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• Please be sure your full name is 
displayed

• Please mute upon joining

• Use "Chat“ box to share questions or 
comments

• Under "Participant" select "Raise Hand" 
to share a question or comment 
verbally

• The session may be recorded and 
posted to 3C-REN's on-demand page. 
Feel free to ask questions via the chat 
and keep video off if you want to 
remain anonymous in the recording.

Zoom Orientation



3C-REN: Tri-County 
Regional Energy Network

 Three counties working together to improve 
energy efficiency in the region

 Services for –

 Building Professionals: industry events, training, 
and energy code compliance support

 Households: free and discounted home upgrades

 Funded by ratepayer dollars that 3C-REN 
returns to the region 



 Serves all building professionals
 Three services –

 Energy Code Coach
 Training and Support
 Regional Forums

 Makes the Energy Code easy to follow

Event Registration:
3c-ren.org/events

Energy Code Coach:
3c-ren.org/codes
805.781.1201



 Serves current and prospective building 
professionals

 Expert instruction:
 Technical skills
 Soft skills

 Helps workers to thrive in an evolving 
industry

Event Registration:
3c-ren.org/events



Multifamily (5+ units)
 No cost technical assistance
 Rebates up to $750/apartment plus additional 

rebates for specialty measures like heat pumps
Single Family (up to 4 units)
 Sign up to participate!
 Get paid for the metered energy savings of 

your customers

Enrollment:
3C-REN.org/contractor-participation



Today’s Learning Objectives
 Review key roles and identify integration strategies for HERS measures related to 

mechanical systems

 Understand HERS measures related to domestic hot water (DHW), including compact 
plumbing and pipe insulation

 Learn HERS measures related to heat pumps, refrigerant charge, and air handlers 
and which are the best fit for specific projects

 Discuss ducted systems and options for improving performance and compliance 
through verification.

Learning Units:
 1.5 AIA HSW LU approved for this course

 0.15 ICC CEU approved for this course



Intro – Process Review



Overview of Forms for Residential Single Family and 
Low-Rise Multifamily Construction

Single Family (Duplexes and Townhouses)

 CF1R – Forms used to show Compliance with the 

energy code at initial plan submittal

 CF2R – Forms used during construction to 

demonstrate that the energy code features met 

Installation requirements

 CF3R – Forms used after installation to confirm 

that the energy code features met the Verification

requirements

Low-Rise Multifamily (3 Stories or Less)

 LMCC – Forms used to show Compliance with the 

energy code at initial plan submittal

 LMCI – Forms used during construction to 

demonstrate that the energy code features met 

Installation requirements

 LMCV – Forms used after installation to confirm 

that the energy code features met the Verification

requirements

New Under the 2022 Energy Code



Process for Residential Permitting

HERS – Home Energy Rating System 

We have two HERS Providers, CalCERTS and CHEERS, in California. These organization are 
responsible for training and certifying HERS Raters, and supporting the California Energy Code 
HERS Registry. 

Note:  Low-Rise Multifamily 2022 Energy Code projects are newly added to HERS Registry.

CF-1R Compliance 
created and uploaded 
to HERS Registry

Construction
Final / 
OccupancyDesign Submittal

CF-2R Installation 
completed and 
uploaded to 
HERS Registry

Building Official 
Confirms CF-2R’s 
and CF-3R’s are 
uploaded and signed 
(PSR) 

CF-3R Verification 
completed and 
uploaded to 
HERS Registry



CEC – 2022 Supporting Documents - Forms

California Energy Commission 
www.energy.ca.gov

 Most forms are for reference only 

 NEW: HERS Registry for Performance 
Calculations are available for Multifamily 
Low-Rise projects.

 Single Family and Multifamily Low-Rise 
forms must be registered with a HERS 
provider.



2022 Supporting Docs CF2R & CF3R 
Note: Most forms are for reference only Reminder:    

E – Enforcement Agency
H – HERS

MultifamilySingle Family
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2022 Supporting Docs CF2R & CF3R 
Note: Most forms are for reference only

5t6rrr

Reminder:    
E – Enforcement Agency
H – HERS

*

* CF3R is for Duct Location
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2022 Supporting Docs CF2R & CF3R 
Note: Most forms are for reference only

Reminder:    
E – Enforcement Agency
H – HERS

Note:
MCH-01, MCH-02, and MCH-04 do not have a corresponding CF3R

*

* CF2R is for Air Sealing and QII



List of CF2R and CF3R Forms 
–Example Project on CalCERTS



After CF2R/CF3R’s are complete, the project can obtain 
final Occupancy approval.

