D

Statewide [Reme
Energy sScore (RIES)
Demonstration Project

Prepared by:
Emily Alvarez, StopWaste

Prepared for:
Kelly Cunningham, Codes and Standards Program




Statewide HES Demonstration Project

Legal Notice

This report was prepared by StopWaste and funded by the California
utility customers under the auspices of the California Public Utilities
Commission.

Copyright 2023, Pacific Gas and Electric Company. All rights
reserved, except that this document may be used, copied, and
distributed without modification.

Neither PG&E nor any of its employees makes any warranty, express
or implied; or assumes any legal liability or responsibility for the
accuracy, completeness or usefulness of any data, information,
method, product, policy or process disclosed in this document; or
represents that its use will not infringe any privately-owned rights
including, but not limited to, patents, trademarks or copyrights.

| Acronym List

BayREN — Bay Area Regional Energy Network

BESO - City of Berkeley’s Building Emissions Savings Ordinance
C&S — Codes and Standards

CBECC - California Building Energy Code Compliance

CBSC - California Building Standards Commission

CEC - California Energy Commission

CZ - Climate Zone

DOE — Department of Energy

GHG - Greenhouse Gas

HERS II — California Whole House Home Energy Rating System
HES — Home Energy Score

HERS — Home Energy Rating System

HPWH — Heat Pump Water Heater

HVAC — Heating, Cooling, and Air Conditioning

IOU — Investor-Owned Utility

kWh — Kilowatt Hour

PG&E — Pacific Gas & Electric (utility)

QA — Quality Assurance

Title 24 — California Code of Regulations Title 24, Part 6

TOU - Time of Use



Statewide HES Demonstration Project

Summary of Revisions
Date Description Reference (page or section)
10/02/2023 Original Release NA



Statewide HES Demonstration Project

TABLE OF CONTENTS

EXECULIVE SUIMMIAIY ..ttttieiiiiie ettt ettt e ettt e e ettt e e ea b et e e e sste e e e e 4a ket e e e oR ket e e e oe ket e a4 bt et e a4 b b et e e e b bt e e e e kbt e e e e nbbeeeeanbbeeeeanbeeeeens 1

N [ 4 o To [¥ Y ox 1o ] o H PP PRPTPPRPORRPIN 2

2 S fo ] [=Tod = Tod o ] o101 o H SRR PPUPRPPRt 3
2.1 What is Home Energy Score?..................
211 History of HES in California.............

2.2 HES in EXisting BUildiNg REACKN COUES .......cciiiiiiiiiiiie ittt ettt ettt e e sttt e et e e et e e e anb e e nba e e e aaaeee s
221 (3187 e) = =T[4 9To ] o | S U SUOPUPRRRTN 4
2.2.2 Cities of Carlsbad, ENcinitas, and ChUIA VISTa ..........o.ouuuuiiiiiieie ettt e e et e e e e e e et e e e e e e e eaaeeeeeeaes 5

I o 1oV N = 12T £ PRSP RSOTPRR 6

3.1 DISCIOSUIE POICIES ...ttt etttk h bttt e 42kt e okttt o4 oH bttt e 42k et e e skt o4 oo bt e e ekt e e st e e et e e e e ntbeee s

3.1.1 Time of Listing
3.1.2 Time of Rental

3.2 R TCT Tl IO Lo [ PO PP P ST SOUPPPPPP 7
3.21 T ol s @fo o [V [ o [=1 | 1o Vo FO PR PSSP 7
3.2.2 Dot =T o) o] g I (o T | = T O UP ST PP PRI 8

4 Technical Analysis —HES and CBECC-RES.........cuuiiiiiiiieiiie ettt sttt e e e e et e e s annaeee s 10

4.1 ENMEIGY USBUE ..ttt 5555555555555 555555555555 55555555t £ £ s st £ e e e kst e e e e nnnennnnnn 10

4.2 California-Based SOUICE CONVEISIONS .......uvuiiiirieeiiieie ettt ettt e ettt e et e e sk et e e e sttt e e e e e et et e e ast et e s n e e e e bn e e e e esne e e e nannes 11

4.3 [ (0140 (SIS 4= SRR OPPPRPI 12

4.4 INCTEMENLAL IMPIOVEIMENES ... .iiiieiiietieitiesteestee e e et e st e eteesteebees e es e e sseesbe e te e eeeseeesseeseeeseeaseenseesseessesseesseenbeesseenneaneeaneenneenes 13

5  City of Carlsbhad TEChNICAl SUPPOIT ..ottt e e ettt e e e e e e e e e b e e e e e e e e e e e nnbbeeeaaaeeas 14

5.1 City of Carlsbhad Demographics

5.2 HES ASSeSSOr RECTUItMENT QN TTAINMING. .. .t utteieiitieeeiiei ettt ettt et e e ekt e e hb et e e aabb e e e e bt e e s abb et e e aabb e e e nnbeeesnbbeee s 14

