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RE: Initial Comments on the CEC Workshop on Advancing Equity as part of the
IEPR Energy Efficiency Action Plan of 2019

Clean Energy Works appreciates the opportunity to offer comment on the California
Energy Commission’s Workshop on Advancing Equity in support of the California Energy
Efficiency Action Plan and related updates to the SB350 Barriers Study and the
implementation of AB1477 for building decarbonization.

All of these streams of work led by the CEC depend critically on overcoming the barriers
to deploying capital for cost effective solutions on the customer’s side of a utility meter.
Most financing mechanisms systematically disqualify prospective participants in the
clean energy economy by applying criteria directly dependent on income, credit score,
renter status, and other documentation.

Recognizing this persistent and pervasive barrier has systematically prevented
participation in the clean energy economy in low-income communities, the CEC
recommended in its SB350 Barriers Report that the CPUC act by working with investor
owned utilities to introduce inclusive financing through utility tariffed on-bill investments.
In fact, this was the top recommendation that the CEC advanced in its category of action
items to resolve the persistent and pervasive barrier in the clean energy economy that
access to financing presents to low income communities.



More than two years later, there are few signs that either the CEC or the CPUC have
taken any steps in this direction, and therefore, it is important to contribute to the record
for the 2019 EE Action Plan that this recommendation in the Barriers Report remains in
need of leadership attention in order to advance implementation.

For the California Energy Efficiency Action Plan and the state’s Integrated Energy Policy
Report, more attention to engagement with both public and investor-owned utilities is
urgently needed in order to facilitate the introduction of inclusive financing through utility
on-bill investment in California.

Background

Clean Energy Works is a champion for accelerating investment in energy efficiency and
renewable energy using inclusive financing because the performance of utility on-bill
investment programs (not on-bill loan programs) have consistently produced
performance metrics consistent with breakthroughs in eligibility, participation rates, depth
of savings, and risk mitigation in both consumer protection and cost recovery.

Altogether these attributes have produced conditions in which the velocity of capital
deployment to energy solutions at the grid edge can accelerate, which is consistent with
California policy objectives on multiple fronts. However, to date, California has gained
relatively little experience with tariffed on-bill programs that facilitate site-specific
investment with site-specific cost recovery.

In the Commission’s Study of Barriers and Solutions to Energy Efficiency, Renewables,
and Contracting Opportunities Among Low-Income Customers and Disadvantaged
Communities in 2016, the Commission recognized in its initial Scoping Paper that
financing was a critical barrier.

Therefore, Clean Energy Works actively participated in the stakeholder process to
provide information and insight from experience in the field beyond California. In that
process, we provided information on more than a dozen utilities in multiple states have
demonstrated success with tariffed on-bill investment programs based on the Pay As
You Save® (PAYS®) system created by the Energy Efficiency Institute, Inc. We had
provided an overview of the concept, an update on key field results, and a summary of
programs in other states that are based on PAYS.

After 16 months of research, workshops, drafts, and comments, the Commission
determined that its top recommendation for addressing financing would be presented as
follows:

“The State should continue developing a series of energy upgrade financing pilot
programs to evaluate a variety of models to improve access and participation of
low-income customers, including those in disadvantaged communities. The pilot




programs would include the cost of health and safety measures required to
accomplish energy efficiency upgrades. Possible pilots include:

a. The CPUC should consider developing a tariffed on-bill pilot for
investments in energy efficiency that targets low-income customers
regardless of credit score or renter status, and that do not pass on a debt
obligation to the customer. Utilities could use the program to make energy
upgrade investments and recover the cost through the bill, so long as the
recovery charge is less than the estimated savings. The Energy
Commission should encourage and provide technical assistance to POUs
and other load-serving entities seeking to implement a tariffed on-bill
pilot.”

Recognizing the extent of the Commission’s search for solutions and the breadth of
participation in the Barriers Study process, we are humbled that the Barriers Study
includes reference in its discussion of the issues and recommendations to two
submissions from Clean Energy Works:

September 29, 2016,
http://docketpublic.energy.ca.gov/PublicDocuments/16-OIR-02/TN213841 20160
929T151705_Holmes_Hummel_Comments_Comments_on_Draft Report_for S
B350_Barri.pdf;

August 25, 2016,
http://docketpublic.energy.ca.gov/PublicDocuments/16-OIR-02/TN212958 20160
825T170537 Holmes Hummel Comments Comment on_SB350 Barriers_Stud

y.pdf

Because the Commission seeks updates to the Barriers Study as part of the IEPR and
the Energy Efficiency Action Plan, Clean Energy Works would like to provide updated
and supplementary materials that may assist the Commission in advancing
recommendations to meet California’s energy efficiency goals, especially by catalyzing
more capital deployment in disadvantaged communities that face systemic barriers to
participation even while they may have some of the most lucrative opportunities for
investment.

Since the publication of the Barriers Study, several developments in the field and
additional resources have been updated, which we are pleased to share with all
stakeholders:

1. The Department of Energy published an Issue Brief on Tariffed On-Bill Financing
through its Clean Energy for Low Income Communities Accelerator.



http://docketpublic.energy.ca.gov/PublicDocuments/16-OIR-02/TN213841_20160929T151705_Holmes_Hummel_Comments_Comments_on_Draft_Report_for_SB350_Barri.pdf
http://docketpublic.energy.ca.gov/PublicDocuments/16-OIR-02/TN213841_20160929T151705_Holmes_Hummel_Comments_Comments_on_Draft_Report_for_SB350_Barri.pdf
http://docketpublic.energy.ca.gov/PublicDocuments/16-OIR-02/TN213841_20160929T151705_Holmes_Hummel_Comments_Comments_on_Draft_Report_for_SB350_Barri.pdf
http://docketpublic.energy.ca.gov/PublicDocuments/16-OIR-02/TN212958_20160825T170537_Holmes_Hummel_Comments_Comment_on_SB350_Barriers_Study.pdf
http://docketpublic.energy.ca.gov/PublicDocuments/16-OIR-02/TN212958_20160825T170537_Holmes_Hummel_Comments_Comment_on_SB350_Barriers_Study.pdf
http://docketpublic.energy.ca.gov/PublicDocuments/16-OIR-02/TN212958_20160825T170537_Holmes_Hummel_Comments_Comment_on_SB350_Barriers_Study.pdf
https://betterbuildingssolutioncenter.energy.gov/CELICA-Toolkit/single-family-home-retrofits

2. A short summary of a paper written by Clean Energy Works and the Energy
Efficiency Institute, Inc presented at the ACEEE 2018 Summer Study: “What is
inclusive financing for energy efficiency. and why are some of the largest states
in the country calling for it now?” which summarizes all available program data
for utilities offering PAYS-based programs through March 2018

The CEC will find in this paper the most complete data set describing the
performance of utility on-bill investment programs that have altogether deployed
more than $30 million in thousands of locations served by more than a dozen
utilities in more than six states.

In each case, the majority of customers that receive a bona fide offer of
investment in all cost effective energy upgrades at their location have accepted it
- more than 50%.

Also, across the entire portfolio, the cost recovery rate has exceeded 99.9%.

If this type of approach was available in California, these figures alone would
open up huge new market opportunities in addition to opening more opportunities
for economic participation in the clean energy economy.

3. About PAYS for Energy Efficiency on Clean Energy Works website (updates as
of March 2019)

4. Comparing PAYS, Loans, and PACE - an updated (as of May 2019) edition to
replace the previously-filed attachment provided in Clean Energy Works’s
comments in 16-OIR-01 dated 9/26/16

5. Q&A on PAYS for energy efficiency on the Clean Energy Works website (updates
as of April 2019)

6. Southeast Energy Efficiency Association’s 2017 webinar series on inclusive
financing:
a. Introduction to Inclusive Financing for Energy Efficiency
Update on Existing Programs
Consumer Protections in Inclusive Financing for Energy Efficiency
Due diligence with the Decision Tool for Utility Managers
Exploring Program Operator models
Establishing a Reserve Fund for tariffed on-bill EE programs
Sourcing capital for a Tariffed On-Bill investment program
Jobs: Workforce development in rapidly expanding EE markets

Sae@ "o ao0CT

7. With No Upfront Costs, This Innovative Financing Tool Makes Energy Efficiency
Affordable To All. Berg, Nate. “With No Upfront Costs, This Innovative Financing



https://drive.google.com/open?id=0BzYyDNPW3cwwQi1TWVA5cGNUYnVRSnlNMjk4NW5WT1AxeW5Z
https://aceee.org/files/proceedings/2018/node_modules/pdfjs-dist-viewer-min/build/minified/web/viewer.html?file=../../../../../assets/attachments/0194_0286_000158.pdf#search=%22hummel%22
https://aceee.org/files/proceedings/2018/node_modules/pdfjs-dist-viewer-min/build/minified/web/viewer.html?file=../../../../../assets/attachments/0194_0286_000158.pdf#search=%22hummel%22
https://aceee.org/files/proceedings/2018/node_modules/pdfjs-dist-viewer-min/build/minified/web/viewer.html?file=../../../../../assets/attachments/0194_0286_000158.pdf#search=%22hummel%22
http://www.cleanenergyworks.org/pays-for-ee/
https://drive.google.com/open?id=1UWKnVm3q1_TMdA-rkNmMKyMdBuoE3gJz
http://www.cleanenergyworks.org/qa-pays-for-ee/
http://www.cleanenergyworks.org/
https://www.gotostage.com/channel/7746552352560182789
https://www.gotostage.com/channel/7746552352560182789
https://ensia.com/articles/energy-efficiency/
https://ensia.com/articles/energy-efficiency/

Tool Makes Energy Efficiency Affordable to All.” Ensia, Ensia, 26 Feb. 2019,
ensia.com/articles/energy-efficiency/.

More recently, three California utilities (SMUD, LADWP, and Southern California Edison)
sponsored a study completed by EThree on Residential Building Decarbonization in
California: Consumer Economics, Greenhouse Gases, and Grid Impacts. Like the CEC’s
own Barriers Study, the report calls on the CPUC to call for proposals for innovative
business models, and specifically mentions exploring tariffed on-bill solutions that
resolve long-standing barriers to participation and investment.

