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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. 



Visit: www.pge.com/emergencypreparedness

Stretch, 
Get Up & Move

Review Emergency Plan 
& Pack Go-Bag

Earthquake: 
Drop
Cover
Hold

Evacuation Plan

Safety

http://www.pge.com/emergencypreparedness


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/EWB20240529CHP
• 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/EWB20240529CHP


• 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



PG&E TLL
Free energy measurement tool loans and technical assistance

• Over 5,400 tools in our inventory

• 179,000 tool loans over our 29-year history

• Located in San Ramon & 

• Pickup in person or ship to borrower 
(shipping is at your cost)

• Application notes explaining use of tools

• Equipment tutorials

• Equipment troubleshooting

• Assistance on data downloading and 
analysis

Contact us: 
 www.pge.com/tools
 pectools@pge.com
  925-866-4343

Create your account here



PG&E Tool Lending Library
No cost energy measurement tool loans!

Borrow one of our 5,400 tools for:
• Power and energy studies

• HVAC and hydronic system troubleshooting, commissioning, 
and optimization

• Lighting studies and retrofits

• Indoor air quality assessments

• Solar analysis and PV system assessments

• Domestic water studies

• Boiler efficiency assessment and optimization

• Industrial process assessments, including refrigeration 
systems

• Infiltration and duct leakage assessments



Introduction



1. Introduction
2. Conclusion of EBCx effort on the Palm Springs water source heat pump 

loop.
3. A common VRF system EBCx issue.
4. Introduce the concept of electrification and the all electric building.
5. A closer look at how buildings use heat in the context of the climate they 

are in.
6. A closer look at coil performance in the context of using recovered 

energy.
7. A look at the power of an ongoing commissioning process, a dedication 

to energy efficiency, and creative thinking.
8. All electric building case studies.

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





Does the Pump Head 
Seem Reasonable?
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The information on this pump curve was reproduced from the manufacturers certified performance curves for the purposes of analysis and illustration.  To verify certified performance for this pump, refer to the manufacturers certified performance curve
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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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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?



A Pump In A Different Loop Also Has 
Something to Say



A Pump In A Different Loop Also Has 
Something to Say

It’s saying …
Help!  Help! I’m oversized!

… just in a different way



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
• Key components

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

• Proprietary
• Limited BACnet 

integration options
• Maintenance tool is 

highly desirable option



VRF Systems
Taking a closer look at 
the details



Turn-Down Limitations

VRF systems are often considered to be capable of infinite turn 
down
• What we take that to mean (would like it to mean)

subject to no limitation or external determination
 www.merriam-webster.com

• Based on vendor discussions “infinite” means
• 15-20% of rated capacity for the indoor units
• 19-25% of rated capacity for the outdoor units



Turn-Down Limitations
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Turn-Down Limitations



Turn-Down Limitations



VRF Systems
https://tinyurl.com/VRFMemo 

https://tinyurl.com/VRFMemo


Electrification and 
the Already All-
Electric Building



Electrification and the Already All-Electric 
Building
560 Mission 
Street
• 2002
• 31 Floors
• 665,000 sq.ft.
• LEED Platinum
• All Electric

in anticipation 
of being net-
zero and 
carbon free



Electrification and the Already All-Electric 
Building
I have 300 kW of electric 
resistance heat, and the 
energy it uses is a major 
portion of our utility bills.  
And yet the building is 
cold!

Gary Walters, Chief Engineer



Carbon vs. Time vs. Efficiency



Carbon vs. Time vs. Efficiency
We expect our energy mix to be 70% carbon free by 2040 based on current 
commitments and mandates, and we're working to deliver the right 
resources and technologies to make that happen

Energy Strategy; www.portlandgeneral.com  

http://www.portlandgeneral.com/


Carbon vs. Time vs. Efficiency
The Current Carbon Impact of Burning Fuel to Make Heat

CO2 Emissions for Different Fuels
Fuel

95% 90% 85% 80% 75% 70% 65%
Natural Gas 117 123 130 137 146 156 167 179
Propane 139 146 154 163 173 185 198 213
Oil 163 172 182 192 204 218 234 251
Coal 212 223 235 249 265 282 303 326

