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Modules to Enhance Workforce Preparedness:
A Case for Al-Driven Academic and
Professional Education
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Introduction

* Smart building technologies improve energy efficiency, resilience, reduce
carbon emissions, and provide grid load flexibility.

* There is a lack of systematic curricula on integrating energy systems, smart
building technologies, Al (artificial intelligence) tools, and IoT (internet-of-
things) devices in academia and for building professionals.

* This education gap hinders the ability to attract talent prepared for smart
building adoption in design and operations - fundamental to decarb efforts.

* Through a federally funded grant project, a public-private partnership has
developed smart building curriculum for engineering students and for use
in workforce development for the building services industry professionals.
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Recognized need for future-ready workforce

* The course materials fulfill the need for Al-
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driven, smart building technologies

necessary to prepare engineering students

and professionals for future needs.

* The paper outlines the project approach,
course materials, lessons learned and
suggests methods to scale smart building

instruction to accelerate adoption of these

technologies in the workforce and for
academic curricula in higher education.
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ABSTRACT
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INTRODUCTION
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Expected outcomes of project

* The project resulted in a semester-long, academic course consisting of
six modules for engineering undergraduate and graduate students, and
16 training videos designed, building professionals and the public.

* Training content covers benefits of energy systems, sensor technologies,
loT devices, and smart building controls, including:

—Energy management information systems (EMIS)

—Smart building control platforms - i -
—Cybersecurity =@
—Grid-interactive-efficient buildings (GEBs) 8f

—Occupant-centric control @
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Primary drivers & collaborators

* Federal agency funded research project as awarded grant
* Aimed for broad dissemination and knowledge sharing

e Collaborative, team effort, engaged multiple stakeholders
* Strategized, developed, and validated course content
* Provided innovative & iterative curriculum design

* Indented to fill smart building competency gaps

* Designed for traditional engineering programs _
* Dissemination to include public with interest in buildings
* Provide lifelong learning for building professionals

Image: https://shorturl.at/6LYSv
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Objectives for course development

* Develop & validate a set of module-based, course materials
 Market-ready for adoption by institutes of higher learning - globally

* Packaged, scalable, smart building technologies for professors

* Develop online training videos suitable for building professionals

* Disseminate project information and resource to target audiences

* Build knowledge, continuing education, lifelong learning opportunity

* Promote broader impact through partners & professional organizations

aRAE
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Summary of project outcomes

* Team’s charge was to develop a semester-long course!, new smart building
course - suitable for any engineering college curricula

e Content to be packaged in adaptable & easy to follow modules

* Produce a series of 16 training videos? for customized & self-paced learning
* Final product is to be available free to universities, professionals and public
* Topics are to cover smart building technologies including Al

* Content should provide industry trends and smart building benefits
including building systems, sensors & loT devices, advanced building
monitoring & controls, smart building control platform, and case studies

aRAE
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'Modules for academic semester (15-week) course:

MODULE # MODULE TITLE
0 Introduction of the Course
- Fundamentals of Building Mechanical and Energy Systems, and Building

System Integration
2 Smart Building Technologies Drivers and Trends
3 Fundamentals of Smart Building Technologies
4 Advanced — Building Energy Management and Controls
5 Applications of Engineering Tools and Standards—Building Operation
6 Smart Building Technologies Case Studies for Design and Operation
AS@ 22-23 NOVEMBER 2024 ENERGY IN BUILDINGS 2024 12
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’Online sessions
consisting of 16
training videos for
building industry
professionals:
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Introduction

