ANALYSIS 

Any building-related LCA analysis is outlined by four 

variables:   

1) Life-cycle stages to be enclosed in analysis. 

2) Building systems to be studied. 

3) Type of expected results from either Life Cycle 

Inventory (LCI) Analysis or Life Cycle Impact 

Assessment (LCIA). 

4) Project phase at which LCA analysis is dispensed. 

A. Step 1: Shaping the Project’s sustainability Targets  

Sustainability targets for a green building project are 

typically outlined throughout the early stages. These targets 

may vary from achieving 20 % energy potency throughout 

building operation to reducing 50 % carbon emissions 

caused as a result of a building’s life cycle. During this 

opening move, it's necessary to outline objective 

sustainability targets to be met by the project. Objective 

targets facilitate in evaluating the success of a project.  

B. Step 2: Conduct an LCA or Not?  

In this step, the important call of whether or not to conduct 

an LCA ought to be taken. This call shall depend upon the 

project’s sustainability targets and time and resource 

constraints. For instance, a project’s target can be to attain 

50% reduction in its carbon emissions throughout building 

operation. During this case, conducting an LCA isn't needed 

an energy simulation coupled with associate energy-to-

emissions convertor will facilitate quantify the 

accomplishment of targets. However, if a project aims to 

realize 50 % reduction in its carbon footprint over the whole 

life cycle, use of LCA becomes virtually imperative. If a call 

to conduct an LCA is taken here, steps three to eight is 

followed to help quantify the accomplishment of project 

targets.  

C. Step 3: Defining the Goals and Scope of an LCA Study  

The goal and scope of the LCA study is outlined by the four 

variables:  

 Life-cycle stages to be enclosed within the analysis  

 Building systems to be studied  

 The type of expected results from either Life Cycle 

Inventory (LCI) Analysis or Life Cycle Impact 

Assessment (LCIA). 

 The project phase at which LCA analysis is dispensed.  

For example, the goal of an LCA study is 

evaluating the material producing stage of the entire 

building in terms of all impact classes after the building is 

built. During this case, the scope of the LCA is proscribed to 

the material producing stage and, therefore, systems and 

flows in alternative life-cycle stages needn't be accounted. 

This is typically bestowed within the type of a flow 

chart that clearly depicts the systems and flows enclosed 

within the LCA study. If the four variables are clearly 

outlined, sketching this diagram is simple. The decision for 

a practical unit should be taken with care. It is concluded 

that within the case of whole-building LCA, associate apt 
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practical unit is the provision of a building for the expected 

lifetime of a building—for example, provision of a school 

for fifty years. in case of a comparison of assemblies, the 

advised practical unit is the unit space of assembly for the 

lifetime of building. an example would be comparing 2 

exterior wall assemblies for a 50-year lifetime. Product 

comparison ought to be fully keen about practical 

equivalence. For instance, 2 choices for covering, carpet, 

and ceramic tiles cannot be compared on a per-square-foot 

basis as a result of maintenance and replacement impacts for 

carpet are abundant beyond for ceramic tiles. An acceptable 

practical unit for this could be “the provision of floor 

covering for fifty years.” 

D. Step 4: selecting an LCA Tool  

The choice of an LCA tool depends on the goal and scope 

definition of an LCA study. Goal and scope definition 

outlines a situation for the utilization of LCA. 

Tool selection: These four variables conjointly set 

the factors for choosing LCA tools to use within the study. 

The study is to be conducted throughout the preliminary 

stage, when info offered regarding the project and building 

assembly detail is minimal. Thus, a tool should be chosen 

that takes approximate data. Also, it's needed to research the 

complete building, therefore a whole-building LCA tool is 

required. Moreover, Life Cycle Impact Assessment (LCIA) 

results are expected as outputs. Therefore the tool has to 

have associate LCIA methodology embedded in it. Finally, 

the goal of the study is to assess all the life-cycle stages of a 

building. 