Multiple utilities and program operators exploring their options in California have sought
technical assistance from Clean Energy Works, and we respectfully encourage the CEC
to include in its Energy Efficiency Action Plan a clear scope of work to develop the
capacity to convene and support stakeholders that can introduce tariffed on-bill
investment programs at scale for all cost effective energy efficiency resources and
building decarbonization opportunities. Similarly, we urge the CPUC to actively engage
its regulated utilities to introduce inclusive financing through tariffed on-bill investments in
all cost effective energy upgrades on the customer’s side of the meter.

Sincerely,

Holmes Hummel, PhD
Principal
Clean Energy Works



https://www.ethree.com/wp-content/uploads/2019/04/E3_Residential_Building_Electrification_in_California_April_2019.pdf
https://www.ethree.com/wp-content/uploads/2019/04/E3_Residential_Building_Electrification_in_California_April_2019.pdf
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September 29, 2016

Dr. Holmes Hummel
Clean Energy Works
P.0. Box 73386
Washington, DC 20001

California Energy Commission
Dockets Office, MS-4

Re: Docket No. 16-0OIR-02
1516 Ninth Street
Sacramento, CA 95814

RE: Comments on the Draft SB 350 Study on Barriers of Low-Income and Disadvantaged
Communities to Renewable Energy and Energy Efficiency

Clean Energy Works appreciates the opportunity to offer comment on the California Energy
Commission’s Draft Report on A Study of Barriers and Solutions to Energy Efficiency,
Renewables, and Contracting Opportunities Among Low-Income Customers and Disadvantaged
Communities. The invitation for public comment in the scoping and drafting phases in addition
to the workshops at each stage are a reflection of the CEC’s commitment to engagement, which
is especially important for this endeavor.

Clean Energy Works is a champion for accelerating investment in energy efficiency and
renewable energy using inclusive financing. In the prior round of comments, Clean Energy
Works explained inclusive financing as tariffed on-bill investment programs offered by utilities
to all customers, regardless of income, credit score, or renter status. More than a dozen utilities
in multiple states have demonstrated success with tariffed on-bill investment programs based on
the Pay As You Save® (PAYS™) system created by the Energy Efficiency Institute, Inc. We
provided an overview of the concept, an update on key field results reported this year, and a
summary of programs in other states that are based on PAYS.

At the CEC’s workshop on the Draft Report on September 13, 2016, the Governor’s Advisor
addressed the Commission in an extended exchange. When asked about the top priority for
attention, reaching renters was the immediate reply. CEC’s research confirms that the majority
of low-income households in California are renters. In the staff briefing of the Draft Report for
Commissioners at the same workshop, the PAYS system was specifically identified as a key
financing solution for reaching low-income households that are renters. Renters are, indeed,
among the market segments that can be served by inclusive financing programs based on
PAYS, and the solution certainly has broader applicability as well.

10



Inclusive financing is a type of on-bill financing that does not involve making loans to customers.
Comments filed in this proceeding by other parties have not included tariffed on-bill financing
among the options available, describing on-bill financing on in terms of debt-based programs.

For this reason, these comments will focus specifically and exclusively on the topic of tariffed
on-bill financing as a supplement to prior input provided to CEC to support this study. As the
CEC explores further the concept of tariffed on-bill investment programs, it may be useful

to refer to 20 of the most common questions, which are addressed in the public
knowledgebase maintained by Clean Energy Works here:
http://cleanenergyworks.org/blog/knowledgebase_category/general-qa/

To provide further visibility to the CEC regarding the field experience with PAYS, these
comments will expand on the additional lines of interest and inquiry.

1. How is a tariffed on-bill investment program different from an on-bill loan
program?

Attachment A provides conceptual diagrams that illustrate differences in the transaction
paths for of PAYS, on-bill repayment of loans from a third party, on-bill lending (i.e. loans
from the utility), and PACE.

Attachment B provides a chart that compares key attributes of PAYS with a typical on-bill
loan program as well as a PACE program. Two key distinctions for the purposes of this
report would be the definition of cost effectiveness in the PAYS system and the use of a
tariff that the Commission determines is an essential utility service that assigns the cost
recovery obligation to the meter rather than to a person.

First, Pay As You Save allows a utility to invest in upgrades that meet the Participant Cost
Test in the California Standard Practice Manual with three modifications:

A. The utility’s program service charge for cost recovery must be capped at 80% of the
estimated savings.

B. The program service charge must be calculated to recover all costs within 80% of
the useful life of the upgrades or for the duration of a full parts and labor warranty
whichever is longer.

C. The current rates must be assumed to stay fixed, rather than assuming an
automatic escalator.

These assumptions effectively require that tariffed on-bill investments have savings that
are significantly greater than the cost.! These assumptions assure customers they will not

1 Restricting cost recovery to 80% of the estimated useful life of the upgrades and by 80% of the
annual estimated savings yields means that only investments that can be covered with 64% of the
estimated savings can meet the cost effectiveness test. Therefore, the estimated savings over the
life of the investment need to exceed the cost recovery by more than 50%.

11



pay more than they save - the reason to participate. They also provide important consumer
protections to manage the risk that a customer would pay more than they save. These risks
are associated with the inherent uncertainty in the estimation of energy savings from any
specific set of upgrades, and that is what justifies the requirement that tariffed on-bill
investments have a level of cost effectiveness that is much better than bill-neutral.

Second, the customer does not take on a personal debt obligation when they opt into a
tariffed on-bill program for cost effective energy upgrades. Instead, the investment is
assigned to the meter. When a participating customer moves away, their obligation to pay
ends, and the terms of the tariff apply to the successor customer that next opens an account
at that site. The owner of the building (whether they are an occupant or a landlord) is
responsible for assuring that the successor customer is informed that the utility has
financed upgrades at the site that reduce the energy costs for any given level of service.

The utility also provides a second line of assurance by sending its own notification when a
new customer opens an account at a meter where the site has been upgraded.

2. How are tariffed on-bill investment programs in other states financed?

Some utilities such as Hawaii Energy Company (HECO) and Eversource have used
ratepayer funds as the source of capital. This is not recommended for programs operating
at scale because the demand for participation is far higher than typical rebate programs
and the scale of capital commitment per site is much larger than typical rebate programs.
These are the reasons that led HECO to exhaust its three year budget for the rooftop solar
thermal program called Solar $aver within two years.

In order to allow low-income customers to participate in the clean energy economy
without the constraints that could be imposed by the budgets for ratepayer funds, utilities
can source either public or private financing for their investments in cost effective
upgrades. Non-profit utilities like electric cooperatives may be eligible for federal financing
through programs such as the Energy Efficiency & Conservation Loan Program offered by
the Rural Utilities Service at USDA, and municipal utilities may have access to similarly low
cost capital through municipal financing instruments such as bonds. For profit utilities
may use private capital, and if desired, it could be sourced as a Green Bond.

3. Does the offer to participate in a tariffed on-bill program for energy efficiency
include a savings guarantee?

No. A tariffed on-bill program based on the PAYS system only offers a customer the
assurance that credible cost effectiveness analyses document that estimated annual savings
are significantly greater than the annual costs (at least 25%) and that the upgrades will
function during the period of cost recovery. Prior to that point, if the upgrades do stop

12



functioning at no fault of the customer, the utility must suspend the program service charge
until there is a repair or remedy.

While the utility is responsible for the quality assurance of the upgrades in which it invests,
it is not at risk for choices that a customer may make to buy more energy for additional
energy services, whether that is driving an electric car or adding more people to the
household.

The likelihood that a participating customer will save more than they pay is assured by
very conservative application of the Participant Cost Test in the PAYS system as discussed
above. However, a customer is free to apply their savings to any purpose that could suit
them - including buying more energy services that improve their lives.

4. How could inclusive financing be introduced in California?

Some participants in the Bay Area Renewable Energy Network (BayREN) already support
tariffed on-bill programs in partnership with their water utilities. BayREN submitted
comments during the scoping phase of this Draft Report, offering to share insights of
experience.

In the power sector, utilities that are not subject to oversight from the CPUC can seek
approval for a tariffed on-bill program directly from their oversight boards. The CEC does
have working relationships with all of those utilities, and it can support due diligence by
any electric cooperative, municipal utility, or other public utility district. Based on
experience in other states, the decision-making path for adoption of inclusive financing in
non-profit utilities can be quite efficient.

For the investor owned utilities, there are multiple routes through which a tariffed on-bill
program could be considered by the CPUC. For example, it could be considered as part of a
utility’s business plan for achieving key market and policy objectives, or it might be
considered as a supplemental activity in the scope of the current pilot programs for on-bill
lending. Alternatively, it could be introduced as a solution for accelerating investment in
all-electric transit buses, retiring more diesel buses that otherwise would continue to
pollute neighborhoods where residents rely on bus transit. There are more opportunities
for the IOUs and for the CPUC to engage the topic as well.

Additional information can be found at the Clean Energy Works website or by contacting
Clean Energy Works at Info@CleanEnergyWorks.org.

Attachment A: Conceptual diagrams for on-bill financing options
Attachment B: Comparison chart for PAYS, on-bill lending, and PACE
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Attachment A:

Conceptual diagrams for
on-bill financing options
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RE-LENDING: LOAN & DEBT COLLECTIONS
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LOAN REPAYMENT VIA PACE FINANCING
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PAY As You SAVE® (PAYS)

PAYS offers all utility customers the option to access cost effective energy upgrades using
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Attachment B:

Comparison chart for
PAYS®, on-bill lending, and PACE
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Attributes of Financing Approaches for Energy Upgrades

Pay As Home Property
You Save® Energy Assessed
Attributes (PAYS®) | Lending Clean
Program Energy
(HELP) (PACE)
Customer Eligibility
+ Residential customers are eligible 4 v v
+ Commercial customers are eligible 4 v
» Renters are eligible 4 .
» No credit score check v v
+ Eligibility includes all customers in a utility’s service territory 4
« Utility uses bill payment history to confirm good standing v
+ Eligibility includes all customers in a local tax jurisdiction v
Customer Experience
* Energy assessment identifies cost-effective upgrades 4 4 v
» Customer chooses contactor for installation v v v
+ No upfront customer cost 4 v v
+ Estimated savings must exceed cost recovery charges 4 v
+ Customer signs a promissory note to accept a debt obligation v
» Customer opts into a utility tariff tied to the meter 4
» Customer agrees to disconnection for not paying utility bills 4
» Cost recovery is through a fixed charge on utility bill 4 v
+ Customer agrees to a lien on the property v
+ Cost recovery is through property tax bill v
» Payments end if upgrade fails and is not repaired v [v ]2
* Participant’s char.ges end When .they leave t.he l.oc?ation if they v [ ‘/]3
have fulfilled their responsibilities, e.g. maintaining upgrades
+ Tariff runs with the meter and remains in effect for subsequent v [ ‘/]3

customers at that location until cost recovery is complete

One utility is piloting financing for renters where the building owner agrees to facilitate collections.