Emmissions Factor Source - https://www.eia.gov/environment/emissions/co2_vol_mass.php
Heat Rate Source - "Heat Rates" tab of this spreadsheet

*  This is the average value for the various fossil fuel power plants listed in the "Heat Rates" tab
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Carbon vs. Time vs. Efficiency
The Goal
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Carbon vs. Time vs. Efficiency
The Current Reality
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Carbon vs. Time vs. Efficiency
The Current Reality

In the transition, burning fossil fuel efficiently to make heat may be better 
than burning it to make power to make heat
Don’t loose sight of energy efficiency
• Just because it’s free doesn’t mean we can be careless with it
• Don’t loose sight of the power of commissioning
• Deliver better new buildings and improve existing buildings
Encourage creative thinking

CO2 Emissions for Different Fuels
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Revisiting How Buildings Use 
Heat



How Buildings Use Heat



How Buildings Use Heat



• Preheat Ventilation Air  50°F - 75°F  
• Reheat  50°F - 75°F
• Space Heat

• Radiant slabs  80°F - 85°F 
• Air  95°F - 110°F 
• Finned tube radiation  120°F – 220°F

• Drive Processes
• Humidification  212°F or higher
• Cooling  212°F or higher; hotter is better
• Sterilization  300°F or higher

• Power Generation
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• Preheat Ventilation Air  50°F - 75°F  
• Reheat  50°F - 75°F
• Space Heat

• Radiant slabs  80°F - 85°F 
• Air  95°F - 110°F 
• Finned tube radiation  120°F – 220°F

• Drive Processes
• Humidification  212°F or higher
• Cooling  212°F or higher; hotter is better
• Sterilization  300°F or higher

How Buildings Use Heat Low Grade

High Grade



How Buildings Use Heat in the Context of 
Climate

A Free Electronic Psych Chart
https://tinyurl.com/FreePsychChart 

https://tinyurl.com/FreePsychChart


How Buildings Use Heat in the Context of Climate

Preheat

Space Heat and 
Humidification

Cooling

Reheat and Sterilization



How Buildings Use Heat in the Context of Climate

Preheat

Space Heat and 
Humidification

Cooling

Reheat and Sterilization



How Buildings Use Heat in the Context of Climate



How Buildings Use Heat in the Context of Climate



How Buildings Use Heat in the Context of Climate

Preheat

Space Heat and 
Humidification

Cooling

Reheat and Sterilization



How Buildings Use Heat in the Context of Climate

Preheat

Space Heat and 
Humidification

Cooling

Reheat and Sterilization



How Buildings Use Heat in the Context of Climate

Preheat

Space Heat

Reheat



How Buildings Use Heat in the Context of Climate

Preheat

Space Heat

Reheat



Quantifying the Hours with 
Different Requirements



Quantifying the Hours with Different Requirements



Exploring Coil Performance



Recall That a Reheat Coil Selected for Space 
Heating Can Do Reheat With Much Cooler 
Water (i.e. Lower Grade Heat)

https://tinyurl.com/GreenheckCoilSelection 

https://tinyurl.com/GreenheckCoilSelection


(With Heat Pumps)
The Power of Ongoing Cx



The Power of Ongoing Cx



Another Question
In the context of applying a heat pump is there a benefit 
to a central plant?



Central Plant Applications

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



Tracing Energy Through a Facility



  



  



  



  



  



  



  



  



  



A Few Central Plant Bottom Lines
Chilled water is required for surgery when 
the outdoor temperature reaches 45 - 50°F

• Served by the North Wing Air Cooled 
Chiller

Chilled water is required by the remainder 
of the facility when outdoor temperatures 
exceed 52 – 58°F