Approval Process
• CF1R on HERS Registry

• CF2R on HERS Registry

• CF3R on HERS Registry

• Enforcement Agency 

(AHJ) can access the 

Watermarked Forms

• AHJ will see “PASS” on 

List of Required Forms



PSR – Project Status Report - Compliance

Installer/Builder Info

Installer/Builder Info

Installer/Builder Info

Installer/Builder Info

Installer/Builder Info

Installer/Builder Info

CF2R’s

CF3R’s



Hot Water Distribution
Pipe Insulation
Compact Plumbing



Domestic Hot Water Distribution–Mandatory, Credit or Penalty?

Excerpt from the ACM:

Single Family

Multi-Family

Compact Expanded HERS 
Credit (CHWDS-H-EX) 
ADSM is 0.60.

Screen-Shots of EnergyPro Inputs:

This 
information 
will populate 
to the CF2R 
and CF3R

Reminder:
An Assigned Distribution System Multiplier (ADSM)
 Equal to 1 is neutral.
 Less than 1 is a credit.
 More than 1 is a penalty.

X
X

X

X
X



Hot Water Recirculation – Large Penalty, but less so with 
HERS Verified Demand Recirculation

Demand Controlled
Recirculation Pump

Manual Shut Off 
and Check Valve

Manual 
Control and 
Mandatory 
Requirements

Potentially saves 
water, but uses more 
energy than a non-
recirc system.



Pipe Insulation –Mandatory Measure  or HERS Credit Option
CF3R-PLB-22-H

Table J HERS-Verified 
directs to the Energy Code 
Mandatory Measures 
150.0(j)

…all elbows and tees 
shall be fully insulated

Cold Water 
Inlet

Hot Water 
Outlet 

Hot Water 
Piping

Excerpt from 150.0(j):

(a)  The first five feet of cold 
water piping from storage gas 
water heaters. 
(b)  All hot water piping with a 
nominal diameter between 3/4 
inch (19 millimeter) and 1 inch.
(c)  All hot water piping less 
than 3/4 inch in diameter that is 
associated with a domestic hot 
water recirculation system or 
leading to the kitchen fixtures.



Compact Plumbing ‘Basic’ Credit –Special Features 
CF1R-PRF-01-E

HERS Work Flow:
 Triggered on CF1R
 Calculations and Dimensions should 

be shown on plans
 HERS Visual Inspection –Includes 

pipe insulation

CF2R and CF3R Forms

Note:
Under the 
Performance 
Method, the 
compliance 
software 
calculates the 
‘Compactness 
Factor’ and the 
supporting 
information is 
auto-filled on 
the CF2R Form.



Compact Plumbing ‘Expanded’ Credit –HERS Feature
CF1R-PRF-01-E

HERS Work Flow:
 Triggered on CF1R
 Calculations and Dimensions should 

be shown on plans
 HERS Visual Inspection –Includes 

pipe insulation

CF2R and CF3R Forms

Note:
Under the 
Performance 
Method, the 
compliance 
software 
calculates the 
‘Compactness 
Factor’ and the 
supporting 
information is 
auto-filled on 
the CF2R and 
CF3R Form



Compact Plumbing Expanded Credit –HERS Verified
CF3R-PLB-22-H

Compact Plumbing Example without a recirculation pump from 
the Calif Energy Commission Residencial Compliance Manual

12.911.816.12 13.1

 Additional piping distribution 
requirements must be met 
under the ‘Expanded’ credit.

 Distances from water heater to fixture are ‘Plan 
View’ measurements.  



POU –Point of Use Credit
CF3R-PLB-22-H 

Point of Use (POU) Plumbing Distribution:

 Credit under the Performance pathway 
(ADSM is 0.30)

  Shown on the plan set

 Called out on the CF1R

 Documented on the CF2R and CF3R PLB-22-H 
forms

 Requirement for New Construction or 
Additions that are 500 sq ft or less that install 
an electric instantaneous water heater



Point of Use (POU)

POU - Point of Use Distribution Take most direct path 
with truck-branch line. 

