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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:

* Makes any written or oral warranty, expressed or implied, including, but not limited to,
those concerning merchantability or fitness for a particular purpose;

* Assumes any legal liability or responsibility for the accuracy or completeness of any
information, apparatus, product, process, method, or policy contained herein; or

* Represents that its use would not infringe any privately owned rights, including, but not
limited to, patents, trademarks, or copyrights.
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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

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



Today’s Agenda

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

Explore EBCx opportunities in a water source heat pump loop
Explore VRF systems and related commissioning opportunities

Explore a heat pump application in a central plant and the ongoing
commissioning process behind it



Introduction

A Bit About Me

My Bio and Resume are With the Class
Materials (or you can see what | 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

8.

9.

Be familiar with functional testing
techniques

Be familiar with data
analysis techniques

Be familiar with basic HVAC and
energy calculations

Be familiar with cost/benefit and
return on investment calculations

10. Be familiar with implementation

strategies and techniques

i .::- : 'l. .
https://tinyurl.com/KeySkillsBlogPost [w]



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
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« Scoping Practice
https://tinyurl.com/ScopingPractice
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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
Of 810
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el HOME > Cost-benefit Assessments

BUILDING COMMISSIONING
A Golden Opportunity for Reducing Energy Costs and Greenhouse-Gas Emissions

HOME

COST-BENEFIT
ASSESSMENTS

PRESS
RESOURCES
HALL OF SHAME

PDFs require Adobe
Acrobat Reader

COST-BENEFIT ASSESSMENTS

We have published the following three cost-benefit analyses of real-world commissioning projects.
= 2009 Assessment [Summary] [PDF]
= 2004 Assessment [Summary] [PDF]
= Monitoring-based Commissioning [Summary] [FDF]

Presentations
= Building Commissioning: A Gelden Opportunity for Reducing Energy Costs and Greenhouse-gas
Emissions [PPT - 22mb] [PDF - 5mb]
= The Business Case for Commissioning Mew and Existing Buildings
Presentation for Pacific Energy Center Workshop, December 6, 2005 [EDF]
= Costs and Benefits of Commissioning New and Existing Commercial Buildings
Conference on Building a Sustainable Campus Community (UCSC), June 21, 2005 [PDF]

Related publications

= Mills, E. 2011. "Commissioning High-Tech Facilities" ASHRAE Journal. Movember, p. 18, [POF]

= Mills, E. 2011. "Commissioning: Capturing the Potential." ASHRAE Journal. February. [POFE]

= Mills, E. 2009. "Building Commissioning: The Stealth Energy-Efficiency Strategy," Climate Progress,

August 12 [online | PDF]

= Mills, E., P. Mathew, N. Bourassa, M. Brook, and M.A, Piette. 2008. "Action-Oriented Benchmarking:
Concepts and Tools." Energy Engineering, Volume 105, Number 4, pp. 21-40. LBNL-358E. [PDF]
Mathew, P, E. Mills, N. Bourassa, M. Brook, 2008. "Action-Oriented Benchmarking: Using the CEUS
Database to Benchmark Commercial Buildings in California." Energy Engineering, Volume 105,
Number 5, pp. 6-18. LENL-502E. [FDF]
Mills, E. 1994. "A Meglected Opportunity: Lighting Commissioning for Energy Savings." Newsletter
of the International Association for Energy-Efficient Lighting (2/94). [Online version]

= Also in Strategic Planning for Energy and the Environment, Fall, pp. 25-28.

©2022 Building Technology and Urban Systems Division | Energy Techneologies Area
Berksley Lab | Department of Energy | Disclaimer | Contact
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PUHY-HP72,HP96,HP120TNU-A.TH EXTERNAL PARTS & ELOWER PARTS (1-1)
PUHY-HP72,HP96,HP120¥YNU-A.TH

Using a Parts
Diagram

R o olE : : i 11| Jm |7
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HEATING & AIR CONDITIONING

HOME NOMENCLATURE ACCESSORIES CONTROLS M-SERIES P-SERIES SMART MULTI $-SERIES Y-SERIES (VRF HEAT PUMP)
R2-SERIES (VRF HEAT RECOVERY) HYBRID VRF VENTILATION JET TOWEL SOFTWARE SUPPORT POLICIES APP NOTES TECH TIPS

CATALOGS CAREERS DSB SUPPORT DIAMOND PRODUCT FINDER

LinkDrive

Welcome to LinkDrive 4.3
Can't find or believe LinkDrive is missing a needed document? Let us know at CustomerCare@hvac mea com

=3
2

L@( prive:

f
128

"1 PUHY-HP72TNU-A.TH...212PCS/UNIT
PUHY-HP9& HP120TNU-A.TH---214PCS/UNIT
PUHY-HP72YNU-A.TH---235PCS/UNIT
PUHY-HPg& HP120YNU-A TH---237PCSUNIT