5.3 Program Infrastructure and Database BUIlOOUL...............oiiiii it e e e e e e e e e et eeae e e e anees 15

I T o o [T o Lo 1 RO PUPTT R TRPPUPUPRPP 16

6.1 Summary of San Diego County Scores

6.1.1 Effect of Climate Zone on Score

6.1.2 EXisting ConditioNs Of SCOMEA HOMIES ...ttt e e e e ettt e e e e e e et et e e e e e e s e e nnebeeeeaeeeannsneeeas 18
6.1.3 HOMEOWNET IMOTIVATIONS ......eee ettt ettt e e e sttt e ettt e e e st e e e sttt e et e e s e e e e et e e e e e e 20
6.2 FEEUDACK fTOM ASSESSOIS ..iiuiteieiitiee ettt ettt ettt a et e ettt e+ 4kt e e a et e 4o h bttt e 41k et e okttt e 4o h b et e oo a bt e e e bttt o4 e b b et e e e a bt e e nbtr e e s nnbeee s 20
6.3 HES iN REACH COOE APPICALION ......eeeeieee et e ettt e e e e ookttt et e e e e e et ettt e e e e e e e e saeb e e e e e e e e e natbeeeeaeeaeannsbneeaaaeasannnes 21
6.3.1 Understanding HES iN the LOCAI CONEXL..........uuiiiiiie et e ettt e e e e e ettt e e e e e e e e nnab e e e e e e e e e annnbneeeaaeasannes 21
6.3.2 [eglele g T o=l o] M @IU IS (o]l = =T o o] o (PP OPPR 23
6.3.3 LOCAl SUPPOIT KEY 10 SUCCESS ....iiiieiieee e ettt e e e e ettt e e e e e e et ettt e e e e e e et e e et e e e e e e e nEbe et e e e e e e aamseeeeeaeeeeaannnsbaeeaaeeaaannsnneeas 23
6.4 LSy ST (=] o ST TP PP PP PP PPPPPPPPPPPPPPPPIR 24
A N ] o 1= o Lo 1T o1 TP UPRRO 25
7.1 Map Of CalifOrNia ClIMEALE ZONES........eiiiiiiii etttk e e bttt a4 ab et e e e st bt e e e bt e s e bb et e e e a bt e e nbte e e s nbneee s 25
7.2 EXAMPIE HES REPOIS ... eteeeiie ettt ettt oottt e e+ ookt h et e e e e a4 o a b et bt e e e e a4 e am e a e e et e e e e e e e mmebe e e e e e e e e mntbeeeeaeeeeannsbseeaaaeasannnes 26
7.3 Summary of HES Customizations Discussions With US DOE............ooiiiiiiiiiii e e e eaa e 34
7.4 City of Carlsbad and StOPWEASTE IMOU..........uiiiiiiieiiiiie ettt e st e e bt e e skt e e as et e e e bt e e e bb e e e e ente e e e nanees 35

7.5 Homeowner AppliCation INFOMMALION .........o ittt e ettt et e e e e e et e e e e e e e e e natbeeaeaeeaeannbbneeeaaeaeannes 37



LIST OF TABLES

Table 1. Energy Efficiency Characteristics for Three VIiNtage CaSES.......cccuuuiiiiiiiiiiiiiiiiie ettt a e e e e e e e s easasaaaaeee s 19
Table 2. Summary of HES RECOMMENUALIONS .......ooiiiiiiiiiiiie ettt e e e e ettt e e e e e e e et et e e e e e e e e ntbee e e e e e e e aannaeeeeaeeeeaannnneeeaaaaan 19
Table 3. Distribution Of HOMES DY VINTAGE.........eeiiiieeiiiiii ittt e e e ettt e e e e e e ekt e et e e e e e e e ntb e e e e e e e e e aantateeeaeeeeannnnnneeaaaaan 22
Table 4. Distribution of Homes by NUMDBEr Of BEATOOMS ........cciiiiiiiiiie e ettt e ettt e e ettt e e e e e e e e e e e e e s st b s e e e e e e s snnsasraaaeeesan 22
Table 5. Summary of HES CuUStOMIZAtioN OPLIONS .........iiiiiiieeieiiie ittt e e e e ettt e e e e e e e s taee e e e e e e e aannaeeeeaeeasaannnneeeaaaaan 34

LIST OF FIGURES

Figure 1. Savings for Heat Pump Space Heater versus a Gas SPace HEALEN ........coui i 11
Figure 2. CZ 12 Comparison between HES and CBECC Source ENergy SaviNgS .......c.uuuiiiieeiiiiiiiiiieeeesiiiiiiieeee e s eeiisneeseeeesasnsneeees 12
Figure 3. Effect of Home Size on HES and Source Energy

Figure 4. CZ 12 HES Improvement by Measure........................

Figure 5. Distribution of San Diego Home ENergy SCOreS .........ccovviuiriiieeeiiiiiiiieieeeeeeeiieene

Figure 6. Comparison of San Diego County Scores to Zip Code 94611 Re-Run

Figure 7. Summary Of EXIStING CONGITIONS ...ttt e e e e ettt e e e e e e e ntb ittt e e e e e e e antbee e e e e e e e aannnnbeeeeaeeeannnnneeeas

Figure 8. Map of California ClIMALE ZONES............uiiiiiieeiiie et e ettt e e e e e e ettt e e e e e e e s tbee e e e e e e e e antbeeeeaeeesaannnabeeeaaeeaaannnneeeas 25
Figure 9. Sample DOE HOME ENEIGY REPOI ... ..uiiiiiiieiiiiiiiiies ettt e ettt e e e e e sttt e e e e e s st b s e e e e e e e s sastbaeeeaeeesaassstaaeeeeeseensseeees 26
Figure 10. Sample BayREN HOME ENEIrgy SCOIE REPOIT ... ..ottt a ettt e ettt e e e e e e ettt e e e e e s e e taae e e e e e e e aannnnbeeeeaeeaaanneneeeas 32
(o U (I B o | ISRy AN o o] [T 1T ] o OO EPRTTPR 37

Figure 12. Summary of Homeowner APPlICAtION RESPONSES......cciiuuiiiiiiee ittt e e e ettt e e e e e s e e e e e e s s et a e e e e e s e e btbaeeeeeseanansaeees 39






Statewide Home Energy Score Demonstration Project

Executive Summary

Executive Summary

The California Codes and Standards (C&S) Reach Codes program provides technical support to local governments
considering adopting a local ordinance (reach code) intended to support meeting local and/or statewide energy
efficiency and greenhouse gas (GHG) reduction goals. The program facilitates adoption and implementation of the
code when requested by local jurisdictions by providing resources such as cost-effectiveness studies, model language,
sample findings, and other supporting documentation.

