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Disclaimer

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.
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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

The survey should only take 2 minutes
and your responses can be confidential.

Here’s how to participate: @ R

* Click the provided link: S e M L
https://www.surveymonkey.com/r/EWB20240514CHP $

* Scan the QR code with your phone’s camera ittt s
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Using GoTo Webinar

« On the right-hand side of the GoTo panel you will find:

¥ Audio

Click the links to
download today’s
course materials

© Ccomputer audio «ull

@ Phene call

No audio

0 MUTED
|Built-in Microphene :‘
9)
Handouts Tab |Builtfin Output :‘
Talking: Access links to in-class

¥ Handouts: 2

resources & the class
survey in the
‘Questions’ pane

PG&E Upcoming Home...Rebates - March 2021.pdf

Retrofitting Homes For E...rbonization 03.03.21.pdf

¥ Questions

In-Class Resources

Good morning everyone! My name is Javier
Montalbo, the Home Performance class coordinator
for the PG&E Energy Center.

Questions Tab
Let’s engage! Type your
questions in the text

Retrofitting Homes for Electrification and box.
Decarbonization
Webinar ID# 478-136-683

& GoToWebinar




Sign Up for Other Classes in this Series

Upcoming Classes for Commissioning Heat Pump Systems Series
(From 9:30am to 1:30pm Pacific)

Sign up for the whole series here

Or for individual classes:

* Commissioning Heat Pump Systems: New Construction- May 15

e Commissioning Heat Pump Systems: Existing Buildings- May 28

e Commissioning Heat Pump Systems: The Already All Electric
Building - May 29



https://pge.docebosaas.com/learn/public/learning_plan/view/243/commissioning-heat-pump-systems-5-part-series-webinar-spring-2024
https://pge.docebosaas.com/learn/course/external/view/classroom/2882/commissioning-heat-pump-systems-new-construction-spring
https://pge.docebosaas.com/learn/course/external/view/classroom/2883/commissioning-heat-pump-systems-existing-buildings-spring
https://pge.docebosaas.com/learn/course/external/view/classroom/2884/commissioning-heat-pump-systems-the-already-all-electric-building-spring
https://pge.docebosaas.com/learn/course/external/view/classroom/2884/commissioning-heat-pump-systems-the-already-all-electric-building-spring

Introduction




Today’s Agenda

Introduction

Ventilation System Approaches
Energy Recovery Strategies

Design and Operating Considerations

Exercises (Time permitting; priority set by attendee vote)

a. Assessing the Flow Path and Savings Opportunity for a Make Up
Air System

Exploring a Heat Recovery Unit and Building a Monitoring Plan
Using Field Data to Assess Heat Recovery Ventilator Effectiveness

d. Estimating the Maximum Possible Savings that Can Be Achieved
from a DOAS System and its Cost/Benefit

A S

O O



Introductions
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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

m

| Will Tend to Discuss Things in the RCx/Re-Cx/0Cx Context (a.k.a
Operating the Building Properly)
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| Buildings are Talking to
Us

We Just Need fo Learn How to Listen
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Ventilation

Today’s Focus [
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A Question For You

https://tinyurl.com/HeatPumpD2Q1Vent
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A Few More Definitions

Ventilation

— Outdoor air that is brought into the building to manage
contaminates, generally by dilution

— The outdoor air volume is dictated by:

« Type of contaminant

e Capture velocity

* Occupant count

* Code requirements
— ASHRAE Standard 62.1 is usually the basis for design
— Ventilation air typically is removed by exhaust systems



A Few More Definitions

Ventilation Load

— The heating and cooling energy required to condition the
ventilation air that is brought into a facility

« With a positively pressurized space, it occurs at the
central station AHU or in the system supplying outdoor air
to the zone, not in the zone

* It is often framed up in the context of delivering neutral air



A Few More Definitions

Neutral Air

ALTITUDE: 883 FEET
BAROMETRIC PRESSURE:
AATMOSPHERIC PRESSURE:
Aaaet




A Few More Definitions

[
N e u t ra | ‘ \I r ALTITUDE: SEA LEVEL
BAROMETRIC PRESSURE: 29.921 in. HG

Al E:
ATMOSPHERIC PRESSURE: 14.696 psia

c : AKTON PSYCHROMETRICS,
hart by: AKTON PSYCHROMETRICS, www.akt ONTHALPY - BTU PER P




A Few More Definitions

MAU
— https://tinyurl.com/HeatPumpD2Q2MAU
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A Few More Definitions

MAU
— Do You Know what “MAU” stands for?

