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The information in this document is believed to accurately describe the technologies addressed 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 & Electric (PG&E) nor any of its employees and agents: (1) makes any written or oral 
warranty, expressed or implied, including but not limited to the 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. 

Furthermore, the information, statements, representations, graphs and data presented in this report are 
provided by PG&E as a service to our customers. PG&E does not endorse products or manufacturers. 
Mention of any particular product or manufacturer in this course material should not be construed as an 
implied endorsement.
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Recording Authorization and Release
By attending this event you voluntarily and without compensation consent that Pacific Gas 
and Electric Company (PG&E), shall have the right to use and assign, photographic pictures, 
videotapes, recorded testimonials and other media materials or sound recordings, any and all 
of my name or likeness taken and acquired from our Energy Centers to use to promote or 
publicize PG&E’s business. 
Acceptable uses of such Information include but are not limited to: (1) advertising through 
video/audio commercial broadcasts, written advertisements or other promotional materials 
about PG&E, whether published by PG&E or another enterprise; (2) news stories or press 
releases supplied by PG&E to news gathering or disseminating organizations, such as wire 
services, newspapers, or magazines; and (3) publication in internal or external, PG&E 
publications. 
By participating you agree to release and waive all claims against PG&E from any liability 
arising from using my Information. You also grant PG&E a perpetual, royalty-free, 
transferrable license to use my Information to promote its business and expressly disclaim all 
rights to any value and benefit PG&E may resulting from such use. 
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Class Survey coming…

At the end of this class, we’ll share a class survey. We’d love to 

hear your feedback and if the class met your expectations. Your 

comments will help us improve future classes. 



Class Survey

Here’s how to participate:
• Click the provided link: 

https://www.surveymonkey.com/r/EWB20240528CHP 
Scan the QR code with your phone’s camera

The survey should only take 2 minutes 
and your responses can be confidential.

https://www.surveymonkey.com/r/EWB20240528CHP


• On the right-hand side of the GoTo panel you will find:

Handouts Tab

Questions Tab

In-Class Resources

Let’s engage! Type your 
questions in the text box. 

Access links to in-class 
resources & the  class 
survey in the 
‘Questions’ pane

Click the links to 
download today’s 
course materials

Using GoTo Webinar



Introduction



1. Introduction
2. Previously on Commissioning Heat Pump Systems
3. A Closer Look at Functional Testing for a Water Source Heat Pump 

Loop in a New Construction Process
4. The Existing Building Commissioning Process
5. Case Studies

• Retrocommissioning a Water Source Heat Pump Loop
• A Common VRF System Commissioning Issue (time permitting)

Today’s Agenda



A Bit About Me
(See Module 1 and the Bio on the PG&E Training Site for Details)

A Senior Engineer for Facility 
Dynamics Engineering Focusing 
On:
• EBCx
• NCx Support
• Hands-on Technical Training
• System Analysis
• Control System Design

I Will Tend to Discuss Things in the RCx/Re-Cx/OCx Context (a.k.a 
Operating the Building Properly)



Resources 
(See Module 1 for Details)

https://www.av8rdas.com/


Previously on 
Commissioning Heat Pump 
Systems



Its All About the Load Profile

My Biggest Lesson from the Very Start



Its All About the Load Profile
My Biggest Lesson from the Very Start



A Common Industry Definition of Commissioning
Commissioning is a systematic process of ensuring that all building 
systems perform interactively according to the contract documents, 
the design intent and the Owner’s operational needs

• Begins in predesign
• Documents the design intent
• Continues through construction, acceptance, the warranty period, 
and through the building’s life cycle

• Includes functional testing
• Includes training
• Documents performance

Ultimately, commissioning is about performance and integration
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Introduction to Heat 
Pumps (1st Module)



A Few Definitions

Heat Pump
•A heat pump extracts heat from a source and transfers it to a 
sink at a higher temperature