If two pipe sizes are 
used in a single run, 

half the length of pipe 
shall be considered for 

each pipe size.

Line size vs Length 
for each run

3/8 “ 
typical 
sink 
faucet

1/2 “ typical 
shower

W

1/2 “ 
typical 
washer

¾” Hot Water Line Directly 
from Water Heater

½” line for 
showers
Can reduce to 
3/8” line for 
sinks

Example of a PEX 
Manifold System

Instantaneous 
Water Heater



Mechanical HERS Measures
Mandatory –IAQ, Exhaust Fans



Indoor Air Quality Ventilation (IAQ) and Local Exhaust–
MCH-27-H and MCH 32-H

HERS IAQ Work Flow:
 Triggered on CF1R
 Job Site Meeting “Review 

Requirements” 
 HERS Inspection:

 Measure the air flow of fans

Sample Res Project.ribd22

CF1R-PRF-01-E

CF2R and CF3R Forms



IAQ – Indoor Air Quality Ventilation CF3R-MCH-32-H

45%

55%

Illustration of 55% Capture 
Efficiency (CE)

Hood exhausts 130 cfm
 to the outside w/ CE 55%

Range or 
Cooktop



Kitchen Exhaust System CF3R-MCH32-H

Note:
CFM – Airflow 
SONES – Sound Rating 



IAQ – Indoor Air Quality Ventilation CF3R-MCH-32-H

Bathroom Exhaust 
Flow Hood and Guage



IAQ – Indoor Air Quality Ventilation 
CF3R-MCH-27-H

ERV / HRV Balanced Ventilation Example
ERV = Energy Recovery Ventilation
HRV = Heat Recovery Ventilation

Heat Exchanger 
and Fan Unit

Duct System 
‘Home Runs’ to 
the Heat 
Exchanger and 
Fan Unit

Manifold



Indoor Air Quality and Mechanical Ventilation for 
Low-rise Multifamily  LMCI-MCH-27-H 

Hardworking HERS Rater

Forms are similar to Single 
Family. Some big differences 
include backdraft dampers and 
air sealing to stop air movement 
between dwellings.

Multifamily Project



Multifamily IAQ:
Balance Ventilation per Each Dwelling Unit vs 
Dwelling Unit Compartmentalization

VS

Balanced Ventilation 
HRV Provides Outside Air (OA)

Blower Door 
Compartmentalization 

Testing

Exhaust Only 
Fan System: 
Depends on leaky 
outside walls for 
OA and sealed 
interior shared 
walls to eliminate 
transferred air 
between dwelling 
units.



HVAC –Duct Leakage 
Testing and other HERS 
Credits



HVAC Attic Access and the Typical Residential Attic

…not a staged 
‘poser’ shot! “…just another day in attic life.”   --P.D., HERS Rater

…you never 
know what 
you’ll find…



 Measure Pressure (Pa) 
and Airflow (cfm) 

 Equipment:
 Duct Blaster Fan Kit
 DG1000 Gauge 
 Shows a “Return Duct 

Pressurization” Test

Sealed 
Ceiling 
Return 
Register

Electricity 
Required

Gauge

Duct/Fan 
with Sensor

 Duct Leakage to/from:
 Outdoors
 Attic
 Crawlspace

Duct Leakage Diagnostic Testing Equipment

Pressure and Flow Gauge:
Test “CFM25” refers to the flow of 
air in cubic feet per minute at 25 
Pascal air pressurization.



Duct and Air-Handler Leakage 
Assumed Four Cases on a CF1R

Case Duct Leakage
Air Handler 

Leakage
Total Duct/Air 

Handler Leakage

Duct systems in existing single-family 
houses

10%
Included in duct 

leakage
10%

Sealed and tested new or altered duct 
systems in unconditioned or conditioned 

space in a townhome or single-family 
home

5% 2% 7%

Verified low-leakage ducts in 
conditioned space

0% 0% 0%

Low leakage air handlers in combination 
with sealed and tested new duct systems

5% or as 
measured

0% 5% or as measured

Table 21: Duct/Air Handler Leakage
Source: California Energy Commission

These values are 
what a duct and/or 
low-leakage air-
handler system(s) 
are compared to for 
Performance 
compliance credit.