The US Department of Energy (DOE) Home Energy Score (HES) has been used in voluntary and mandatory
applications in California and nationwide, largely to provide easy-to-understand information about existing energy
assets of a home and options for residents to make improvements. This use-case of HES is mostly for disclosure, with
the logic that given this information a certain percentage of homes will make energy upgrades voluntarily. In recent
years, four California jurisdictions have passed existing building reach codes that include HES, primarily as a method
to acknowledge homes that have already made energy improvements resulting in equivalent savings.

As this reach code HES reference is new and has not been evaluated, this Demonstration Project (“Project”) was
initiated to review these policies, as well as other reach code use-cases of HES and determine whether HES can
provide a robust option for documenting compliance with a reach code. This report documents the findings of the
Project, including the appropriateness of HES in a reach code by considering the history and current applications of the
tool, a comparison of HES modeling to CBECC-Res, and the results of providing technical assistance to the City of
Carlsbad to support HES in their region. CBECC-Res was selected as the state-approved software for demonstrating
compliance with Title 24, Part 6, California’s Building Energy Code (Title 24). A summary and analysis of the scores
conducted in San Diego County are presented in Section 6, as well as findings related to the application of HES in a
reach code, including recommended steps before referencing HES in a reach code and opportunities to improve the
score’s application in California.

The Project team found that, with modifications, HES maintains its usefulness as a disclosure tool despite differences
from modeling performed in CBECC-Res. However, between the use of some national datasets in the HES tool and
the difficulty in modeling energy savings in the 1 to 10 HES scale, it is not recommended to use HES as a tool for
calculating savings in a reach code. HES could be used as part of a reach code to evaluate the home’s baseline
conditions and provide options for and encourage energy efficiency upgrades. With careful consideration of the score
chosen and customizing the report and recommendations, HES may be appropriate in a reach code as an exception as
it is a simple way to evaluate and give credit to a home that has already made upgrades or to provide a list of upgrades
a home could make in order to comply with a reach code.

Model ordinance language and other resources are posted on the C&S Reach Codes Program website at
LocalEnergyCodes.com. Local jurisdictions that are considering adopting an ordinance may contact the program for
further technical support at info@localenergycodes.com .

localenergycodes.com California Energy Codes & Standards | A statewide utility program 2023-10-02



https://localenergycodes.com/
https://localenergycodes.com/
mailto:info@localenergycodes.com

Statewide Home Energy Score Demonstration Project

Introduction

1 Introduction

This report was developed in coordination with the California Statewide Investor-Owned Utilities (IOUs) Codes and
Standards (C&S) Program, key consultants, and engaged cities—collectively known as the Project team. The
California Building Energy Efficiency Standards Title 24, Part 6 (Title 24) is maintained and updated every three years
by two state agencies: the California Energy Commission (CEC) and the Building Standards Commission (BSC). In
addition to enforcing the code, local jurisdictions have the authority to adopt local energy efficiency ordinances — or
reach codes — that exceed the minimum standards defined by Title 24 (as established by Public Resources Code
Section 25402.1(h)2 and Section 10-106 of the Building Energy Efficiency Standards). Local jurisdictions must
demonstrate that the requirements of the proposed ordinance are cost-effective and do not result in buildings
consuming more energy than is permitted by Title 24. In addition, jurisdictions must obtain approval from the CEC and
file ordinances with the BSC to be legally enforceable.

This report documents the results of a Demonstration Project (Project) exploring the feasibility and application of
utilizing the US Department of Energy (DOE) Home Energy Score (HES) in an existing building reach code. As of the
writing of this report, four jurisdictions — the cities of Piedmont, Carlsbad, Chula Vista, and Encinitas — adopted
existing building reach codes that reference HES. In all four HES may be used as an exception to the code and in
Piedmont HES is also a compliance pathway for selecting improvements. Previously, HES had mainly been used for
the disclosure of energy information around home sales (see City of Berkeley’s Building Emissions Savings Ordinance
or BESO) or through the voluntary HES program run by the Bay Area Regional Energy Network (BayREN).

While reach codes for new construction have been growing in popularity throughout the state, many jurisdictions are
still grappling with how to address existing buildings, which often make up the greatest percentage of building energy
consumption and greenhouse gas (GHG) emissions. As HES is a tool developed to primarily compare the energy
consumption of existing single-family homes, it is an attractive option for an existing building reach code.

The Project also aimed to understand how the modeling and information presented in HES compares to CBECC-Res,
which is the State’s approved software used to demonstrate compliance with Title 24 and which is often used in cost-
effectiveness analysis to support the development and adoption of reach codes. Variables investigated included how a
home’s score and recommended measures are affected by inputs such as California-specific energy rates, energy
sources, and housing stock, and whether recommendations produced by the HES or the score itself can produce
measured energy savings. The Project purpose was ultimately to evaluate if the HES is an appropriate rating system to
use in a local energy policy context, either as part of the requirements of the reach code itself or as an exemption.

localenergycodes.com California Energy Codes & Standards | A statewide utility program 2023-10-02
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2 Project Background

As of the writing of this report, four jurisdictions had referenced HES in an existing building reach code. This section
provides background information on HES, its history in California, and the four existing building reach codes in which it
is included.

2.1 What is Home Energy Score?

HES is a home energy asset rating developed by US DOE and its national labs. The Home Energy Scoring Tool is
free, quick, and easy to use and does not require any testing or special equipment. Homes are scored from 1 to 10,
with 5 being an average home, 10 the most energy efficient, and 1 being the least energy efficient. The HES is
normalized to national housing data and is influenced by home size, climate zone (CZ), and the home’s energy assets.

Like a miles-per-gallon rating for a car, the HES is based on a standard assessment of energy-related assets to easily
compare properties. Information is collected on heating and cooling systems, windows, insulation, home size, and
more.! As an asset rating, it does not take into account utility bills, since bill data can often be a reflection of occupant
behavior more than the home’s potential energy performance. Removing user habits allows for a more accurate rating
of the energy efficiency of the home itself and where improvements, versus behavioral changes, should be made.

