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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.



Disclaimer

Also, prices slightly higher west of the Rockies



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.



Learning Objectives — Class Series

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 — Today’s Session

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. ldentify the common heat pump system types and
describe their general characteristics (ground source, air
source, water source, variable flow refrigeration, etc.)



Today’s Agenda

1. Introduction
2. How Buildings Use Heat

3. Heat Pumps, Electrification, and the Fundamental Goals of
HVAC

Fundamental Heat Pump Concepts
5. Heat Pump System Types



Introduction
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A Bit About Me

| intended to be an aircraft
maintenance engineer




A Bit About Me

| 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




A Bit About Me

HVAC field technician
Control system designer
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« Control system designer
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« MCC Powers system engineer

* Murphy Company controls and
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* Project engineer
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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

----Chiller1 Tons  ---- Chiller 2 Tons Y iP Plant LWT, ® Plant EWT, °F Chiller 1 LV ---- Chiller 1 EWT,°F  ---- Chiller Chiller 2 EWT, °F



My Most Important Lesson

It's all about the load profile, both daily and seasonal
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Flow from Tons and Plant A 1, gpm

Plant LWT, °F Plant EWT, °F Chiller 1 LWT,°F  ---- Chiller 1 EWT, °F  ---- Chiller 2



Corollaries

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

11/01/17 12:00 AM

-~~~ Chiller 1 Tons ns otal \ t, gpm a Chiller 1 LWT,°F  ---- Chiller 1 EWT, °F  ----



Corollaries

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

11/01/17 12:00 AM

-~~~ Chiller 1 Tons » 2 Tons o gpm ant EWT, ° Chiller 1 LWT,°F  ---- Chiller 1 EWT, °F  ---



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
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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
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Skills

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

Existing Building Commissioning Skills Guidebook

The guidebook is organized using the 10 Key Commissioning
Skills as a framework and provides:

« A description and example of why the skill is important;

« Learning objectives to help guide a self study effort;

«+ Links to primary resources that can be used to learn about
the skill in a self study effort;

« Links to secondary resources that can be used to dig in
deeper if you have a particular interest in a particular
topic.

The 10 Skills Learning Objectives Checklist is intended to
complement the guidebook by providing a list of all of the
learning objectives with a check-box that allows you to track
your progress as you work your way through the guidebook in
a self study effort.

Jy

EBCx Skills Guidebook (ebcx_technical_skills_guidebook_v2017-07-07_web.pdf)

Download File

_TI 10 Skills Learning Objectives Checklist (skills_table_web_v5.xlsx)
Download File

Dmnis  Existing Building Commissioning Guidebook

y=——

Introduction

Ower the years, Facility Dynamics has been involved with providing rechnical training with a
Focus on existing building commissioning in a number of different venues and for o number of
different clients inciuding the Pacific Energy Center, Marriott and IMCOM, For thase programs, |
have frequently been the lead technicat traimer.

As the training agendas evolved, it siarted to become clear that there were @ number of key skills
that it would be desirable to develop if you were going to pursue existing building commissioning.
About § years ago, Russ Good and Barry Estes of Marriott imternational asked me to make o list
of the ten most important skifls and to camplement it with a list of the three primary resources
that were available were availble to help develop each skill

At that point in time, | hud already compiled a list of technicat resources that we used to support
the classes, But it was about 40 pages lang and always growing. So, it could be o bit
ovenwhelming if you were just getting into this and Russ and Barry wanted me to figure out how
to focus things a bir.

That farced me to think about what reaily mattered from a tachnical stand point if you are aut in
the field doing this sort of wor It was really hard for me to whittle the list down to only 10 skills,
but Barry and Russ ware pretty firm on that, and | finally pulled it off. Truth be told, ! kind of
cheated in a way because | made one of the skills Femiliarity with HVAC fundamentals and then
pur 10 sub-skills under that.

Bue the exercise was a really good ane and when | was finished, | realized that the list wos a
pretty good framework for arganizing the technical side of any of the training classes and | have
been using it ever since in that manner. In addition, | reorganized the resource list so that the
resources were grauped under headings that correlated with the 10 skilts.