Other Criteria to think about whereas choosing Tools 

 Availability of data regarding building materials and 

assemblies  

 Availability of building energy analysis results  

 Time constraint  

 User Skills  

 Accuracy of needed output.  

E. Step 5: Life Cycle Inventory (LCI) Analysis  

Once the goal of the study is mounted and an acceptable tool 

has been chosen, there are some key problems that need 

consideration throughout ensuing 2 steps that may be critical 

both when elaborated in depth close LCA study is conducted 

employing a detailed LCA tool and within the case of 

simplified tools that have the whole LCA method planned 

within.  

Inventory analysis is the most important a part of 

an LCA. Most of the whole-building LCA tools only need 

inputs in type of building space, assembly detail, and 

material take-offs. There are plenty of assumptions that are 

embedded within the calculation of inventory flows. In 

elaborated LCA tools, several alternative selections ought to 

be taken by the user throughout this stage, which can 

involve knowledge assortment. It's conjointly essential to 

know the role of various team members within the project. 

1) Quantity take-offs  

Quantity take-offs are needed as input in some LCA tools. 

The contractor is chargeable for providing this. Tools like 

RS suggests that is used for this, as well. And if a BIM 

model is employed throughout style, a bill of quantities is 

generated from that.  

2) LCI knowledge for building materials  

Simplified LCA tools kindle building location data. This 

helps the tool to extract inventory knowledge acceptable for 

that region. As mentioned in earlier chapters, an array of 

country-specific databases is offered. Most of the 

knowledgebases have trade average data. it had been 

determined within the case studies, however, that these 

databases don't seem to be sturdy enough to incorporate 

most of the building product. Thus, it's unlikely in any 

careful whole-building study to avoid assembling 

knowledge from alternative sources. Product makers, trade 

organizations, final invoices, and product submittals from 

previous projects will facilitate one collect or estimate 

needed knowledge.  

3) Fuel mix for electricity generation  

Different regions of the globe have completely different fuel 

mix. Fuel mix is delineated as a distribution of the share of 

every renewable and non-renewable supply of energy 

generation as a ratio of the general electricity generation for 

a region. for instance, in line with the America DOE Energy 

info Administration, the fuel mix for electricity in Atlanta is 

70 % coal, 15 % fossil fuel, 14 % nuclear, and 1 % 

electricity. make sure a tool considers the distinction in fuel 

mix for electricity generation once buildings in 2 completely 

different regions are compared.  

4) Estimation and calculation  

The LCA tool being employed may or might not have 

default values for sure activities throughout building life 

cycle. Therefore, variety of estimations ought to be created 

to finish the LCA. In alternative instances, an LCA tool 

would possibly prompt for values calculated using 

alternative code. for instance, associate LCA tool will have 

associate choice to insert the annual energy and water 

consumption values calculated outwardly. Thus, alternative 

tools may be needed in conjunction with an LCA tool to 

finish an LCA study. The figure below shortly describes 

ways of estimating and scheming these values. 

F. Step 6: Life Cycle Impact Assessment (LCIA)  

If the inventory results don't seem to be conclusive, impact 

assessment is concerned. selections that require to be taken 

are the strategy to use for calculation and whether or not the 

desired output for result ought to be one worth or multiple 

values.  

1) Method to be used  

Various strategies of impact assessment are planned by 

completely different scientific organizations and teams. for 

instance, TRACI could be a method planned by America 

EPA. an assessment methodology that produces results for 

the desired impact class ought to be chosen. Moreover, 

using quite one impact methodology can facilitate validate 

the robustness of assessment results, as was worn out Case 

Study vi (Two Variants of a House in US).  

2) Whether to normalize results  

Depending on the desired format for results, a call is created 

on standardization, that could be a technique for ever-

changing impact indicator values with differing units into a 

typical, unit-less format by dividing the impact class worth 

by a particular reference amount. 