2020 ASHRAE Handbook of Systems and Equipment, Chapter 9



Common Examples of Heat Pumps
Air Conditioner Refrigerator



Common Examples of Heat Pumps
The “pump” term is important

Heat pumps move heat in the opposite direction
• They don’t create energy; they use energy to move 

additional energy from    

https://tinyurl.com/HeatPumpBlogPost 

https://tinyurl.com/HeatPumpBlogPost


Bottom Line

• Modern buildings 
generate a lot of heat

• Heat pumps allow us to  
move that heat from 
where it is not needed to 
where it is needed

• Economizer processes 
may be throwing away the 
heat we would like to 
recover -60
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How Buildings Use Heat

Application Electrification Heat Pump    Conservation
 Target Target  EBCx Target
• Heating                           
• Preheat                          
• Reheat                          
• Cooling                          
• Humidification                          
• Power Generation              
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(2nd Module)

Ventilation











Energy Recovery Strategies
Options

• Plate Heat Exchangers
• Wheels
• Heat Pipes
• Run Around Coils
• Thermosiphons
• Liquid Desiccant Recovery
• Fixed Bed Regenerator

ASHRAE Systems and Equipment Handbook 
Chapter 26 is a good reference



A Few More Definitions

Effectiveness
•Can be defined in terms of:

•Total energy (enthalpy)
•Sensible energy
•Latent energy

( )
( )

( )
( )

Actual transfer of energy
Maximum transfer of energy possible

Therefore, we can say ...

. and .Lvg Ent Ent Lvg

Ent Ent Ent Ent

Exh Exh Exh Sup Sup Sup

Min Sup Exh Min Sup Exh

m m

m m

ε

η η η η
ε ε

η η η η

 
=  
 

   × − × −  
= =  

× − × −  
  

Where:
Wheel effectiveness
Exhaust mass flow rate
Supply mass flow rate
Minimum of the two mass flow rates
Exhaust air leaving enthalpy

Exhaust air entering enthalpy
Lvg

Ent

Exh

Sup

Min

Exh

Exh

Sup

m
m
m

ε

η

η

η






=
=

=

=

=

=

Supply air entering enthalpy

Supply air leaving enthalpy
Ent

LvgSupη

=

=



A Few More Definitions

Recovery Efficiency Ratio
•Considers the energy it 
takes to recover energy
•Extra fans
•Additional filter static 
losses

•Energy recovery device 
static losses

•Run around coil pumps
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Heat Pumps 
and Design 
Phase Cx 
(3rd Module)



Recall That There Are Grades of Heat 

Heat
• Energy in motion;  the amount of energy flowing from 

one object to another due to their temperature 
difference

• There are grades of heat
• High – Temperature greater that 650°C/1,202°F
• Medium – Temperatures between 200°C and 

650°C/392°F and 1,202°F
• Low – Temperatures below 200°C/392°F

• Low grade heat is harder to make use of



Recall How Lift Impacts Heat Pump 
Performance
Big source to sink temperature 
differentials mean:
• More energy expended per Btu 

of energy moved



Recall How Lift Impacts Heat Pump 
Performance
Big source to sink temperature 
differentials mean:
• For air source heat pumps, the 

ease of recovering energy 
drops off as the need for 
recovered energy increases



The Ideal Heat Pump Application

Energy Available to Recover from Facility Internal Gains
And/Or

An Alternative Energy Source that is not Extremely Cold
And

Loads that can Use Low Grade Heat



Considering a Water Source Heat Pump 
Loop 



Heat Pump Application Bottom Lines

1. There has to be heat to recover
2. Design phase is the time to recognize the impacts of load 

profile
3. Design phase is the time to understand the equipment 

performance characteristics
4. Design phase is the time to think about how you will operate 

the system and ensure the persistence of any energy 
efficiency benefits

5. Design phase is the time to “think outside the box”



Heat Pumps 
and 
Construction 
Observation
(3rd Module)

https://fdec-my.sharepoint.com/personal/dsellers_facilitydynamics_com/Documents/00%20-%20FDE%20Projects/PEC%20-%20Heat%20Pump%20Series/2023-10/Day%203%20-%20New%20Construction/Refrigeration%20PIping%20Subset.pptx#80.%20Installation%20Practices