Local and national HES Partner organizations help HES Certified Assessors meet training, mentorship, and quality
assurance (QA) requirements, and work with DOE to implement the program. Assessors must hold a license or
credential required by DOE, including Building Performance Institute (BPI) certification, Home Energy Rating System
(HERS) Rater, or Certified Home Inspector.?2 Conducting an HES generally takes approximately one hour and costs
between $200 and $800, depending primarily on the size of the home. It is easily added to other services, such as a
home inspection or Title 24 testing. It is largely a visual inspection of energy assets and does not require in-depth
testing, such as blower door or duct blasting (though these can be added to the score to improve accuracy). The HES
report is designed to be simple for homeowners to review and includes their score, estimated energy consumption,
utility bill costs, and GHG emissions, as well as recommendations for energy efficiency upgrades to improve their
score.

2.1.1 History of HES in California

StopWaste advised and assisted the City of Berkeley on the development of its 2015 Building Emissions Savings
Ordinance (BESO),® which was the first existing building policy nationally to utilize an HES mandate. For the City of
Berkeley, the most critical barrier to policy adoption was the identification of an accurate, low-cost assessment tool that
could be used in a mandatory context where all homes would be expected to apply.

During the American Recovery and Reinvestment Act of 2009 (ARRA) economic stimulus period, Berkeley used city
funding to pilot the use of the California Whole House Home Energy Rating System (HERS Il) as an assessment tool.
HERS Il is a California-specific adaptation of the Residential Energy Services Network (RESNET) home rating system.
HERS Il testing can take several hours and be more invasive as it requires diagnostic testing and is more expensive.
As a more technical rating system, the training and enrollment process is more involved than the HES. When looking
for a homeowner-facing energy efficiency rating, HERS Il is challenging since the 0 to 150 scale may not be intuitive to
a layperson. In HERS Il, a 100 is a typical home built to 2006 energy efficiency standards, whereas a 100 in many
other scales is often meant to represent the “best” or most complete. In HERS II, a O represents a zero net energy

1 More information on the DOE’s HES scoring methodology can be found at:
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Home Energy Score_Methodology Paper.pdf

2 The DOE's list of applicable credentials can be found at: https://betterbuildingssolutioncenter.energy.gov/home-energy-
score/become-assessor

3 Requirements of Berkeley’s BESO can be found at: https://berkeleyca.gov/construction-development/green-building/building-
emissions-saving-ordinance-beso

localenergycodes.com California Energy Codes & Standards | A statewide utility program 2023-10-02
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home and a number over 100 is a less efficient home. HERS Il reports typically include several pages of more detailed
energy information about the home, which may be confusing or too complex for many homeowners. For these reasons,
Berkeley concluded that HERS 11 did not meet the criteria of being simple, easy to use, and inexpensive.

In tandem, StopWaste led a statewide pilot to produce scores in an offline testing environment for a variety of home
types and CZs to evaluate the potential for using HES in California. Based on feedback regarding the limitations of the
existing tool, DOE changed underlying assumptions such as CZ data to better address the California context. Other
modifications included using PG&E utility data and producing a set of custom recommendations that better align with
Title 24 (since this exceeds the national energy code) and local programs, such as BayREN’s Home+ rebates which
are only eligible for above-code improvements.

After these modifications were made, StopWaste became an HES partner to support both the City of Berkeley’s
ordinance and a voluntary regional program in the Bay Area. Having a regional partner to maintain the tool was critical
to Berkeley’s adoption of the BESO and use of the HES. During this time, StopWaste also convened a statewide Green
Real Estate Working Group comprised of real estate industry stakeholders, program administrators and implementers
in California. This working group facilitated statewide coordination of real estate sector education and other HES
initiatives in California, including the Center for Sustainable Energy’s (CSE) pilot in San Diego and PG&E’s Advanced
Home Upgrade program.

StopWaste’'s HES partnership supports two parallel channels: scores in jurisdictions that have mandatory policies and
voluntary scores in the rest of the Bay Area region through the BayREN Green Labeling program. Since the launch of
the program in 2018, BayREN has scored over 20,000 homes. As an HES partner, StopWaste has also built and
maintained relationships with the DOE and other HES partners nationwide to continue to improve the use of HES for
the California market, including how the score can better address electrification.

2.2 HES in Existing Building Reach Codes
This section summarizes the four existing building reach codes that reference HES.

2.2.1 City of Piedmont
The City of Piedmont existing building reach code went into effect on June 1, 2021.4 It requires that:

1. Projects that include an entirely new level or expand the total roof area by 30 percent or more must install solar
panels on the roof.

2. An application for a kitchen or laundry area renovation must include electrical outlets for future appliance
installations.

3. A renovation project that costs $30,000 or more must include an energy efficient insulation or heating system
electrification improvement. A renovation project that costs $115,000 or more must include two energy efficient
insulation or heating system electrification improvements.

Energy efficient and electrification improvements referenced in (3) above include several options, such as R-49 attic
insulation, replacing a gas furnace or water heater with a heat pump, or implementing “one or more recommendations
specified in a Home Energy Score or Home Energy Audit report that has been completed within the past five years and
that is submitted with the application for a building permit, with the approval of such recommendation by the Building
Official.” The code also provides an exception for homes with an HES report with a score of at least 7 conducted within
the past five years.