—Make Up Air Unit
Along with about 28 other things

IVIAU IVIOTILNTY ACLVE USEIS

MAU Multistation Access Unit

MAU Multiple Access Unit

MAU Multistation Access Unit (token ring)
MAU Medium Attachment Unit

RAATLTITIT A" _ RA_. . . "4"  _ A1/S A T/SS O 2 Y



A Few More Definitions

MAU
— Do You Know what “MAU” stands for?

—Make Up Air Unit
— Typically
— 100% outdoor air

— Includes filtration, a preheat process, a cooling process,
and (usually) a reheat process

— May include a humidification process






Ambient Condition
(shirt sleeves)



Ambient Condition Active Preheat
(shirt sleeves)






Ambient Condition Active Preheat
(shirt sleeves)







Ambient Condition Active Preheat
(shirt sleeves)

Cooling was also active



The Tall Things are
Cactus

Can you “connect the
dots™?

https://tinyurl.com/HeatPumpD2
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A Few More Definitions

ERV

— Energy Recovery Ventilator
— Typically
— 100% outdoor air

— Includes filtration, some sort of energy recovery device,
and fans for the supply and exhaust air stream






Another Question For You

https://tinyurl.com/HeatPumpD?2
Q4RTEquip
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A Few More Definitions

DOAS

— Dedicated Outdoor Air System

— A complete package for handling and conditioning outdoor
air

- Typically
— 100% outdoor air

— Includes filtration, some sort of energy recovery device,
and fans for the supply and exhaust air stream

— May include some form of supplemental heating or cooling
or humidification or all three
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A Few More Definitions

Desiccant Dehumidification
— Similar in concept to heat and energy wheels
— Actively dehumidify vs. transfer latent energy
— Require regeneration
— May be an option in humid climates
— More often used for special applications
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A Few More Definitions

oo Actual transfer of energy
Maximum transfer of energy possible

Effectiveness

— Can be defined in terms

Of L {mExh X (77Exh,_vg ~ ek, )} and o [mSUP X (USUPEM ~Tsup,, )}
— Total energy (enthalpy) M * (T e,

Therefore, we can say ...

Mpin % (USUPEM ~ Texh,, )

— Sensible energy Where:
€ = Wheel effectiveness
— Latent energy Mg, = Exhaust mass flow rate
Msyp = Supply mass flow rate
Mym = Minimum of the two mass flow rates

Texh,, = Exhaust air leaving enthalpy
Tewn,, = Exhaust air entering enthalpy

Nsupe,, = Supply air entering enthalpy

Tsup,, = Supply air leaving enthalpy



A Few More Definitions

Effectiveness

MExh, TExhLvg, 71 ExhLvg MExh, TExhEnt, 7] ExhEnt

MsupLkl, MsupLk2,
T SupEnt, Energy Wheel tsupLvg,

7]5upEn1' n Suplvg

Msup, TsupEnt, 7] SupEnt Msup, 1'5uvag, 7] SupLvg




— QReco vered
RERTotal Q
Input

A Few More Definitions Qe

(WSupplyFan + WExhaustFan + WWheelMotor)

Recovery Efficiency Ratio B s (P

i i (+W5upplyFan + WExhaustFan + WWhee/Motor')
— Considers the energy it
takes to recover energy
RER .. = Recovery efficiency ratio, total energy basis,

- Extra fans e fectanes
— Additional filter static Tsupe Supply air entering enthalpy, Btu/Ib
losses o Minimum of the fwo mass flow rates assaciated
- Energy recovery device Mgy
static losses Moy — Supply mass flow rate, Ib/hr

Where:

Exhaust air entering enthalpy, Btu/lb

Myin

Meyn = Exhaust mass flow rate, Ib/hr
I W. = Supply fan energy, watts
— Run around coil pumps
WepaustFan = Exhaust fan energy, watts
Wineemotor = Wheel (or other power consuming recovery device)

motor energy, watts



Energy Recovery Strategies
Options

 Plate Heat Exchangers

 Wheels

 Heat Pipes

 Run Around Coils

 Thermosiphons

« Liquid Desiccant Recovery

* Fixed Bed Regenerator

ASHRAE Systems and Equipment Handbook
Chapter 26 is a good reference



Energy Recovery Strategies

Plate Heat Exchangers

« Non-permeable (sensible only) and permeable (sensible and
latent) option

« Typical effectiveness range

« Sensible — 50-75

« Latent - 25-60

« Total-35-70
* Pressure drop range — 0.4 — 4.0 in.w.c. at up to 1,000 fpm
* Control methods

 Bypass dampers









Energy Recovery Strategies

Wheels
« Sensible only and total energy options
« Typical effectiveness range
« Sensible — 65 - 80
 Latent-50-80
 Total —25-60
* Pressure drop range — 0.4 — 1.2 in.w.c. at up to 800 fpm
e Control methods
 Bypass dampers
 Wheel speed control









