Dissertation Proposal
Student ID:2423742 
Student Name: MOHAMMED JABED MIA

Proposed Title: An Integrated Deep Learning and Life Cycle Assessment Framework for Optimising Sustainable Building Material Selection

Research Aim
The aim of this dissertation is to develop and evaluate a “Smart Material Selector” that integrates Life Cycle Assessment (LCA), machine learning and deep learning within an interactive decision-support dashboard to support sustainable building material selection based on embodied carbon and embodied energy.

Research Objectives
1. To analyse environmental impact indicators (embodied carbon and embodied energy) for a broad range of building materials using Life Cycle Assessment data from the ICE Database.
2. To develop and compare machine learning and deep learning models capable of accurately predicting embodied carbon and energy for construction materials.
3. To design an optimisation framework that ranks materials according to their sustainability performance.
4. To implement an interactive dashboard that delivers real-time predictions and material recommendations to end users.
5. To provide a practical, data-driven decision-support tool that facilitates more sustainable material choices in architecture and construction engineering.


Background and Rationale
The construction industry is one of the largest contributors of green house gas emissions and use of resources in the world, and this is because of the pervasive use of high impact materials like cement, steel and conventional concrete. Although Life Cycle Assessment is broadly accepted as the standard approach to measuring the environmental impacts, it is very time-consuming, not easily usable as it is technically complex and not readily available to practitioners, especially in developing countries which still have only scarce resources at sustainability tools and expertise.
Simultaneously, the development of machine learning and deep learning provides new possibilities to automatic estimation of impact and to incorporate environmental requirements into the design and procurement of the first stage. With its combination of solid LCA information and predictive tools and user-friendly interface, this project addresses both the gaps in the current sustainable construction practice and provides the means of response to the global work to decarbonise the built environment.

Practical and Societal Significance
To the industry stakeholders including architects, engineers and construction managers, the Smart Material Selector can save considerable time and expertise of specialists in having to integrate environmental performance in the selection of the materials. It will be able to facilitate more regular and evidence-based decision-making and enhance adherence to new sustainability criteria and help to save money in the long term by using resources efficiently.
Starting at a societal scale, embodied emissions can be reduced by using more materials with low impact which will not lead to environmental degradation and increase the resilience of buildings and other infrastructures. The research hence justifies broader climate action and sustainable development goals.

Problem Context and Consequences
Although there are more sustainable options that have been made available, high impact materials still carry on construction projects due to perceived complexity of environmental assessment, which is slow and hard to incorporate into normal working processes. Manual LCA is subject to computational errors and it may need expert skills that are not in many practitioners. These barriers unchanged will keep unnecessary embodied carbon and energy locked in to new buildings, contributing to climate change and wasting resources as well as compromising policy objectives of low-carbon buildings.

Research Design and Methods
In the research, secondary data will be the Inventory of Carbon and Energy (ICE) Database v3.0 which will give the embodied carbon (kg CO2e/kg) and embodied energy (MJ/kg) quantities of more than 200 standard building materials. The pre-processed data will be utilized to create prediction and ranking models in Python, and the methods that will be employed will be Random Forest, XGBoost and Artificial Neural Networks.
Regular regression measures (R2, RMSE and MAE) will be used to determine the model performance so as to achieve reliability. The models that have been proved will be then incorporated into an interactive streamlit dashboard, which allows the user to enter by type and amount of material and get in-real-time estimates of the environmental impact and a ranked series of recommendations to more responsible alternatives.

Feasibility, Cost and Resource Implications
The dissertation period has high feasibility of the project. The ICE data set is open-source and all the necessary software (Python, TensorFlow, Scikit-learn and Streamlit) is open-source. It takes only a normal personal computer to do all the modelling and dashboard development. Consequently, there is no financial cost and a limited demand of resources in the study except time and effort on the part of the researcher.
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