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Outline/Agenda

• From calculators/computers to AI - How did we get here?

• Why is AI now different from the 80’s hype?

• What are some example applications of genAI?

• How can ASHRAE members benefit from the recent trends in AI?



What is special about this number?



Hardy–Ramanujan number

• Number divisible by the sum of its digits



Computer Technology Evolution

(Source: https://fastvoicemedia.de/image-collection/what-is-the-timeline-of-computer-history.aspx)

2024
CPU GPU 
NPU



Artificial Intelligence - Timeline

(Source:  The history of Artificial Intelligence, Harvard student blog available at: 
https://sitn.hms.harvard.edu/flash/2017/history-artificial-intelligence/ )



Artificial Intelligence in the 1980’s 

Goal of AI: 

“Replication of the functionality of human 
mind”

Technologies:

Expert Systems or Knowledge-Based Systems

Neural Networks

Fuzzy Logic

New Career Title e.g.:

Knowledge Engineer

Machine Vision

Robotics

Speech Processing

Natural Language Processing

Theorem Proving

Pattern Recognition 

Machine Learning



Rule-Based Systems – Example: BEACON

Haberl, J. S., Smith, L., & Kreider, J. F. (1988). Metered Data Analysis and Knowledge Based Methods that Reduce HVAC Operation and Maintenance 
Problems. Proceedings of the Symposium on Improving Building Systems in Hot and Humid Climates. Energy Systems Laboratory, Texas A&M University. 



Knowledge-Based Systems – Example: BEADS



Expert Systems and AI Limitations of 1980s

Lack of computing power for 
text processing and collapse 
of the LISP machine market

Slowdown in development 
and deployment of 
Commercial Expert systems -
they could solve only well-
defined problems in narrow 
domains



Technology Advancements Triggering AI 
Revolution (2022) 

The AI innovations on the Hype 
Cycle reflect priorities across four 
main categories:

1. Data-centric AI
2. Model-centric AI
3. Applications-centric AI
4. Human-centric AI

(Source: https://www.gartner.com/en/articles/what-s-new-in-
artificial-intelligence-from-the-2022-gartner-hype-cycle )

Technologies Triggering the Hype:

1. Big Data
2. Cloud Computing
3. Data Science
4. Machine Learning 
5. Large Language Models



HVAC Applications
Generative AI

LLMs and diffusion models for design generation, 
documentation, and automated content creation

Machine Learning
Predictive analytics for system performance, 
energy optimization, and predictive maintenance

Computer Vision
Thermal imaging analysis, 
equipment condition monitoring, and on-site inspections

Agentic AI
Autonomous systems for workflow automation, 
decision-making, and complex project management



Generative AI

Artificial Intelligence (AI)

Emulate human intelligence

Machine Learning (ML)

Learn from data

Deep Learning

Learn from relationships



• Deep learning models trained on vast amounts of linguistic data, 
so they understand and respond in natural language text

Large Language Models

Capabilities
Natural Language Understanding (NLU)

Natural Language Generation (NLG)

Context Awareness

Components
Transformers

Large Datasets

Learning Models



Current AI Models in Use
Proven Technologies Deployed Today

Large Language Models (LLMs)
• GPT-4, Claude for design specification
• BIM documentation generation
• Code compliance analysis & interpretation
• RFP and proposal automation
• Stakeholder communication drafts

Specialized ML Models
• Energy optimization algorithms
• Load forecasting models
• Equipment failure prediction
• Sensor data anomaly detection
• System performance analytics

Computer Vision & Image Analysis
• Thermal imaging interpretation 
• Equipment damage assessment 
• Installation quality verification 
• 3D model generation from photographs



LLM – How do they work?



How to use LLMs in HVAC Consulting?

Helpful prompts for HVAC design:
Rephrase this technical report for a non-technical audience.
Write an abstract for this report.
Explain this architectural concept to me.
Make this email sound more polite/professional.

“What the large language models are good at is saying 
what an answer should sound like, which is different 
from what an answer should be.”

—Rodney Brooks, Robust.AI



Generative AI Chatbot - How does it work?

Train the Chatbot 
with data Give a prompt Get output, 

review and refine

Traditional LLM



Prompt Engineering – What is it?



Prompting Techniques

You are an HVAC expert. 
Explain this data. 

List three causes of airflow 
imbalance and fixes. 

. 



