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Learning Objectives

• Identify AI tools that are relevant to their profession

• Understand the correlation of various AI tools/methods

• Understand how generative AI, aggregation and contextualization can 
influence building intelligence

• Recognize how AI can be integrated into current practices to enhance output

ASHRAE is a Registered Provider with the American Institute of Architects Continuing Education Systems.  Credit earned on completion of this program 
will be reported to ASHRAE Records for AIA members. Certificates of Completion for non-AIA members are available on request. 

This program is registered with the AIA/ASHRAE for continuing professional education. As such, it does not include content that may be deemed or 
construed to be an approval or endorsement by the AIA or any material of construction or any method or manner of handling, us ing, distributing, or 

dealing in any material or product.  Questions related to specific materials, methods, and services will be addressed at the conclusion of this presentation.



Agenda

• Background and Motivation

• Challenges

• Solutions

• Conclusion



Background and Motivation

Buildings account for 40% of global energy 

consumption and CO2 emission

Whole world energy efficiency, 

and decarbonization



Background and Motivation

What is Building Energy Modeling (BEM)?

- A Physics- and math-based technique to construct a “Digital Twin” 

- To predict building energy consumption/indoor environment 

Sustainable Design Smart Operation Urban Analysis

Support various applications:

Important tool for building sustainability and decarbonization



Traditional Building Energy Modeling Process

❖Building energy modeling is time consuming and labor intensive !! 

Simulation Input

Simulation Engine: EnergyPlus with SU

Simulation Output

Building Geometry

Physical Parameters

Weather Data

Cooling

Heating

Electricity

Air Temp

Humidity



Transformed Building Energy Modeling Process

Large Language Model 

(Generative AI)

Building Energy Models

(EnergyPlus)

Directly translate user modeling intents into desired building energy models



Existing Challenges

Need customization for domain-specific and task-

specific applications 

Modeling is complicated with 

high requirements

Lack expertise knowledge in the 

specific building domain

Buildings are diverse, while modeling of buildings 

requires 100% accurate model

Software Using

Physics Knowledge

…



Solutions

❖ Potential Solutions

Using Large Language Models (LLMs) to realize Automated Building energy Modeling (ABEM)

Prompt Engineering

Inform LLMs for ABEM 

Customizing LLMs via 

Fine-Tuning for ABEM
Robustness for Complex 

Scenarios

Fine-Tuning Efficient Fine-Tuning

Simple

Building

Examples

Explanations
Efficient Tuning

Tech

Complex

Scenarios

Prompt Design
Foundation 

Model

100% Accuracy

Robustness

Complex

Scenarios

Fine-Tuning

Large-Scale

Foundation Model

Agentic pipe: Hybrid tricks, e.g., applied multi-LLMs and multi-techs

RAG: Retrieval augmented generation on extra knowledge base

MCP: Model context protocol, put your tools in context, let LLMs know how to apply tools (e.g., Python codes)



Solution 1: Prompt Engineering

Inference

Foundation Model

Building 

Knowledge

Model CreationExample & 

Explanation

Prompt 

Engineering

Prompt Engineering Workflow

Knowledge

Injection

Self-learning

What is prompt engineering? 

- Designing inputs to guide LLM outputs

❖ Prompt Engineering to Inform LLMs for ABEM

Why using prompt engineering? 

- Simplest way to explore (No tech and source required)

Motivation



Prompt Engineering: Summary

Prompt Strategies

In-Context

Learning

Chain of Thought

Task

Explanation

Task 

Division

1-3 Shots

State of The Art LLMs

T5

Mistral

Solar

Llama

Qwen

Vicuna 

ABEM Tasks

Typical Building

Simple Building

Real-World Building

❖ Summary of prompt engineering in ABEM 



Strategies

Example 1 Example 2 Example 3( )

IDF

Prompt for Modeling

Building Model to Build

IDF IDF

IDF

Example 1

Prompt for Modeling

Building Model to Build

Model Part 1

Model Part 2

Model Part 3

IDF

IDF

Example 1

Building Model to Build

IDF

Explanation 1

Explanation 2

Explanation 3

IDF

Prompt for Modeling

Task Division

（Chain-of-Thought）
Task Explanation

(Chain-of-Thought)
Provide Examples

(In-context Leaning) 

❖ Overview of the designed prompt strategies 

Simulate a new building …

[ Simulation Requirements]