• Humidity dependent
• Transition to the Nursing Wing 

Central Plant
Heat is required year round

• 80 - 90°F works above 65-70°F
• 160 – 180°F required during extreme 

weather
• 120 – 140°F works during mild 

weather



Tracing Energy Through a Facility



Tracing Energy Through a Facility

1. Start with the North Wing 
AHU Chilled Water Coil

TC14 CHW System Diagram DDC On (1).pdf



Tracing Energy Through a Facility

1. Start with the North Wing 
AHU Chilled Water Coil

2. Pretend you are a Btu that 
was picked up from the 
airstream and are now in the 
chilled water

TC14 CHW System Diagram DDC On (1).pdf



Tracing Energy Through a Facility

1. Start with the North Wing 
AHU Chilled Water Coil

2. Pretend you are a Btu that 
was picked up from the 
airstream and are now in the 
chilled water

3. See if you can get yourself 
into the heating water 
system and on your way to a 
reheat coil

TC9R4 HHW Central Plant System Diagram DDC On (1).pdf



Another Question
What would you need to do to the North Wing AHU 

control logic to allow heat to be recovered from it by the 
central plant during cool weather?



Getting Back to 560 Mission 
Street



Why Is This?

I have 300 kW of electric 
resistance heat, and the 
energy it uses is a major 
portion of our utility bills.  
And yet the building is 
cold!

Gary Walters, Chief Engineer



Fan Powered Terminal Units
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Recovering Heat to Reheat
Series Fan Powered Box

T

F
CFlow



Filter
Return 

Connection

Recovering Heat to Reheat
Series Fan Powered Box

Fan runs continuously when the 
zone is occupied
• Tends to be constant volume

Reduction in primary flow (cooling 
air) is compensated for by 
increased return flow
• First stage of reheat
• Coil provides second stage

T

F
CFlow

Fan



Filter
Return 

Connection

Recovering Heat to Reheat
Series Fan Powered Box

T

F
CFlow
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Filter
Return 

Connection

Recovering Heat to Reheat
Parallel Fan Powered Box

Fan runs intermittently when the 
zone is occupied
• Tends to be constant volume 

when the fan runs

Zone sees some reduction in flow 
until the fan starts
• First stage of reheat
• Coil provides second stage
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F
CFlow

Fan



A Typical Fan Powered Box



The In Series Fan



The In Series Fan



Electric Reheat Coils



Electric Reheat Coils

• Staged control can cause comfort 
issues

• Silicon Controlled Rectifiers 
(SCRs) allow modulation



Electric Reheat Coils

Interaction with other system 
components needs to be considered
• Fire dampers in line of sight can be 

a problem
• Temperature sensors in line of 

sight can be a problem



Electric Reheat Coils

Safeties can Cause Issues
• Air flow interlock switch may set 

the minimum flow rate instead of 
ventilation requirements



Electric Reheat Coils

Safeties can Cause Issues
• Air flow interlock switch may set 

the minimum flow rate instead of 
ventilation requirements

• Residual heat can trip high limit 
safeties after shut down



Electric Reheat Coils

Sustainability Implications
• 100% efficient at the coil!
• Run on electricity



Electric Reheat Coils

Sustainability Implications
• 100% efficient at the coil!
• Run on electricity
• 30-40% efficient from a source 

energy standpoint with a fossil fuel 
fired power plant

• Even with a renewable grid, there 
will be distribution system losses



A Paradox



More Flow ≠ More Heating

What happens with this terminal unit control strategy if 
the minimum flow rate delivers more cooling than the 
space requires under most of the load conditions it 
might see?

Minimum

Maximum

Temperature

Fl
ow



More Flow ≠ More Heating

Btu/hr % of Total Btu/hr % of Total

650 72 52 74 15,374 14,321 93% 1,053 7%
352 72 52 85 12,545 7,755 62% 4,790 38%
151 72 52 105 8,757 3,327 38% 5,431 62%

Simultaneous Heating and 
Cooling

Heat Available to Offset 
Losses

Flow, cfm Space 
Temperature, 

°F

Entering Air, 
°F

Leaving Air, 
°F

Capacity, 
Btu/hr

T

F
CFlow

1 
Ro

w
 8

 F
PI

650 cfm at 
52°F

15,374 Btu/hr of reheat 
delivers 650 cfm at 74°F

0.6 gpm from 200°F entering 
to 148°F leaving



More Flow ≠ More Heating

Btu/hr % of Total Btu/hr % of Total

650 72 52 74 15,374 14,321 93% 1,053 7%
352 72 52 85 12,545 7,755 62% 4,790 38%
151 72 52 105 8,757 3,327 38% 5,431 62%