Anatomy of a Good Prompt

Who you are, what you are working on
Context

What you need or want from the LLM
Task

The structure of the output
Formal

Any limitations or boundaries
Constraints

Optional – like required result
Examples



Prompt Engineering for Energy Modeling - Examples

Response SummaryPrompt ContentTechnique

6.78 kWh/ft²-yr (~23 kBtu/ft²-yr), which aligns to 
~13,500 kWh/year for 2,000 ft².

what is the annual EUI for a typical 2000 sf residential 
building in phoenix, AZ?Zer-shot/Basic

Set an annual site EUI target of ~27 kBtu/ft²·yr
for a typical, code-compliant 2,000 sf residential 
building in Phoenix, AZ.

You are an energy analyst setting EUI target for a typical 
2000 sf residential building in Phoenix, AZ.Role-Based

≤ 28 kBtu/ft²-yr
Represents a realistic yet efficient benchmark for 
new construction

Use the EnergyStar portfolio manager data on residential 
building stock and the PNNL residential prototype results 
as examples ….

Few-shot

Annual site EUI: ≈26 kBtu/ft²·yr
ERI (no PV): ~55
ZERH compliant: Yes

….Assume air tight construction, WWR of 15%, south 
facing glazing. calculate the total heat/cooling load to 
select efficient space conditioning system, calculate the ERI 
and compare with DOE zero energy ready home target.

Chain-of-
thought

modeled EUI target is ~26 kBtu/ft²·yr (site),
supported by realistic load sizing, high-efficiency 
systems, and annual simulation.

…and meeting the prescriptive requirements for envelope 
and mechanical systems as per DOE ZERH. Create an 
energy model to size the equipment, run annua simulation 
and calculate the target

Contextual



Prompt Techniques - Comparison

Context – Calculate EUI for a residential building model



AI Throughout Design & Construction

Building Life-Cycle Applications

DESIGN STAGE

• System sizing
• Duct layout generation
• Energy modeling
• Load calculations
• Spec writing

CONSTRUCTION STAGE

• Progress monitoring
• Quality assurance checks
• Installation verification
• Change order analysis
• Schedule optimization

OPERATIONS

• Predictive maintenance
• Performance tuning
• Fault diagnostics
• Energy optimization
• Occupant comfort

Expected Impact

Reduction in design time • Improvement in energy efficiency • Faster construction quality checks
Reduction in maintenance costs • 24/7 system monitoring • Predictive insights



AI in Design: Detailed Applications
Automated System Sizing
AI analyzes building geometry, climate data, and occupancy patterns to 
recommend optimal HVAC equipment sizes, reducing undersizing and 
oversizing errors by 40%.

Intelligent Duct Routing
Computer vision and optimization algorithms design duct layouts that minimize 
pressure drop and noise while f itting building constraints, saving 20+ hours per 
design.

Energy Modeling & Simulation
Automated hourly energy simulations with hourly weather data and occupancy 
patterns, providing detailed equipment selection and code compliance 
verification.

Automated Specifications
Generate comprehensive, code-compliant specifications and technical 
documentation in minutes, customized to local codes and standards.

Code Compliance Analysis
AI cross-references designs against ASHRAE, building codes, and local 
regulations, identifying violations before submission and reducing 
rejections.

BIM Integration
Automatically generate and update BIM models with HVAC systems, 
coordinating with architectural and structural elements.



AI in Construction & Operations
Site Progress Monitoring
Computer vision analyzes daily site photos to track equipment 
installation, ductwork progress, and compliance with 
construction schedules automatically.

Quality Assurance & Testing
AI systems verify ductwork sealing, airflow measurements, and 
vibration levels against specifications, documenting compliance 
automatically.

Automated Change Orders
NLP analysis of change requests estimates cost and schedule 
impacts, routes approvals, and updates project documentation 
in real-time.

Predictive Maintenance
ML models analyze sensor data (vibration, temperature, 
pressure) to predict equipment failures 4-6 weeks in 
advance, reducing downtime.

Energy Optimization
Real-time AI adjusts setpoints, ventilation rates, and 
equipment runtime based on occupancy and weather, 
reducing energy use.

Fault Diagnosis & Alerts
AI detects refrigerant leaks, control failures, and airflow 
issues from sensor patterns, alerting technicians before 
occupant complaints arise.