Refrigerant Piping Installation Practices
Refrigerant piping installation practice critical to short and long term 
system integrity
• General requirements no different from those employed with any 

built-up refrigeration system
• Details associated with R410 systems may vary from standard 

practice in the field at this point in time
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IDU-1.11 Room 153 – Men’s Drying Room 10 X X AR AR N12 N12 N12 L N12 N/A N/A N/A L N/A AE AE AE SIE D D En °F Sh Dft Dft Dft X NU NU NU NU NU AR X CBA CBA CBA CBA CBA CBA NU NU NU NU NU AR AR CBA E AR AR AR AR L L U L N/A N/A N/A L AR NU NU 77 68 77 73 72 68 D NU NU NU NU AR NU AR N/A H H D NU AR AR X AR NU Dft 0

IDU-1.12 Room 161 – Warehouse Office 7 X X AR AR N12 N12 N12 L N12 N/A N/A N/A L N/A AE AE AE SIE D D En °F Sh Dft Dft Dft X NU NU NU NU NU AR X CBA CBA CBA CBA CBA CBA NU NU NU NU NU AR AR CBA E AR AR AR AR L L U L N/A N/A N/A L AR NU NU 77 68 77 73 72 68 D NU NU NU NU AR NU AR N/A H H D NU AR AR X AR NU Dft 0

IDU-1.13 Room 164 – Tool Office 7 X X AR AR N12 N12 N12 L N12 N/A N/A N/A L N/A AE AE AE SIE D D En °F Sh Dft Dft Dft X NU NU NU NU NU AR X CBA CBA CBA CBA CBA CBA NU NU NU NU NU AR AR CBA E AR AR AR AR L L U L N/A N/A N/A L AR NU NU 77 68 77 73 72 68 D NU NU NU NU AR NU AR N/A H H D NU AR AR X AR NU Dft 0

IDU-1.1 Room 105 – Source Control Work Room 9 X X AR AR N12 N12 N12 L N12 N/A N/A N/A L N/A AE AE AE SIE D D En °F Sh Dft Dft Dft X NU NU NU NU NU AR X CBA CBA CBA CBA CBA CBA NU NU NU NU NU AR AR CBA E AR AR AR AR L L U L N/A N/A N/A L AR NU NU 77 68 77 73 72 68 D NU NU NU NU AR NU AR N/A H H D NU AR AR X AR NU Dft 0

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.

Co
nt

ra
st

Switch LED 
Brightness 
via Space 
Brightness
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User Menu Settings;  X = Selected Option, L= Locked, U= Unlocked, N/A Not Applicable, D = Disabled, E = Enabled, Sie - Managed by Siemens, AE =  Managed by the AE-200 Central Controller, En = English, Sh = Show, Hi = Hide, Dft = Default, AR = As Reqired, NU = Not Used, H = Hide, S = Show, SI = Single, DU - Dual, , N## = See note referenced by 
the number, Lit = Light, Drk = Dark, Cx = Set During Commissioning, CSB = Color Selection by Architect (Note 15)
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IDU Remote Controller Features and Settings

Even thought there is not BACnet access to the Schedule feature of the remote controller, the Siemens system can use the other BACnet points to manage the schedule of the IDUs.  See the Seauence of Operation for more information.

This is the number of supplemental occupancy sensors provided and wired to the Siemens system to suppport IDUs that serve multiple zones.

This is the IDU controller location.  The IDU also serves Room 141 - Break-out, Room 142 - Breakout and Room 143 - Conference.

This is the IDU controller location.  The IDU also serves Room 221 – Office, Room 223 – Office, and Room 221 – Office
This is the IDU controller location.  The IDU also serves Room 241 – Breakout, Room 243 – Office, and Room 244 – Breakout.