Simultaneous Heating and 
Cooling

Heat Available to Offset 
Losses

Flow, cfm Space 
Temperature, 

°F

Entering Air, 
°F

Leaving Air, 
°F

Capacity, 
Btu/hr

T

F
CFlow

1 
Ro

w
 8

 F
PI

352 cfm at 
52°F

12,545 Btu/hr of reheat 
delivers 352 cfm at 85°F

0.6 gpm from 200°F entering 
to 158°F leaving



More Flow ≠ More Heating

Btu/hr % of Total Btu/hr % of Total

650 72 52 74 15,374 14,321 93% 1,053 7%
352 72 52 85 12,545 7,755 62% 4,790 38%
151 72 52 105 8,757 3,327 38% 5,431 62%

Simultaneous Heating and 
Cooling

Heat Available to Offset 
Losses

Flow, cfm Space 
Temperature, 

°F

Entering Air, 
°F

Leaving Air, 
°F

Capacity, 
Btu/hr

T

F
CFlow

1 
Ro

w
 8

 F
PI

151cfm at 
52°F

8,757 Btu/hr of reheat 
delivers 151 cfm at 105°F

0.6 gpm from 200°F entering 
to 171°F leaving



Air Distribution 
Considerations



Diffusers and Flow Variation
• Need to be designed for the 

full range of supply flow
• Performance with hot air 

different from performance 
with cold air

• Lower average velocity at 
lower flow rates
• Less throw
• Less mixing
• “Dumping”



What Does All of This Mean?



What Does All of This Mean?

All Electric does not mean All 
Done in terms of opportunities to 
improve efficiency and 
performance and reduce 
atmospheric impact



What Does All of This Mean?

With a “clean sheet of paper” there 
may have been some better options
• Electrically fired hot water heat

• Direct heat recovery from 
condenser water

• Heat recovery chillers if higher 
grade heat is needed

• Condensing boiler initially for 
peaking

• Upgrade to electric boiler in the 
future



What Does All of This Mean?

For an existing facility, a commitment 
to ongoing commissioning along with 
creative thinking and long-term 
planning can make a difference
• Electrically fired hot water heat may 

be an upgrade path in a facility with a 
long life cycle



What Does All of This Mean?

For an existing facility, a commitment 
to ongoing commissioning along with 
creative thinking and long-term 
planning can make a difference
• Electrically fired hot water heat may 

be an upgrade path in a facility with a 
long life cycle

• Creative thinking can start moving 
you in the right direction meanwhile



A Chiller Based Free Cooling 
Cycle



Adding “Free Cooling”

Condenser

CW Supply 
and Return

CHW Supply 
and Return

Evaporator

Economizer

2 Position 
Valve 
(Typical of 
2;  Open 
for Free 
Cooling)

Hot Gas 
Bypass Valve

3 Stage 
Centrifugal 
Compressor



“Free Cooling” Operation

Condenser

CW Supply 
and Return

CHW Supply 
and Return

Evaporator

Economizer

2 Position 
Valve  
Opens

Compressor 
locked out
2 Position 
Valve  
Opens









Gary’s Chillers can Do This

… and he is using that 
feature to help solve his 
heating problem



The “Trick”

Data Center
“Cooling” means keeping the data 
center at 80°F
• Can be achieved using 69°F - 

72°F “chilled” water
• Resulting return temperatures are 

in the 74°F – 78°F range

Office Spaces
“Heating” means warming up spaces 
that are around 62-65°F
• Can be achieved using 69°F – 

72°F “hot water”
• Resulting leaving air temperatures 

are in the 69°F – 71°F range

Understanding what “Cooling” and “Heating” Mean in the context 
of the loads in the facility



The “Trick”



"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/EWB20240529CHP
• 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/EWB20240529CHP


"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 11:00 am Pacific Time
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