Some PACE project developers market a performance guarantee.

Because real estate negotiations commonly adjust the sale price based on the value of outstanding liens, the

negotiations may ultimately obligate the seller to pay the outstanding balance on the investment.

©2015 by the Energy Efficiency Institute, Inc., Colchester, VT
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August 25, 2016

Dr. Holmes Hummel
Clean Energy Works
P.0. Box 73386
Washington, DC 20001

California Energy Commission
Dockets Office, MS-4

Re: Docket No. 16-0IR-02
1516 Ninth Street
Sacramento, CA 95814

RE: Comments on SB 350 Study on Barriers of Low-Income and Disadvantaged
Communities to Renewable Energy and Energy Efficiency

The scope of the SB350 Barriers Report should include examination of inclusive financing
for distributed energy solutions, which facilitates investment in energy efficiency and on-
site renewable energy for all utility customers.

Making the case for financing as a complement to public funding

Inclusive financing is a complement to public funding. In direct install programs and rebate
programs, taxpayers or ratepayers cover the cost of some upgrades while leaving other
cost effective opportunities at any given site unaddressed. Financing can be used to
leverage the extremely limited incentive funds available by supplementing those benefits
to achieve deeper savings and greater benefits for each participating household.

We recommend increasing the scale of funding available to taxpayer and ratepayer funds
through the respective procedures of legislation and regulation to the extent possible.
However, the current levels are so low compared to the need that California has good cause
to expand its search for solutions to include harnessing private sector capital.

At the current level of funding, LADWP explained at the SB350 workshop that it would take
them a century to reach households eligible for low-income programs. Increasing
appropriations and ratepayer funding commitments by 100% would only cut that figure in
half - to 50 years.

25



Some experts assert that financing energy efficiency upgrades is not an option for low-
income and extremely low-income households. If financing means taking on a consumer
debt obligation, we agree.

However, low-income households do not need to take on debt in order to benefit from an
offer from their utility to invest in cost effective upgrades that lower their energy bill and
improve the comfort of their home - whether they are a renter or owner.

The risk profile of a portfolio developed through a tariffed on-bill investment program does
not depend on the income of the building occupants. For this reason, participants need not
undergo income qualification or credit qualification protocols to participate in a tariffed
on-bill investment program offered by a utility. This addresses one of the important
barriers reported by the CPUC to the CEC at the SB350 workshop regarding the reluctance
of some households to participate in any program that requires documentation of income.

How does it work?

A utility can offer inclusive financing for cost effective distributed energy upgrades by
establishing an opt-in tariff that authorizes the utility to recover its cost with a charge on
the bill that is significantly less than the estimated savings.

Utility commissions in multiple states (KS, KY, AR, NH, HI) have approved tariffs for energy
efficiency and rooftop solar water heating systems, finding that the terms of the tariff are
cost-based, non-discriminatory, and fair.

Pay As You Save® (PAYS®) is the name of a well-vetted system that allows utilities to offer a
tariffed on-bill investment program with a high degree of assurance that its costs will be
recovered - regardless of the income, credit score, or renter status of the participants.

PAYS has proven successful at overcoming barriers associated with multifamily buildings
and customers in persistent poverty areas. All programs based on this system have
experienced a bona fide offer acceptance rate of more than 50%.

In 2015, PAYS won a Fire Award for high-impact innovation at the Bloomberg New Energy
Finance “Future of Energy Summit,” recognizing PAYS for its potential to rapidly accelerate
capital deployment for distributed clean energy solutions.

What experience could inform California’s interest in reaching low-income communities?
In Kentucky, Arkansas, and North Carolina, utilities in persistent poverty areas have

demonstrated tariffed on-bill investment programs for energy efficiency based on the PAYS
system can overcome barriers to serving low-income communities.
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In all three states, utilities first tried an on-bill loan product to complement the existing
direct install and rebate programs, and in each case, they failed to reach low-income
communities. Renters were disqualified routinely, and many low-income households that
did own their home would decline or not qualify to take on additional debt.

After switching to a tariffed on-bill investment program, the same utilities reported that
more than half of the customers receiving an assessment of cost-effective upgrades
accepted the offer for the utility to invest with no upfront cost to the customer and no
consumer debt obligation.

A utility in Arkansas with an on-bill financing program offering loans documented that the
market demand for the same suite of energy efficiency measures quadrupled in the first
quarter once the tariffed terms were available.

Already, some California water utilities working with BayREN have experience delivering
water and energy efficiency upgrades to customers through a tariffed on-bill investment
program based on the PAYS system. For an electric utility, the set of energy efficiency
measures could be much broader, and the same instrument could be applied to distributed
renewable energy as well.

Where can the CEC find additional information?

These comments are accompanied by an overview of the PAYS system as well as a
summary table indicating programs based on it. Also included is a briefing memo with 10
findings from the first quarter results of a tariffed on-bill investment program compared to
the best quarter of an on-bill loan program offered by the same utility.

In addition, the Clean Energy Solutions Center, supported by the U.S. Department of Energy
through the Clean Energy Ministerial, has produced an online broadcast on inclusive
financing for distributed energy solutions:
https://cleanenergysolutions.org/training/inclusive-financing-distributed-energy-solutions

The National Regulatory Research Institute has also provided a briefing on the same topic
for utility commissions and their staff:

http://nrri.org/wp-content/uploads/2016/07 /Inclusive-Financing-for-Distributed-Energy-
Solutions-NRRI-July-2016.pdf

Additional information can be found at the Clean Energy Works website or by contacting
Clean Energy Works at Info@CleanEnergyWorks.org.

Attachment A: Introduction to inclusive financing for distributed energy solutions
Attachment B: HELP PAYS program update
Attachment C: Overview of programs based on the PAYS system
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Attachment A:
Introduction to inclusive financing for

distributed energy solutions
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Financing Distributed Energy Upgrades

Pay As You Save® and PAYS® Opt-In Tariff Model

PAYS is a utility investment solution that offers all customers the option to access cost effective energy
upgrades using a proven cost recovery model for both the customer and utility.

Wherever the grid reaches today, utilities have achieved near universal access by recovering investments
through an agreement with customers called a tariff. Champions of distributed energy solutions don’t enjoy
tariff authority, which has led to the use of alternatives such as loans or leases. While the distributed energy
technologies are scalable, financing instruments used today are not, and many customers are effectively
locked out of these investments.

Most financing solutions and incentive programs today are
not scalable or do not reach key market segments. PAYS
enables a more cost effective way to invest in distributed energy
solutions by leveraging the utility business model. It reduces the
dependence on incentives and subsidies to cover costs, lowers
risk across the value stream, expands the addressable market,
and improves performance among providers.

Existing portfolio
performance

Programs based on PAYS have
invested more than $20 million in
resource efficiency. Cost recovery
exceeds 99.9%, with reported

losses of less than 0.1%.
How it works: The utility invests in cost-effective energy

upgrades like better building efficiency and rooftop solar.

The utility pays the installer, so the customer pays nothing
upfront for the upgrades they choose. Using a tariff, the utility
puts a fixed charge on the monthly bill that is significantly
less than the estimated savings generated by the upgrade -

For the two largest weatherization
programs implementing PAYS:

* Average investment per site
$7,000 — includes > $1,000
incentives or customer

so the customer enjoys immediate and sustained positive cash
flow. Until the investment is recovered, the tariff for the PAYS
charge applies automatically to future customers at that site.

Several utilities are already demonstrating remarkable
results. Thus far, sixteen utilities in six states have led the way,
especially in reaching market segments that are hard to serve
with traditional financing: renters, moderate-income households,
multifamily buildings, and municipal customers. PAYS clears
the biggest barriers and expands the addressable market
because tariffs do not depend on banks, consumer loans or
property liens.

copayments.

Average energy savings reported
is 25%.

Customer satisfaction for
participants is reported above 95%,
far above general customer base.

Customers reached include those in
market segments that are hard to
serve, including renters, multi-family,
and municipalities.

Compared to typical debt-based programs, experience shows that investments based on an opt-in

tariff have a bigger impact for four reasons:

= All customers with bill payment history in good standing are eligible for utility investment. As a result,
the addressable market is double the size of third party finance solutions.

= When customers receive upgrade offers with the PAYS value proposition, they accept more than half of

the time, which is 5 times the typical rate.
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= When customers do accept, the projects they undertake are much larger because the terms are
more attractive and there is little risk from participating.

= Finally, the investment is more secure because utility collections have a charge-off rate that is
approximately 10 times lower than the national average for consumer lending.

The results of efficiency investments are compelling, yielding average energy savings of 25%.
Utility regulators in NH, HI, KS, KY, and AR have already approved tariffs based on the PAYS system.
(The utility branded names for those programs include PAYS®, Smart $tart, Solar$aver, How$mart®
How$mart KY™, and HELP PAYS®.) Roanoke Electric in North Carolina has also launched a program
this year based on PAYS called Upgrade to $ave, and three water utilities in California run water and
energy saving programs based on the PAYS system as well.

Core Elements & General Terms and Conditions for PAYS programs

= Customers voluntarily choose to opt into a tariff that allows a utility invest in upgrades at a site
and recover its costs on the bill.

= Cost recovery charges at most implementing utilities has been equal to or less than 80% of the
estimated savings, generating immediate net savings to the customer.

= Cost recovery period is not more than 80% of the estimated useful life of the upgrade.

= The utility will only make investments that are cost-effective with the terms above, but the
customer can make an upfront payment to cover the cost premium of upgrades that are not
cost-effective under current rates.

= The utility may use any source of capital to make the investment, including third-party capital
where permitted.