Introduction to Smart Building Technologies

Building HYAC—Basic Systems

2

3 Building HYAC—Complex Systems

4 Networked Lighting Controls and HVAC Integration
Building Systems LY :

5 Solar PV, BESS, and EV Charging

6 Smart Window, Automated Shades, Phase Change

Materials, and Plug Loads

7 Sensors and 10T Sensors

8 Devices |OT Devices

9 Advanced Building Monitoring and Controls

10 Smart Building Control Platform

1 = AT Smart Building Control Platform Cybersecurity
Controls

12 Smart Building Control Methods

13 Occupant-centric Control

14 Grid-interactive Efficient Buildings and Connected

o Communities

Smart Building

15 Applications Review of Whole-building Simulation Programs

16 Smart Building Application Examples

ENERGY IN BUILDINGS 2024
Europe, the Middle East & Africa
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Conclusions and lessons learned for future work

* Smart building technologies are not adequately covered in higher education
* The team utilized best practices in developing & testing curriculum for training
* Project’s learning modules are systematically organized for scaffolded learning

 Lessons learned in course/content development:
1) Involve project advisors early to review course outlines including topics covered
2) Multiple rounds of internal and external technical expert reviews take time
3) Collaborate with a learning management system provider
4) Structure course content and delivery with focus on learning effectiveness & assessment

* Training materials will be available for free dissemination by the end of 2024

i
.~

Hellenic Chapter



Example of PPT Slides for Academic Course

Summary: Introduction of Smart Envelope

* Smart windows:
include thermochromic window,
electrically activated switchable
window, automatic shadin

Internet of Things (loT) Sensors

[What is automatic fault detection and diagnostics

Secondary Systems
(AHUVAY, FCU)

* Fault classification of
HVAC systems [1].

Vapor Compression Systems
(ChilarHest Pump. A Coione, VRF)

| Bedusedflows
-
)

Sensar.
ol

Contraller

* Smart devices with :
advanced communication

3
. Controlled, .
appliances
L J
Controlled
irrigations |

° PCMs in buildings:
include passive and
active PCMs

* Provide implicit and non-
direct occupancy presence
and comfort detection

* Occupant feedback
enabling energy saving
and improved comfort

Smart Building Elements

: Maotion detection

m(}:’> @ CENTRALIZED BUILDING
: A

Q

A

=
ighting,
ontrol |

Keyless entry

Smartphone
alerts

{ Return fan }
Supply fan

&

- =t
Energy
managemient
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[Building-to-Grid Integration: Example 1 (3)
Mathematical Expression — Objective Function

1. Objective function

Objective function is to minimizing the operation cost in the coming 24 hours.

AUTOMATION SYSTEM
JLBuw\ding Controls
3 L HVAC -
! SETPOINTS

FEERBACK | LOCAL | SECONDARY
B CONTROLLER INPUT: "‘ *ﬂ
pACTUATING 2] ) R N
SIGNALS: b 1 QTHER SUBSYSTEMs |
CORTROD " CONNECTED sl T
ELEMENT | UGHTING&PLUGs | - '[! PV&BATTERY | /
(e.g.. Valve, Damper) WEATHER = T d e

MANIPULATED
VARIABLE

DISTURBANCES Building Systems (e.g., Envelope, HVAC, Lighting, etc.)

Sensorsr g

SENSING
ELEMENT

OTCUPANT

Adopted from Honeywell Engineering Manual of Automatic Gontrol for Gommercial Buildings
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t=1
A L J
i S

Electricity consumption Demand charge

: . :
min/ = min (Z Cl(es®)ps (), 1) +cd * max(ps(t)))

Where cj(t) — power price at time t;
p*(t) — power:supply from grid at time t;
¢ —demand charge rate;

Constraints: Power balance, cooling balance, battery state of charge:(SOC) dynamics, TES
dynamics, etc: : :
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Example of Video Series & Assessment Tool

Whole Buildin Whole Building ABOUT  CONTACT
m W B DG Design Guideg ABOUT  CONTACT ~ MYACCOUNT  LOGOUT m W B DG Design Guide

MY ACCOUNT LOG OUT

Introduction to Smart Building Technologies «eackTosummary | Introduction to Smart Building Technologies

4 Mod: Introduction to Smart Building Tech... Course Post Test

4 Summary Mod: Introduction to Smart Building Tech. .. Course Post TestP

Answer the following questions to the best of your ability. ALL questions must have an answer selected before the test
can be graded. To save your test and come back at a later time, click the Save Test button at the bottom of the page.
Once saved, you may browse to another study page or you may close the window. To submit the test for grading, click
the Submit Test for Review button at the bottom of the page.