This is the IDU controller location.  The IDU also serves Room 200 – Hallway, 

There are two IDUs serving this space controlled together by one Mutsubishi controller.
Replace the default password with a new password that is as requested and approved by the Owner.
Disabled from the service menu (vs. the user menu).

This is the IDU controller location.  The unit also serves Room 120 – Hallway, Room 127 – Recovery Room, Room 128 – Restroom, Room 129 - Janitor’s Closet, and Room 131 – Waste/Recycle 

Notes

DOAS 1

VR
F 

Zo
ne

 T
yp

e 
(s

ee
 S

eq
ue

nc
e)

Se
rv

ic
e 

Pa
ss

wo
rd

  
  

(N
ot

e 
8)

Pa
ss

wo
rd

 
Pr

ot
ec

te
d

HVAC System Area Served

Energy Savings Assistant Sensor 
Threshold

Temperature Range Limit

Room Temp. Settings
Note 14 Temp. Bands

Only one of the options can be selected.  "X" = the option that should be selected for the indicated unit.
If locked, the setting can not be adjusted from the remote controller by it still can be adjusted via the BACnet object associated with it.   If it is unlocked, it can be adjusted from the remote controller as well as by the associated BACnet object and the "last command wins" (see the sequence of operation).
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Notes
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The indicated values are based on the design documents.  Coordinate the final setting with the testing and balaincing contractor based on their test results.

U
se

 R
em

ot
e 

Co
nt

ro
lle

r 
Te

m
pe

ra
tu

re
 

Po
we

r 
Fa

ilu
re

 
Re

co
ve

ry
 M

od
e

Ex
te

rn
al

 S
ta

ti
c 

Pr
es

su
re

 S
et

ti
ng

, i
n.

w.
c.

 (N
ot

e 
17

)

Function Settings (Nt. 18)

LED color options are  Blue, Light blue, Purple, Red, Pink, Orange, Yellow, Green, Lime, and White.  The mode selection and colors are initial suggestions.  Final mode selection to drive the LEDs shall be as required by the Owner, with color selections by the Architect and Owner.
The design intent is for Siemens to manage the restart after a power failure to allow it to be coordinated with the other equipment on the project.

Lockable Remote Controller Functions 
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These settings only apply if the Temperature Offset mode is selected.
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Problems Can Become Cast in Stone





Bottom Lines

1. Construction observation targets are directly related to the 
technology that is being applied

2. The things you are looking for during construction for a VRF 
heat pump system are no different than what you would look 
for if you were monitoring a built up refrigeration system 
serving a cooling only load

3. For water based systems, the things you would look for are no 
different than any other piping or pumping system

4. Air side targets are no different from any other air system



NCx Functional 
Testing
(3rd Module)



Functional Testing 

• Core element of any commissioning process
• Validates machinery and systems

• Do they deliver?
• Why don’t they deliver?
• Do the work well together?
• Why aren’t they working well together
• Was it big enough?
• How big should it be?



Functional Testing 

• Core element of any commissioning process
• Validates machinery and systems for an NCx Process

• Do they deliver?
• Why don’t they deliver?
• Do the work well together?
• Why aren’t they working well together
• Was it big enough?
• How big should it be?



Functional Testing as it Relates to the Metrics of the 
Systems We Test – New Construction Perspective

Operating 
Requirements

Heat Transfer 
Equipment 
Selections

Process 
Parameters

System 
Configuration

Owner’s 
Project 

Requirements

Distribution 
Equipment 
Selections

Installation 
Documents

Assembled 
Building

Physical 
Configuration

Loads

Construction 
Project



Generally speaking, 
successful completion of  
everything inside the red 
dotted line is required for 
system acceptance

Testing Hierarchy;
More than Balancing Man Power

Commission 
Supporting 

Utility Systems

Verify Prestart 
Checks & 
Startups

Verify Control 
Wiring and 
Calibration

Verify Control 
Programming

Complete 
Equipment 

Safety Testing

Component 
Factory Startups

Component 
Startups

Sub-assembly 
Factory Startups

Sub-assembly 
Startups

Verify Safeties 
with Prime 

Mover Off-line

Start-up Prime 
Mover (Pump, 

Fan, etc.)