= The investment is tied to the meter, not to the customer, so the cost recovery charge applies
automatically to successor customers at that location.

= Energy and water efficiency are considered essential utility services, so the customer can be
disconnected for non-payment.

= Capital provider is assured repayment in full by the utility regardless of the actual collections
from customers.

= |f upgrades stop working for no fault of the customer, the cost recovery charge ends until the
efficiency improvement is repaired.

= |f repairs are necessary or a property were to remain vacant for a period of time, the term of the
tariff may be extended to ensure full cost recovery to the utility.

= The utility may harness multiple benefit streams to pay incentives that help more upgrades meet
the threshold for cost effectiveness and qualify for the tariff.

= The utility can cover charge-offs from a variety of sources, including a dedicated loss reserve or
from all customers the same as other uncollectibles.

= Utilities capture multiple value streams, including avoided demand charges and avoided energy
procurement, to strengthen their balance sheet while lowering customer bills.

© 2015 Energy Efficiency Institute, Inc.
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Attachment B:
HELP PAYS® program update
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Update: Performance of Tariffed On-Bill Investment Program

Approved Unanimously by Arkansas PSC Just Prior to NARUC Winter Meeting
July 2016

Six months ago, the Arkansas Public Service Commission voted unanimously to approve an
opt-in tariff for cost effective energy efficiency investments. *

The filing by Ouachita Electric Cooperative replaced its existing on-bill loan program, called
HELP, which had been recognized as a best practice model at the DOE Better Buildings Summit.

Within 45 days, the utility switched from offering debt financing to offering to invest in
upgrades to customers’ homes and buildings, recovering its costs through a Pay As You Save®
(PAYS®) Optional On-Bill Tariff Rider with a charge that is less than the estimated savings.

This inclusive financing policy allows the utility to serve all customers, regardless of income,

credit score, and renter status. The tariffed terms provide immediate net savings for the customer
with no new debt obligation. The utility accepts the technology risk for upgrades during the
period of cost recovery, and all upgrades belong to the owner once cost recovery is complete.

Pay As You Save® (PAYS®)

PAYS offers all utility customers the option to access cost effective energy upgrades using
a proven investment and cost recovery model that benefits both the customer and utility.

CAPITAL
PROVIDER

ON-BILL
COST RECOVERY

TIED TO METER SHLUTION IN UPGRADES

PROVIDERS

METERED SITE £

Consumers Choose
Among Competitors

CUSTOMER:
CURRENT &
FUTURE

! Commissions in Kansas, Kentucky, and New Hampshire along with utility oversight boards in California
and North Carolina have approved similar tariffs based on the same Pay As You Save (PAYS) system.
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Comparing the best quarter with HELP on-bill loan program to the first quarter
with HELP PAYS® tariffed on-bill investment program, Ouachita Electric found:

1. Participation doubled with no additional marketing.

2. Participating customers benefited from immediate positive cash flow by keeping 20% of the
estimated savings, averaging $150 a year - compared to zero in a bill neutral loan program.

3. Renters accounted for 1/3 of the participants in the first quarter, rather than being ineligible
to participate in the previous loan program, and their landlords readily supported the program.

4. In more than 60 multi-family housing units assessed in the first quarter, the utility identified
cost effective investment opportunities, and 100% of those residents accepted the offer by
opting into the tariff.

5. The average scale of the utility’s investments doubled compared to the on-bill loan program,
reaching $6,000 and yielding average estimated savings over 30%.

6. The utility's pace of investment in energy efficiency upgrades quadrupled, topping $1 million
in a single rural county in one quarter.

7. The leading certified building contractor in the program announced it would hire local
residents for the new jobs created by the investment program.

8. The utility ended its reliance on a state-funded loan loss reserve because the assurance of
cost recovery under the tariffed terms surpassed the prior on-bill loan program. Utilities with
similar tariffed on-bill programs report total charge-offs of less than 0.1% of their investments.

9. Even without decoupling, the utility's savings on the cost of wholesale energy and demand
charges mitigated more than half of the estimated rate impact of cutting the amount of energy
wasted by consumer. Financial analysis of upgrade investments reaching 2.5% of the utility’s
residential accounts estimated the rate impact to be 0.00021 cents/kWh or 0.2%.

10. Commercial customers also valued the opportunity. A debt-constrained junior college
received a $600,000 investment in lighting upgrades estimated to produce $20,000 in
immediate net annual savings for seven years before quintupling to $100,000 when cost
recovery is complete.

The results of the tariffed on-bill program made Calhoun County in the utility’s service area more
competitive as a national contender for the Georgetown University Energy Prize, a S5 million
award to communities that showcase solutions for developing a cleaner, more efficient future.

QOuachita Electric

2 ' ogs Clean Energy
,’Z/ Cooperative ﬁEtl I I ty Works

EFFICIEN

Pav As You Save® and PAYS® are reqistered trademarks of Eneray Efficiency Institute, Inc.
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Attachment C:

Overview of programs based on the
Pay As You Save® (PAYS®) system
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History of Programs Based on PAYS® System

Project

Term e

Investment
Total ($)

Source of
Capital

Active
(Y/N)

Number of
Customers

Inception
(yr)

Program
Operator

Projects
Completed

Adoption
Rate (%)

Avg. Project

State Size ($)

Program

Utility

PAYS/ Conservation 21 (does not
Smart NHEC NH 83,000 2002 Y Budget & Utility include CFL) $157,000 NA NA 5-10 <O
$tart NRECA
PAYS/ PSNH Conservation . ~
Smart$tart (Eversource) NH 500,000 2002 Y Fund Utility 252 $OM  NA NA =28 <0.
Solar Consortium

HECO 301,953 Conservation - $5,698- ~
i?l\:;r MECO HI 70,042 2007 N Budget Utility 484 $2.9M NA $6.135 = 10 <O0.

HELCO 83,421
HowSmart MidWest Energy KS 48,000 2008 Y Various Utility 1327 $9.8M NA $7,400 10-15 <O.

Big Sandy

RECC. 12,500

Grayson Electric 15,000

Coop
HowSmart Fleming-Mason .y, 23730 2011 Y  Various  Jhird 287 $2AM NA § 7,537 Varied <O.
Kentucky Energy Party

Jackson Energy 51,000

Coop

Farmers RECC 20000

Licking Valley

RECC 17,000
Upgrade . USDA Third
to Save Roanoke Electric  NC 14,510 2015 Y EECLP Party 160 $840,000 NA $5,250 10 M

. $495,678
. 76 Single ’
HELP . . Third . SF o $6,022 SF 10 &
PAYS® Ouachita Electric AR 7,100 2016 Y CFC Party Fam, 63 $412.120 90% $6.042 MF 12 N
Multi Fam ME

Windsor Utilit Third 252 Single $460F2I:qsi:]|kaj 5,10
Efficiency Town of Windsor CA 8,000 2012 o erati)c/)ns Part Family; 5 $203,000 NA $192238 8115, <0.
PAYS® P Y Multi-Fam '

MultiFamily




1.

U.S. Department of Energy Brief on
Tariffed On-Bill Financing
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7/25/2019 Clean Energy for Low Income Communities: Single Family Home Retrofits | Better Buildings Initiative

M Better
ﬂ Buildings’

.5, DEPARTMENT OF EMERGY

CLEAN ENERGY FOR LOW INCOME
COMMUNITIES: SINGLE FAMILY HOME RETROFITS

In the United States, approximately 54% of low-

income households live in single-family homes
(69% of which are owner occupied and 31% of

which are renter occupied). Single-family home

retrofits are an important focus for most low-

income energy programs across the U.S. given

utility costs are, on average, highest in this type of
housing. For example, very low-income (0-30% Area Median Income), owner-occupied
households spend an average of over 20% of their annual income on energy bills.
(Source: LEAD Tool based on Census 2011-2015 averages)

CELICA PROGRAM MODELS

What follows are some specific program design options for low-income, single-family
homes explored by partners in the Clean Energy for Low Income Communities
Accelerator (CELICA). While some of the models may have applicability to other housing
types, CELICA partners primarily applied them with a focus on low-income, single-family

home retrofits.

Utility on-bill tariff models with promised net savings
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7/25/2019 Clean Energy for Low Income Communities: Single Family Home Retrofits | Better Buildings Initiative

The CELICA lIssue Brief: Low-income Energy Efficiency Financing through On-Bill Tariff

Programs provides an overview of how on-bill tariffs can address barriers to low-income
home energy efficiency. Examples of how state and local agencies can support the
development and financing of such programs are also provided in the brief. The on-bill
tariff model has so far been implemented primarily by rural electric cooperatives. In
addition to owner-occupied homes, this model may also address barriers associated with

financing energy retrofit projects for rented homes.

Incentives for energy efficiency savings agreements combined with on-site solar leasing
that guarantee savings and fixed (non-escalating) costs for participating households

As noted in the CELICA Case Study: Connecticut's Efforts to Scale Up Integrated Energy.
Efficiency and Renewables for Low-Income Homes, the Connecticut Green Bank’s Solar

for All Program bundles energy efficiency savings agreements and rooftop solar project
financing for customers and offers guaranteed cost savings to participating households.
Alternative underwriting allows energy bill payment history to be used for participant
qualification. As of 2018, Connecticut reports that the rate of rooftop solar PV on low-

income homes in the state is on par with the rate for non-low-income households.

Utility and state funding combined with federal funds to incorporate solar measures into
Weatherization Assistance Program projects

Stakeholders can learn from the State of Colorado’s experience incorporating rooftop

solar into their state-run, low-income Weatherization Assistance Program. The CELICA

Preliminary Assessment Guide for Integrating Renewable Energy into Weatherization and

Weatherization Grantee Renewable Energy Technology Application Template can help

weatherization grantees understand whether they are ready to pursue this approach.

Unsecured loan underwriting to make a low cost financing option for energy retrofit
projects and home repairs accessible to qualifying low-income households

As noted in the CELICA Case Study: Connecticut's Efforts to Scale Up Integrated Energy.
Efficiency and Renewables for Low-Income Homes, this model has been employed by the

Connecticut Green Bank as part of its Smart-E Loan Program. Under this program, the

Green Bank uses alternative underwriting to support access to financing for credit-
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7/25/2019 Clean Energy for Low Income Communities: Single Family Home Retrofits | Better Buildings Initiative

challenged customers, including low-income households that are unable to access grant
programs and that the bank has determined can afford the monthly payments on the

loan.