4 More information on Piedmont’s reach code can be found at:
https://piedmont.ca.gov/services departments/planning building/about_building /reach code_information

localenergycodes.com California Energy Codes & Standards | A statewide utility program 2023-10-02



https://localenergycodes.com/
https://piedmont.ca.gov/services___departments/planning___building/about_building_/reach_code_information

Statewide Home Energy Score Demonstration Project

Project Background

2.2.2 Cities of Carlsbad, Encinitas, and Chula Vista

The City of Carlsbad existing building reach code was the first in the state and went into effect on January 1, 2020.5
The code applies to renovations of existing single-family residential buildings with a building permit valuation of
$60,000 or more. Required upgrades are based on the home vintage. For example, a home built in or after 1978 can
choose between a lighting and water heating package while a home built before 1978 has the option to seal ducts,
install attic insulation, or install a cool roof. The code provides an exemption from these requirements for residential
buildings that receive an HES of 7 or higher based upon an assessment by an HES Certified Assessor, to the
satisfaction of the building official.

The City of Encinitas’ existing building reach code is similar to Carlsbad’s code with an effective date of January 1,
2023.% It also provides a list of measures available by building vintage, but the valuation trigger point is $50,000. It
includes the same exception for an HES of 7 or higher.

The City of Chula Vista’s existing building reach code had an effective date of February 24, 2021.7 While the measures
required to comply with the code were similar to Carlsbad’s and it also defined measure packages based on home
vintage, there are a few key differences. First, applicability was not based on project valuation and all projects applying
for a permit to add square footage, move interior walls, or add windows and doors must comply. Additionally, it
included an exception to the reach code for an HES, but it must be an 8 or higher and be conducted within the past
three years.

5 Carlsbad reach code language can be found at: https:/library.qcode.us/lib/carlsbad _ca/pub/municipal_code/item/title 18-
chapter 18 30-18 30 060

6 City of Encinitas reach code can be found at:
https://www.encinitasca.gov/home/showpublisheddocument/5628/638073157948970000

7 Information on the City of Chula Vista’s reach code can be found at
https://chulavista.municipal.codes/enactments/Ord3536/media/original.pdf.

localenergycodes.com California Energy Codes & Standards | A statewide utility program 2023-10-02
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3 Policy Analysis

This section provides an overview of several use cases where HES could be utilized to provide information to
homeowners or potential buyers to help them lower energy consumption in existing single-family homes.

3.1 Disclosure Policies

Throughout the country, the most common application of HES in a mandatory setting is as a disclosure policy. These
policies can be found in Berkeley, California; Portland, Oregon; and Gainesville, Florida; as well as others. Residential
energy rating and disclosure is a promising low-cost policy option that can help increase consumer transparency about
the costs associated with operating a home, promote more sound purchasing or rental decisions, or guide new
homeowners towards energy efficiency or electrification upgrades at a key intervention point. By quantifying building
energy use and gathering data on home features, these policies can inform future efforts to reduce building energy
consumption and track progress toward achieving community-wide climate and/or energy targets.

3.1.1 Time of Listing

The City of Berkeley passed the first policy requiring HES at the time of a real estate transaction in 2015. Berkeley’s
BESO requires an HES at the time of listing of a single-family home for sale. To-date approximately 3,000 scores have
been conducted in Berkeley. Portland, OR requires an HES at time of listing of a single-family home and has scored
over 30,000 homes since its policy passed in 2018.8 Several jurisdictions throughout the State of Oregon have since
passed their own HES mandates modeled off of Portland’s, including Bend and Milwaukie.

In these and other labeling policies utilizing HES or another tool, the logic model is that when residents are evaluating
their purchase or rental options, energy consumption could be a deciding factor but is largely unknown. In a home-
buying scenario, one may receive a home inspection and/or pest report, but the information about potential utility bills,
as well as the indoor air quality, health, or comfort impacts of an inefficient home are not readily available. Providing
this information can lead to better informed decision-making. Additionally, according to the Joint Center for Housing
Studies, a homebuyer spends more than $8,000 per year on home improvements in the first two years of buying a
home.® A disclosure policy at the time of a real estate transaction can provide information on energy efficiency
upgrades at this critical decision-making time, so that they may be easily considered with potential investments in other
upgrades or information revealed through real estate disclosure documents, such as termite damage.

3.1.2 Time of Rental

As of the writing of this report, the City of Gainesville, FL is the only city in the country utilizing HES in a time of rental
requirement.? Since the ordinance went into effect October 1, 2021, over 450 rental units have been scored. In
addition to the score, lower-efficiency units must make minimum energy and life-safety upgrades, such as attic
insulation and low-flow fixtures. Boulder, Colorado has required disclosure via a different tool and mandatory upgrades
through their SmartRegs program since 2010.1! Through their policy, a rental unit must either meet a minimum HERS
score of 120 or achieve a minimum number of points in a checklist of options. Rental owners were given eight years to
comply with the policy.

Time of rental policies are designed to provide a tenant with information about the energy efficiency of the property.
Ideally, this would allow renters to “shop” for more energy efficient rentals. However, not all renters have the option or

8 City of Portland, OR HES mandate can be found at: https://www.pdxhes.com/

9 See Improving America’s Housing 2015: Emerging Trends in the Remodeling Market by Joint Center for Housing Studies at
Harvard University

10 Gainesville, FL rental housing policy can be found at: https://www.gainesvillefl.gov/Government-
Pages/Government/Departments/Sustainable-Development/Rental-Housing-Ordinance

11 Boulder SmartRegs requirements can be found at: https://bouldercolorado.gov/smartregs-guide
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budget to choose higher scoring properties. Incorporating minimum efficiency standards into these requirements is key
to improving rental housing stock. Tying these requirements, as in Gainesville and Boulder, to a rental license
increases the likelihood of compliance.

3.2 Reach Codes

Throughout this Project, evaluating the applicability of HES in an existing building reach code has been the main
objective. There are two main cases where HES could appear in a reach code:

1. Requiring that a home reach a minimum score or an improvement from their current score (either by
percent or increase in a specific number of points). Example: to comply with the reach code, homes that
trigger the reach code (e.g., applying for a permit for a renovation over a certain square footage or project
valuation, listing a home for sale, or obtaining a rental license) would have to increase their score by 2
points by completing the recommended upgrades. This would require scoring before and after renovations,
an initial set of recommended upgrades that meet a certain performance threshold, and quantification of
energy savings for improving the score.