3) Whether to use weights  

Weights ought to be applied provided that a single-value 

performance indicator is needed. Weights are outlined by 
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numerous scientific teams, and any of those are often used. 

Or weights are often outlined by users by their own 

assessment of the relative importance of every impact.  

G. Step 7: Results and Interpretations  

The output from step five or vi can either be one value or 

multiple impact values. To assess the performance of the 

building, these values ought to be compared to benchmark 

or baseline values. From Case Study vi, baseline values 

were obtained for a wood and concrete house for 5 

locations. the worldwide warming potential was measured to 

fall between ninety-six kg-CO2 equi./m2/Y and seventy-

four kg-CO2 equi./m2/Y. The acidification potential for a 

typical house ought to vary between 438.6 and 570.1 g-SOx 

equi./ m2/Y, whereas the chemical science smogginess 

formation potential ought to vary between 22.6 and 26.7 g-

C2H4 equi./ m2/Y. Similar baselines are often obtained for 

alternative building varieties by conducting similar studies. 

Thus, by comparison with baseline numbers, environmental 

performance of a building is rated and improved. 

VIII. OFFICE BUILDINGS IN INDIA (CASE STUDY) 

A complete life cycle assessment has been carried out for an 

office building in India. This building has the structural and 

envelope systems as well as building use patterns typical of 

any commercial building in India and it operates on 

electricity. Therefore, the results of the single case study are 

generalized representative of commercial office buildings in 

India.  

The building has a reinforced concrete structure 

with its façade constructed out of brick and curtain wall. It 

has a cast-in-place concrete floor and roof. Electricity is 

obtained from the national grid. India's electricity sector is 

totally dominated by fossil fuels, particularly coal, which in 

2016 produced about three fourths of all electricity produced 

in India. 

A hybrid LCA model was used for the analysis.  

IO-LCA was used to account for only the 

production of building materials. The construction, 

operation, maintenance, and demolition phases in this study 

were accounted for separately by process-based LCA. The 

IO-LCA model used in this case was developed by 

Kofoworola and Gheewala.  

Results: In terms of the materials, steel and 

concrete dominated the environmental impacts because of 

manufacturing phase. Steel accounts for 17 percent of the 

GWP, 42 percent of photo-oxidant formation and 38 percent 

of acidification potential during manufacturing phase. 

Concrete accounted for 64 percent of the GWP, 30 percent 

of photo-oxidant formation, and 41.6 percent of acidification 

potential (AP) for similar phase. This sort of dominance was 

because of the use of large quantities of steel and concrete in 

the construction of the building. Global warming potential 

(GWP) was divided between operation (52%) and the 

manufacturing stage (42%). The construction stage 

contributed 4 percent, whereas maintenance and demolition 

stages accounted for 0.1 percent of total GWP. 

IX. CONCLUSION 

The results of this impact assessment of the office building 

in India reveals that lighting, air conditioning, office 

equipment and other important office appliances in the 

operational phase did produce 40% or more of the overall 

impact in any of the given category. Lighting demands 18% 

of electricity consumed in India. This is against global 

average of 13%. Shifting to LED bulbs could save an 

average Indian family around ₹5,000 a year on their power 

bills due to energy efficiency gains and low replacement 

costs in accordance with the Energy Efficiency Services 

(EESL). Various opportunities and possibilities for 

mitigating the impact because of this stage were explored 

and it was found that 3×106 kWh/year of electrical energy 

(electricity generated from various power plants in the 

country) would be saved if the room temperature is changed 

from 24°C to 27°C. Switching off the lighting, office 

equipment, and air-conditioning during the lunchtime could 

save nearly 1.8×106 kWh/year. These two strategies have 

the potential to achieve approximate reductions of 10.2% 

GWP, 5.3% AP, and 0.21% photo-oxidant formation 

potential per year, respectively, in emissions from the power 

generation sector. 
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