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Disclaimer
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permission of the copyright holder is prohibited

Copyright Materials



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. Discuss some of the issues that can exist with all electric 
HVAC solutions and how to address them

Learning Objectives – Today’s Session



2. Describe how a master-planning approach to operations (a 
type of ongoing commissioning) can be used to drive 
improvements for a facility as "all electric" becomes 
business as usual

Learning Objectives – Today’s Session



3. Recognize that economizer processes can be used as an 
energy recovery strategy to meet a facility's heating needs 
when combined with heat pumps

Learning Objectives – Today’s Session



4. List the different grades of recovered heat that may be 
available at a given facility

Learning Objectives – Today’s Session



5. Explain how the different grades of heat can be used to 
meet the heating needs for a modern building and the role 
heat pumps play in delivering the recovered energy at a 
usable grade

Learning Objectives – Today’s Session



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)



Commissioning 
Processes, Skills, 
Resources, etc.
Review the slide sets posted on 
the website for previous days 
and/or the recordings of the 
previous sessions (available about 
1-2 weeks from now)



I Misspoke 
Yesterday



Regarding the Boiler

Its not a cast iron boiler, but it 
is tolerant of lower entering 
water temperatures
• Less than 105° will void the 

warranty
• Compare to less than 134°F 

on similar boilers







Previously on 
Commissioning 
Heat Pump 
Systems



https://tinyurl.com/SetAxisValue 

https://tinyurl.com/ExcelThirdAxis

https://tinyurl.com/ExcelTimeValues 

https://tinyurl.com/SetAxisValue
https://tinyurl.com/ExcelThirdAxis
https://tinyurl.com/ExcelTimeValues


So Far, We’ve Heard About the Heat 
Pump Loop Controls
Let’s see if the pump has anything to tell 
us
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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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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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Considering Heat Pump Interactions

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

0.00

20.00

40.00

60.00

80.00

100.00

120.00

140.00

160.00

0 100 200 300 400 500 600

He
ad

, f
t. 

w
.c

.

Flow, gallons per minute

Fredrick/Weinman Engineered Products 2 -1/2 KH, 2-1/2 x 3 x 12

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

12 inch

11 inch

10 inch

9 inch

7.5 bhp

5 bhp

10 bhp

3 gpm per ton system curve 
operating point

Impeller Lines

Brake Horse Power Lines

Pump Efficiency Lines

System Curve

Design Operating Point

Wide Open Operating Point projected for 
the existing pump

Serial Number 110188-1-96, 1 inch pattern 4586 impeller, 20 hp, 1750 rpm, Curve number 2 -1/2KH-182

15 bhp

2 gpm per ton system curve 
operating point

Smallest impeller throttled to 2 gpm per 
ton operating point

Throttled to 2 gpm per Ton 
Operating Point



0.00

20.00

40.00

60.00

80.00

100.00

120.00

140.00

160.00

0 100 200 300 400 500 600

He
ad

, f
t. 

w
.c

.

Flow, gallons per minute

Fredrick/Weinman Engineered Products 2 -1/2 KH, 2-1/2 x 3 x 12

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

12 inch

11 inch

10 inch

9 inch

7.5 bhp

5 bhp

10 bhp

3 gpm per ton system curve 
operating point

Impeller Lines

Brake Horse Power Lines

Pump Efficiency Lines

System Curve

Design Operating Point

Wide Open Operating Point projected for 
the existing pump

Serial Number 110188-1-96, 1 inch pattern 4586 impeller, 20 hp, 1750 rpm, Curve number 2 -1/2KH-182

15 bhp

2 gpm per ton system curve 
operating point

Smallest impeller throttled to 2 gpm per 
ton operating point

Throttled to 2 gpm per Ton 
Operating Point



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



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
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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
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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
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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
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



Trying Your Hand at 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



Trying Your Hand at Tracing Energy 
Through a Facility



Trying Your Hand at Tracing Energy 
Through a Facility
1. Start with the North Wing 

AHU Chilled Water Coil
TC14 CHW System Diagram DDC On (1).pdf
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Trying Your Hand at 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
https://tinyurl.com/HeatPUmpD4Recovery 

https://tinyurl.com/HeatPUmpD4Recovery
https://forms.office.com/Pages/DesignPageV2.aspx?prevorigin=OfficeDotCom&origin=NeoPortalPage&subpage=design&collectionid=8fbwa22gruga3i8x6xv7nn&id=EaK2QhPOK025uxCbd78bvgPlIUJsOqZJpLzZ98T0AwRUNzJFRTlQMkRWR0RQMjZWRFFYTFRXQ0pCVy4u&analysis=true


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

Fan



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

T

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.



"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 ??:?? ?m Pacific Time
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