Note:
Low Leakage Air 
Handlers (LLAH) often 
1.4% or less, must be on 
CEC list of approved air 
handlers.

https://energycodeace.com/site/custom/public/reference-ace-2022/Documents/gloss_californiaenergycommission.htm


Duct and HVAC Leakage Testing –MCH-20 Series
CF1R-PRF-01-E

HERS Work Flow:
 Triggered on CF1R
 “Kick-off” Job Site “Review” Meeting
 “Pre-Test(s)” can be performed after:

 HVAC/Duct Sealing
 Final Duct Leakage Test

CF2R and CF3R Forms

(Low Leakage Ducts in Conditioned Space)
(Low Leakage Air Handler Unit)

Note: These other HERS items are also triggered (MCH-01, MCH-22 and MCH-23)

(Low Leakage Ducts in Conditioned Space)
(Low Leakage Air Handler Unit)



Duct Leakage Diagnostic Testing
CF2R and CF3R-MCH-20-H

Continuous 
Bead(s) of Sealant 

Dry-Wall Ceiling to Duct Boot

Duct Taped/Mastic 
Sealed to Boot

Duct Taped/Mastic 
Sealed to Plenum



Gas Furnace Air-Handler and Air-Conditioning
Duct Leakage Diagnostic Test CF3R-MCH-20-H

Trane 2-Stage Gas Furnace  S9X2 Series 
Horizontal Attic Install with Trane “A” Coil

Gas Line 
with 
Manual 
Shut-Off

Furnace Condensate 
and Coil Drain Line

Return 
Duct

Cased “A” Coil 
(Cooling / 
Evaporator 
Coil)

Vent Terminates 
to Exterior

Gas Furnace 
and Blower



Flow and Pressure Results:
38 cubic feet per minute (cfm) 
at 25.3 Pascals (Pa)

Supply Ducts - Covered

Return Duct – Sealed and Connected to Duct Blaster Kit 

Duct Blaster Fan  
with Sensors 

‘Ring 3’ Flow Restrictor - 
Used for ‘Tighter’ Duct 
Systems

Gas Furnace Air-Handler and Air-Conditioning
Duct Leakage Diagnostic Test



Trane S9X2 Series Furnace Model No.

Trane Coil 
Model No.

HERS Work Flow:  
Identify and field verify 
that the specified (CF1R) 
equipment meets the 
type, efficiency, and air 
distribution parameters.

Gas Furnace Air-Handler and Air-Conditioning
Duct Leakage Diagnostic Test



SUPPLY 
AIR

RETURN 
AIR

Indoor Air-
Handler

Supply Ducts - Covered

Return Duct – 
Sealed and 
Connected to 
Duct Blaster Kit 

Outdoor Unit –Heat Pump 
Condenser/Compressor

Flow and Pressure Results:
30 cubic feet per minute (cfm) 
at 25.0 Pascals (Pa)

Split System Heat Pump with Indoor Air-Handler
Duct Leakage Diagnostic Test CF3R-MCH-20-H



Split System Heat Pump with Indoor Air-Handler
Rated Equipment Performance Verification CF3R-MCH-26-H

Mitsubishi Electric 
PUZ Series Model No.

HERS Work Flow:
 Triggered on CF1R
 Identify Equipment 

and Specifications
 HERS Visual 

Inspection – Verify 
specified equipment 
meets the type, 
efficiency, and air 
distribution parameters. 



Refrigerant Charge – MCH-25-H Series
Paul says, “Please, coordinate the HERS Rater and 

Installing Contractor.”

Heat Pump – 
Outdoor Unit

Installing Contractor

Refrigerant



Low Leakage Ducts in Conditioned Space
CF3R-MCH-21-H (Single Fam) and LMCV-MCH-21-H (Multi-Fam)

Benefits:

 Performance Method ‘Credit’ 
for improved energy efficiency

 Trade-Off ‘Credit’ can be used 
to off-set other energy losing 
features

 Ducts entirely in conditioned 
space - insulation not required

Ducts in Soffit 
Below Ceiling

HERS Scope:

• Visual Inspection of Duct 
Location

• Testing: Duct Leakage to 
Outside from Fan 
Pressurization of Ducts

Drywall and Taped Ceiling for 
Continuous Air Barrier --
Soffit needs a ‘Lid’ at Ceiling



