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Outline/Agenda

• Defining Artificial Intelligence, Machine Learning, and Deep Learning

• Hype Cycles of Artificial Intelligence 

• Brief Background of Generative AI

• Scalability Requirements
• Interoperability
• Normalization
• Configuration

• Machine Learning Applications
• Sensor Fusion
• Predictive Control
• BAS with Large Language Model



What is “AI”?

Artificial 
Intelligence 

Machine 
Learning

Deep 
Learning Application of machine learning 

that uses complex algorithms 
and usually artificial neural net-

based models

Application of artificial 
intelligence that allows a system 
to learn and improve using data

Ability of machine to imitate 
intelligent human behavior



AI Hype Cycle – 2024 



AI Hype Cycle – 2025 



What is a Transformer and Why Use One?

• Internally composed of deep learning 
(artificial neural network models) and 
self-attention

• Self-attention: "How much does each 
other token of input affect the 
interpretation of this token?"

• Can contain several trillion or more 
parameters

• Interacts with embedded data, often via 
vector databases

• Why do this?

• Handles large sequences and patterns 
well

• Handles natural language well



LLM Architecture Visualized

• LLM Definition: Transformers trained using 

primarily text data to understand, manipulate, 

and generate natural language

• nano-gpt example:

• Trained to reproduce GPT-2 with less 

parameters

• ~86k parameters

• 6 MLP layers

• 6 attention heads

• Written in PyTorch (~300 lines)

• Trained over 4 days with 8x A100 40GB 

GPUs

• Other, larger LLMs:

• GPT-2: 124M parameters

• GPT-3: 175B parameters

• GPT-4: 1.8T parameters

Adapted from: https://bbycroft.net/llm



Agentic AI

• Important Agentic AI considerations:
• Function calling

• Knowledge bases via API (e.g., databases, documents)

• Model context protocol

• Multi-agentic systems

Application Agent(s)

LLM(s)

API(s)

Functions

Knowledge 
Base(s)

query/response query/response



How Can Algorithms be Scaled in Buildings?

• We need to “remove the Ph.D. from the loop”

• Machines need to identify systems

• Machines need to tune system models

• Optimization constraints and parameters need to be 
presented in an operator-intuitive fashion

• Implementation should begin with simple problems that 
are common (in this case, bottom-up)

• Implementation should be compatible with contemporary 
supervisory control (e.g., ASHRAE Guideline 36)



Challenges when Connecting BAS to Other 
Things (Including AI Systems)



Standards Enabling AI in Building Controls



• Building data:
• BIM architecture and equipment schedules

• BAS specs

• Physical I/O

• Parameters (AV, BV, MV)

• Algorithms (e.g., guidelines or templates)

• Public metadata libraries/ontologies:
• Brick/ RealEstateCore (based on Semantic Web)

• Haystack (based on markers)

Data Sources



Metadata Approaches and the Power of 
Ontology



AI Applications



AI Applications – Occupancy Sensor Fusion

• How can occupancy be estimated without a camera?



AI Applications – Occupancy Sensor Fusion

• Privacy preserving, self-contained, approximate-people-
counting solution

• Uses machine learning model to estimate # of occupants 
from a noisy PIR sensor

• Approximate but useful, close enough for most 
applications

• 86% of meetings contain 6 or less occupants



Predictive Control Case Study Building

• Dedicated VAV AHU for 4th floor (top floor) living lab

• One room per zone cooling-only VAV with wall mounted radiant heating

• Located in Ottawa, ON, Canada



MPC Algorithm Considerations Explored

Optimization – Simultaneous for Energy and Thermal Comfort Using:

• Minimum Energy Trajectory Inputs

• Zone Air Flow

• Zone Discharge Air Temperature

• Zone Air Temperature

• Thermal Comfort Inputs

• Indoor Air Temperature 

• Indoor Air Temperature Setpoint

Models:

• State-space

• Lumped Capacitance

• Seasonal Autoregressive Integrated Moving Average with Exogenous 

Regressors (SARIMAX)



Cloud Supervisory Control Diagram



Results – Cooling Season

• Daily average cooling energy use during operating hours (6 am – 6 pm) reduced by 4.6% 



Results – Cooling Season

• Early-morning start-up loads (6 am – 8 am) reduced by 15.8%



Results – Cooling Season

• Total discharge airflow rate aggregated across all zones decreased by 52.5% during the MPC period.

• Leaky or miscalibrated VAV dampers account for an additional 26.4% unrealized reduction.



Results – Heating Season

• Daily average heating energy use during operating hours (6 am – 6 pm) reduced by 28.7% 



Results – Heating Season

• Late-afternoon period loads preceding end-of-occupancy (4 pm – 6 pm) reduced by 54.3%



Results – Heating Season

• Total discharge airflow rate aggregated across all zones decreased by 36.6% during the MPC period.

• Leaky or miscalibrated VAV dampers account for an additional 52.4% unrealized reduction.



MPC Results Summary

Cooling Heating

MPC Energy Savings (All Day) 4.6% 28.7%

MPC Energy Savings (Startup) 15.8% 54.3%

MPC Airflow Rate Reduction 52.5% 36.6%

• Simple lumped capacitance models with active parameter estimation can 

be rapidly deployed at the zone level

• Differences in ambient conditions between MPC and control testing 

periods did not impact the results significantly

• Leaky dampers increased measured energy use from MPC target



Please note that the use of generative artificial intelligence (AI) using large language 
models (LLM) in analysis is subject to the following conditions:

• Accuracy: While generative AI strives to provide accurate and insightful data analysis, it 
is not infallible. The results should be cross-verified for accuracy.