Complements 
physics-based 

modeling

Supports early 
design, 

calibration, 
operations

Enables 
stochastic and 
probabilistic 
workflows

Generative AI for Building Energy Modeling

Traditional simulations are slow 
and expert-intensive, high 
latency, deterministic inputs

Need for scalable, automated 
modeling

GenAI enables rapid exploration 
and probabilistic modeling



Generative AI Techniques for 
Building Energy Modeling

Transformer-Based 
Architectures

Diffusion ModelsSurrogate Models

Hybrid Physics-
GenAI

Prompt 
Engineering

Agentic AI - Model 
Control Protocol (MCP)



Traditional vs. GenAI Energy Modeling

Context ML/Data Model Prob. OutputInput Physics Model Output

Simulation Inference



HVAC Operational Data Analysis – Experiments

• Provide data to Chatbot in small batches. 
• i.e., a weeks worth of electrical power meter data on 15-minute intervals.

• Can be useful to the smart building IoT sectors where logic and 
data processing can be automated to provide a “virtual 
analyst” in describing results to the end client.

• Typical commissioning efforts or building retuning require an 
“expert” to explain results to the client where AI can potentially 
provide a “virtual expert.”



Broken AHU Heating Coil BAS Graphics 



Results on Broken AHU Heating Coil

(LLM response – sample 1)
• Cooling Valve Position: The cooling valve is 67.8% open, which suggests the system is trying to 

cool the air but is not reaching the setpoint.
• Heating Valve Position: The heating valve is 0% open, indicating no heating is being applied, 

which is correct since cooling is needed.
• Damper Position: The damper position is 32%, which might be insufficient for proper airflow. 

The damper position should be checked to ensure it is providing the right amount of outside air 
and return air for effective cooling.

Troubleshooting Steps
1.Check the Cooling Coil
2. Inspect the Cooling Valve
3.Assess Airflow
4.Evaluate Temperature Sensors
5.System Controls
6.Check for Air Leaks
7.Review Historical Data



Results on Broken AHU Heating Coil

(LLM response – sample 2)



Future AI Models & Emerging Tech

1 Multimodal AI Systems
Combining text, image, and sensor data in a single model for comprehensive 
design review, installation verification, and operational diagnostics.

2 Graph Neural Networks
Understanding complex interdependencies in building systems—how changes to 
one zone affect pressure, temperature, and energy in adjacent spaces.

3 Digital Twins with Real-Time Sync
Live virtual replicas of HVAC systems that predict performance under various 
conditions and optimize ahead of actual building changes.

4 Autonomous Design Agents
AI agents that iteratively refine designs based on performance goals, cost targets, 
and constraints without human intervention between iterations.



Where are we at?



ASHRAE Policy for Use of AI (Feb 9, 2025)



GenAI.MTG
scope

Initiated as part of 
presidential theme by Dennis 

M. Knight in 2023-24

Support the adoption of 
generative AI by compiling 
technology adoption resources and 
best practice development guidelines

Undertake research 
projects to benefit ASHRAE 
members and for society operations 
and members services.



GenAI.MTG
status

First meeting held on Feb 10, 2025 
– Orlando, FL

Three Work Groups:
1. genAI.Applications
2. genAI.ASHRAE Products
3. genAI.Tools

Programs:
Three programs submitted and scheduled for 
presentation at Phoenix, more initiatives and 
programs planned for Las Vegas, 2026



In Closing…

 Generative AI applications will transform all aspects of the 
HVAC engineering workflow.

 Human in the loop is critical, and AI will help improve 
productivity but not replace the human.

 Be thoughtful, cautious and drill down the sources before 
relying on AI tools. 

 Adapt, learn and get ahead with AI 



Questions

Contact Information:

Krishnan Gowri, Ph.D., BEMP, LEED AP, Fellow ASHRAE

kgowri@energy-solution.com

Krishnan.gowri@outlook.com



BECOME A FUTURE LEADER IN ASHRAE –
WRITE THE NEXT CHAPTER IN YOUR CAREER

YOU ARE NEEDED FOR:
Society Technical Committees
Society Standard Committees
Young Engineers in ASHRAE
Chapter Membership Promotion
Chapter Research Promotion
Chapter Student Activities
Chapter Technology Transfer

Find your Place in ASHRAE and volunteer

ASHRAE Members who are active at their chapter and society become 
leaders and bring information and technology back to their job.