* with instructions

sf TRANE

© 2023 Mitsubishi Electric Trane HVAC US LLC Contact Privacy Policy



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 * Implementation
» Benchmarking and utility * Make improvements based on
analysis the results of investigation
. Site Visit * Owner vetted

* Verification

 Start to learn the facility
» Make sure things work as

* ook for obvious indicators

o expected
* Investigation  Make sure targeted saving are
- Data logging and trend analysis delivered
« Functional testing * A mini new construction

« Cost/benefit analysis commissioning process



This, That, and the Other
Thing
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https://tinyurl.com/HeatPumpD3Glycol

Freezing Point

Ethylene Glycol Solution 10 20 30 40

(% by volume)
(°F) 25.9 17.8 7.3 -10.3

Temperature
(°C) -34 -79 -137 -235

Dynamic Viscosity - y - (centiPoise)
Temperature Ethylene Glycol Solution (% by volume)
(°F) (°C) 30 40 50 60 65

0 -17.8 b 15 22 35 45
40 44 35 48 6.5 9

80 26.7 . 17 22 2.8 3.8 45
120 489 . 1 13 15 2 2.4
160 711 15
200 93.3 0.6
240 115.6 2 2)

280 137.8 2 2)

1. below freezing point
2. above boiling point




Specific 6ravity- S6 -

Temperature Ethylene Glycol Solution (% by volume)
(°F) (°0) 40 50 60 65
-40 -40 D D 112

0 -17.8 11 11
40 44 11
80 26.7 1.09
120 489 1.077
160 711 1.062
200 93.3 1.049
240 115.6 2
280 137.8 2

1. below freezing point
2. above boiling point

Specific Heat Capacity of Ethylene Glycol based Water Solutions

Specific Heat - ¢, - of ethylene glycol based water solutions at various temperatures are indicated below

Specific Heat - ¢, - (Btu/Ib. °F)
Temperature Ethylene Glycol Solution (% by volume)
(°F) (°0) 40 50 60 65
-40 -40 D 0.68 0.703
-17.8 0.723 07
44 0.748 0.721
26.7 0.768 0.743
120 489 0.788 0.765
160 711 0.81 0.786
200 93.3 0.83 0.807
240 115.6 2 2 0.828
280 137.8 2 2 2
1Btu/(Ib,° F) = 4,186.8 J/(kg K) = 1 kcal/(kg ° C)
1. below freezing point
2. above boiling point




Boiling Points Ethylene Glycol Solutions

Boiling Point
Ethylene Glycol Solution
10 20 30 40 50 60 70 80 90 100
(% by volume)
(°F) 212 214 216 220 220 225 232 245 260 288 386
Temperature
(°C) 100 101.1 102.2 104.4 104.4 107.2 1111 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

Fluid Temperature Flow
Increase

(°F) (°0) (%)
40 44 22
100 378 16
140 60 15
180 82.2 14
220 1044 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
ed in the table below

Pressure

Combined
Drop
Correction Pressure
Fluid Temperature . Drop and
with Flow
Flow Rate
Rates )
Correction
Equal
(°F) (°0) (%) (%)
40 44 45 114
100 378 10 49
140 60 0 32
180 82.2 -6 23

220 1044 -10 18




Increasing Head

» 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 viscosity will cause
the pump curve to “droop”

Increasing Flow



Increasing Head

 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

Even
Higher
bhp

Lower
bhp

Increasing Flow



A Few Words About Radiant Slabs

o AT

T =T Radiant slabs give

DR AR

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




A Few Words About Radiant Slabs
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ing Water System Flow Disgram 17.2.dwg, HWo0, 12/13/2007 11:71:12 AM,
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David Sellers, Facility Dynamics Engingering, Adobe PDF
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New Seattle Court House Heating Water System Flow Diagram

Revisions:
Revisions:

1 - Revised boiler piping to match actual factory piping.
2 - 1-24-02 - Modified arrangement of factory piping to make it clearer

Revisions: 5 - Corrected return piping at boiler return headers

Drawn by: DAS

HWO0O0

Date: April 29, 2002

Revisions:
Revisions:

3 - 12-15-03 - Updated and detailed fo include radiant panel heat exchanger and HP12,
4 - Release 3/23/04

Checked by:

Plot date: December 09, 2003




Current location of connections
for a future low temperature
heating water system

David Sellers, Facility Dynamics Engingering, Adobe PDF

Lochinvar condensing
boiler 84 with pump
HWP4,

2,000 Mbtu/hr input.
90 gpm at 15 frw.c.
Two way valve modulates
to maintain 130°F EWT
at the primary heat
exchanger.

(Typical of 8)

a

Distribution loop hot
water pump HWP1,

2,725 lpm/ 720 gpm  DP
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frw.c. 18.4 kW/ 24.7
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New Seattle Court House Heating Water System Flow Diagram

Revisions: 1 - Revised boiler piping to match actual factery piping.
Revisiong: 2 - 1-24-02 - Modified arrangement of factory piping to make it clearer

Revisions: 3 - 12-15-03 - Updated and detailed to include radiant panel heat exchanger and HP12,
Revigions: 4 - Release 3/23/04

Revisions: 5 - 7-6-04 - Revised radiant panel pump connections.
Revisions: 5.1 - 7-7-04 - Revised radiant panel connection to the boiler header.

