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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



Attendees will be able to:
1. Discuss some of opportunities associated with applying 

heat pumps as a source of heating and cooling for 
buildings as we move towards electrification

Learning Objectives – Today’s Session



Attendees will be able to:
2. Describe how buildings use heat and how heat pumps can 

be used to meet this need along with the fundamental 
goals associated with building HVAC systems

Learning Objectives – Today’s Session



Attendees will be able to:
3. Recognize the typical components of the vapor-

compression (refrigeration) cycle

Learning Objectives – Today’s Session



Attendees will be able to:
4. Identify the common heat pump system types and 

describe their general characteristics (ground source, air 
source, water source, variable flow refrigeration, etc.)

Learning Objectives – Today’s Session



1. Introduction
2. How Buildings Use Heat
3. Heat Pumps, Electrification, and the Fundamental Goals of 

HVAC
4. Fundamental Heat Pump Concepts
5. Heat Pump System Types

Today’s Agenda



Introduction



Introductions

https://tinyurl.com/Heat
PumpD1Intro 

https://tinyurl.com/HeatPumpD1Intro
https://tinyurl.com/HeatPumpD1Intro
https://forms.office.com/Pages/DesignPageV2.aspx?prevorigin=OfficeDotCom&origin=NeoPortalPage&subpage=design&collectionid=eewhukh99cu706hgtg51v9&id=EaK2QhPOK025uxCbd78bvgPlIUJsOqZJpLzZ98T0AwRUQThFWjNCTTdDNzkxTDY0QlhONjIyMkNCWC4u&analysis=true


A Bit About Me

I intended to be an aircraft 
maintenance engineer



A Bit About Me

I intended to be an aircraft 
maintenance engineer

• I’m doing something totally 
different



A Bit About Me
I’m doing something totally 
different
• HVAC field technician
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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



My Most Important Lesson

It’s all about the load profile



My Most Important Lesson

It’s all about the load profile, both daily and seasonal



Corollaries

The system design intent needs to address the peak day 
and all the days in between



Corollaries

Equipment selections need to be made in light of the load 
profile dynamics



Corollaries

The control system logic needs to reflect the dynamics of:
• The design intent
• The system 
• The equipment serving the system 
• The physical configuration of the system



Corollaries

The control system hardware needs to be able to respond 
to and manage the dynamics of:
• The system 
• The equipment serving the system



Corollaries
• Point lists,
• Detailed specifications,
• Well thought out and detailed control narratives,
• System diagrams, and 
• Logic diagrams 

are powerful tools for achieving design intent



Corollaries

The most efficient equipment, installed in the best manner 
possible but:
• Without turn down capabilities tailored to the dynamics of 

the load profile
• Without a robust control system tailored to the dynamics 

of the load profile, system, and equipment 
will result in an inefficient mess and occasionally, debris



A Few Resources



RCx University is a Great Resource 

https://tinyurl.com/RCxUniversity  

https://tinyurl.com/RCxUniversity


The EBCx Skills Guidebook is Built Around the 10 
Skills

http://www.av8rdas.com/ebcx-skills-guidebook.html 

http://www.av8rdas.com/ebcx-skills-guidebook.html




Just Because It’s Old Doesn’t Mean It’s Not Useful



https://tinyurl.com/OlivieriChapters 

https://tinyurl.com/OlivieriChapters


https://tinyurl.com/DossatFirstEditionhttps://tinyurl.com/DossatFirstEdition 

https://tinyurl.com/DossatFirstEditionhttps:/tinyurl.com/DossatFirstEdition


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/


Introduction to Heat 
Pumps



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

A question for you
https://tinyurl.com/HeatPumpDef 

https://tinyurl.com/HeatPumpDef
https://forms.office.com/Pages/DesignPageV2.aspx?prevorigin=OfficeDotCom&origin=NeoPortalPage&subpage=design&collectionid=eewhukh99cu706hgtg51v9&id=EaK2QhPOK025uxCbd78bvgPlIUJsOqZJpLzZ98T0AwRUMUcxNlhJTllGSFBNU1FHRDI2SDI4T0hFTi4u&analysis=true


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


A Few Definitions

Heat Source
‒ No matter how much heat is removed from it, the 

temperature of the source will not change
‒ Also called the “infinite source”



A Few Definitions

Heat Sink
‒ No matter how much heat is added to it, the temperature of 

the sink will not change
‒ Also called the “infinite sink”



A Few Definitions

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



A Few Definitions

Heating
‒ A process that adds energy

• For a space, this is often accomplished by circulating air 
through it at a temperature above the required set point

• For a fluid stream, this is often accomplished by passing 
it over a surface that is above the required supply 
temperature 



A Few Definitions

Heating Load
‒ The amount of energy that needs to be added to a space 

to maintain the space at the desired set point under the 
design condition



A Few Definitions

Cooling
‒ A process that removes energy

• For a space, this is often accomplished by circulating air 
through it at a temperature below the required set point

• For a fluid stream, this is often accomplished by passing 
it over a surface that is below the required supply 
temperature

• If the surface is below the dew point of the fluid stream, 
dehumidification (moisture removal) will also occur



A Few Definitions

Cooling Load
‒ The amount of energy that needs to be removed from a 

space to maintain the space at the desired set point under 
the design condition

‒ Usually, this includes both sensible and latent energy



Load Profiles



The Built Environment



The Built Environment

Keeping the built environment safe, productive, clean, and 
comfortable is a fundamental goal of HVAC systems and 
their controls
• Ventilation systems control contaminants by introducing 

filtered, conditioned outdoor air
• Heating and cooling systems track the loads to  control 

comfort



The Built Environment



The Built Environment



The Loads can be Very Dynamic
Requirements Vary 
with:
• Time of Day 
• Time of Year
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The Loads Can Be Very Dynamic
Requirements Vary 
with:
• Time of Day 
• Time of Year
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The Loads Can Be Very Dynamic
A Question
https://tinyurl.com/
HeatPumpLoad01 
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Given the Preceding:
A Question
https://tinyurl.com/HeatPumpLoad02 
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For hours in this region, heat may also 
be required to support ventilation
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For hours in this region, heat may also 
be required to support reheat



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
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Question?

https://fdec-my.sharepoint.com/personal/dsellers_facilitydynamics_com/Documents/00%20-%20FDE%20Projects/PEC%20-%20Heat%20Pump%20Series/2023-10/Day%201%20-%20Fundamentals%20and%20System%20Types/02%20-%20Introduction%20to%20Cx%20v2.pptx#1.%20Introduction%20to%20Cx
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