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Methodology & Objective

• Scope of this project within the Cradle-to-

Gate boundary (A1-A3).

• Data collection from EPD, ICE database, and

generative datasets.

• Learning Objectives – learn 

how to generate data for the 

ML assessment. Use the ML 

techniques and model to 

support BIM material analysis. 

This exploration help users to 

understand and assess 

embodied carbon influence in 

building materials and designs
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Embodied Carbon

Embodied Carbon calculation process. Source The Structural Engineer UK (2018)
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• Embodied carbon means all the CO2 emitted in 

producing materials. It's estimated from the 

energy used to extract and transport raw materials 

as well as emissions from manufacturing 

processes. Embodied carbon is usually expressed 

in kilograms of CO2e per kilogram of product 

or material.
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BIM Materials Analysis

Environmental Product Declarations (EPD) 
The Inventory of Carbon and Energy (ICE)

Material take-off and EC 
visualization in BIM tools
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• The accuracy of material selection is 

important in the early design phase 

of a construction project. However, 

this evaluation is typically carried at 

late in the design stage when cost is 

high, and changes is difficult to 

iterate.

• Minimize environmental impact

• Reduce cost

• Improve design and 

construction process -

Benchmark

Typical LCA-based EC assessment workflow.
Source Author (2022)

Problem Statement

Proposed data-driven EC assessment workflow.
Source Author (2022)
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Machine Learning Assessment

• Machine Learning (ML) sequence 

processes, data collection, data pre-

processing, modelling and visualization.

Machine Learning is the study of 

algorithms that

• Improve performance P

• At some task T

• With experience E

A well-defined learning task is given by

<P,T,E>
Source Tom Mitchell (1998)

T: Identify material performance

P: Forecast environmental impact (GWP) 

E: Embodied carbon assessment from 

material selection
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Machine Learning Assessment

Program Version Description

Revit 2022 BIM model authoring tool

Dynamo 2.13.0 Visual programming for Revit that allow generative

design creation

MySQL Workbench 8.0 CE Visual database design tool

Excel 2021 Spreadsheet program

Jupyter Notebook (python) 3.0 Open-source software development tool to support

Python programming for ML. Python libraries 

(Scikit-Learn, NumPy, Matplotlib, Seaborn, Pandas)

Visual Studio 2019 Integrated development environment from

programming to testing

Visual Paradigm online UML supporting tools for creating system

framework and diagrams

Notepad++ (html, CSS, java) 2021 Text editor used for html programming

Power BI desktop Analytics tool for user to create report and

dashboard

Azure ML Studio online Web portal for ML model hosting, authoring and

development

Zulkefly Abu Bakar X20210361@student.ncirl.ie

mailto:X20210361@student.ncirl.ie


Data Collection
• Challenge to obtain real life datasets

• Generate normally distributed datapoints to 

represent floor types
• To predict floor type (dependant variable) 

relative to other design features
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Kailun Feng, Weizhuo Lu, Yaowu Wang. 2019 

https://doi.org/10.1016/j.scs.2019.101596. Dependent and independent variables
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Data Evaluation
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Data Training
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Prediction

• Nearest neighbour

• Trained data index

• Dependent variable

New data point

Predicted value 

(nearest neighbour)
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Deployment

Azure ML Studio. Source Author (2020) Embodied Carbon impact indicator. Source Author (2022)
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Application

A simple visualization tool in a form of visual analytics

dashboard published as a web application.

• Enable communication and interaction with the 

users

• Dashboard created using Microsoft Power BI 

contained various information about the carbon 

factor, predictive analytics for forecasting building 

performance target and produce EC assessment 

report
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Future Study

• To extend the study beyond building 

lifecycle and zero energy assessment.

Generative design iteration. Source Author (2022)

Dynamo script with ML input. Source Author (2022)

• Compile and ‘push’ the trained ML model to BIM authoring 

tool that could be used as Generative Design input.

Building simulation results on the value of carbon emissions generated by 

the study building for one year. Source Muhd Zaki PhD (2022)
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