Test 
Component 

Controls

Test System 
Level Control 
Functionality

Test Building 
Level Control 
Functionality

Begin Normal 
Operations

Run Trend 
Analysis;  Fine 
Tune Systems

Seasonal and 
Warranty 

Testing

Begin Ongoing 
Cx

Component 
Level Testing

System Level 
Testing

Each utility 
system can have 
a testing 
hierarchy that is 
similar to this, 
much of which 
must be 
complete before 
the supporting 
system can be 
tested

Mostly Forced 
Response Testing

Transition to Natural 
Response Testing

Mostly Natural 
Response Testing



Functional Testing

One of the ways we have a dialog with the building



How Do We Dialog with a Building?

We perform a functional test
Functional test components

‒ Statement of purpose
‒ Instructions for using the test form
‒ Equipment requirements
‒ Acceptance criteria
‒ Precautions
‒ Documentation
‒ Procedure
‒ Return to Normal and Follow-up



Commissioning the Water 
Source Heat Pump Loop
(3rd Module)



Forced vs. Natural Response Testing



Forced vs. Natural Response Testing

Forced Response Testing
• With the system stable at a 70°F supply 

temperature, and
• No heat being added by the heat exchanger, 

and
• Some heat being rejected by the cooling 

tower fan operating at low speed
I override the supply temperature input and 
make the system “think” the supply temperature 
has gone up to 80°F



Forced vs. Natural Response Testing

Forced Response Testing
I Observe That:
• The heat exchanger valve remains closed
• The cooling tower fan speeds up to try to 

reject more heat and bring the temperature 
down to set point

I override the supply temperature input and 
make the system “think” the supply temperature 
has dropped up to 60°F (with a 70°F set point)



Forced vs. Natural Response Testing

Forced Response Testing
I Observe That:
• The cooling tower fan speed is reduced, and 

then
• The fan is cycled off, and then
• The pumps are cycled off, and then
• The heat exchanger valve starts to modulate 

open to add heat to the system to bring it 
back up to set point



Forced vs. Natural Response Testing

Natural Response Testing
• I pull trend data from the system for a day 

when the outdoor air temperature swung 
from 53 – 98°F



Forced vs. Natural Response Testing

Natural Response Testing
I Observe That
• The heat exchanger adds heat if the loop 

temperature drops below set point, and
• The cooling tower rejects heat when the loop 

temperature rises above set point, and
• The heat exchanger is never active when the 

cooling tower is active, but

• The loop temperature is very unstable when 
there is a small load on the heat exchanger 
and,

• The cooling tower fan short cycles when the 
heat rejection requirement is modest



Finding the Day You Want to Observe
https://tinyurl.com/TMIAboutTMY 

https://tinyurl.com/TMIAboutTMY


A Question For You
What would be the best order for starting up the water source heat 
pump loop shown below?



Yet Another Question For You
What resources would you use to develop your prefunctional and 
functional tests?



Yet Another Question For You
What should the targets be for functional tests that will verify proper 
integrated operation of the system and all of its components?