Drawn by: DAS

Date: April 29, 2002

Checked by:

Plot date: December 16, 2003}

HWOl




Making Energy Intensive HVAC Processes More Sustainable via Low
ow Temperature Ho
David Sellers, Portland Energy Conservation Inc.
W Appli jon
a te r p p I Cat I O ABSTRACT

Tom Stewart, Memorial Hospital of Carbondale
This paper looks at low temperature hot water distribution and heat recovery as an

approach that can be used in health care and laboratory applications to reduce the energy
I intensity of the HVAC reheat and preheat process. The concepts presented could easily be
applied to reheat and preheat proc s in other applications such as semiconductor and

pharmaceutical clean rooms. The paper also looks at radiant slabs as an opportunity to use
low temperature hot water for comfort heating applications in new construction. A case
study of an application in a health care environment is included.

Introduction

Current air handling system configurations, as Variable Air Volume (VAV)
systems, have led to significant reductions in HVAC energy requirements in many
applications. However, there are some applications that require precise control of the
pressure relationships between adjacent spaces and precise control of the temperature and

at the load. These requirements often eliminate the VAV approach as an option and
force designers to use a constant volume reheat system. Examples of such applications
include surgical suites, laboratorieq and clean rooms. The reheat proce
typically ver rgy siv imultaneous heating and cooling. In
addition, the large volumes of 0utd001 air required often result in significant preheat loads.

There are some characteristics of the preheat and reheat loads associated with these
processes that make them ideal low heating water temperature loads. These characteristics
are often complemented by the nature of the load served by system since they typically
represent very high internal gains, and are a source of recoverable heat. In new construction,
radiant slabs can represent an opportunity to use this recovered energy for comfort heating in
addition to the preheat and reheat processes.

The information presented in this paper is based on actual installations and experience
with low temperature hot water tems in the context of a distribution and utilization
strategy that is readily adaptable to recovered ener v of technical
considerations is followed by a case study of a low temperature hot water system at the
Memorial Hospital of Carbondale, Illinois (MHC).

Technical Discussion

The following paragraphs explore some of the technical issues associated with low
temperature hot water tems. Figure 1 illustrates a typical tem configuration as
extracted from schematic design documents for a project in the Northwest. The arr angement



https://tinyurl.com/ACEEELowTempHW

EBCx Functional Testing




Functional Testing as it Relates to the Metrics of the
Systems We Test — New Construction 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 Metrics of the
Systems We Test — Existing Building Perspective
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Functional Testing as it Relates to the Project Timeline



Typical Existing Building Construction Commissioning Activity
750,000 sq.ft. Hospital Basis
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Typical Existing Building Construction Commissioning Activity
750,000 sq.ft. Hospital Basis
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New Construction versus EBCx Testing

New Construction EBCx

* Trying to prove design intent * Trying to understand design intent

* Demonstrate all elements of the * Focused on certain elements of the
system meet requirements system

 Verification and quality assurance « Diagnostic and troubleshooting

Process Process
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Forced vs. Natural Response Testing
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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

| override the supply temperature input and
make the system “think” the supply

temperature has gone up to 80°F

2022-11-16
Ds




Forced vs. Natural Response Testing

Forced Response Testing
| 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

| override the supply temperature input and
make the system “think” the supply
temperature has dropped up to 60°F (with a

Normally Closed
Service Bypass

/0°F set point)

2022-11-16
Ds




Forced vs. Natural Response Testing

Forced Response Testing
| 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

Normally Closed
Service Bypass

;  Cooling Tower :

* The heat exchanger valve starts to
modulate open to add heat to the system
to bring it back up to set point

2022-11-16
Ds




Forced vs. Natural Response Testing

Natural Response Testing T a ::=*
* | pull trend data from the system for a day g Normaly cossd
when the outdoor air temperature swung "

from 53 — 98°F

;  Cooling Tower :

2022-11-16
Ds



Forced vs. Natural Response Testing

Natural Response Testing
| 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

;  Cooling Tower :

2022-11-16
Ds



Finding the Day You Want to Observe ighe
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This column explores where the weather data files — - THY3 Dateve, Redity in 2019
| . we typically use for our energy projections come
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1 The spreadsheets below are referenced in the

column and contrast different data types for the
locations indicated

atlanta_vweb.xlsm

Temperature CF)

bethel_wweb.xlsm

honolulu_vweb.xism

Inset A Inset B

pax_wwebaxlsm
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https://tinyurl.com/TMIAboutTMY

Functional Testing

One of the ways we have a dialog with the building



How Do We Dialog with a Building?