Heat and Energy Wheel Purge

By their nature, wheels will
move a bit of exhaust air to the
supply air stream and vice
versa

Purge hardware reverses the
flow through a sector of the
wheel as it enters the supply
air stream

This reduces cross-
contamination but reduces
effectiveness and increases
fan power

Images courtesy
innergytech.com

Returned Air
From building

Purge
Plate

Purge
Adjustable Seal

Supplied Air
To Building

Front View
With Upstream Exhaust

Draw-through
Exhaust Exhaust fan

- o

Blow-through
Supply fan

Outside
Air

Side Cross Section
with Purge Section




Energy Recovery Strategies

Heat Pipes
« Sensible only
« Typical effectiveness range — 40 - 60
* Pressure drop range — 0.6 — 2.0 in.w.c. at up to 800 fpm
« Controlled by tilting the caoill



How Many of You Are Familiar With Heat Pipes?



How Many of You Are Familiar With Heat Pipes?
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Heat Pipe Operation

https://tinyurl.com/HeatPipeDetails



https://tinyurl.com/HeatPipeDetails

Heat Pipe Operation

Start with a sealed conductive metal tube between two ducts




Heat Pipe Operation

Add a wick




Heat Pipe Operation

Charge it with refrigerant in a saturated state




Heat Pipe Operation

Create a thermal gradient along its length

()




Heat Pipe Operation

Evaporating refrigerant at the hot end removes energy from the vicinity
of the hot end and creates a pressure gradient in the tube




Heat Pipe Operation

The pressure gradient causes vapor to flow to the cold end where it
condenses and releases the energy in the vicinity of the cold end




Heat Pipe Operation

Capillary action in the wick moves the liquid refrigerant back to the hot end
to repeat the cycle




Heat Pipe Operation

Tilting the tube impacts the capillary action and can modulate energy
transfer




Heat Pipe Operation

Tilting the tube impacts the capillary action and can modulate energy
transfer
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Taklng a Look at a Heat P|é










HEAT
RECOVERY
UNIT

Refrigeramt
type heat
recovery coil

Qﬂ@ /m

Supply fan

3 hp

£r=1 Heat OA Damper T HWR 8,100 cfm @3.5 inc.w.c
8,100 cfm Recovery X CHR 7-2 bhp, 7.5 hp
7.5 hp Bypas 4 gﬂ
= _L)_i Damper |Z ; + —|
EERN Lol
1 30% NG é 30% HWS CHS
Filters ﬁ Filters Preheat coil Cooling coil

i

EF-2
16,800 cfm @ .5 in.w.c.

EF=3

16,800 cfm @ .5 in.w.c.
3 hp

e

Motorized garage door
(Typical of 2)

B

Emergency
ventilation air

~ Backdraft
damper

Nie

T g 4

Normal Auto
exhaust exhaust Emergency

damper damper exhaust

1

b

ki
Auto exhaust hose reel (Typical)

g“*“’ Backdraft

damper
iy

Emergency
exhaust

Typical of
12 zones.

—HWS

T HWR




N

Motorized garage door
(Typical of 2)

7/16/2001 4:54pm

Supply fan

8,100 cfm ©3.5 inc.w.c|
sHR 7-2 bhp, 7.5 hp
1

0

|
I
!
]

e

S
Normal

4

16,800 cfm © .5 in.w.c.
3 hp

uto exhaust hose reel (Typical)

16,800 cfm @ .5 in.w.c
3 hp

#NF~7 Backdraft

gi damper
S

Emergency
exhaust

Typical of
12 zones.

HW




Energy Recovery Strategies

Run Around Coils
« Sensible only
« Typical effectiveness range — 45 - 65
* Pressure drop range — 0.6 — 2.0 in.w.c. at up to 600 fpm
« Controlled by a valve that bypasses flow around the coil
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Summary

Energy Recovery Technology Contrast

Technology Heat Transfer

Effectiveness Range Pressure Drop Range Control Methods
Latent Min. Max. |[Velocityl Bypass | Speed
Min. Max. in. . _inwec.  inwc. | fpm  Damper | Control
Plate Heat Exchangers v 25% = 60% 040 = 400 1,000 v v

Sensible| Total

Wheels v 50% 80% 040 1.20 800 v
Heat Pipes N/A N/A 0.60 2.00 800
Run Around Coils N/A N/A 060 2.00 600
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Energy Recovery Unit Frost Thresholds
Based on data from Frost Control Strategies for AirXchange Enthlalpy Wheels by AirXchange
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Outdoor Temperature, °F
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- = = Airxchange Enthalpy Wheel - 75°F Indoor Air - = = Airxchange Enthalpyh Wheel - 80°F Indoor Air
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Costs