Task Definition

Task 1 - Simple Building

iUnit in National Renewable Energy 

Lab

Geometry box,

No internal gain, 

single window

Regular building with 

Internal gain

Equipment Lighting Occupant

Task 2 - Typical Building Task 3 - Real Building

❖ Overview of ABEM tasks



LLM Selection

Instruction model Foundation model
Model size 

(parameters)

Context 

window 
(tokens)

Flan-T5-xxl T5 11B 512

Llama2-chat-hf-13B Llama 13B 4K

Llama3-8B-Instruct Llama 8B 8K

Falcon-7B-instruct Falcon 7B 2K

Falcon2-11B Falcon 11B 8K

ChatGLM3-6B ChatGLM3-Base 6B 8K

LongAlign-13B-64K LongAlign-Base 13B 64K

Qwen1.5-14B-Chat Qwen 14B 8K

Qwen2-7B-Instruct Qwen 7B 131K

Longchat-13B-16K Llama 13B 16K

Vicuna-13B-V1.5-16k Llama 13B 16K

Mistral-7B-Instruct-v0.2 Mistral 7B 8K

Mistral-7B-Instruct-v0.3 Mistral 7B 32K

SOLAR-10.7B-Instruct-v1.0 SOLAR 10.7B 4K

Sakura-Solar-Instruct SOLAR 10.7B 4K

Gemma-7b-it Gemini 7B 8K

Gemma-2-9b-it Gemini 9B 8K

Yi-1.5-9B-Chat-16K Yi 9B 16K

❖ 18 state of the art LLMs 

(on leaderboard)

❖ Light-weight LLMs 

     (7-14B parameters) 



Results

Typical Building  (Task 2) Real-World Building (Task 3)

❖ For simple task (e.g., Task 2, Typical Building), providing just one model example (one-shot learning) is 

enough for the LLM to complete building model generation.

❖ In context learning and chain-of-thought strategies are effective ways to customize model generation and can 

improve accuracy and success rates.

However, for complex building, prompt engineering is not sufficient to achieve ABEM!



Solution 2: Fine-Tuning

Workflow of LLM Fine Tuning and Building Model Generation

Simulate a building…

[ Simulation Requirements] + 

[Prompt Structure]

User

LLM

Prompting

Fine-tuning

Fine-tuned LLM Generated IDF File

EnergyPlus

BEM and Simulation Results 

IDF Files

LLM Architecture Auto-simulation

API InvokingTokenizing, Embedding, Encoding

Multi-dimensional Features

Attention Model

Q           K         V

Motivation

❖ Fine-Tuning to customize LLMs for ABEM 

Prompt engineering is not sufficient!

– Fine-tuning to further improve the ability of LLMs for ABEM, e.g., cover more 

complex scenarios, high accuracy, strong robustness.



Solution 3: Efficient Fine-Tuning

Trainable weights: 𝜽
Dataset

Inputs

Outputs

Updated gradient

𝜵𝜽

Fine-tuned LLM

Fine-tune

Full Parameter Fine-Tuning Parameter-Efficient Fine-Tuning

Fine-Tuning: 100% Accuracy, Robustness, No example needed, Free prompt design

LoRA Adapter



Data Preparation and Scenarios

Data Pipeline Covered Scenarios

EPlus-LLM: 70k building energy models

EPlus-LLMv2: 490k building energy models

Output

Input



Input-Output in Training Dataset

Output

(Building Model in IDF Format)

Input

(Building Description from Users)



Validation

➢ Geometry 

➢ Building Use Scenario

➢ Construction Configuration

➢ ……

402 validation cases, 100% accuracy

❖Accuracy



Parameter Diversity

Description Diversity

❖ Unseen descriptions

❖ Omissions

❖ Spelling mistakes

❖ Different description stylesAlgorithm: Training Data Preparation

❖Robustness

Validation



Single zone, flat roof Single zone, gable roof Multi zone, flat roof Multi zone, gable roof

EnergyPlus OpenStudio EPlus-LLMv2

Single zone
Flat roof 3 h 2 h 3 min

Gable/hip roof 3.2 h 2.5 h (with SketchUp) 3.1 min

Multi-zone
Flat roof 8 h 2.5 h 3.3 min

Gable/hip roof 8.5 h 3 h (with SketchUp) 3.4 min

*Expert simulation time

❖Modeling Effort

Validation



Video Demo



Conclusion
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Gang Jiang

gang.jiang@utah.edu

Questions
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