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/CHWFIywheelTest

cts' CLPrnnterFrendly aspx"InchdeParties=ALL &Exchode.. 2712010



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?


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

. Do the systems deliver?

2. Do the systems work well
together?

3. Was the machine big enough?

—


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?


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?


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?


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 | save if | make
my targeted improvement?


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 Resources
Troubleshooting, Diagnostics, Data + The design documents

Gathering for Investigation and

 Manufacturers literature

Analysis

1.
2.

3.

* The control system design

y I D
Why don tthe systems deliver? = o tive and logic diagrams

Why don’t the systems work , ,
well together? This could be different from the
information on the vendor

How big does the machine control drawings!

need to be?
How much will | save if | make ~ * The Functional Testing Guide

my targeted improvement? https://tinyurl.com/FTGBlogPost H
* Your knowledge and experience 3

O


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
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A Typical Guest Room Heat Pump Loop

. - - ———- —- -
1 .
I P L e T 2 \
PP e \
- !
- 1
e & & |
o Redundant Closed Loop Pumps zZ zZt N
P One pump runs continuously 24/7 1
’
,l Discharge valve fully open d ]
,I Flow rate = 380 gpm based on
’ pump test
/ Loop design flow rate = 320 gpm !-' .-‘ Cold water make-
,' up from a back
1
1

Forced Draft Cocling Tower with Two .
Speed Fan Motor Boiler bypass valve open

&as Fired Conventional
Boiler {non-condensing)

approximately 45°. When evening
temperatures are consistently

1
I
]
1
1
i)
1 B flow preventer \‘ X
Hanonal| \
1
1
]
H
!

T8 e 7= i "@"_“ﬁl’%

———————
-

above 55 - 65°F, the bypass is 8 7 _‘ _t —T

opened fully and the boiler is Guest Room Heat Purp Guest Room Heat Pump Guest Room Heat Pump
manually shut down and valved out Heating Mode Heating Mode Cooling Mode
by the operators.

\

A}

X
& Normally Closed
Service Bypass
Plate and Frame Return from rooms on the west face of the
\\ z Heat Exchanger ~_ guest room module (the line above is the return
/]\
\

from the rooms on the east face)
\ Cooling Tower Pump

N
S - — _ﬂ Pump starts when the system needs fo reject heat
Discharge valve wide open

!.‘ Pump rated for 500 gpm at 60 ft.w.c.
Estimated pump head requirement = 30 ftw.c.

2022-11-16, bs



Guest Room Heat Purmp
Cooling Mode




u Guest Room Heat Pump

Heating Mode




&

Red t Closed P Z.T. 21;
One pump runs confinuously 24/7

Discharge valve fully open d d
Flow rate = 380 gpm based on

pump Test

Loop design flow rate = 320 gpm .-l .-l

Cold water make-
up from a back

Boiler bypass valve open
approximately 45°, When evening
temperatures are consistently
above 55 - 65°F, the bypassis il
opened fully and The bailer is

manually shut down and valved out

by the operators.

1 !E' flow preventer

as Fired Conventional

Boiler { non-condensing)

Service Bypass

¢
[o 8 Mormally Closed
?

L)

[
I
i
i
1
L]

i
i
L]
I
I
i
I
i

| Heat Exchanger
Zn

Cooling Tower Pumnp
I _q Pump starts when the system needs to reject heat

.‘I Plate and Frame
|

Discharge valve wide open
Pump rated for 500 gpm at 50 ft.w.c.

| Estimated pump head requirement = 30 ftw.c.

Return from rooms on the west face of the
guest reem module (the line above is the return
from the rooms on the east face)



Some Questions For You

Forced Draft Cooling Tower with Two
tor

2022-11-16, DS

’ -
\ \\
_______..--___-—————-...‘.' } :
1
1
1
1
Redundant Closed Loop Pumps ';
One pump runs continuously 24/7 !
Discharge valve fully open "
Flow rate = 380 gpm based on lI
pump Test \
Loop design flow rate = 320 gpm Col%wafﬂb:a:e— 1
up froma bac \
flow preventer 1 X X X
i
L]
]
]
Boiler bypass valve open ! as Fired Conventional ]
approximately 45°. When evening Boiler (non-condensing) ‘l

temperatures are consistently

above 55 - 65°F, the bypass is Iz ]

opened fully and the boiler is Guest Room Heat Pump l Guest Room Heat Pump ' Guest Roorn Heat Purmp
manually shut down and valved out Heating Mode Heating Mode Cooling Mode
by the operators.
MNormally Closed
& Service Bypass
<5
Plate and Frame Return from rooms on the west face of the
Heat Exchanger = guest room module (the line above is the return

from the rooms on the east face)
Cooling Tower Pump

Pump starts when the system needs to reject heat
Discharge valve wide open

B Lo https://tinyurl.com/HeatPumpD4Heat2Pump

Water Source Heat Pump Loop



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

T e === - -
v .
B Rt 2 \
T \
- - )
.- s = ;
. -7 Redundant Closed Loop Pumps z ,’
,’ One pump runs continuously 24/7 1]
.’
Discharge valve fully open d ﬂ ,’
Flow rate = 380 gpm based on :
pump test 1
Loop design flow rate = 320 gpm .-' .-‘ ﬁ;lgr“gf:jr‘bznste' |‘
flow preventer 1 b ¢ ) ¢ ) ¢
1
L]
1
Forced Draft Cooling Tower with Two . g g ! IO
Speed Fan Moter Boiler bypass valve open _ W 'l ] ¢ H@ B |||||
approximately 45°. When evening Boiler (non-condensing) h it X il — FHHHHHY
temperatures are consistently 7 ! !

