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Abstract

The modern digital tools based on Building Information Modelling [BIM] provide the potential to facilitate environment
performance assessments of buildings. Various tools that use a BIM model for automatic quantity take off as basis Life Cycle
Assessment [LCA] have been developed recently. This research simplifies the calculation of the initial embodied energy for
commercial office buildings. The result is improved integration of Life Cycle Assessment of building materials into the early stages
of the building design process. This thesis research proposes that BIM will make calculating building material quantities easier to
simplify LCA calculations, to improve their integration into existing sketch design phase practices, and building design decisions. A
3D model is developed in Revit architecture software, the study is carried out to know the impact of materials on the environment by
means of mass, acidification potential, eutrophication potential, global warming potential, ozone depletion potential, smog
formation potential, primary energy demand, non-renewable energy demand, renewable enery demand to understand impact
materials on environment, the function of BIM and corresponding data control stages of LCA.
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The main objectives of the project are:

. INTRODUCTION

o . 1) Toanalyze the structures of LCA using Revit software.
The building sector consumes a large amount of energy in

different stages of construction and generates huge
quantities of waste and green gases. Life Cycle
Assessment (LCA) is a tool used to assess the energy
consumption and its impact on environment. In LCA

2) To collect the energy consumed data of each material
using the software.

From the various researches which have been studied, the

analysis, various stages of a product, process, service,
etc., are taken into account. The assessment starts from
the extraction of raw material, its processing,
manufacturing, distribution, useful life, and finally
recycling or its disposal [1, 2]. LCA is an accepted
method of assessing the environmental performance of
buildings. Building Information Models (BIM) is a 3D
digital model which helps to design the project and
construction process coordination in a better way which
results in reduced costs, and a higher building efficiency
for projects.

main usage of the software is that it can be used to
estimate and reduce emissions during LCA. Different
materials used for construction have different properties
and emissions which can be reduced. Thus, the age of the
structure can be predicted before construction. These are
some of the uses of the software in construction
[3,4].

Il. METHODOLOGY

This analysis describes a whole building performed for
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Fig. 1. Life Cycle Analysis

normal building using LCA tools. Tally analysis accounts
for the whole cradle to grave lifecycle, which includes
manufacturing of materials, their use, maintenance and
replacement, and end-of-life cycle. It includes the
material energy, as well as the energy consumed during
the entire lifespan of the building [5, 6]. Adopting
Building Information Modelling (BIM) in the process
enhances the energy performance of buildings.

The following sections explain the case-study
building and the detailed procedures in each LCA.
Building Information Modelling (BIM) was used to
evaluate the embodied impact on environment, and
constructed a database of the impact factors of the

embodied environmental impact of the major building
materials by adopting an LCA based approach. The 3D
model was developed using Revit software and then
integrated into LCA[7,8].

lll. LIFE CYCLE ASSESSMENT
PROCESS

The LCA consists of four main stages:

1) Goal definition (ISO 14040): The basis and scope of the
evaluation are defined.
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2) Inventory Analysis (ISO 14041): A process tree is
created in which all processes from raw material
extraction to waste water treatment are mapped out and
connected; mass and energy balances are closed (all
emissions and consumptions are accounted for).

3) Impact Assessment (ISO 14042): Emissions and
consumptions are translated into environmental effects
which are grouped and weighted.

4) Improvement Assessment/Interpretation (ISO
14043): Areas for improvement are identified.

IV. LIFE CYCLE INVENTORY

A. Product

This includes raw material extraction and processing,
e-transportation, manufacturing, and assembly. The
product stage scope is listed for each entry, detailing any
specific inclusions or exclusions that fall outside of the
cradle to grave scope.

B. Transportation

This include transportation from the manufacturer to the
building site during the construction stage and can be
modified.

Raw material extraction

A 4

Manufacturing

!

Maintenance & Replacement

v
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!

End of life

Fig. 2. Life cycle Inventory
C. Construction Installation

This includes the anticipated or measured energy and
water consumed onsite during the construction
installation process, as specified by the modeler.

D. Maintenance and Replacement

This includes the end of life treatment of the existing
products as well as the cradle to grave manufacturing and

Fig. 3. Revit 3D model
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Fig. 4. Lifecycle stages and their emission potential
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Fig. 5. Global Warming Potential

transportation to site of the replacement products. The
service life is specified separately for each product.
Refurbishment of materials marked as existing or
salvaged by the modeler is also included.