EBCx Commissioning Process
(Today’s Topic)



EBCx Commissioning Phases

• Scoping
• Benchmarking and utility 

analysis
• Site Visit

• Start to learn the facility
• Look for obvious indicators

• Investigation
• Data logging and trend analysis
• Functional testing
• Cost/benefit analysis

• Implementation
• Make improvements based on 

the results of investigation
• Owner vetted

• Verification
• Make sure things work as 

expected
• Make sure targeted saving are 

delivered
• A mini new construction 

commissioning process



EBCx Functional Testing



Functional Testing as it Relates to the Metrics of the 
Systems We Test – New Construction Perspective

Operating 
Requirements

Heat Transfer 
Equipment 
Selections

Process 
Parameters

System 
Configuration
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Project 

Requirements

Distribution 
Equipment 
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Installation 
Documents

Assembled 
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Physical 
Configuration

Loads

Construction 
Project



Functional Testing as it Relates to the Metrics of the 
Systems We Test – Existing Building Perspective
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Functional Testing as it Relates to the Metrics of the 
Systems We Test – Existing Building Perspective

Operating 
Requirements

Heat Transfer 
Equipment 
Selections

Process 
Parameters

System 
Configuration

Owner’s 
Project 

Requirements

Distribution 
Equipment 
Selections
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Documents
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Project



Functional Testing as it Relates to the Project Timeline
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Testing 
Quantifies 

the 
Problem
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Answers 
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During 

Investigation

Testing Verifies 
Improvements
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New Construction versus EBCx Testing 

New Construction
• Trying to prove design intent
• Demonstrate all elements of the 

system meet requirements
• Verification and quality assurance 

process

EBCx
• Trying to understand design intent
• Focused on certain elements of the 

system  
• Diagnostic and troubleshooting 

process



Functional Testing

One of the ways we have a dialog with the building



How Do We Dialog with a Building?

We perform a functional test
Functional test components

‒ Statement of purpose
‒ Instructions for using the test form
‒ Equipment requirements
‒ Acceptance criteria
‒ Precautions
‒ Documentation
‒ Procedure
‒ Return to Normal and Follow-up
‒ https://tinyurl.com/CHWFlywheelTest 

https://tinyurl.com/CHWFlywheelTest


The Real Trick

Figuring out what to ask



Figuring Out What to Ask for New Construction Projects
General Goal - NCx
 Validate the machinery and  

systems                
 
1. Do the systems deliver?
2. Do the systems work well 

together?
3. Was the machine big enough?

Resources
• The design documents
• Manufacturers literature
• The control system design 

narrative and logic diagrams
This could be different from the        

information on the vendor 
control drawings!

• The Functional Testing Guide
https://www.av8rdas.com/functional-
testing-guide.html 
• Your knowledge and experience

https://www.av8rdas.com/functional-testing-guide.html
https://www.av8rdas.com/functional-testing-guide.html


Figuring Out What to Ask for Existing Building Projects
General Goal EBCx
 Troubleshooting, Diagnostics, Data 

Gathering for Investigation and 
Analysis
1. Do the systems deliver?
2. Do the systems work well 

together?
3. Was the machine big enough?

Resources
• The design documents
• Manufacturers literature
• The control system design 

narrative and logic diagrams
This could be different from the        

information on the vendor 
control drawings!

• The Functional Testing Guide
https://www.av8rdas.com/functional-
testing-guide.html 
• Your knowledge and experience

https://www.av8rdas.com/functional-testing-guide.html
https://www.av8rdas.com/functional-testing-guide.html


Figuring Out What to Ask for New Construction Projects
General Goal EBCx
 Troubleshooting, Diagnostics, Data 

Gathering for Investigation and 
Analysis
1. Why don’t the systems deliver?
2. Do the systems work well 

together?
3. Was the machine big enough?

Resources
• The design documents
• Manufacturers literature
• The control system design 

narrative and logic diagrams
This could be different from the        

information on the vendor 
control drawings!

• The Functional Testing Guide
https://www.av8rdas.com/functional-
testing-guide.html 
• Your knowledge and experience

https://www.av8rdas.com/functional-testing-guide.html
https://www.av8rdas.com/functional-testing-guide.html


Figuring Out What to Ask for New Construction Projects
General Goal EBCx
 Troubleshooting, Diagnostics, Data 

Gathering for Investigation and 
Analysis
1. Why don’t the systems deliver?
2. Why don’t the systems work 

well together?
3. Was the machine big enough?

