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1. Attendees will be able to discuss some of the issues and 
opportunities associated with applying heat pumps as a 
source of heat for buildings as we move towards 
electrification

Learning Objectives – Class Series



2. Attendees will be able to name the common heat pump 
types and describe their general characteristics (ground 
source, air source, water source, variable flow 
refrigeration, etc.)

Learning Objectives – Class Series



3. Attendees will be able to discuss ventilation strategies that 
can be applied in conjunction with heat pump systems and 
how they can be integrated with the heat pumps and the 
zones they serve

Learning Objectives – Class Series



4. Attendees will be able to discuss the design and 
commissioning issues associated with applying heat 
pumps to new construction and retrofit projects

Learning Objectives – Class Series



5. Attendees will be able to identify existing building 
commissioning issues and opportunities associated with 
heat pumps and heat pump systems

Learning Objectives – Class Series



1. Attendees will be able to identify existing building 
commissioning issues and opportunities associated with 
heat pumps and heat pump systems

Learning Objectives – Today’s Session



2. Attendees will be able to list common heat pump issues 
that can be identified by observation during facility walk-
throughs

Learning Objectives – Today’s Session



3. Attendees will recognize that the nature of functional tests 
applied to existing building heat pump systems will be 
different from the nature of the functional tests applied to 
heat pump systems in new construction and can be used to 
inform persistence as well as improving and adapting the 
systems to the ever-changing needs most facilities undergo

Learning Objectives – Today’s Session



4. Attendees will understand the difference between natural 
and forced response tests and how each type of test can be 
applied to a heat pump system

Learning Objectives – Today’s Session



5. Attendees will recognize the value of trend data for 
evaluating heat pump system performance to ensure that 
the design intent persists and/or is adapted to the ongoing 
requirements of the facility

Learning Objectives – Today’s Session



1. Review key commissioning concepts in light of an existing building 
commissioning process

2. Explore EBCx opportunities in a water source heat pump loop
3. Explore VRF systems and related commissioning opportunities
4. Explore a heat pump application in a central plant and the ongoing 

commissioning process behind it

Today’s Agenda



Introduction
A Bit About Me
My Bio and Resume are With the Class 
Materials (or you can see what I said the 
first day when the recording is available)



Key Commissioning Skills



Key Cx Skills

1. Be able to benchmark and perform 
utility analysis

2. Be able to scope a facility for 
obvious indicators of opportunity

3. Be familiar with fundamental 
principles and building systems

4. Understand and apply the system 
concept  

5. Be able to perform data logging 
and trend analysis

6. Be familiar with functional testing 
techniques

7. Be familiar with data 
analysis techniques

8. Be familiar with basic HVAC and 
energy calculations 

9. Be familiar with cost/benefit and 
return on investment calculations

10.Be familiar with implementation 
strategies and techniques

https://tinyurl.com/KeySkillsBlogPost 

https://tinyurl.com/KeySkillsBlogPost


Resources for Developing the Skills

• Everything in the presentation on 
Commissioning Heat Pumps for 
New Construction Projects

• Scoping Resources
https://tinyurl.com/ScopingResources 

• Scoping Practice
https://tinyurl.com/ScopingPractice 

https://tinyurl.com/ScopingResources
https://tinyurl.com/ScopingPractice


Resources for Making the Case for Cx

LBNL’s Commissioning Cost/Benefit 
Reports
https://tinyurl.com/LBNLCostBenefit 

https://tinyurl.com/LBNLCostBenefit


Identifying Equipment Parts



Using a Parts 
Diagram
http://www.mylinkdrive.com/USA 

http://www.mylinkdrive.com/USA
https://fdec-my.sharepoint.com/personal/dsellers_facilitydynamics_com/Documents/00%20-%20FDE%20Projects/PEC%20-%20Heat%20Pump%20Series/2023-10/Day%204%20-%20Existing%20Buildings/Parts%20Manual%20Example.pdf


EBCx Commissioning Process



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



This, That, and the Other 
Thing



A Question For You
https://tinyurl.com/HeatPumpD3Glycol 

https://tinyurl.com/HeatPumpD3Glycol


( o F) 32 25.9 17.8 7.3 -10.3 -34.2 -63

( o C) 0 -3.4 -7.9 -13.7 -23.5 -36.8 -52.8

( o F) ( o C) 25 30 40 50 60 65 100

0 -17.8 1) 1) 15 22 35 45 310
40 4.4 3 3.5 4.8 6.5 9 10.2 48
80 26.7 1.5 1.7 2.2 2.8 3.8 4.5 14
120 48.9 0.9 1 1.3 1.5 2 2.4 7
160 71.1 0.65 0.7 0.8 0.95 1.3 1.5 3.8
200 93.3 0.48 0.5 0.6 0.7 0.88 0.98 1.4
240 115.6 2) 2) 2) 2) 2) 2) 1.8
280 137.8 2) 2) 2) 2) 2) 2) 1.4