2. An exemption to a reach code by providing a way to acknowledge previous upgrades made to a home.
Example: a home with a minimum HES of 7 is exempt from a reach code. This application of HES is
agnostic to the existing conditions of the home and while it still provides recommended upgrades to
improve a home’s score, it would not mandate any additional action.

Each of these is further analyzed below.

3.2.1 Reach Code Modelling

Selecting a tool to model energy use and demonstrate compliance is a critical step in the development of a reach code.
This section presents some key features and differences in utilizing HERS Il and HES as the modeling tool in a reach
code. HERS Il is a diagnostic rating system adapted for California and regulated by the California Energy Commission.
A HERS Il rating requires additional field and modeling work relative to HES and is often not a cost-effective option.
HES, a national home rating system, is now being used in reach codes in several California jurisdictions. While other
energy modeling or scoring tools are available, they are not included in this report due to concerns with cost,
scalability, familiarity, or applicability to the California market.

The HERS Il score is based on a reference home score of 100 with every percentage of energy reduced representing a
score reduction of one point. A HERS Il rating of 0 would represent a Zero Net Energy home and a negative score
represents a home that produces more energy than it consumes. Inefficient homes can score over 100. The scale of
HERS Il can be confusing for homeowners, as 0 being the best and 100 being the reference case (with the potential for
both negative scores and scores over 100) may be difficult for a homeowner to understand, as a 100 in many other
instances represents the “best” of something. Due to some of the limitations listed in Section 2.1.1 HERS Il has
struggled to become widely used.

A key difference between HERS Il and HES is that HERS Il utilizes source energy conversion factors that are specific
to California, while HES uses national source energy conversion factors. This means that HES does not provide as
accurate information about GHG emissions as California’s grid is cleaner than the national average. This can be
partially addressed by using local utility emissions factors to calculate the GHG emissions of a house via a custom
HES report (see BayREN sample report in Figure 10 in the Appendix). However, this would serve as an educational
tool and would not change the impact of the grid’s emissions on the HES model itself. More information on the
ramifications of this can be found in Section 4 of this report.

The primary audience for HES is a homeowner, realtor, or other non-technical audience. This makes it a logical tool
around which to design an existing building reach code. For example, instead of a homeowner having to meet a
minimum number of points from a checklist or install a cost-effective package of measures, one could require a
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minimum score or an improvement to the existing score of a certain number or percentage of points. A homeowner
could make improvement(s) from their recommendation list to comply. The score report also connects them with
available rebates or other resources to make improvements. This would be simple for building departments to verify, as
the score report completed by a Certified Assessor would be all of the documentation required to verify energy savings
and conformance with the reach code.

The DOE’s methodology for calculating an HES is based upon the individual home’s assets and energy consumption
potential in comparison to the national housing stock. This makes it difficult to quantify the savings from a specific
home’s energy improvement as a two point increase in score may represent different savings for different homes. For
example, home size is a factor in the HES since a larger home, even with efficiency upgrades, may still consume more
total energy than a smaller home with fewer upgrades. Therefore, a smaller home could potentially be required to do
less than a larger home and still comply with the existing building reach code. This would make it difficult to design a
reach code that would use HES and demonstrate a minimum energy savings or performance for all homes based on
score alone. While it would be possible to address this by designing custom recommendations that included packages
of upgrades, this removes much of the simplicity in the process. See Section 4 of this report for more information.

3.2.2 Exception for HES

For the reasons listed in Section 3.2.1 above, the application of HES as the main modeling tool in an existing building
reach code may not be appropriate to demonstrate minimum energy savings or consistent savings across all homes no
matter their size. However, in the four existing building reach codes in California, most have utilized HES not in the
modeled or prescriptive options of their codes, but as an exception.

It is vital for an existing building reach code to have exceptions for homes that have already made energy efficiency or
electrification upgrades to prevent early adopters of energy efficient technologies from being penalized for upgrading
before the code went into effect. As the efficiency of appliances, insulation, windows, or other energy assets changes
with technology or code updates, or as greater emphasis is placed on electrification, proving equivalency for an
existing building reach code can be nuanced. Without guidelines, this has the potential to place a burden on building
departments to understand when a home is sufficiently upgraded to be exempt. In this case, mandating a minimum
HES could be very useful.

Which score to choose for an exception must be carefully considered. If a 5 is the average home, choosing a score
higher than 5 would assume a home is at least on the better performing side of the scale. Selecting a 10 as the
exception threshold would mean only homes that consume the least amount of energy would be exempt. As discussed
in Section 6 of this report, CZ can have a significant impact on the score. In a CZ with very little heating and cooling
load, a high-scoring home may not have the most energy efficient features but still obtain a high score as a result of
using less overall energy due to climatic conditions. This is an important consideration when deciding to use HES as a
reach code exception.

Another consideration for codifying HES as an exception is the jurisdiction’s preference for all-electric homes. As an
energy efficiency rating, it evaluates the home’s energy assets, including insulation, air sealing, windows, and the age
and efficiency of space and water heating equipment. While national source energy is a factor of the score
methodology, the efficiency of the equipment and overall energy consumption is the basis of the score, not GHG
emissions. Therefore, a mixed-fuel home with high-efficiency gas appliances could receive a score equal to a home
with the same envelope characteristics that has heat pumps installed. This is also a reflection of the use of national
source energy factors, as an all-electric home in California where the grid has a high proportion of renewables would
not have the same GHG emissions as an all-electric home in an area where a large amount of electricity is produced
by coal. However, as heat pumps have higher efficiencies than natural gas appliances, they can aid a home in
receiving a higher score.