1 also shoutd point out that while the driver for developing the list of the 10 skills was Existing
Building Commissianing training. the skils really apply across the boands. In other words, you
generally will use the same siills for new ongoing

and genaral building operations.

i fact, ane of my littte jokes in class is that there are oll sarts of names and acranyms applied to
processes where you apply the 10 skills, including Existing Building Commissioning, EECx,
Retrocommissioning, RCx, Building Tune-ups, Ongoing Commissioning, NC, Facility Operations,
ete. | have had the opy ty to wark on p where ofl of those been applied
to what | was doing

Bue when I think about it. all of them generally are technically the same thing that | was doing
back in 1976, when | first became invalved with the industry. Back then, we just called it
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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
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Common Examples of Heat Pumps

Air Conditioner




Common Examples of Heat Pumps

The “pump” term is important
Energy naturally flows from Hot to Cold
Heat pumps move heat in the opposite direction

 They don’t create energy; they use energy to
move additional energy from a Cold Location
a Hot Locatior
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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



o Load Profiles
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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
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The Loads Can Be Very Dynamic
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Solar Gains
—e—Total Sensible Load

nel
(=}
o
=
<
S
w
k%
£
\]
<
[s]
|
T+.

4, ‘aimesadws] Jiyy JoopinQ

High Rise Office
Building
Mid-Level Floor
Perimeter Loads
Typical January Day
San Francisco, CA

20 22 24

16 18

14

10 12

8

160,000
140,000
120,000 4-
(40,000) 4-----

JH/Ng




Transmission Load
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Given the Preceding:

A Question

https://tinyurl.com/HeatPumplLoad(2
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https://tinyurl.com/HeatPumpLoad02
https://forms.office.com/Pages/DesignPageV2.aspx?prevorigin=OfficeDotCom&origin=NeoPortalPage&subpage=design&collectionid=eewhukh99cu706hgtg51v9&id=EaK2QhPOK025uxCbd78bvgPlIUJsOqZJpLzZ98T0AwRUQVBSRENORklMRjBVV1YwRzUzMlpVUEJPTy4u&analysis=true

Focusing on January

A Question

https://tinyurl.com/HeatPumplLoad03
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https://tinyurl.com/HeatPumpLoad03
https://forms.office.com/Pages/DesignPageV2.aspx?prevorigin=OfficeDotCom&origin=NeoPortalPage&subpage=design&collectionid=eewhukh99cu706hgtg51v9&id=EaK2QhPOK025uxCbd78bvgPlIUJsOqZJpLzZ98T0AwRUNTUxRzI1QUxRNDdVRlNIRjZSOFgyWjlUQS4u&analysis=true

aking a Broader Perspective

A Question

https://tinyurl.com/HeatPumplLoad04

Annual Building Energy Consumption Totals

Facility Description Annual Site Annual Site
Thermal, kBtu Electric, kBtu

Monterey, California Office/ Training Facility 1,299,800 1,245,199
Monterey, California Dental Clinic 402,149,182 650,914 664
Seattle High-rise Office and Courthouse 589,732,280 938,067,784

Columbus Ohio Full Service High Rise Hospitality Facility 36,513,882 ,901 22,107 ,926,113
San Francisco California Full Service High Rise Hospitality Facility 18,507,084 ,000 20,176,973 400



https://tinyurl.com/HeatPumpLoad04
https://forms.office.com/Pages/DesignPageV2.aspx?prevorigin=OfficeDotCom&origin=NeoPortalPage&subpage=design&collectionid=eewhukh99cu706hgtg51v9&id=EaK2QhPOK025uxCbd78bvgPlIUJsOqZJpLzZ98T0AwRUNzFUNjMxV0xGUFA5UzRUNjlFR0RHWFZCTy4u&analysis=true

aking a Broader Perspective

A Question
https://tinyurl.com/HeatPumplLoad04

Annual Building Energy Consumption Totals

Facility Description Annual Site Annual Site Thermal vs. Electric Difference
Electric, kBtu kBtu (Positive % of thermal met
means thermal by electrical when
exceeds electrical) electrical
converted to heat

Menterey, California Office/ Training Facility 1,299,800 1,245 199 54 601 96%

Monterey, California Dental Clinic 402,149,182 650,914 664 -248,765,482 162%
Seattle High-rise Office and Courthouse 589,732,280 938,067,784 -348,335,504 159%
Columbus Ohio Full Service High Rise Hospitality Facility 36,513,882,901 22,107 926 113 14 405,956,788 61%
San Francisce California Full Service High Rise Hespitality Facility 18 507,084 000 20,176,973 ,400 -1,669,889.400 109%


https://tinyurl.com/HeatPumpLoad04
https://forms.office.com/Pages/DesignPageV2.aspx?prevorigin=OfficeDotCom&origin=NeoPortalPage&subpage=design&collectionid=eewhukh99cu706hgtg51v9&id=EaK2QhPOK025uxCbd78bvgPlIUJsOqZJpLzZ98T0AwRUNzFUNjMxV0xGUFA5UzRUNjlFR0RHWFZCTy4u&analysis=true
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Bottom Line
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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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