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• 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: 

• Makes any written or oral warranty, expressed or implied, including, but not limited to, 
those concerning merchantability or fitness for a particular purpose; 

• Assumes any legal liability or responsibility for the accuracy or completeness of any 
information, apparatus, product, process, method, or policy contained herein; or 

• Represents that its use would not infringe any privately owned rights, including, but not 
limited to, patents, trademarks, or copyrights. 

Disclaimer



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 Materials



By the end of this workshop, attendees will be able to:
1. Discuss the value of system diagrams and the system 

concept as design, commissioning, training and persistence 
tools.

2. Discuss the key concepts and techniques that are used to 
develop a system diagram

3. Develop a simple water system diagram.
4. Develop a simple air system diagram.
5. Use a system diagram to perform a node analysis to 

identify different operating modes for a system.

Learning Objectives



1. Introduction
2. Why Do I Want to Learn to Do This?
3. System Diagram Concepts
4. Developing a Simple Air System Diagram
5. Expanding a Chilled Water System Diagram

Agenda



Introductions



Introductions

• https://tinyurl.com/PECSystDgmD1Intro

https://forms.office.com/Pages/DesignPageV2.aspx?prevorigin=OfficeDotCom&origin=NeoPortalPage&subpage=design&collectionid=eewhukh99cu706hgtg51v9&id=EaK2QhPOK025uxCbd78bvgPlIUJsOqZJpLzZ98T0AwRUQThFWjNCTTdDNzkxTDY0QlhONjIyMkNCWC4u&analysis=true
https://tinyurl.com/PECSystDgmD1Intro


A Bit About Me

• I intended to be an aircraft 
maintenance engineer
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A Bit About Me
• HVAC field technician
• Control system designer
• HVAC designer
• MCC Powers system engineer
• Murphy Company controls and start-

up engineer
• Project engineer
• Wafer fab facilities engineer and 

system owner
• A happily married PECI technical 

support engineer and trainer
• FDE Senior Engineer 



I’ve Had Great Mentors Along the Way



Bill Coad’s Thoughts on Energy Conservation

• “… that is to practice our profession with an emphasis 
upon our responsibility to protect the long-range 
interests of the society we serve and, specifically, to 
incorporate the ethics of energy conservation and 
environmental preservation in everything we do.” 

• Energy Conservation is an Ethic
• ASHRAE Journal, vol. 42, no. 7, p. 16-21

PDF available at 
https://tinyurl.com/EnergyConservationEthic



A Few Resources



RCx University is a Great Resource 

https://tinyurl.com/RCxUniversity  

https://tinyurl.com/RCxUniversity


A Blog with a Field Perspective on Building Systems
https://av8rdas.wordpress.com/

https://av8rdas.wordpress.com/


A Commissioning Resources Web Site

http://www.av8rdas.com/

http://www.av8rdas.com/
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Not Just an Air Handling Unit
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The System Diagram; Visualizing the 
System Concept
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A Building Life Cycle 
Tool
• A design tool for moving from 

concept
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A Building Life Cycle 
Tool
• A design tool for moving from 

concept through design 
development to reality

• A commissioning and diagnostic 
tool for identifying and resolving 
system issues

• As a training and ongoing 
commissioning tool
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Developing a 
System Diagram
• A good way to learn the 

system prior to going on site

The Piping Plan
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Developing a 
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• A good way to learn the 

system prior to going on site

The “System Diagram” from the 
Drawing Set 
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Developing a 
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• A good way to learn the 

system prior to going on site
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• “Untangling” can be helpful

My “System Diagram” for the 
Condenser Water System
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Issues Tend to Jump Out at You
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Tower fans need to be 
coordinated with the bypass 

valves to avoid wasting energy
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be helpful
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The absorption chiller will solidify if condenser water 
temperatures drop below 80°F;  the centrifugal chillers 

will become more efficient with condenser water 
temperatures in the 65-75°F range
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There are multiple pumps in parallel through their loads, 
all with different flow and head ratings.  The absorber 

pump has significantly higher head than the Multi-stack 
chiller pump
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System flow can vary from 200 gpm to 3,400 
gpm.  The head in the common mains (200 foot 

each way to the towers) will vary significantly 
as a result and the pumps will be highly 

interactive and move around on their curves
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The long mains place a lag into the control 
process between the time when a fan starts and 

the time when the sensor controlling them and the 
bypass valve sees it;  approximately 1 minute 20 
seconds at 3,400 gpm, 3 minutes 45 seconds at 
1,200 gpm and over over 20 minutes at 200 gpm
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The condenser water system has a huge range 
of flow variation but  no way to isolate a tower 
cell and maintain uniform flow distribution over 
the cells (in addition to having no weirs, dams 

or cups in the hot distribution basins)
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Line size butterfly control valves will have little 
if any control authority at the design flow rate of 
3,600 gpm and are likely to hunt.  This will be 

even more likely at the lower flow rates 
normally seen, especially 200 gpm.
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Control valve instability will trigger pump flow 
instability as their operating points shift on their 
curves and they interact with each outer, which 

will feed back into control valve instability;  a 
proverbial “vicious circle”



Developing a 
System Diagram
• A good way to learn the 

system prior to going on site
• Focusing on one system can 

be helpful
• “Untangling” can be helpful
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An inverted trap in the 14 inch mains operating 
at 200 gpm will likely trap air and may even air 

bind the system at low load conditions



Developing a 
System Diagram
• A good way to learn the 

system prior to going on site
• Focusing on one system can 

be helpful
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A trap in the 14 inch mains will become 
a point were sediment will accumulate at 

low flow rates, especially 200 gpm



Developing a 
System Diagram
• A good way to learn the 

system prior to going on site
• Focusing on one system can 

be helpful
• “Untangling” can be helpful
• A good way to spot 

problems
• Once field verified, it’s a 

valuable commissioning 
resource
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My “System Diagram” for the 
Condenser Water System

A Resource for Learning to Do System Diagrams
https://av8rdas.wordpress.com/category/system-
diagrams/

https://av8rdas.wordpress.com/category/system-diagrams/
https://av8rdas.wordpress.com/category/system-diagrams/
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