To prove that a home qualified for an exception from an existing building reach code for previous upgrades,
documentation submitted to the building department would include an HES report showing the minimum score and

localenergycodes.com California Energy Codes & Standards | A statewide utility program 2023-10-02



https://localenergycodes.com/

Statewide Home Energy Score Demonstration Project

Policy Analysis

date of the score. Since the specific HES of a home cannot be predicted before an assessment is completed, it could
cause an increase in scores in a jurisdiction for those attempting to comply with the reach code. Some homes that
anticipated reaching the threshold score for an exception (e.g., 7 or above) but fell short would still have to pursue
another method of complying with the reach code. However, this still provides useful information to the homeowner
about their home and what energy efficiency or electrification upgrades could be made to improve their score or comply
with the code.
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4 Technical Analysis — HES and CBECC-RES

The first step to evaluating HES in a reach code was to compare results from the modeling in HES to CBECC-Res,
software developed by the CEC to demonstrate compliance with Title 24. To do this, Frontier Energy, Inc. developed a
set of scenarios based on analysis conducted for the Reach Codes Team 2019 Cost-Effectiveness Study: Existing
Single Family Residential Building Upgrades. The scenarios covered California Climate Zones 1, 3, 4, 7,9, and 12,
various efficiency upgrades, and both electric and gas appliances. A batch of the same homes was run through both
tools to see how resultant modeled energy consumption in the HES tool compared to that from the reach code study
which used CBECC-Res. Before comparison the CBECC-Res results were adjusted to better align assumptions
between the two tools on thermostat setpoints, occupancy, lighting loads, and kitchen appliance fuel source. Careful
attention was paid to the impacts of site energy, source energy, utility costs, and GHG emissions. As detailed below,
the key outcomes of the investigation are:

e There are differences in predicted energy usage between the two tools. The largest differences were with
water heating. In some climates, the differences in predicted space heating energy use were also significant.

e The estimated energy usage may be made more accurate by applying California-based source conversion
numbers (vs. national average) in post processing reports. This has the most significant impact on fuel
substitution measures due to the cleaner electricity grid in California compared to national averages.

e The factoring of home size in HES is a fundamentally different approach than used for Title 24 code
compliance.

e The impacts of some home improvements were not reflected in the 1-10 integer level of the score and
therefore the score does not capture or encourage upgrades that don't provide enough benefit to incrementally
move the score to the next whole number.

4.1 Energy Usage

The Home Energy Scoring Tool utilizes EnergyPlus for its modeling. This draws on data from ResStock, which is
developed and maintained by the National Renewable Energy Laboratory (NREL). As a national standard, it can be
used to compare one home to another anywhere in the country. However, a home that scores well in a mild climate
may not achieve a similarly high score in a climate with greater heating or cooling loads. To enable this comparison,
several national datasets are used, including national average site-to-source energy factors and housing size.

While energy use trends were similar in both tools for most energy efficiency measures, CBECC-Res modeled
estimated higher energy consumption and savings for space and water heating. Figure 1 compares gas and electricity
energy savings between HES and CBECC-Res for a heat pump space heater relative to a gas furnace and air
conditioner across the six evaluated CZs. Both cases assume federal minimum efficiency equipment of 14 SEER and
8.2 HSPF for the heat pump and 14 SEER and 80 AFUE for the gas furnace/air conditioner.
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Figure 1. Savings for Heat Pump Space Heater versus a Gas Space Heater

4.2 California-Based Source Conversions

California has a cleaner energy grid and lower source energy than the national average which would not be as
accurately reflected in the HES model compared to California-specific software. This may result in the energy and GHG
benefits of high-efficiency electric appliances, such as heat pumps, being discounted in HES compared to CBECC-
Res. The HES tool evaluates source energy based on a single annual factor for electricity, while CBECC-Res
calculates it based on hourly multipliers which take into account the changing value of energy diurnally and seasonally.

The Project team met with the DOE HES team to better understand the HES methodology and options for
customization. A summary of these findings is included in Table 5 of the Appendix. To maintain its national
applicability, it would not be possible to use California site-to-source energy factors in the score calculation. However,
one could provide additional, customized source energy adjusted estimates in the HES report. It would have to be
clearly explained and may require approval so that it is not represented the same as the DOE HES.

Similarly, partners could automatically re-score existing mixed-fuel homes as if they had made all of the recommended
electrification upgrades to show how this could impact the score, energy costs, and GHG emissions and produce an
“all-electric” score. This is also a way to model upgrade information outside of the DOE version where all measures
must have a 10-year payback period. This is further discussed in Section 6.3.2. While adding additional scores to the
HES report is possible and could meet certain reach code goals, each new score and explanation adds complexity and
potentially increases customer confusion.

DOE confirmed that the process to provide hourly data to partners for calculations would be available soon. This could
be modified by a Partner to apply California-specific hourly multipliers, including different multipliers by CZ, to calculate
source energy, GHG emissions, and even utility cost estimates.
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Figure 2. CZ 12 Comparison between HES and CBECC Source Energy Savings
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4.3 Home Size

Home size is a factor in the HES model. In conversations with DOE it was determined that the score could not be
reconfigured to be agnostic of house size, as this is fundamental to the scoring system. Figure 3 shows a set of results
from the HES tool for homes in CZ 12 (Central Valley). Results are for homes of a range of sizes but with similar
characteristics (gas space heating 78-83 AFUE, air conditioning 13-15 SEER, unvented attic, and minimal wall, floor,
and attic insulation). The trend shows that the HES for these homes is generally higher for the smaller homes than for
the larger homes, with scores ranging from 1 to 6.

Figure 3. Effect of Home Size on HES and Source Energy
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This means that very large homes that have undergone substantial energy efficiency improvements may score lower
than smaller, moderately upgraded homes on the basis that larger homes consume more resources. Because of this,
larger homes can get “stuck” at lower scores no matter what upgrades they make, and it may be that certain homes
could never receive a 10. This structure may not be ideal for a mandatory policy such as an energy reach code, as it
would potentially impose significantly inconsistent requirements rather than holding each home to its own standard
without considering other homes. While a larger home modeled in CBECC-Res would also consume more energy
compared to a similarly-upgraded smaller home, CBECC-Res normalizes results based on the area of the home
(energy usage per square foot) to provide a fairer comparison of energy use.