Resources
• The design documents
• Manufacturers literature
• The control system design 

narrative and logic diagrams
This could be different from the        

information on the vendor 
control drawings!

• The Functional Testing Guide
https://www.av8rdas.com/functional-
testing-guide.html 
• Your knowledge and experience

https://www.av8rdas.com/functional-testing-guide.html
https://www.av8rdas.com/functional-testing-guide.html


Figuring Out What to Ask for New Construction Projects
General Goal EBCx
 Troubleshooting, Diagnostics, Data 

Gathering for Investigation and 
Analysis
1. Why don’t the systems deliver?
2. Why don’t the systems work 

well together?
3. How big does the machine 

need to be?

Resources
• The design documents
• Manufacturers literature
• The control system design 

narrative and logic diagrams
This could be different from the        

information on the vendor 
control drawings!

• The Functional Testing Guide
https://www.av8rdas.com/functional-
testing-guide.html 
• Your knowledge and experience

https://www.av8rdas.com/functional-testing-guide.html
https://www.av8rdas.com/functional-testing-guide.html


Figuring Out What to Ask for New Construction Projects
General Goal EBCx
 Troubleshooting, Diagnostics, Data 

Gathering for Investigation and 
Analysis
1. Why don’t the systems deliver?
2. Why don’t the systems work 

well together?
3. How big does the machine 

need to be?
4. How much will I save if I make 

my targeted improvement?

Resources
• The design documents
• Manufacturers literature
• The control system design 

narrative and logic diagrams
This could be different from the        

information on the vendor 
control drawings!

• The Functional Testing Guide
https://www.av8rdas.com/functional-
testing-guide.html 
• Your knowledge and experience

https://www.av8rdas.com/functional-testing-guide.html
https://www.av8rdas.com/functional-testing-guide.html


Figuring Out What to Ask for New Construction Projects
General Goal EBCx
 Troubleshooting, Diagnostics, Data 

Gathering for Investigation and 
Analysis
1. Why don’t the systems deliver?
2. Why don’t the systems work 

well together?
3. How big does the machine 

need to be?
4. How much will I save if I make 

my targeted improvement?

Resources
• The design documents
• Manufacturers literature
• The control system design 

narrative and logic diagrams
This could be different from the        

information on the vendor 
control drawings!

• The Functional Testing Guide
   https://tinyurl.com/FTGBlogPost 
• Your knowledge and experience

https://tinyurl.com/FTGBlogPost


Gaining Some Experience



Focusing on an Existing System



A Hospitality 
Industry 
Campus Style 
Location

• Palm Springs, CA
• North is towards the 

top of the image
• Focusing on the 

guest room buildings



  



  



  



A Typical Guest Room Heat Pump Loop









Some Questions For You

Given the location, the nature of the guest rooms 
and their architectural design, do you think there 
would be much heat available to pump?



Given the location, the nature of the guest rooms 
and their architectural design, do you think there 
would be much heat available to pump?

Some Questions For You



If there was not a lot of heat to recover, are 
there any other reasons for someone to select 
water source heat pumps in this location 
compared to a different unitary option like a 
PTAC? 

Some Questions For You



Thinking About Monitoring



Monitoring Plan Targets
• Firm up (or not) opportunities identified 

during scoping
• Provide data

• Support more detailed investigations
• Diagnostics and trouble shooting
• Calculations

• Looking for common opportunities
• Are schedules actually working?
• Are VAV systems VAVing?
• Are optimization strategies working?

• Support expansion of the findings list
• Support cost benefit assessments
• Support verification





Monitoring Plan Resources
• Monitoring Plan Template (blank and a filled-out example)
• Monitoring Plan Blog Posts
• Data Logging Resources
• A Video
• All linked from this location
• https://tinyurl.com/MonitoringPlans 

https://tinyurl.com/MonitoringPlans


A Monitoring Question

Given the system diagram and the field photos what 
points would you include in your monitoring plan?   
For each point you list, include the reason why you 
want to monitor it.