above 55 - 65°F, the bypass is l'.
opened fully and the boiler is
manually shut down and valved out
by the operators.

SEEEES

I Guest Room Heat Pump I I

¢ Guest Room Heat Pump
Heating Mode Heating Mode

))33)35533) )]

O35

Guest Room Heat Pump
Cooling Mode

Normally Closed
Service Bypass

55
[~3) Plate and Frame
Heat Exchanger
\ 4

N Cooling Tower Pump

h e _d Pump starts when the system needs to reject heat
Discharge valve wide open

= Pump rated for 500 gpm at 50 ft.w.c.
Estimated pump head requirement = 30 ft.w.c.

2022-11-16, DS



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



Logger Serial
Number (EMS
indicates
control system
trend)

10263770

10263769

10263774

10263767

10263771

10359812
(Carlos's
logger)

10263768

10264069

Cooling Tower
Cooling Tower
Cooling Tower

Cooling Tower

South Tower MCC
South Tower MCC
South Tower MCC
South Tower MCC

South Tower CHW
South Tower CHW

South Tower CHW
South Tower CHW
South Tower CHW
South Tower CHW

South Tower CHW
South Tower CHW
South Tower CHW
South Tower CHW

Point (use full point name for EMS
Points)

Cell 1 Hot Basin Temperature
Cell 2 Hot Basin Temperature
Cell 1Cold Basin Temperature
Cell 2 Cold Basin Temperature

Cooling tower 1 fan amps
Cooling tower 2 fan amps
CW Pump 1 amps
CW Pump 2 amps

Chiller 1 Amps
Chiller 2 Amps

Chiller 1 EWT - Chilled Water
Chiller L LWT - Chilled Water
Chiller 1 EWT - Condenser Water
Chiller 1 LWT - Condenser Water

Chiller 2 EWT - Chilled Water
Chiller 2 LWT - Chilled Water
Chiller 2 EWT - Condenser Water
Chiller 2 LWT - Condenser Water

South Tower CHW
South Tower CHW
South Tower DomWtr
South Woter DomWtr

ST Eq. Rm. Conditions
ST Eq. Rm. Conditions
ST Eq. Rm. Conditions

NT Lobby DD Unit
NT Lobby DD Unit
NT Lobby DL Unit
NT Lobby DD Unit

NT Lobby DD Unit
NT Lobby DD Unit

CHW Pump 1 Amps
CHW Pump 2 Amps
Pump 1 Amps
Pump 2 Amps

ST Eq. Rm. Temperature
ST. Eq. Rm RH
5T Eq. Rm. Lighting Level

Supply fan amps

Fan Leaving Air Temperature
Cold Deck Temperature

Hot Deck Temperature

Return temperature
Return RH

Sensor

TMCB0-HD
TMCB0-HD
TMCB0-HD
TMCB0-HD

CTV-B (50 amp)
CTY-B (50 amp)
CTV-B (50 amp)
CTV-B (50 amp)

CTY-D (600 amp)
CTY-D (600 amp)

TMC20-HD
TMC20-HD
TMC20-HD
TMC20-HD

TMC20-HD
TMC20-HD
TMC20-HD
TMC20-HD

CTV-D (200 amp)
CTV-D (200 amp)
CTY-A (20 amp)
CTV-A (20 amp)