Benefits of Smart Buildings

22 1. What is a smart building?
Energy and Resilience

() a. Abuilding that can enhance occupant comfort
Grid-interactive Efficient Building Control Platform Illustration

Y. b. A building that can improve energy efiicienc
* Significant energy and cost . : e ’ © ¢ P o ¥

O e. Abuilding that can leverage various interconnected devices

() e. Occupants
() d. All of the above

savings through smart bUlldlng E%a O d. There is no authoritative, consensus definition in the building industry
design and operations GEB ===
COMMUNICATION GEB OPTIMIZATION AND CONTROL
. Improved gird resi“ence by o l I 2. Smart building elements include:
providing grid services through . A i O a. Building systems
Grid-interactive Efficient I I I I I I O b. Sensors, controls, and networks
unuTy

Buildings (GEBs) g E@ iua

* Improved building energy ™
resilience through DER PP .. o . N 2. What are the benefits of smart buildings?

integration and microgrid O a. Improve well-being of occupants

> 6:34/5407

O b. Improve building energy resilience

(O e. Reduce carbon emissions
(O d. All of the above
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Resources

* To view a short promotional video for
this opportunity, use the QR code

e Or paste this link into your URL
https://shorturl.at/Ctkte

* A complete list of additional resources,
are provided in the paper

* For more information access to the
course content, please contact the
authors

ASHRAE ENERGY IN BUILDINGS 2024 18

/ 22-23 NOVEMBER 2024 . .
Hellenic Chapter Europe, the Middle East & Africa



ENERGY IN
BUILDINGS

EMEA 2024

Europe, the Middle East & Africa

vt \OVEMBER 22-23, 2024

@ 900'1800 Prof. Walters, fhwalters@tamu.edu
Dr. Zhou, jzhou@slipstreaminc.org

GOLD SPONSOR SPONSORS
CO Clima Quest. B CONTEC ZDIAMAR x wd
FU] ]TSU A ARISTON  FB 4ER0GEUNI 5.4, < BL.T @ aGree /1 (A s ] dimtech @semaw @ mGeBeRIT IDATOR
knaug @ LG =i (:\ﬁr & menerga JL"MMMBT OO . 4 systemair g ~~~~~ i Y ufjiﬂ?.i wilo W@ zes KOKOTAI m

AIRSTAGE



	Slide 1
	Slide 2: Session 2.2: SUSTAINABILITY – DIGITAL ENVIRONMENT Chair: Triantafyllopoulos, Georgakakou, Tritou Saturday November 23, 2024
	Slide 3:      Developing Smart Building Technology Modules to Enhance Workforce Preparedness: A Case for AI-Driven Academic and Professional Education
	Slide 4: Authors
	Slide 5: Outline
	Slide 6: Introduction
	Slide 7: Recognized need for future-ready workforce
	Slide 8: Expected outcomes of project
	Slide 9: Primary drivers & collaborators
	Slide 10: Objectives for course development
	Slide 11: Summary of project outcomes
	Slide 12: 1Modules for academic semester (15-week) course:
	Slide 13: 2Online sessions consisting of 16 training videos for building industry professionals:
	Slide 14: Conclusions and lessons learned for future work
	Slide 15: Example of PPT Slides for Academic Course
	Slide 16: Example of Video Series & Assessment Tool
	Slide 17: Acknowledgements
	Slide 18: Resources
	Slide 19: NAME/EMAIL:  Prof. Walters, fhwalters@tamu.edu Dr. Zhou, jzhou@slipstreaminc.org