Adding Some Constraints

Your logger inventory
• 2 – four channel loggers
• 8 – temperature sensors
• 4 – CTs

What data points would you 
select to give you the most 
insight?







Supply Temp.

N Ret Temp.
E Ret Temp.

Fan Amps

Loop Pump Amps

Total MCC Amps

Hx Lvg.Temp.

Sup.Temp.

Ret.Temp.



A Functional Testing Question

Are there any functional tests you might want to 
perform based on what you observed in the field or 
based on the data you plan to capture?



Let’s Look at Some Data
https://tinyurl.com/DataLoggingDecades 

https://tinyurl.com/DataLoggingDecades




What You Might Learn
What opportunities 
are revealed in the 
amperage trend?





What You Might Learn
What opportunities 
are revealed in the 
temperature trend 
data (assuming the 
temperature sensors 
were calibrated 
relative to each 
other)?





What You Might Learn From the Pump
Design Condition
• 11 inch impeller
• Design Flow – 320 gpm
• Design Head – 100 ft.w.c.
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Does the Pump Head 
Seem Reasonable?
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What You Might Learn From the Pump
Pump Test Results
• 11 inch impeller
• Wide open head – 84 – 86 ft.w.c.
• Flow (from pump curve) – 375 - 

380 gpm
• Design Flow – 320 gpm





What Did You Learn?

What did the pump test results 
tell you about the closed loop 
pump performance relative to 
the design requirement of 320 
gpm?





What Did You Learn?

Given the test data and the 
design flow requirement, is 
there a way you can predict the 
head required to deliver the 
design flow, and thus, the 
potential savings?
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What Did You Learn?

What are the options for 
optimizing the pump?
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What Did You Learn?

If the pump is moving more flow 
than the design requirement, 
are there any potential benefits 
and if so, what are they?



Considering Heat Pump Interactions

Heat pump performance can be 
impacted by the flows and 
temperatures in the system
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Bottom Lines



Bottom Lines

Note that none of 
the savings 
opportunities are 
directly related to 
the heat pumps!



VRF Systems (Again)



Variable Refrigerant Flow Systems (VRF)

• Complex!
• Move heat by using refrigerant 

instead of using water

https://tinyurl.com/VRFAnnimation 

https://tinyurl.com/VRFAnnimation


Variable Refrigerant 
Flow Systems
• Key components

• Indoor unit
• Outdoor unit
• Branch Controller
• Control System

• Proprietary
• Limited BACnet integration 

options
• Maintenance tool is highly 

desirable option
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Variable Refrigerant 
Flow Systems
• Key components

• Indoor unit
• Outdoor unit
• Branch Controller
• Control System

• Proprietary
• Limited BACnet 

integration options
• Maintenance tool is 

highly desirable option



Turn-Down Limitations
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Turn-Down Limitations



VRF Systems
https://tinyurl.com/VRFMemo 

https://tinyurl.com/VRFMemo


VRF Systems
Taking a closer look at 
the details



"PG&E" refers to Pacific Gas and Electric Company, a subsidiary of PG&E Corporation. ©2017 Pacific Gas and Electric Company. All rights reserved. These offerings are funded by California utility customers and administered by PG&E under the auspices of the California Public 
Utilities Commission.

Thank You



Class Survey

Here’s how to participate:
• Click the provided link: 

https://www.surveymonkey.com/r/EWB20240528CHP 
Scan the QR code with your phone’s camera

The survey should only take 2 minutes 
and your responses can be confidential.

https://www.surveymonkey.com/r/EWB20240528CHP


"PG&E" refers to Pacific Gas and Electric Company, a subsidiary of PG&E Corporation. ©2017 Pacific Gas and Electric Company. All rights reserved. These offerings are funded by California utility customers and administered by PG&E under the auspices of the California Public 
Utilities Commission.

Break Time
We will be back at 11:55 am Pacific Time
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