Internal
Internal

Internal

CTV-D (50 amp)
TMC20-HD
TMC20-HD
TMC20-HD

Internal

Internal

Sampling
Time

1 minute
1 minute
1 minute

1 minute

1 minute
1 minute
1 minute

1 minute

1 minute
1 minute

1 minute
1 minute
1 minute

1 minute

1 minute
1 minute
1 minute

1 minute

1 minute
1 minute
2 seconds

2 seconds

1 minute
1 minute

1 minute

1 minute
1 minute
1 minute
1 minute

1 minute

1 minute

Sensor Location

Hot basin of cell 1
Hot basin of cell 2
Hot basin of cell 1
Hot basin of cell 1

CT 1 feed at MCC
CT 2 feed at MCC

CW Pump 1 feed at MCC
CW Pump 2 feed at MCC

Chiller 1 main switch
Chiller 2 main switch

Thermometer well
Thermometer well
Thermometer well

Thermometer well

Thermometer well
Thermometer well
Thermometer well

Thermometer well

CT 1 feed at MCC
CT 2 feed at MCC
DW Pump 1 feed in MCC
DW Pump 2 feed in MCC

On Top of DW Pump Panel
On Top of DW Pump Panel
On Top of DW Pump Panel

VFD incoming line

Downstream of fan
Downstream of coil
Downstream of coil

In return duct

In return duct

Link to Screenshots of deployed location of sensors

and Logger

Link to Screenshot of Launch

On magnet Sensor 1
under the steel Sensor 2
Sensor 3
Sensor 4
Logger
At MCC Sensor 1
Sensor 2
Sensor 3
Sensor 4
Logger
Sensor 1
Sensor 2
Sensor 3
Sensor 4
Logger
At chiller Sensor 1
Sensor 2
Sensor 3
Sensor 4
Logger
At chiller Sensor 1
Sensor 2
Sensor 3
Sensor 4
Logger
At MCC Sensor 1
Sensor 2
Sensor 3
Sensor 4
Logger
At DW Pumps  Sensor 1
Sensor 2
Sensor 3
Sensor 4
Logger
Tie-wrapped to Sensor 1
supply fan VFD  Sensor 2
Sensor 3
Sensor 4
Logger
Tie-wrapped to Sensor 1
duct support in Sensor 2
the return duct Sensor 3
Sensor 4
Logger

Overview

Loager Location
Typical Basin Temperature Sensor

Screen shot of logger status at launch
Central Plant MCC

Screen shot of logger 10263769

Logger Location
Sensors

Sensor detail

Logger 10263774 Launch
Logger L ocation

Sernsors

Screen shots with bad sensor and fix
Central Plant MCC

Logger 1026 3771 deployment screenshot
Logger tied to conduit at Booster Pump

Screen shot of 10359812 launch

Fan amps sensor

Fan discharge sensor

Cold deck sensor

Hot deck sensor

Screen shot of logger ant launch

Data logger - Initial deployment

Screen shot of logger ant launch

Screen shot of logger re-deployment

1. Put logger in a zip lock bag and then under
something to protect it.

1. See general note 2.

1. David will ship down 600 amp CTs for you
to use.

1. See general notes 1 and 3.

1. See general notes 1 and 3.

1. See general note 2.
2. I have assumed a 20 amp €T will be big
enough for the domestic water pumps.

1. Borrow one of Carlos's loggers with an
internal lighting sensor.

1. See general notes 1 and 4.

1. Try to get the sensor into the system
away from the door so that air leakage around
the door does not influence the logger too
much.




Monitoring Plan Resources

* Monitoring Plan Template (blank and a filled-out example)
* Monitoring Plan Blog Posts
» Data Logging Resources

 AVideo
* All linked from this location



https://tinyurl.com/MonitoringPlans

A Monitoring Question

Forced Draft Cooling Tower with Two
tor

2022-11-16, DS

Redundant Closed Loop Pumps
One pump runs continuously 24/7
Discharge valve fully open

Flow rate = 380 gpm based on
pump Test

Loop design flow rate = 320 gpm Cold water make-

[

i

]

]

i

1

up froma back l‘ X X ) 4

i
L]
]
]
1
]
]

flow preventer

Boiler bypass valve open ! as Fired Conventional
approximately 45°. When evening Boiler (non-condensing)
temperatures are consistently

above 55 - 65°F, the bypass is Iz ]

opened fully and the boiler is Guest Room Heat Pump Guest Room Heat Pump Guest Roorn Heat Purmp
manually shut down and valved out Heating Mode Heating Mode Cooling Mode
by the operators.
MNormally Closed
& Service Bypass
<5
Plate and Frame Return from rooms on the west face of the
Heat Exchanger = guest room module (the line above is the return

from the rooms on the east face)
Cooling Tower Pump

Pump starts when the system needs to reject heat

Discharge valve wide open

B https://tinyurl.com/HeatPumpD4MonitorTest

Water Source Heat Pump Loop



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

-
s

Forced Draft Cooling Tower with

& &
Zr Zn

& &

Redundant Closed Pu
One pump runs continuously 24/7
Discharge valve fully open

Flow rate = 380 gpm based on
pump test

Loop design flow rate = 320 gpm

Cold water make-
up froma back

flow preventer

Twe |

Speed Fan Motor

*4—-CTs

Boiler bypass valve open
approximately 45°. When evening
temperatures are consistently
above 55 - 65°F, the bypass is

]

What data points would you

select to give you the most
insight? ~

N e —————

2022-11-16, DS

opened fully and the boiler is
manually shut down and valved out
by the operators.

8

ek

ired Conventional

Boiler (non-condensing)

Normally Closed
Service Bypass

L
I

[
I
1
]
1
1
]
\
!

