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Class Material Location

The slides and other supporting information for the class can be found 
at:
https://www.av8rdas.com/pacific-energy-center-design-performance-
and-commissioning-issues-classes.html#Current
They will be there until the next class, at which time they will be 
relocated down the page.
About using my spreadsheets and other resources:
• They are my tools vs. tools I developed to be used by others
• Use at your own risk;  I provide them as a resource for you to use as 

a starting point
• You still need to understand how it works and fix it if it doesn’t work 

for you
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Get Connected 
with My Poll 
Everywhere

Via text messaging
Step 1

Text DAVIDSELLERS022 
to 22333 (the hyphen gets 
inserted automatically on 
some phones)



Get Connected 
with My Poll 
Everywhere

Via text messaging
Step 2

Receive confirmation that 
you have joined the 
session



Get Connected 
with My Poll 
Everywhere

Via web browser
Step 1

Go to 
pollev.com/davidsellers022



Get Connected with My Poll 
Everywhere
Via web browser
Step 1

Go to 
pollev.com/davidsellers022



Get Connected with My Poll 
Everywhere

Via web browser or text messaging
Step 3

Wait for a poll question to come up



Disclaimer
The information in this document is believed to accurately describe the 

technologies described herein and are meant to clarify and illustrate typical 

situations, which must be appropriately adapted to individual circumstances.  

These materials were prepared to be used in conjunction with a free, educational 

program and are not intended to provide legal advice or establish legal standards 

of reasonable behavior.  Neither Pacific Gas and Electric Company (PG&E) nor any 

of its employees and agents: 

(1) Makes any written or oral warranty, expressed or implied, including, but not 

limited to, those concerning merchantability or fitness for a particular purpose; 

(2) Assumes any legal liability or responsibility for the accuracy or completeness 

of any information, apparatus, product, process, method, or policy contained 

herein; or 

(3) Represents that its use would not infringe any privately owned rights, 

including, but not limited to, patents, trademarks, or copyrights. 

DisclaimerDisclaimer
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Copyright Materials

Some or all of this presentation may be protected by US and 

International Copyright laws.  Reproduction, distribution, 

display and use of the presentation without written permission 

of the copyright holder is prohibited.

Copyright MaterialsCopyright Materials
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Learning Objectives

After completing this course you should be able to:

Learning ObjectivesLearning Objectives

1. Identify common components in a typical air handling system
2. Recognize the interactive nature of the various components in an 

air handling process with each other and the utility systems 
serving the process

3. Understand how to apply common HVAC relationships to 
evaluate typical air handling system energy and power metrics

4. Learn how to use a psychrometric chart and psychrometric 
principles to analyze an air handling process.

5. Learn to identify common performance and resource utilization 
opportunities for air handling systems including economizer 
evaluation techniques and best life cycle cost-based filter 
operation strategies
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AgendaAgendaAgenda
1. Introduction
2. Key Fundamental Concepts

a) Fans
b) Ducts and Distribution
c) HVAC processes

3. Exploring a Typical AHU
a) Schematically
b) SketchUp Model

4. Applying a Psych Chart
5. Scoping an Air Handling System
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Why a Class on Air Handling Equipment?

Just about every building has at least one fan
Air handling can account for 30-40% of a buildings energy 
consumption
PIER* research indicates significant fan energy savings 
potential by simply applying best practices
• 10 – 15% in for small commercial buildings
• $0.12 per square foot for large commercial buildings

*Public Interest Efficiency Research
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How Fans Use Power and Energy
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Calculating Power Into the Motor
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Calculating Power Into the Motor
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Energy = Power Applied Over Time

1 horsepower used for one hour = 1 horsepower-hour
1 kilowatt used for one hour = one kilowatt-hour
1 kW used for 1 h = 1 kWh
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A Bigger Perspective on Delivering Mass 
in Motion

Switch Gear
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More Distribution System Losses

Motor Efficiency 
Losses
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A Bigger Perspective on Delivering Mass in 
Motion
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Fans; 
Only One of 
Many Terms in 
the  Air Handling 
Resource 
Consumption 
Equation
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Air Handling Systems can be Insidious 
Users of Energy

Design Intent
Deliver 70,000 cfm of outdoor air to a research facility at 
55°F, 24 hours per day, 365 days per year
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Temperature at Outdoor Air Intake
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Preheat Coil Discharge
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Cooling Coil Discharge
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Outdoor temperatures 
below 43°F trigger 

steady state nominal 
90°F discharge 
temperatures

Steady state 10 -
12°F temperature 
rise due to valve 
leakage and face 

and bypass 
damper problems

Discharge 
temperature 
control loop 

tuning 
“nailed”
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Meanwhile, the Research Environment is 
Just Fine
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Energy is Not the Only Resource 
Consumed by Air Handling Equipment

There could easily be at least one 24” x 24” 
filter for every 2,000 – 4,000 square feet of 

building space

CBECS 1999 data says there is about 
58,800,000,000 square feet of commercial 

building space
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Of Course, There’s a 
Reason for Doing This
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In the Long Term, It Will Be Desirable to Understand 
How To Provide a Safe, Comfortable, Built 

Environment as Efficiently as Possible
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What are the Components of a Typical Air 
Handling System?
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A Load to Serve for 
Starters



A Duct System
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Fans VFD

VFD
Fans
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Filtration VFD

VFD
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Ventilation

VFD

VFD
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Sources of 
Cooling and 

Dehumidification

VFD

VFD
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Building 
Pressure 
Control

VFD

VFD
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Sources of 
Heat

VFD

VFD
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VFD

VFD

Sources 
Humidification
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VFD

A control and interlock system
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Another Important Relationship
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Another Important Relationship
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A Few of Many Common Air Handling 
System Configurations
Single Duct, Constant Volume, 
Single Zone 
Single Duct, Constant Volume, 
Reheat 
Single Duct, Constant Volume, 
Bypass VAV 
Single Duct VAV and VAV with 
Reheat 
Hybrid Constant and Variable 
Volume Systems 
Constant Volume and Variable 
Volume Multizone

Texas Multizone
Three Deck Multizone
Dual Duct Constant Volume and 
Variable Volume 
Dual Duct, Dual Conduit 
Low Temperature Air 
Natural Ventilation Cycle 

See the Control Design Guide for 
descriptions and standard point lists 

for these systems
www.peci.org/ftguide/csdg/CSDG.htm
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Let’s Consider a Typical AHU Load
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Discussion
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Let’s Trace the Path of Air and Energy 
Through an Air Handling System
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Discussion
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Let’s Follow the Energy All the Way Back to 
the Central Plant
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Discussion
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Let’s See if we can Figure Out the 
Conditions in the Ball Room from the Clues
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Current Conditions
• Foggy
• Furnace running at home when you left
• Low 50’s °F through early afternoon, then 

clearing and sunny with a high of 68-70°F 
anticipated

• Hotel at 84% occupancy
• Major conference happening

• Main ball room in use
• Meeting rooms and Junior Ball Room in 

use
• Spaces under control at design target of 

72°F/50% RH
• Ballroom MOA settings recently verified 

at 25% 



Discussion
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Let’s Verify the Minimum Outdoor Air 
Percentage from the Available Information
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Discussion

57



Let’s Discuss the Perfect Economizer
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Discussion
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Let’s Discuss Best Life Cycle Cost Filter 
Operation
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