Integrated energy efficiency and healthy home program interventions and leveraged
funding that improve access to energy services for low-income homes

CELICA partners in Washington, New York, and Connecticut have developed pilots and
pathways to utilize additional state funds to address health and safety issues that are
beyond the scope of federally-funded energy programs. These efforts are featured in the

CELICA lIssue Brief: Promising Examples of Integrated Energy. Efficiency and Health

Services for Low-income Households. Such approaches that demonstrate improved health
outcomes hold promise to improve access to energy efficiency services while promoting

home health for many low-income households.

U.S. DEPARTMENT OF

ENERGY"

Better Buildings is an inititative of the
U.S. Department of Energy

Contact Us

BROWSE PROGRAMS

Better Buildings Challenge

Better Buildings Accelerators

Better Buildings Alliance

Home Energy_Score

Better Communities Alliance
Better Plants
SWAP
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Clean Energy What |sf|tnl::lt.|lswe fltnatn:mg‘ fotLenergyteff|C|ency, and why are
some of the largest states in the countr
WORKS 0T Y
calling for it now?

Over the last fifteen years, seventeen utilities in seven states have deployed more than $30 million through
inclusive financing programs for thousands of cost effective energy efficiency upgrades to customers’ homes
and buildings. These programs are inclusive because they have overcome entrenched barriers such as income,
credit score, or home ownership that too often disqualify customers for debt-based financing programs. In each
case, utilities have offered to invest in energy efficiency upgrades that are cost effective even with a portion of
the estimated net savings dedicated to the customer from the start. The utility recovers its costs at each
location through terms of service defined in an opt-in tariff, which allows the utility to include a charge on the
bill that is less than the estimated savings.

Utilities using this systematic approach have reported cost recovery rates exceeding 99.9%, with zero cases
of disconnection for nonpayment of cost recovery charges, even in areas characterized by conditions of
persistent poverty. They have been able to reach underserved market segments because the tariffed terms of
service remove barriers to participation posed by the split incentive between renters and landlords, the
underwriting requirements that apply to consumer debt instruments, and risks associated with participation. In
addition to expanding the addressable market for solution providers, these utilities have also reported
exceptionally high conversion rates from energy audits to investment. The program data’ they report produces
a striking picture of a breakthrough financing mechanism that can expand participation in the clean energy
economy, reach underserved markets, and unlock investment opportunities.

Compared to typical debt-based financing programs, inclusive financing based on Pay As You Save’ (PAYS)
has a stronger market response because:

1. The addressable market is twice the size because nearly all customers are eligible, including renters and
low- and moderate-income (LMI) households.

2. When customers are offered upgrades with the PAYS value proposition, nearly all utilities have
reported customers accept offers more than half of the time, indicating that more customers want to
participate; even risk-averse and debt-constrained customers.

3. Customers with access to inclusive financing tend to undertake projects that are larger in scope
because the terms are more attractive.

4. The investment is more secure because utility collections have a charge-off rate that is approximately
10 times lower than unsecured consumer lending.

What is inclusive financing?

Inclusive financing opens doors to the benefits of energy efficiency upgrades by clearing barriers
including those relating to access to capital and eligibility for financing, such as income, credit, and renter
status. Many states have large LMI populations whose energy bill payments fund energy efficiency programs
from which they are systematically disqualified by these factors despite facing the highest degree of energy
burden. Inclusive financing programs do not require customers to prove that they are either wealthy enough to
qualify for credit or poor enough to qualify for public assistance restricted to low-income households. Inclusive
financing is unique in that it offers all utility customers the option to access cost effective energy upgrades
using a proven model for investment and cost recovery that benefits both the utility and its customers.

! Program data available in the paper “What is inclusive financing for energy efficiency, and why are some of the largest
states in the country calling for it now?” by Dr. Holmes Hummel of Clean Energy Works and Harlan Lachman of Energy
Efficiency Institute, Inc., published in the 2018 ACEEE Summer Study on Energy Efficiency in Buildings.
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Pay As You Save (PAYS®)

The PAYS’ system, developed by Energy Efficiency Institute, Inc. enables building owners or tenants to
purchase and install money-saving resource-efficient upgrades with no upfront payments and no debt
obligation. Those who benefit from the savings pay for these upgrades through a tariffed charge on their utility
bill. The charge is capped at a level that is significantly lower than the estimated savings, and the period of cost
recovery is shorter than the useful life of the upgrades. The methods used to calculate estimated savings are
based on industry tools and workforce capabilities that are not unique to PAYS, yet the PAYS system adds
consumer protection by requiring a portion of net savings be dedicated to the customer from the start. The
customer pays for their utility service as long as they occupy the location where the upgrades are installed, and
the charge remains on the bill for that location until all costs are recovered. If upgrades fail and are not
repaired, customer charges stop, eliminating a major risk barrier for potential participants.

Results from PAYS’ programs across the United States

There are 17 inclusive financing programs based on PAYS that are or have been operating in seven
states — Arkansas, California, Hawaii, Kansas, Kentucky, New Hampshire, and North Carolina. Investor owned
utilities, rural electric co-ops, and municipal utilities have implemented PAYS programs in commercial buildings,
single-family homes, and multifamily housing. The majority of programs have been implemented by
cooperative and municipal utilities.

Four factors have contributed to accelerated investment through PAYS:
1. Larger addressable market due to fewer barriers to eligibility

2. Higher adoption rates (i.e., the portion of customers who receive an assessment of cost effective
energy upgrades that go on to accept the utility’s offer on PAYS terms)

3. A willingness of both utilities and customers to undertake larger projects that achieve deeper savings

4, The involvement of program operators experienced with implementing PAYS programs

Two examples of PAYS’ programs

Ouachita Electric Cooperative switched Roanoke Electric Cooperative serves several

from an on-bill loan program to a more persistent poverty counties, finding very few
inclusive tariffed on-bill program based on | members chose to join their on-bill loan program.
the PAYS system. Among customers who When Roanoke Electric offered Upgrade to Save, the

received an energy assessment indicating surge of demand created a waitlist of more than 100
E LP cost effective opportunities for efficiency households. To keep up, workforce development

H

upgrades, more than 80% accepted the has been a challenge. In ¥ »
offer, including virtually all of the multi-family housing addition to finding benefits UPGRADE
renters. The average project size for residential customers for the participants and the
was more than double the average size in the utility’s utility, Roanoke’s business Roanoke Elecric Coopeatve
previous on-bill loan program. The primary reason for the case found benefits to all v
larger investment and deeper savings was the decrease in ratepayers, which were positive due to avoided
risk exposure for both the utility and the participants. wholesale costs for energy and demand.

More states calling for inclusive financing

CA and NY, two states with some of the largest numbers of LMI households, have each found
that access to financing is a significant barrier. In both states, a top recommendation advanced by their state
energy office to address that barrier is the introduction of inclusive financing for all cost effective energy
efficiency upgrades, using approaches with attributes of tariffed on-bill programs.

For more information: www.cleanenergyworks.org
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What is inclusive financing for energy efficiency, and why are some of the

largest states in the country calling for it now?
Holmes Hummel, PhD, Clean Energy Works
Harlan Lachman, Energy Efficiency Institute, Inc.

ABSTRACT

Over the last decade, a dozen utilities in a half dozen states have deployed more than $30
million for thousands of cost effective energy efficiency upgrades for customers, regardless of
their income, credit score, or renter status. In each case, the utilities offered to make their
investments on terms of service defined in a tariff, and they recovered their costs through a
charge on the bill that is less than the estimated savings. This paper summarizes field data
reported by utilities offering inclusive financing through these tariffed on-bill programs. In
almost every case, the utilities reported that the majority of customers who received an
assessment of energy efficiency upgrade opportunities accepted the offer of utility investment on
the terms of the tariff. Furthermore, utilities reported cost recovery rates exceeding 99.9%, and
no utility has reported a case of disconnection for nonpayment of PAYS charges. Their program
data produces a striking picture of breakthrough financing mechanism that is able to reach
underserved markets even in areas of persistent poverty, and it provides examples for other states
wanting to expand participation in the clean energy economy and unlock investment
opportunities. California and New York are two states with some of the largest numbers of low-
and moderate-income households, and each has found that access to financing is a significant
barrier. In both states, the top recommendation advanced to address that barrier is to introduce
inclusive financing for all cost effective energy efficiency upgrades, using approaches that have
attributes of tariffed on-bill programs.

Introduction

Utility customers typically face a range of barriers to installing cost effective energy
efficiency upgrades in their homes and businesses. To address barriers to financing, multiple
solutions have been introduced in the field, including Pay As You Save® (PAYS®) and on-bill
loan programs like the Home Energy Lending Program (HELP) and Property Assessed Clean
Energy (PACE). While these three models have been deployed to varying degrees of success in
numerous markets throughout the United States, the differing designs of these programs have led
to dramatically different results in the ability of customers to participate as well as differences in
the ultimate benefits to all parties involved in these transactions.

Of these three types of program designs, PAYS is unique because it offers all utility
customers the option to access cost effective energy upgrades using a proven model for
investment and cost recovery that benefits both the utility and its customers. Utilities using the
PAYS system have operated more than a dozen programs across seven states, yet few are
obligated to routinely disclose program data. This paper presents program design details and
results of inclusive financing programs based on the Pay As You Save system.
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Inclusive financing

Energy efficiency upgrades can reduce high energy bills in buildings that are wasting
energy and improve occupants’ quality of life by providing better comfort. In most utility energy
efficiency programs, all customers within a sector are technically eligible to participate (e.g.
residential, commercial, industrial), but eligibility does not mean that all programs are accessible
to all customers, and most customers use none of the programs at all. Even where efficiency is
cost effective, an upfront payment presents a persistent barrier to participation. Rebate programs
reduce the net cost to customers, yet the rebates are only useful to customers who have the ability
to arrange for upfront payment of the balance of costs. Some customers can pay cash, others use
a line of credit (e.g. credit card), and a tiny fraction arrange for a loan if they qualify.