E. Operational Energy

This is based on the anticipated or measured energy and
natural gas consumed at the building site over the lifetime
of the building as indicated by the modeller.

F. End of Life

This includes the relevant material collection rates for
recycling, processing requirements for recycled
materials, incineration rates, and landfilling rates. The
impacts associated with landfilling are based on average
material properties, such as plastic waste, biodegradable
waste, or inert material.

G. Tally application

The Tally application allows architects and engineers
working in Revit software to quantify the environmental
impact of the building materials for whole building
analysis as well as comparative analysis design options.

While working on a Revit model user can define
relationships between the normal and the analyzed one.
The steps which are followed are:

1) The 3D plan of the structure in Revit is executed in the
software.

2) The entire structure is selected.

3) The next step is to move to add-ins and select the tally
option and in that the full building study.

4) The next step is to select the project name and the full
building details.

5)The next step is that the individual structural
requirements are selected and entered.

6) The individual structural details are selected and thus,
provided with respect to tally details as well.

7) The next step by selecting the details of structure and
the edit definition option the Revit details are entered in
the tally details by selecting it.

8) The next step of each item is specified as per the
drawings and type of materials and thus, entered.

9) In the next step, the internal details with detailed
specification are to be entered.
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Fig. 6. Results by Division, Itemized by Material
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10) The final step is to click on the save report option and
thus, the PDF with the total details of each material is
downloaded. It has the details of energy consumed by
each material and thus, executed to different trails.

The Revit 3D model was generated and analyzed. The
results are obtained in the PDF format with the LCA data
and the materials data and energy utilized in it.

Environmental Impacts per Full Building Life
Gross area: 468.28 m?

Building Life: 60 years

The results indicate each environmental factor and each
material utilized in the construction.

V. SOFTWARES USED

A. Autodesk AutoCAD

AutoCAD is a commercial Computer-Aided Design
(CAD) and drafting software application. AutoCAD is
used in industry, by architects, project managers,
engineers, graphic designers, city planners, and other
professionals.

Use of this software in our project is as follows:

1) This software is much similar to Autodesk Civil 3D but
has user-friendly interface to avoid complication with
reduction of some features.

2) Here the components/equipments which are manually
designed based on requirement using IS standard code,
thatis, IS 4925:2004 and IS 4926:2003 are drawn to show
detailed sectional view.

3) Hence, finally the detailed drawings involving plans,
elevations, and cross sections of structure are obtained
through this software.

B. Autodesk Revit

Autodesk Revit is a Building Information Modelling
(BIM) software which helps architects, structural
engineers, and MEP engineers to arrive at an energy
efficient model.

Use of this software in this project was as follows:

1) This software was used in the final phase of the project
for the purpose of obtaining 3D modelling.

2) Multiple levels of plans were created in AutoCAD and
transferred to create 3D models, and also render 3D
realistic required view or walkthrough that are too
aesthetical for the representation of our project and also to
provide clear conclusion for the project.

3) The LCA analysis is done using this software.

C. Tally® Plugin Revit Software

Tally" is an Autodesk Revit application that quantifies the
environmental impact of building materials for analysis.
The Tally software examines and compares the overall
sustainability of different building material options for
the construction industry. In a Revit model, the user can
define relationships between BIM elements and
construction materials from the Tally database.

The result is Life Cycle Assessment (LCA) on
demand, which is an important layer of decision-making
within the same time frame, pace, and environment that
building designs are generated. Tally helps to quantify the
embodied environmental impacts of building or materials
on land, air, and water systems.

VI. CONCLUSION

From the present study, it is observed that with the help of
Revit software, quantities of materials can also be
prepared while developing the 3D model; this would help
in reducing the time taken to quantify the materials and
the components required. This study has given insights
into the need of BIM-LCA including visual interface,
transparency of data, flexibility of data sources,
automation, easy access to evaluate design solutions, and
improve the environmental performance of buildings.
The impact of construction materials on the environment
has been estimated using Tally software whereby
effective management, the impact of these materials on
the ecosystem can be reduced.
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