There Are Many Things to Consider
— Is supplemental capacity required?
— Is redundancy required?
— Is the goal:
— Saving energy
— Avoiding demand
— Reducing first cost
— Any or all
— Size



Costs

Industry Metrics Could Be
Misleading

per cfm cost 2023 cost based on
the Bureau of
Labor Statistics

Inflation Calculator
Greenheck Application Guide Copyright 1997 $6.95
Loren-Cook ERV Catalog Mar-16 $3.90




Costs

Mark: HRU-1 Model: ERCH-45H Product Family:

"
Qutdoor Exhaust
Supply Supply SP Exhaust | External SP
Ind ustry Metrics Could Be e Ve SRS AR Valme St
oy st
1 1,658 3,500 175 905 2,250 0.75

Misleading © gy e

TAGS

SELECTION CONFIGURATION MOTOR SPECS

Elevation (ft) 800 OA Intake Position: Qutdoor Size (hp)
Wealherhood No OA Discharge Position Exhaust Size (hp)
Frost Controls:  Timed Exhaust EA Intake Position uL UL/cUL-1995
Night Setback No EA Discharge Position: Enclosure ODP
Qutdoor Damper Powe: 80 Cycle
Outdoor Filters: Phase:
Exhaust Damper: Voltage (V)
Exhaust Filters. eatec RPM

Efficiency Selected:

MCA (A)

MOCP (A)

HEATING:
Hot Water - 1 Coil - Model: 5WQ0802B - 51 x 24 - Conn. Size- 25 - 125 GPM

OLING:
lled Water - 1 Coil - Model: 5WQ1205C 51 x 24 - Conn. Size- 2 $9,561

ACCESSORIES

Outdoor Air Intake Damper, Motorized, Low Leakage VCD-23 $1,515

Exhaust Air Intake Damper, Motori , Low kage VCD-23 $1.226

Duct Flange $236

Qutdoor Air Filter, 2" pleated (30% efficient) $711
efficient)

Maximum flow rate - 3,500 cfm
Basic ERU cost -  $47,841
13.67 $/cfm

s) piped external to unit
Temp Control by
Timed Exhaust Fros!
Variable Air Volume - Modulating

As furnished ERU cost -  $71,450
2041 $/cfm

Extended Subtotal ($)
ERI 0.2440




Costs

Industry Metrics Could Be
Misleading

Energy Wheel Unit Cost

Source - RS Means 2nd Quarter 2018

10,000 20,000 30,000 40,000 50,000 60,000
Rated Flow, cfm

Material, $/cfm" —e—Labor, $/cfm —e—Total, $/cfm



$10.00 -
$9.00 -
$8.00 -
$7.00
$6.00
$5.00 -
$4.00 1
$3.00 -
$2.00 -

. >
$1.00 '\.\m -

$0.00

Energy Wheel Unit Cost

Source - RS Means 2nd Quarter 2018

0 10,000 20,000 30,000 40,000 50,000 60,000
Rated Flow, ¢fm

Material, $/cfm" —e—Labor, $/cfm ——Total, $/cfm




$10.00
$9.00
$8.00
$7.00
$6.00
$5.00
$4.00
$3.00
$2.00
$1.00
$0.00

] Energy Wheel Unit Cost
Source - RS Means 2nd Quarter 2018
—r—T—T— 1 ——— T —
0] 10,000 20,000 30,000 40,000 50,000 60,000

Rated Flow, cfm

Material, $/cfm" —e—Labor, $/cfm —e—Total, $/cfm

$8.00

$7.00 -
$6.00 )
$5.00 )
$4.00 )

$3.00

$2.00

$1.00

$0.00

-

CV AHU Unit Cost

Source - RS Means 2nd Quarter 2018

5,000

Material, $/cfm"

10,000

15,000
Rated Flow, cfm

—e—Labor, $/cfm

20,000

25,000 30,000 35,000

——Total, $/cfm

$10.00
$9.00
$8.00
$7.00
$6.00
$5.00
$4.00
$3.00
$2.00
$1.00
$0.00

VAV AHU Unit Cost

Source - RS Means 2nd Quarter 2018

- .

L4 &

—®

5,000 10,000

Material, $/cfm"

15,000 20,000
Rated Flow, cfm

—e—Labor, $/cfm

25,000 30,000 35,000

——Total, $/cfm
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Questions?

"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.
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Please fill out the class survey here,
we appreciate your feedback!

THANK YOU

"PG&E" refers to Pacific Gas and Electric Company, a subsidiary of PG&E Corporation. ©2024 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.
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