This upfront cost barrier can exclude customers in large market segments - such as
renters, those with low credit scores, or customers that are debt constrained - from taking part in
a program. For example, neither renters nor owners have the motivation to pay upfront costs to
make these improvements because their interests are split. The renter may move to a new
property before the savings on such a project can be recouped, and the owner does not see
savings if they are not paying the utility bill, so few landlords or tenants take advantage of
programs that require an upfront investment or incurring new debt. The result is continuing high
energy bills that squeeze already tight budgets and exacerbate economic insecurity, especially
because the majority of low- and moderate-income households in most markets are renters.

Structural barriers such as these often prevent many customers from being able to access
the benefits of energy efficiency programs, even though all ratepayers are paying electricity rates
that include charges for energy efficiency programs. These customers are often among low- and
moderate-income (LMI) residents that are already facing the highest degrees of energy burden,
and the challenges they face to participating in energy efficiency programs are so well known
that their market segments are sometimes referred to as “hard to reach” or “difficult to serve.”
The central problem is not with the customers, however, but rather implicit and explicit program
requirements that systematically disqualify them from participation.

Inclusive financing opens doors to participation in utility energy efficiency programs by
clearing barriers related to access to capital and eligibility for financing, such as income, credit,
and renter status. Inclusive financing programs also do not require customers to prove that they
are wealthy enough to qualify for credit or poor enough to qualify for public assistance restricted
to low-income households. This is especially important for reaching LMI customers as well as
customers who are risk averse, debt constrained, subject to outside approvals (e.g., voter or board
approvals), living on fixed incomes, elderly (i.e. have limited life expectancy), and renters.
Inclusive financing is a breakthrough in the field because it has two compounding effects: (1) it
vastly expands the addressable market and (2) it yields higher participation among customers in
market segments that are typically underserved by programs for which they have paid for years.

Pay As You Save®

PAYS was developed by the Energy Efficiency Institute, Inc. (EEI) (Cillo and Lachman
1999). The PAYS system enables building owners or tenants to purchase and install money-
saving resource-efficient measures with no upfront payments and no debt obligation. Those who
benefit from the savings pay for these upgrades through a tariffed charge on their utility bill, but
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only for as long as they occupy the location where the upgrades are installed. The annual charges
are capped at a level that is significantly lower than the estimated annual savings from the
upgrades and remain on the bill for that location until all costs are recovered.

The terms of a PAYS investment described above are set forth in a tariff offered by the
utility. Tariffs are approved by a utility regulator according to established criteria (e.g. cost-
based, reasonable, nondiscriminatory) and then published in the schedule of rates and charges.
Tariffed terms for utility investment and cost recovery are different than bank terms for loaning
money and collecting repayment, and those differences account for the striking difference in
market response to the same energy efficiency upgrade opportunities. A PAYS program
participant does not take on a new debt obligation and, therefore, does not face the liability or the
risk of disqualification due to underwriting criteria required in the banking sector. Like a loan,
PAYS allows for payment over time, but unlike a loan, the PAYS obligation ends with the
customer’s occupancy, at which point cost recovery continues with a successor customer. The
PAYS obligation also ends if the upgrade fails for no fault of the customer and it is not repaired.

PAYS is structured so that a utility can make investments in efficiency upgrades at a
customer’s home or business and recover its costs. The utility and the participant both benefit if
the investment saves more than the cost recovery charges. Utilities not only have an interest in
participants getting savings so that the utility can recover its costs, but as the number of these
investments grow, utilities can also integrate these savings into their resource supply portfolio.

How does PAYS® work?

To offer a PAYS program, utilities seek one time regulatory approval for an opt-in tariff
to cover all cost effective investments in energy efficiency upgrades or other distributed energy
solutions on terms that are reasonable, nondiscriminatory, and cost-based. Once approved,
customers interested in the opportunity can request an on-site energy assessment by a qualified
energy assessor, who produces a list of cost effective upgrades based on location specific
measurements, bill history, and engineering calculations. To benefit from the utility’s investment
opportunity, a customer opts into a terms-of-service agreement that allows the utility to (1) invest
in the energy upgrades and (2) recover its costs with a tariffed charge on the bill that is capped at
80% of the estimated savings based on current rates during 80% of the life of the upgrade (i.e.,
the 80% rule). Once the utility has recovered all of its costs for the upgrades at a location,
including its cost of capital for the investment, the program services charges end and the
customer’s bill decreases further. The customer at that location then gets all of the savings from
the upgrades, which are estimated to last longer than the duration of payments.

With PAY'S terms, energy efficiency upgrades that are cost effective must include a net
savings stream that is 20% of the estimated annual savings stream and 100% of the estimated
savings during the last 20% of the expected life of the project. As a result, participants will
experience positive cash flow from the start. Because this “80% rule” is based on current rates,
the value of cash flow generated by energy savings increases with each rate increase. With the
cost recovery limited to 80% of the estimated annual energy savings over 80% of the estimated
useful life of the upgrades, the cost recovery is 64% of the total estimated savings over the full
useful life of the upgrades. As a result, the ratio of the total estimated savings compared to the
cost of the investment (SIR) will be at least 1.5, which provides better consumer protection than
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bill-neutral financing programs. If the investment is not sufficiently cost effective to qualify for
the 80% rule, the customer can make a copayment to buy down the cost of the upgrade.

The utility’s investment is tied to the location, so it does not follow the customer. The
tariffed charge applies to the next customer at that location, who also enjoys lower bills from the
upgrade. If the customer is a renter and decides to relocate, the building owner simply has to let
successor renters know in writing before they sign their lease that they would be moving into an
upgraded unit with lower energy consumption due to investments by the utility, and as a result,
the utility bill will include a charge for cost recovery until all the costs are recovered. When the
next customer starts utility service, the tariffed charge will appear on their bill — which will be
lower than it would have been without the upgrade for the same level of usage. If the customer
owns the building and sells it, prior to sale, the customer must disclose the utility’s investment in
upgrades to the buyer. Because there is no debt obligation, it is not to necessary to “pay off”” the
investment prior to selling the building, though a customer could offer to pay the utility and
shorten the cost recovery period.

Essential elements of PAYS®

A program based on PAYS has three essential elements:

1. Estimated savings of energy efficiency upgrades significantly exceed charges on an
annual basis as well as over the life of the upgrades;

2. A tariffed charge for cost recovery is assigned to a location, not to an individual
customer: and

3. Billing and payment for utility cost recovery is on the utility bill, and protocols for
disconnection for nonpayment approved by a utility commission apply.

Programs based on the PAYS system also have three minimum design requirements:

1. Any utility offering rebates and implementing a PAYS program will offer the same
rebates to both PAYS participants and nonparticipants;

2. Offers of upgrades to customers will not be burdened with customer risks, such as
unproven technologies, or with costs that are more appropriately assigned to all
ratepayers, such as program start-up costs or uncollectibles, because they undermine the
value proposition, which causes fewer projects to be completed; and

3. Implementing utilities agree to treat uncollectable billed charges for PAYS upgrades the
same as all other uncollectables, and they agree to pay their capital providers what they
have borrowed, regardless of their collections.

Customer eligibility under a PAYS® model

PAYS has no eligibility requirement other than being a customer. Some utilities define
eligibility requirements by referring to bill payment history (e.g., no more than two
disconnections for nonpayment in 12 months). Eligibility can be further constrained by placing
requirements on the location (e.g., no structural repairs needed). The market will also constrain
eligibility because not all locations will have energy efficiency upgrades that provide sufficient
savings for a project to be deemed cost effective.
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Net savings as a component of cost effectiveness

Energy efficiency financing programs can be designed to be “bill-neutral” or “bill-
positive.” Bill-neutral means that cost recovery charges cannot exceed 100% of the estimated
savings over 100% of the estimated life of the upgrades. If a customer remains in a premise for
the duration of payments and the upgrades function for the entire duration of payments, the
customer will come out even. If a program’s bill-neutral calculations include energy inflation
when determining the fixed average charges for cost recovery, then the charges will necessarily
increase participants’ annual energy expenditures in the first few years. Charges also exceed
savings during any years the upgrades temporarily or permanently fail.

By contrast, bill-positive means that the expected annual energy savings from the
investments significantly exceed the on-bill charges each year. Bill-positive programs ensure that
participants see an immediate decrease in their utility bills and reduction in their overall energy
burdens — even with the additional on-bill charges. The net savings provide enough financial
benefits to encourage participation and offer a sufficient margin for error in savings estimates.

The calculation of cost effectiveness for an energy efficiency upgrade in a PAYS
programs includes those net savings. For example, the tariffed charge for cost recovery is capped
at a fraction (e.g. 80%) of the estimated savings and the total period for the cost recovery is
capped at a fraction of the useful life of the upgrade (e.g. 80%).! Use of this “80% rule” results in
tariffed charges for cost recovery that are 64% (i.e. 80% X 80%) of the total estimated savings
from the upgrade. The estimated savings figures are calculated based on an on-site assessment,
actual upgrade costs, and current rates, without assuming rate increases.

Successor customers in a PAYS® program

Because PAYS involves no assignment of a debt obligation, PAYS programs do not
involve imposing a legal obligation on one person that then must be transferred to another
person. As a result, the tariffed charge survives foreclosure proceedings, changes in tenancy, and
can be floated through periods of vacancy. If some billing cycles are missed due to meter
inactivity or nonpayment, the implementing utility can extend the duration of payments to assure
its cost recovery from customers benefiting from the savings at an upgraded location. The terms
of the tariff continue to apply to the location until all costs are recovered, and therefore,
successor customers are obligated to pay the charge for cost recovery on their utility bill, which
is lower than it would have been without the upgrades.

Programs based on the PAYS system require that the obligation to disclose be assigned to
the building owner. The building owner is the only party who knows of intended sale or rental of
a premise. Before a utility will invest in upgrades at a site, the building owner must accept the
obligation to disclose the utility’s investment in upgrades and terms for cost recovery to future
tenants or buyers prior to lease or sale.