• Data Sensitivity: Generative AI may not fully comprehend the sensitivity or context of 
the data it analyzes. Users are responsible for ensuring the appropriateness of the data 
used.

• Bias: AI models may unintentionally incorporate biases present in their training data. 
Users should be aware of potential bias in the results.

• Interpretation: The interpretation of the results generated by AI requires expertise in 
the relevant field. Misinterpretation of the results can lead to incorrect conclusions.

• Responsibility: The user assumes full responsibility for any decisions or actions taken 
based on the results generated by the AI.

Generative AI Disclaimer

“It’s almost like talking to real people.” – Someone at ASHRAE



Early LLM Example

• Tools:

• BOT Framework

• GPT 4 Turbo JSON API and 
Function Calling

• Building data via BACnet API 



Early LLM Example 
(cont.)



Greenfield Autotagging During System 
Configuration

• Template-driven using public ontologies

• Rich metadata (including BACnet data) 
and native semantic data models

• Application-specific constraints

• Multi-agent hierarchy

• Significant RAG

• Knowledge bases on application-
specific configurations

• Functions/Tools for processes that 
require a rigid deterministic structure



Greenfield Autotagging in Action



Greenfield Autotagging in Action



Greenfield Autotagging in Action



Greenfield Autotagging in Action



Greenfield Autotagging in Action



What About Legacy Data?
Tree-of-Thought Deductive Reasoning

• “Brownfield” autotagging of BAS assets 
with ontology classes already has 
publicly available heuristic solutions.

• LLMs can be guided in multi-shot 
ontology classification processes.

• However, zero-shot is 60%-80% 
accurate depending on quality of 
underlying metadata. 



What Can We Do When Semantic Data Models 
are Embedded in Typical Workflows?

• Rapidly configure control graphics and graphical user interfaces (GUI)

• Rapidly configure analytics from public (or semi-public) libraries

• Improve single-pane-of-glass data aggregation from multiple protocols and application programming 

interfaces (API)

• Provide normalized context with ontological definitions of the assets in a system to LLM-powered AI 

systems

Application System 
Ideation

Semantic Data 
Modeling 

(e.g., ASHRAE 223P)

Function Block/Code 
Snippet Aggregation 

(e.g., ASHRAE 
231/CDL)

Generation in Target 
Environment 

(e.g., ASHRAE 
135/BACnet)



• Scaling AI in the field requires significant forethought during all phases of 

design and integration

• Semantic interoperability concepts can improve the success of AI in the field 

• Applications constrained to single standardized devices and processes have 

the most success in the current environment

• MPC provides a multi-objective packaged software-based solution that can 

overlay on typical points lists

• More complex system-level applications will see higher uptake and success 

as structured metadata is leveraged in more AI problems for 

automated/semi-automated deployment 

• LLMs can efficiently act as brokers for natural language regardless of the 

structure (or lack thereof) of underlying data

• Validation of the AI application with “ground-truth” data is essential to 

reliability

Conclusions



Jayson Bursill

jbursill@deltaww.com

Questions

mailto:jbursill@deltacontrols.com

	Slide 1
	Slide 2: Outline/Agenda
	Slide 3: What is “AI”?
	Slide 4: AI Hype Cycle – 2024 
	Slide 5: AI Hype Cycle – 2025 
	Slide 6: What is a Transformer and Why Use One?
	Slide 7: LLM Architecture Visualized
	Slide 8: Agentic AI
	Slide 9: How Can Algorithms be Scaled in Buildings?
	Slide 10: Challenges when Connecting BAS to Other Things (Including AI Systems)
	Slide 11: Standards Enabling AI in Building Controls
	Slide 12: Data Sources
	Slide 13: Metadata Approaches and the Power of Ontology
	Slide 14: AI Applications
	Slide 15: AI Applications – Occupancy Sensor Fusion
	Slide 16: AI Applications – Occupancy Sensor Fusion
	Slide 17: Predictive Control Case Study Building
	Slide 18: MPC Algorithm Considerations Explored
	Slide 19: Cloud Supervisory Control Diagram
	Slide 20: Results – Cooling Season
	Slide 21: Results – Cooling Season
	Slide 22: Results – Cooling Season
	Slide 23: Results – Heating Season
	Slide 24: Results – Heating Season
	Slide 25: Results – Heating Season
	Slide 26: MPC Results Summary
	Slide 27: Generative AI Disclaimer
	Slide 28: Early LLM Example
	Slide 29: Early LLM Example (cont.)
	Slide 30: Greenfield Autotagging During System Configuration
	Slide 31: Greenfield Autotagging in Action
	Slide 32: Greenfield Autotagging in Action
	Slide 33: Greenfield Autotagging in Action
	Slide 34: Greenfield Autotagging in Action
	Slide 35: Greenfield Autotagging in Action
	Slide 36: What About Legacy Data? Tree-of-Thought Deductive Reasoning
	Slide 37: What Can We Do When Semantic Data Models are Embedded in Typical Workflows?
	Slide 38: Conclusions
	Slide 39: Questions