Low Leakage Ducts in Conditioned Space
CF3R-MCH-21-H (Single Fam) and LMCV-MCH-21-H (Multi-Fam)

Forced Air Unit (FAU) / Air 
Handler and Return Plenum 
in Garage

 Less than 12 Linear Feet Duct in 
Unconditioned Space

 Measure Includes Air Handler and 
Plenum

Forced Air Unit (FAU) / Air 
Handler and Return Plenum 
in Crawlspace



Taped and 
Sealed 
Dry-wall as 
Air-barrier

Ductless Indoor Unit within the 
Air and Thermal Boundary

Variable Capacity Heat Pump Compliance Credit
CF3R-MCH-33-H

HERS Work Flow:

 Triggered on CF1R

 Framing Stage - Construction Site 
Meeting

 Triggers MCH-25-H Refrigerant Charge

 Verification at both Install and Final



Reminder: VCHP Compliance Option –Ceiling Recessed Units 
Impacts Envelope Enclosure

Ductless Recessed-Ceiling

Indoor units shall be installed within the air and thermal boundaries

Continuous 
Insulation and 
Rainscreen

Unvented Attic with a Continuous 
Air and Thermal Boundary

Alternate R-5
Rigid Insulation

2” Closed Cell Spray Foam

Sheathing with Applied 
Air-barrier

Taped and 
Sealed 
Dry-wall as 
Air-barrier

Vented Attic with a Continuous Air 
and Thermal Boundary



‘Design – Construction – Verification’ is a Team Sport

• Well executed job site work flow makes HERS 
Duct Leakage Testing, QII, and Envelope Air 
Leakage Sealing go smoothly and easily.

• Follow up with each trade to ensure one 
trades person is not undermining the other 
trades person’s work.

“I've found that certain trades can affect thermal performance...
In a bad way....!”  --P.D., HERS Rater

Insulation removed to install a duct to 
a duct boot and register

Happy 
HERS Rater



Consider Including Key HERS Measures on the Cover Sheet

If a project design includes HERS 
measures (See CF1R or LMCC) 
consider calling that out on the 
Cover Sheet, suggested locations: 
 ‘Code Summary’ 
 ‘Code Analysis’
 ‘Supporting Documents’
 ‘HERS Summary’

HERS MEASURES REQUIRED ON THIS PROJECT:
• QII –HERS
• VCHP – CREDIT TAKEN

EXAMPLE PROJECT

EX
AM

PL
E 

PR
O

JE
CT

SUPPORTING DOCUMENTS

• TITLE 24 ENERGY REPORT
• NOTE: HERS MEASURES REQUIRED ON 

THIS PROJECT:
• ALL PIPES INSULATED –HERS
• EQUIPMENT VERIFICATION –HERS
• VCHP – CREDIT



Questions about Title 24?
3C-REN offers a free Code Coach Service 

Energy Code Coaches are local experts who can help answer your Title 24 questions. 
Coaches have decades of experience in green building and energy efficiency 
improvements. They can provide citations and offer advice for your project to help your 
plans and forms earn approval the first time. 

Online:
3c-ren.org/codes

Call:
805.781.1201



Closing

 Continuing Education Units Available

 Contact shuskey@co.slo.ca.us for AIA and ICC LUs

 Coming to Your Inbox Soon!
 Slides, Recording, & Survey – Please Take It and Help Us Out!

 Upcoming Courses:
 March 21st - Detailing for High Performance Roofs and Walls

 March 28th - Multi-Family Domestic Hot Water

 April 2nd - Introduction to Passive House Standard

 April 4th - Why Energy Consultants Should Learn to do Residential HVAC Design

 April 9th - Blower Door Basics and Beyond

 Visit www.3c-ren.org/events for our full catalog of trainings. 

mailto:shuskey@co.slo.ca.us
https://www.3c-ren.org/event/detailing-for-high-performance-roofs-and-walls/
https://www.3c-ren.org/event/multi-family-domestic-hot-water-2/
https://www.3c-ren.org/event/introduction-to-passive-house-standard/
https://www.3c-ren.org/event/why-energy-consultants-should-learn-to-do-residential-hvac-design/
https://www.3c-ren.org/event/blower-door-basics-and-beyond/
http://www.3c-ren.org/events


Thank you!

For more info: 
3c-ren.org

For questions:
info@3c-ren.org
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