The utility can also take steps to ensure that successor customers at sites where it invests
understand the tariffed on-bill program benefits and obligations beyond relying on the owner’s

! EEI has recommended a 75% rule or even a two-thirds rule for customers who need more assurance that savings
will exceed payments (e.g., low-income customers).
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obligation for disclosure. For example, when a successor customer opens a new account at a site
where the utility has invested in upgrades, a flag in the utility’s records prompts a letter to the
new successor customer that describes the benefits and obligations of the PAYS tariff that
applies to the upgraded location until the utility’s costs for the upgrades are recovered. The
utility may also choose to facilitate disclosure by affixing notice of the program to places that
any reasonable person might inspect before agreeing to rent or purchase the premises.

Cash flows in a PAYS program

Figure 1 illustrates the cash flows for a PAYS investment. The utility can source capital
in multiple ways, including the public bond market, third party lenders, or its own balance sheet,
which is supported with a mix of equity and debt. The earliest PAYS programs used authorized
conservation program funding as a source of capital. Strong customer demand led to immediate
cash shortages that suspended or delayed program investments until the next budget cycle made
more funds available. The most recent programs approach capital sourcing as a business as usual
activity for the utility, which is then also business as usual for the capital provider, whose risk
exposure is indicated by the creditworthiness of the utility and the strength of its balance sheet.

Consistent with the terms of a PAY'S tariff, the utility is responsible for deploying capital
for site-specific upgrades and recovering that capital with revenue generated by a charge on the
bill for that location. The creditworthiness of the current or future customers at that site has no
bearing on the investment, which is secured on terms of disconnection for nonpayment that apply
to all essential utility services. The utility tariff applies to both current and future customers until
all its costs are recovered, and to date, no utility has reported an instance of disconnection for
nonpayment of cost recovery for a PAYS investment. If a site is permanently vacated or
abandoned resulting in meter inactivity exceeding 24 months, the utility may charge-off the
outstanding cost recovery using the same procedure that applies to nonpayment for other
essential utility services. Utilities are aware of the prevailing meter inactivity rate in their service
area, and as the data below indicates, the charge-off rates reported by utilities with PAYS
programs are as good or better than the utility’s mainline business.

CAPITAL

PROVIDER

ON-BILL ‘< SOLUTION INVESTMENT
COST RECOVERY i\, PROVIDERS IN UPGRADES

TIED TO LOCATION
Open Competition &
Consumer Choice

CUSTOMER:

CURRENT &
FUTURE

Figure 1. Flow of capital in a typical program based on the PAYS system
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Key differences with on-bill loan programs

Because PAY'S programs recover costs through a tariffed charge on the utility bill, some
authors have included PAY'S under the category of on-bill financing (OBF) programs, which
primarily consist of on-bill loan programs and on-bill loan repayment programs. On-bill loan
programs involve a lender and a borrower. Loan programs typically involve credit checks and
security, the very hurdles that PAYS was designed to overcome. Some OBF loan programs do
mitigate or eliminate the need for security and credit worthiness by paying for credit
enhancements to mitigate the risk to capital providers of loan defaults.

Figure 2 illustrates important differences in the transaction path between an on-bill loan
program and a PAYS program (Figure 1). PAYS is a utility investment, not consumer financing.
The customer is not a borrower, so consumer financing is not involved, and therefore, consumer
finance laws regarding lending do not apply. PAYS programs do not put the utility in the
position of making loans, though the utility itself may borrow money to capitalize its portfolio of
energy efficiency projects. The utility’s capital arrangements are not dependent on the credit
profile of the participating customers but rather on the credit standing of the utility itself.

DEBT COLLECTION
ON-BILL

CAPITAL SOLUTION
PROVIDER PROVIDERS

LOAN:
TO QUALIFIED PERSON
OR BUSINESS

Figure 2. Flow of capital in a typical on-bill loan repayment program
Key differences with other financing approaches for energy upgrades

The differences between PAYS and other financing programs for energy upgrades have
key differences that are captured in two categories — customer eligibility and customer
experience. Table 1 shows these differences.

Table 1. Attributes of financing approaches for energy upgrades

Attributes | PAYS® | On-bill loan | PACE

Customer eligibility

* Residential customers are eligible

v v
* Commercial customers are eligible v v

* Renters are eligible

= No credit score check

| * Eligibility includes all customers in a utility’s service territory

# LSS S

= Utility uses bill payment history to confirm good standing

Customer experience

AN

* On-site energy assessment identifies cost-effective upgrades
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= Customer chooses contactor for installation

* No upfront customer cost

A YAYAY
<

» Estimated savings must exceed cost recovery charges

SEYRYEN

* Immediate net savings to customer

» Customer signs a promissory note to accept a debt obligation v

= Customer opts into a utility tariff tied to the location

<%

» Customer agrees to disconnection for not paying utility bills

= Cost recovery is through a fixed charge on utility bill v v
| = Customer agrees to a lien on the property

» Cost recovery is through property tax bill

* Payments end if upgrade fails and is not repaired

* Participant’s charges end when they leave the location if they have fulfilled

their responsibilities, e.g., maintaining upgrades v *

= Cost recovery runs with the location and remains in effect for subsequent

customers at that site until cost recovery is complete v *

[*] indicates that this attribute applies in some cases.

1%

Results from PAYS® programs across the United States

There are 17 programs based on PAYS that are or have been operating in seven states —
Arkansas, California, Hawaii, Kansas, Kentucky, New Hampshire, and North Carolina. Investor
owned utilities (IOUs), rural electric co-ops, and municipal utilities have implemented PAYS
programs in commercial buildings, single-family homes (SF), and multifamily housing (MF),
though the majority of programs have been implemented by cooperative and municipal utilities.

Four factors have contributed to accelerated investment through PAYS programs: (1)
larger addressable market due to fewer barriers to eligibility, (2) higher adoption rates (i.e., the
portion of customers who receive an assessment of cost effective energy upgrades that actually
accept the utility’s offer to pay for them on PAYS terms), (3) a willingness of both utilities and
customers to undertake larger projects that achieve deeper savings and (4) the involvement of
program operators experienced with implementing PAYS programs. These four factors have a
compounding effect. For example, a doubling in each factor compared to a debt-based financing
program would result in eight times greater capital deployment. The adoption rate in 16 of the 17
programs for which utilities have reported that data is above 50%, which is very high compared
to the prevailing rate for programs that market debt products. While the raw numbers of
customers installing upgrades and the total dollars invested may appear to be small relative to
some nationally recognized programs, the per capita numbers are high. For example, Ouachita
Electric Cooperative’s HELP PAYS® and Midwest Energy’s HowSmart® programs have
provided comprehensive weatherization services to 4% of their residential customers.

Utilities that offer tariffed on-bill programs also keep track of how much of their portfolio
has been deemed uncollectable, at which point it is charged-off from their accounts receivable.
This is the same practice that a utility applies to their mainline business of electricity sales, and
the charge-off rate for a utility is calculated annually as the total amount of charges billed to
customers that were unpaid divided by the total amount of revenue that was expected from the
bills sent to customers. In the tables below, however, the “uncollectable %" data is reported as a
cumulative figure across the entire portfolio and all years. When converted to metric akin to
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average annual charge off rate, the data on uncollectable billed charges shows that the portfolio
of PAYS investments have a lower risk profile than the utility’s mainline business.

PAYS® programs offered by investor-owned utilities

Table 2 shows the results from the programs implemented by investor owned utilities
(IOUs), three of which are subsidiaries of Hawaii Electric Company.

Table 2. Results from PAYS® programs implemented by IOUs

Program Solar Saver Pilot Smart Start
Hawaiian | Hawai'i Maui
Utility Electric | Electric Light | Electric | Eversource
State HI NH
Number of customers 304,261 | 85,029 | 70,872 513,304
Inception (yr) 2007 2002
Active (Y/N) N Y
Ratepayer funded conservation Ratepayer funded conservation
Source of capital budget budget & repayments
Program operator Utility Utility
Project type Single Family (SF) Municipal
Projects completed 484 269
Percent of customers NA NA
Investment total ($) — 52,900,000 1 $10,800,000
Adoption rate (%) NR (not reported) NR
Avg. project size (5) ~1 5,990 NR
Cost recovery period (yr) 010 08
Uncollectables (%) <0.1% 0.0%
Data reported through 12/31/08 12/31/17

Source: Katherine Peters, Supervisor, Energy Efficiency, and Thomas Belair, NH Energy Efficiency Manager,
Eversource, pers. comm., March 7, 2018. Johnson Consulting Group 2009.

PAYS® programs offered by electric cooperatives

In 2002, New Hampshire Electric Cooperative (NHEC), the first co-op to implement a
program based on the PAYS system, provided weatherization services to members who heated
their homes with electricity and with energy sources other than electricity (e.g., propane). Many
of the implemented PAYS programs allowed the estimated savings of resources other than the
one they provide to be included in the assessment of cost effective efficiency opportunities.
However, NHEC decided that customers who heated with electricity and wanted to participate in
the PAYS pilot would be ineligible for NHEC’s rebates funded by all customers through their
electric bills. That effectively discouraged investment by customers who heated with electricity
with none participating. Several propane-heated homes did weatherize their homes using PAYS.

In 2007, Midwest Energy, the second cooperative to implement a program based on the
PAYS system, targeted single-family, rental housing, and ground water heat source HVAC
systems, a technology with prohibitive upfront costs. Table 3 shows these two programs.

Table 3. Results from the first two PAY'S programs implemented by electric cooperatives
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Program | PAYS Pilot HowSmart”™
Utility New Hampshire Electric Coop Midwest Energy
State NH KS
Number of customers 1 84,000 1 50,000
Inception (yr) 2002 2008
Active (Y/N) N Y
Source of capital Conservation Budpet & NRECA Various
Program operator Utility Utility
Project type SF, Commercial, Retail Residential
Projects completed 21 (does not include retail CFLs) 1,915 (T 15% are rental units)
Percent of customers NA 4% .
| Recovered from Tariff
Investment total (§) §157.000 O 514,630,176 | $11,081,668
Adoption rate (%) NR 1 70%
Avp. project size (8) NR $7,640 85,786
Cost recovery period 5-10 10-15 | 24%
Uncollectables (%) <0.1% <0.1%
Data reported through 12/31/04 2/28/18

Source: GDS Associates, Inc. 2003. Brian Dreiling, Manager of Energy Services, Midwest Energy, pers. comm.,
March 7, 2018.

