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Optimization and Case Study of Eco-Friendly Building Materials Using

Retrieval-Augmented Generation Large Language Model
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Abstract

In designing green buildings, the choice of building materials largely determines their performance. However, there is currently a lack of
tools that can support designers in decision-making and optimization during the material design stage. Large Language Models (LLMs),
which can understand and generate human-like text, have developed rapidly in recent years. Retrieval-Augmented Generation (RAG)
addresses the limitations of LLMs in specialized domains by connecting them with external sources. In this study, we trained a RAG-LLM
using open-access publications in the field of building materials to create a domain-specific model. Its performance was then validated,
demonstrating that the model can effectively support building material design and optimization based on user prompts.
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Fig.1. Framework of building material RAG-LLM development
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Fig.2. Validation process of BM-RAG-LLM
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Table.1.Exterior wall material composition of medium office building

Layer 1/ | Layer 2/ | Layer 3/ | Layer 4/ | Layer 5/ | Layer 6/ Total
R R R R R R U-value
(m?K/W) | (m*K/W) | (m’K/W) | (m?K/W) | (m?K/W) | (m*K/W) | (W/m*>K)

FO7 GO1 Nonres_E GO1
25mm 16mm xterior W 16mm
Baseline stuce gypsum | all_Insulat | gypsum * * 0.596
(0.0353) board ion_mid board
- 0.099) | (1.460) | (0.099)
GO1 Steel GO1

Metal Mineral

Air Gap 16mm Stud 16mm

s"i‘ﬁ%/lles Pa; cl Op 25mm Wool CI gypsum Cavity gypsum 0.267
= mm 0.18) S0mm board Effective board
0.00002) | (© (2.222)
(0.1) (1.145) 0.1)
Mineral
Brick 08B | prooi | wool peM
Strategies veneer sheathing 40mm (stud ancl * 0.169
RAG 100mm 12mm (1.538) cavity) IPme :
(0.13) (0.092) : 1omm | 500
(3.784) -
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Fig.3.Comparison of total site energy consumption.
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Fig.4.Comparison of heating and cooling energy consumption.
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