Plate and Frame
Heat Exchanger

o2}
2"

Cooling Tawer Pump
Pump starts when the system needs to reject heat
Discharge valve wide apen
'.‘ Pump rated for 500 gpm at 50 ft.w.c.
Estimated pump head requirement = 30 ftw.c.

Return from rooms on the west face of the
guest ropm module (the line above is the return
from the rooms on the east face)



\
J—— cmmmmmm - -~ J%p 0
" A
- - ]i
. - - .-. I
- Red t Closed P Zn ,r
d One pump runs continuously 24/7 ’
’-i"’ Discharge valve fully open d ,"
’ Flow rate = 380 gpm based on I
‘," pump test '.'l
.r’ Loop design flow rate = 320 gpm '-l ﬁ;lgr::nfzrbz?:e- ':i
] ! El flow preventer l! B
I i —
Boiler bypass valve open as Fired Conventional f h ' I r%: —é
approximately 45°, When evening Boiler (non-condensing) ! | "g
temperatures are consistently ! !
above 55 - 65°F, the bypassis i 1]
opened fully and the boiler is Guest Room Heat P
manually shut down and valved out :_ Heating M

by the operators.

MNormally Closed
& Service Bypass

|
\ a

Plate and Frame Return from rooms on the west face of the
Heat Exchanger —_ guest room module (the line above is the return
".‘ zZnr from the rooms on the east face)
by . Cooling Tower Pump

Discharge valve wide open
Pump rated for 500 gpm at 50 ft.w.c.
| Estimated pump head requirement = 30 ft.w.c.

~
Sao - - ‘« Pump starts when the system needs to reject heat




Forced Draft Cooling Tower with Two

\

Supply Temp. \
|

'

Red t Closed P

&
. Z+

One pump runs continuously 24/7 d LOOp Pump Am ps ,l'
&

Discharge valve fully open

d

tar

L
Flow rate = 380 gpm based on :
P & Cold water make- |
Loop design flow rate = 320 gpm Old water make- y
1 :IP from a back l‘ X
ow preventer
Total MCC Amps e flov a
i I C
]
. . ! - QE
Boiler bypass valve open as Fired Conventional i ,;| l =
approximately 45°. When evening Boiler (non-condensing) ! HHHH
temperatures are consistently ! ! ﬁ
above 55 - 65°F, the bypassis i 1]
opened fully and the boiler is Guest Room Heat P
manually shut down and valved out — Heating M
by the operators. : -
Hx Lvg.Temp.
MNormally Closed
Plate and Frame Return from rooms on the west face of the
& Heat Exchanger ™ guest room module (the line above is the return N Ret Temp
zZnr from the rooms on the east face)

Cooling Tower Pump E Ret Temp .
Pump starts when the system needs to reject heat

Discharge valve wide open
Pump rated for 500 gpm at 50 ft.w.c.
Estimated pump head requirement = 30 ft.w.c.




s Look at Some Data

J

Let

https://tinyurl.com/Datal.oggingDecades



https://tinyurl.com/DataLoggingDecades







What You Might Learn

Water Cooled Heat Pump Loop
March 27, 6 to 9 pm

I
(o]

o
| .
S
=
o
|38
[
a
5
=

Time and Date

3/28 7:00 AM 3/28 7:45 AM 3/28 8:30 AM 3/28 9:15 AM 3/28 10:00 AM
—Supply Temperature °F Tower Supply Temperature °F

——Tower Return Temperature °F Tower Fan and Pump Current amps



Water Cooled Heat Pump Loop
March 27, 6 to 9 pm

85 - - 50
83 45
81 40
w 79 35
o]
E‘
= 77 30
.,.'_
o
)
%— 75 - - 25
= 2
73 - - 20 =
<
71 - - 15
69 - - 10
67 - - 5
65 . Time cmld Date | 0
3/28 7:00 AM 3/28 7:45 AM 3/28 8:30 AM 3/28 9:15 AM 3/28 10:00 AM

——Supply Temperature °F Tower Supply Temperature °F

——Tower Return Temperature °F Tower Fan and Pump Current amps



What Did You Learn?

Water Cooled Heat Pump Loop
March 27, 6 to 9 pm

[
o
Q)-
|
3
+—
[=]
o
Q
(=N
5
[

Time and Date
3/28 7:00 AM 3/28 7:45 AM 3/28 8:30 AM
—Supply Temperature °F

3/28 9:15 AM 3/28 10:00 AM
Tower Supply Temperature °F

——Tower Return Temperature °F Tower Fan and Pump Current amps


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

Fredrick/Weinman Engineered Products 2-1/2 KH, 2-1/2x 3 x 12 . ngm
Design Condition
Serial Number 110188-1-96, 1 inch pattern 4586 impeller, 20 hp, 1750 rpm, Curve number 2 -1/2KH-182
L] [ ]
* 11 inch impeller
Design Flow — 320 gpm

* Design Head — 100 ft.w.c.