1. below freezing point
2. above boiling point

Freezing Point

Ethylene Glycol Solution

(% by volume )
0 10 20 30 40 50 60

Temperature

Dynamic Viscosity - μ -  (centiPoise)
Temperature Ethylene Glycol Solution (% by volume)



( o F) ( o C) 25 30 40 50 60 65 100

-40 -40 1) 1) 1) 1) 1.12 1.13 1)

0 -17.8 1) 1) 1.08 1.1 1.11 1.12 1.16
40 4.4 1.048 1.057 1.07 1.088 1.1 1.11 1.145
80 26.7 1.04 1.048 1.06 1.077 1.09 1.095 1.13
120 48.9 1.03 1.038 1.05 1.064 1.077 1.082 1.115
160 71.1 1.018 1.025 1.038 1.05 1.062 1.068 1.1
200 93.3 1.005 1.013 1.026 1.038 1.049 1.054 1.084
240 115.6 2) 2) 2) 2) 2) 2) 1.067
280 137.8 2) 2) 2) 2) 2) 2) 1.05

1. below freezing point
2. above boiling point

Specific Heat Capacity of Ethylene Glycol based Water Solutions
Specific Heat - c p  - of ethylene glycol based water solutions at various temperatures are indicated below

( o F) ( o C) 25 30 40 50 60 65 100

-40 -40 1) 1) 1) 1) 0.68 0.703 1)

0 -17.8 1) 1) 0.83 0.78 0.723 0.7 0.54
40 4.4 0.913 0.89 0.845 0.795 0.748 0.721 0.562
80 26.7 0.921 0.902 0.86 0.815 0.768 0.743 0.59
120 48.9 0.933 0.915 0.875 0.832 0.788 0.765 0.612
160 71.1 0.94 0.925 0.89 0.85 0.81 0.786 0.64
200 93.3 0.953 0.936 0.905 0.865 0.83 0.807 0.66
240 115.6 2) 2) 2) 2) 2) 0.828 0.689
280 137.8 2) 2) 2) 2) 2) 2) 0.71

1 Btu/(lb m
o F) = 4,186.8 J/(kg K) = 1 kcal/(kg o C)

1. below freezing point
2. above boiling point

Temperature Ethylene Glycol Solution (% by volume)
Specific Gravity- SG -

Specific Heat - c p  -  (Btu/lb. o F)
Temperature Ethylene Glycol Solution (% by volume)



Boiling Points Ethylene Glycol Solutions

( o F) 212 214 216 220 220 225 232 245 260 288 386

( o C) 100 101.1 102.2 104.4 104.4 107.2 111.1 118 127 142 197

Increase in Flow required for a 50% Ethylene Glycol Solution
Increase in circulated flow for 50% ethylene glycol solutions compared with clean water are indicated in the table below

Flow 
Increase

( o F) ( o C) (%)
40 4.4 22
100 37.8 16
140 60 15
180 82.2 14
220 104.4 14

Pressure Drop Correction and Combined Pressure Drop and Volume Flow Correction for 50% Ethylene Glycol Solution
Pressure drop correction and combined pressure drop and flow increase correction for 50% ethylene glycol solutions compared with clean water are 

ted in the table below

Pressure 
Drop 

Correction 
with Flow 

Rates 
Equal

Combined 
Pressure 
Drop and 
Flow Rate 
Correction

( o F) ( o C) (%) (%)
40 4.4 45 114
100 37.8 10 49
140 60 0 32
180 82.2 -6 23
220 104.4 -10 18

Boiling Point

Ethylene Glycol Solution
0 10 20 30 100

Temperature

Fluid Temperature

Fluid Temperature

40 50 60 70 80 90
(% by volume)



Increasing Flow

In
cr

ea
si

ng
 H

ea
d

Increasing viscosity will cause 
the pump curve to “droop”

• Usually not a factor in HVAC 
systems if the viscosity is similar 
to water between 40°F and 400°F