4.4 Incremental Improvements

HES uses the number of bedrooms in a home to estimate home occupancy and energy consumption for features such
as hot water heating. Smaller homes with fewer bedrooms are assumed to have fewer occupants and therefore it can
be difficult to see large savings from installing certain measures, like high-efficient heat pump water heaters (HPWHSs).
This is further compounded by the fact that the HES is rounded to the nearest whole number, so some improvements
will not be reflected in the score itself unless they result in a minimum one-point increase (as is shown in Figure 4).

Figure 4. CZ 12 HES Improvement by Measure
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One potential strategy is to structure code requirements on an increase of HES (for example an increase in score of 1
or 2 points), rather than requiring a certain base score be met for all homes. The Project team also discussed with DOE
the viability of customizing the recommended HES measures by creating cost-effective packages for Assessors to
recommend that would align with reach code performance goals. This would involve additional training for Assessors to
better understand the recommendations and when they apply or require a switch to fully automated recommendations
based on the home’s existing conditions. For full effectiveness these options could be combined with increased
granularity to the HES calculation by adding a decimal point. While possible, these options were not viable in the
timeframe of the Project but could be considered in the future.

Planned updates to the DOE tool may allow for better comparison to the California building stock, including a more
climate-localized methodology for how each home may score within a CZ. These updates are anticipated to become
available Fall 2023. More information on potential DOE tool modifications can be found in Sections 6.4 and 7.3.
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5 City of Carlsbad Technical Support

Upon completion of Frontier Energy’s analysis of the HES tool and its comparison to CBECC-Res, it appeared that
developing a reach code entirely based on the HES was not advisable. However, the main application of HES in reach
codes to-date is as an exception. HES provides a simple way for homeowners to receive credit for previous upgrades
made to a home in a low-cost and easy to document format. It also circumvents the need for a local jurisdiction to
analyze individual measures for equivalency as efficiencies and code requirements change over time.

To test this application, the Project team reached out to Piedmont, Carlsbad, Encinitas, and Chula Vista to understand
how the HES exception has been used. Since Piedmont is located in BayREN territory, they have an active group of
HES Assessors and have completed approximately 280 scores since their reach code went into effect. However,
Piedmont also instituted a requirement for an energy audit (for which HES is one compliance pathway) at the time of a
home’s listing, therefore these scores are likely not all a result of their reach code.

In comparison, at the time this Project commenced there was only one active Assessor serving the San Diego region
(where Carlsbad, Encinitas, and Chula Vista are located). Therefore, it was difficult for anyone in those jurisdictions to
utilize the reach code HES exception even if they were eligible. For this reason, the Project team focused on providing
technical support to the City of Carlsbad to train Assessors and develop an HES program in their region. The City of
Carlsbad City Council adopted a Memorandum of Understanding (MOU) with StopWaste to participate in the Project. A
detailed scope of work is provided in Section 7.4 of the Appendix. Assistance was also offered to Encinitas and Chula
Vista, who expressed interest in having the Project support them, but due to the time-limited availability of funding
chose not to participate.

5.1 City of Carlsbad Demographics

While the entirety of San Diego County was eligible for scores during the Project, 86 percent of scores were in the City
of Carlsbad. This is likely due to the fact that Carlsbad staff had previously promoted HES in a pilot of their own to raise
awareness of the score after their reach code went into effect.

The City of Carlsbad is located in San Diego County in CZ 7 (mild, South Coast). According to California Department of
Finance data, it has a population of 114,865 which is 3.5 percent of San Diego County. There are 48,385 total housing
units, including 33,528 (69%) single detached and single attached homes, which are the most likely to be eligible for
HES. The average household size is 2.5 persons. About 62 percent of housing units are owner-occupied.? In
Carlsbad, the median household income is $124,669. For owner-occupied units, the median household income is
$143,432 and for renter-occupied units is $98,750.13

In comparison, San Diego County has approximately 1.24 million housing units, of which 738,299 (59%) are single
family detached or attached. Of those, about 54 percent are owner-occupied. The average household size is 2.7
persons. The median household income in San Diego County is $91,003. For owner-occupied units, the median
household income is $117,007 and $66,729 for renter-occupied units.

5.2 HES Assessor Recruitment and Training

The HES is structured to work through Partners who uphold the DOE’s program requirements, including training,
mentoring, and QA. To enroll in the program, one must hold a valid credential as specified by DOE, pass an online test
that includes scoring several virtual homes, and receive a mentoring session in order to become a Certified Assessor.
The Partner is responsible for reviewing submitted scores and providing QA for 5 percent of all scores conducted,
which involves either Partner staff scoring the home in-person with the Assessor or the Assessor submitting additional

12 ACS 5-Year Estimates Detailed Tables, Table B25003, 2021
13 ACS 5-Year Estimates Detailed Tables, Table S2503, 2021
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documentation so that Partner staff can virtually conduct their own score. Partners can return a score for corrections or
clarifications and a score may be rejected if there is more than a 1-point difference between the Assessor and Partner
scores.

There are local HES Partners located throughout the country. Lacking a local Partner, there are several national
Partners who have the ability to conduct all training, mentoring, and QA remotely. The City of Carlsbad passed their
existing building reach code in the absence of a local Partner and with no active Assessors in the region. One
Assessor company, Sustainrgy, was able to work with a national Partner to complete enrollment and mentoring and
begin conducting scores. Before the Project, Sustainrgy had completed about 30 scores in Carlsbad through a City
program offering free scores subsidized by City funding. At the time of the Project’s start, that funding was no longe