11 inch

Design Operating Point

Impeller Lines
Brake Horse Power Lines
Pump Efficiency Lines

System Curve

300

Flow, gallons per minute

The information on this pump cu produced from the manufact fied performance curves for the purposes of aiysis and ilustration. To verify certified perf or this pump, refer to the manufacturers certified performancy




Fredrick/Weinman Engineered Products 2-1/2 KH, 2-1/2x3 x 12

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

Flow, gallons per minute

The information on this pump curve was reproduced from the manufacturers certified performance curves for the purposes of ahesis and illustration. To verify certified performance for this pump, refer to the manufacturers certified performance curve

160 =
12 inch
140 +
11 inch
120 +
Design Operating Point
10 inch |
100 — (]
g \
; -
e 9 inch
5 15 bh
2 80 + P
(0]
T
60 +
— Impeller Lines 10 bhp
Brake Horse Power Lines \ 7.5 bhp
40 +
Pump Efficiency Lines
————— System Curve 5 bhp
20 +
0 r r r r r !
0 100 200 300 400 500 600




oes the Pump Head
eem Reasonable?

Fredrick/Weinman Engineered Products 2-1/2 KH, 2-1/2 x3 x 12

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

11 inch

Design Operating Point

9
B
&
o
©
()
I

Impeller Lines
Brake Horse Power Lines
Pump Efficiency Lines

System Curve

300

Flow, gallons per minute

The information on this pump cui as reproduced from the manufacturers certified performance curves for the purposes of afesis and illustration. To verify certified performance for this pump, refer to the manufacturers certified performance curve

L]

—_—
B




What You Might Learn From the Pump

Fredrick/Weinman Engineered Products 2-1/2 KH, 2-1/2x3 x 12
Serial Number 110188-1-96, 1 inch pattern 4586 impeller, 20 hp, 1750 P, Curve number 2-1/2KH-182 P u m p TeSt Resu |tS
* 11 inch impeller
* Wide open head — 84 — 86 ft.w.c.

& 8 ° Flow (from pump curve) — 375 -
S 380 gpm

* Design Flow — 320 gpm

J
B
i
=
@
o
I

== —=—= Impeller Lines
Brake Horse Power Lines
Pump Efficiency Lines

= = = = System Curve

300
Flow, gallons per minute




Fredrick/Weinman Engineered Products 2-1/2 KH, 2-1/2x3 x 12

Serial Number 110188-1-96, 1 inch pattern 4586 impeller, 20 hp, 1750 rpm, Curve number 2-1/2KH-182
160 - :

12 inch

140 -

120 -

100

Head, ft. w.c.
3

()]
o
2

== === ImpellerLines

40 Brake Horse Power Lines

Pump Efficiency Lines
= == == = System Curve

20 -

0 100 200 300 400 500 600
Flow, gallons per minute

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



What Did You Learn?

Fredrick/Weinman Engineered Products 2-1/2 KH, 2-1/2x3 x 12

Serial Number 110188-1-96, 1 inch pattern 4586 impeller, 20 hp, 1750 rpm, Curve number 2-1/2KH-182
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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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Considering Heat Pump Interactions
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Heat pump performance at different flow rates,
85°F entering water temperature
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Input power, watts
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Bottom Lines

Findings Summary Tahle $0.10 per kWh $0.78 per therm

Item Findiny i i Annual Gas Savings | Total Annual | Implementation | Simple | Recommended | Note
Savings Costs Payback [Yes/No) Reference

Guest Housing Heat Pump Loops

1 GHL4 - Potential to vary loop flow rate 41,540 $4.154 0 S0 $4.154 $22,704 5.5 Yes  Note 2
2 GHL2 - Cycle cooling tower pump as 1st stag: 0 $0 0 $0 $0 $0 0.0 N/A  Note 1
3 GHLS - Bypassing Flow around Heat Exchang 0 $0 0 S0 $0 $0 0.0 No
4 GHLS - Trim Cooling Tower Pump 40,396 $4,040 0 $0 $4.040 $9,000 2.2 Yes
5 GHL1, GHL3 - Optimize closed loop 277,192 $27.719 © 48,094 $37.513 $65,232 $140,199 2.1 Yes

Total for Guest Housing Heat Pump Loops 359,127  $35,913 48,094 37,513 $73.426 $171,903 2.3

Notes 1. This finding has alreadv been implemented by the operating staff
2 The simple payback for this finding could be as low as 4 years. The energy savings is a conservative estimnate.

3 Further investigation is needed to estimate beneifts and cost for this measure.

4 Energy savings possible is a conservative estimate. The actual savings could be double from the amount listed
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VRF Systems (Again)




Variable Refrigerant Flow Systems (VRF)

« Complex!

* Move heat by using refrigerant
instead of using water

peiflearzlt Flowy Dizigrarmn ,“ b

Start without Audio 2

Start with Audio +3

CITY MULTI

VRF TECHNOL



https://tinyurl.com/VRFAnnimation
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« Key components
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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
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Central Plant Applications

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