• Becomes a factor for 50% 
ethylene glycol solution below 
about 30°F



Increasing Flow

In
cr

ea
si

ng
 H

ea
d

• Direct proportion relative to the 
density of water

• Curves typically based on 85°F 
water

• Multiply bhp by specific gravity 
for bhp with other fluids

Increasing density 
increases the brake 

horsepower 
requirement

Higher 
bhp

Lower 
bhp

Even 
Higher 

bhp



A Few Words About Radiant Slabs

Radiant slabs give 
us an attractive way 
to serve space 
heating loads with 
low temperature 
water



A Few Words About Radiant Slabs

















A Low Temperature Hot 
Water Application 
Resource
https://tinyurl.com/ACEEELowTempHW  

https://tinyurl.com/ACEEELowTempHW


EBCx Functional Testing



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

Operating 
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Parameters

System 
Configuration

Owner’s 
Project 

Requirements

Distribution 
Equipment 
Selections

Installation 
Documents

Assembled 
Building

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
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Functional Testing as it Relates to the Project Timeline
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Testing 
Quantifies 

the 
Problem

Testing 
Answers 

Questions 
Raised       
During 

Investigation

Testing Verifies 
Improvements

Testing by Cx Authority
and Building Operating Team



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



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


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

https://tinyurl.com/HeatPumpD4Heat2Pump 

https://tinyurl.com/HeatPumpD4Heat2Pump
https://forms.office.com/Pages/DesignPageV2.aspx?prevorigin=OfficeDotCom&origin=NeoPortalPage&subpage=design&collectionid=8fbwa22gruga3i8x6xv7nn&id=EaK2QhPOK025uxCbd78bvgPlIUJsOqZJpLzZ98T0AwRUQTNIQ01KTEtFQTBHVlMwSDZTR0EyVEdTOS4u&analysis=true




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

https://tinyurl.com/HeatPumpD4MonitorTest 

https://tinyurl.com/HeatPumpD4MonitorTest
https://forms.office.com/Pages/DesignPageV2.aspx?prevorigin=OfficeDotCom&origin=NeoPortalPage&subpage=design&collectionid=8fbwa22gruga3i8x6xv7nn&id=EaK2QhPOK025uxCbd78bvgPlIUJsOqZJpLzZ98T0AwRUNE9aWVRQMFg4QTlaQ1ZLVjhaV1BONENCTC4u


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.



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

https://tinyurl.com/DataLoggingDecades






What You Might Learn





What Did You Learn?
https://tinyurl.com/HeatPump
D4TempTrends 

https://tinyurl.com/HeatPumpD4TempTrends
https://tinyurl.com/HeatPumpD4TempTrends
https://forms.office.com/Pages/DesignPageV2.aspx?prevorigin=OfficeDotCom&origin=NeoPortalPage&subpage=design&collectionid=8fbwa22gruga3i8x6xv7nn&id=EaK2QhPOK025uxCbd78bvgPlIUJsOqZJpLzZ98T0AwRUMzhGOVM2MjlDWFZVSEdOWVBBN0RJN1VPQS4u&analysis=true


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?
https://tinyurl.com/HeatPumpD4
PumpTest 

https://tinyurl.com/HeatPumpD4PumpTest
https://tinyurl.com/HeatPumpD4PumpTest
https://forms.office.com/Pages/DesignPageV2.aspx?prevorigin=OfficeDotCom&origin=NeoPortalPage&subpage=design&collectionid=8fbwa22gruga3i8x6xv7nn&id=EaK2QhPOK025uxCbd78bvgPlIUJsOqZJpLzZ98T0AwRUMlIyQUVNWlM3OFRaUzRTWFRQVUdRTjBBMi4u&analysis=true
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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
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VRF Systems
https://tinyurl.com/VRFMemo 

https://tinyurl.com/VRFMemo


VRF Systems
Taking a closer look at 
the details



(With Heat Pumps)
The Power of Ongoing Cx



The Power of Ongoing Cx



Another Question
https://tinyurl.com/HeatPumpD4CentralPlant 

https://tinyurl.com/HeatPumpD4CentralPlant
https://forms.office.com/Pages/DesignPageV2.aspx?prevorigin=OfficeDotCom&origin=NeoPortalPage&subpage=design&collectionid=8fbwa22gruga3i8x6xv7nn&id=EaK2QhPOK025uxCbd78bvgPlIUJsOqZJpLzZ98T0AwRUNDRGWlM3T1BYUUdSVTI2WlRaSENNV0RJSC4u&analysis=true


Central Plant Applications

Opening the door to recovering energy we have been 
tossing away all of these years



"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
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Break Time
We will be back at ??:?? ?m Pacific Time
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