Roanoke Electric Cooperative, Ouachita Electric Cooperative Corporation, and electric
cooperatives served by the Mountain Association for Community Economic Development
(MACED) all serve counties that are recognized for persistent poverty. Ouachita focused on
multifamily tenants who pay their own energy bills and served 100% of these customers in the
first 18 months of its program. Table 4 shows the results from the Ouachita and Roanoke
programs, and Table 5 shows data for the PAYS program operated by MACED.

Table 4. Results from PAYS programs offered by two utilities with same program operator

Program HELP PAYS® Upgrade to Save
Utility QOuachita Electric Roanoke Electric
State AR NC

Number of customers 6,920 14,510
Inception (yr) 2016 2015

Active (Y/N) Y Y

Source of capital CFC USDA EECLP
Program operator EEtility EEtility

Project type Total MF SF Commercial Residential
Projects completed 283 81 197 5 290

Percent of customers 4% 2%

Investment total ($) $2,031,095 | $465.410 [ $913,918 | $651,767 7 $2,300,000
Adoption rate (%) 90% B5%

Avg. project size (8) $5,746 354,639 $130,353 $7.400

Cost recovery period 12 | 12 7 Varied (4-12)
Uncollectables (%) NR <.1%

Data reported through | 1/1/18 3/1/18

Source: Mark Cayce, General Manager, Ouachita Electric, pers. comm., March 2, 2018. Marshall Cherry, Chief
Operating Officer, Susan Tann, Manager of Member Services, Greyson Morris, Accountant, Roanoke Electric
Cooperative, pers. comm., March 12, 2018,
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Table 5. Results from PAYS programs in Kentucky operated by MACED

Program HowSmart® KY
Big Grayson Fleming- Jackson Farmers | Licking
Sandy Electric Co-op | Mason Energy | Energy RECC Valley

Utility RECC Co-op RECC

State KY

Number of customers 139,230

Inception (yr) 2011

Active (Y/N) X

Source of capital Various

Program operator MACED

Project type Residential, Commercial

Projects completed 312

Percent of customers 0.2%

Investment total ($) §2,341,312

Adoption rate (%) T8%

Avpg. project size (3) 87,504

Cost recovery period Varied

Uncollectables (%) 2% during pilot; 0.4% post pilot

Data reported through 1/31/18

Source: Chris Woolery, HowSmartKY Program Coordinator, MACED, pers. comm., March 7, 2018.

PAYS® programs offered by municipal water utilities

The Town of Windsor and the City of Hayward, two municipal water utilities in
California, targeted water saving and energy improvements in multifamily buildings. Table 6
shows these programs as well as the East Bay Municipal Utility District WaterSmart Pilot.

Table 6. Results from PAYS® programs offered by municipal water utilities in California

EBMUD WaterSmart
Program Windsor Efficiency PAYS® Green Hayward PAYS® | Pilot
Town of Windsor Water East Bay Municipal
Utility Utility City of Hayward Utility District
State CA CA CA
Number of customers 7,846 SF, 615 MF 13,439 MF
Inception (vr) 2012 2015
Active (Y/N) Suspended for Redesipn Y
Source of capital Utility Operations Utility Operations Utility Operations
Sonoma County Energy
Program operator Independence Frontier Energy Utility
Project type SF, MF MF MF
Projects completed 242 SF, 233 MF 162 MF 53 MF
Percent of customers 3% SF, 38% MF 1.2% <1%
Investment total (3) $561,704 5173,115 522,634
Adoption rate (%) NR 23% NR
Avg. project size (5) $460 SF, 819,220 MF 328,852 $7,545
Cost recovery period 10-15 3-10 3-5
Uncollectables (%) <0.1% NR NR
Data reported through SF 2014, MF 2016 3/9/18 11/2117
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Source: Chris Bradt, Quashaun Vallery, and Tatiana Gefter, pers. comm., March 9, 2018.
Three case studies of PAYS® programs

Ouachita Electric Cooperative's HELP PAYS®

In less than two years since inception in 2016, Ouachita Electric has reached 4% of its
residential customers, all of whom are member-owners of the electric cooperative. The target
market of this program is single and multifamily residential customers, but the utility has also
invested in upgrades to public buildings. Upgrades include heat pumps, insulation, air sealing,
and duct sealing. EEtility, a registered B corporation, is the program operator.

Prior to this program, Ouachita Electric had been operating a loan program called Home
Energy Lending Program (HELP) developed with funding from the Clinton Foundation. HELP
upgrades included insulation capping, and air and duct sealing. The average HELP project size
was §2,533. (Performance of Inclusive Financing for Energy Efficiency 2016). Following
Roanoke Electric Cooperative’s successful implementation of Upgrade to $ave, Ouachita’s
General Manager proposed to the board that the utility change its HELP loan program to a HELP
PAYS® program, and the Arkansas Public Service Commission approved it unanimously.

Among those customers that received an energy assessment indicating cost effective
opportunities for upgrades through the HELP PAYS® program, more than 80% accepted the
offer, and the acceptance rate for projects that did not require a copayment reached 90%. The
average project size for residential customers in the HELP PAYS® program was more than
double the average HELP project size. The primary reason for the larger investment and deeper
savings was the decrease in risk exposure for both the utility and the participants.

QOuachita made it a priority to reach all of its customers who live in multifamily housing
where the tenants pay for energy bills and has done so. Ouachita benefited from using a program
operator who had already provided services under an on-bill loan program. For that reason, their
start up costs were much lower because only training was required to educate the contractor
workforce already in the local market.

Eversource's Smart Start

New Hampshire Public Service (now Eversource) started its program in 2002, and the
target market remains municipal customers. Renamed Smart Start in 2004, the program can help
customers with all cost effective upgrades; almost all the projects have been lighting or street
lighting projects. Eversource completed 269 projects in more than half of the 138 municipalities
it serves. In 15 years of operation, Eversource reports zero uncollectible charges for its program.

In November 2000, the New Hampshire Public Service Commission directed Eversource
to implement a pilot PAYS program (Order No. 23,574) making it the first utility in country to
implement a PAYS program (NHPUC 2000). Because voter approval and additional funding can
be necessary to secure prior to starting a project, it can be more difficult for towns and cities to
take advantage of the program, despite rebates and efficiency technologies readily available. For
example, the Town of Strafford signed up for the first PAYS project, a street lighting project,
and although the project had just over a two-year simple payback, voters twice voted against
incurring costs for the retrofit. In the newspaper article highlighting the program, the Town
Manager was quoted, “Without PAY'S, we could not get this project done.”
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The funds to pay for the upfront costs of projects initially came from the utility’s Core
Programs. Through 2010, annual amounts were used to seed a revolving fund. Capital now
comes from customer payments of their energy services charges and a program activities fee.

Eversource staff report that its program works well for municipal customers and
addresses how they own buildings and make upgrades. Demand for the PAY'S program typically
exhausts the allocated supply of ratepayer funds for capital and rebates between April and June
of each year. Eversource’s commitment to their customers has made this program the longest,
continually operating program based on the PAY'S system.

Roanoke Electric's Upgrade to $ave™

Roanoke Electric in North Carolina offers residential customers the opportunity to
upgrade their heat pumps, insulation, air sealing and duct sealing through the Upgrade to $Save
program. In the first two years of operation, Upgrade to $ave reached 2% of Roanoke Electric’s
residential customers, a faster rate of market penetration than reported by the state of New
York’s primary energy efficiency and weatherization programs targeting LMI customers. (See
“More states calling for inclusive financing™ below.)

The federal government recognizes most of the counties served by Roanoke Electric as
persistent poverty counties (USDA ERS). Persistent poverty counties are defined as those where
20% or more of county residents were poor, measured by the 1980, 1990, 2000 censuses, and the
2007-11 American Community Survey. Half of Roanoke’s residential customers have monthly
utility bills above 5200, exceeding 6% of the average median income for the counties in the
service area. The energy burden for households below that median figure is substantially higher.

The original program design for Upgrade to Save was never completed because there was
such a rush to serve customers who had been waiting over a year for the program. Most of the
104 customers who were unable or unwilling to take on loans through the utility’s previous
financing program have now been served through Upgrade to Save. Roanoke initially
experienced higher costs during the start up phase of its program due to challenges with its
program operator and the work quality of contractors. They switched program operators to
EEtility and remain committed to improving the program. Roanoke Electric executives have
frequently shared updates on their program, and they report that it is helping address high bill
complaints and that overall member customer satisfaction is increasing.

Roanoke’s program was the first PAY'S program to secure capital from USDA's Energy
Efficiency and Conservation Loan Program (EECLP). EECLP provided $6 million at less than
3% interest, and it imposed no carrying cost to utility until funds were deployed for efficiency
upgrades (REC 2014). The EECLP application developed a business case showing the program
benefits to participants as well as benefits to the utility and all its ratepayers due to avoided
wholesale costs for energy and demand.

More states calling for inclusive financing

In California, one third of all households are recognized as low-income according to
federal guidelines, and 70% of those households are renters (CEC 2016). In the state of New
York, 2.3 million households qualify as low-income, and another 1.2 million as moderate income
(NY DPS 2017). Both states are leaders in the field of clean energy and climate action, yet the
vision of attaining their most ambitious targets implies much broader participation in the clean
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energy economy, especially among customers in market segments that are underserved by
existing policies and programs. For context, the state of New York reported in 2018 that “the
primary energy efficiency and weatherization programs targeted at the LMI market segment have
reached only 12% of eligible households across building types and ownership status™ in the past
12 years, achieving an annual average market penetration of 1%.

To address the challenge, both California and New York initiated extensive stakeholder
consultations in 2016 to explore and address barriers to participation in the clean energy
economy in low-income communities. Policy panels in both states found that financing and
access to capital was a significant barrier. Staff at the leading energy research agencies in each
state (CEC and NYSERDA) solicited input from all types of solution providers. While report
authors in both proceedings were familiar with inclusive financing, they accepted all challenges
to it and considered any alternative raised for attention.

California state law SB350 mandated the California Energy Commission (CEC) to study
barriers to low-income customers participating in the clean energy economy. After months of
extensive stakeholder consultation and multiple rounds of public comments and draft review, the
CEC concluded, as expected, that financing is a barrier to low-income customers. In a report
entitled “Overcoming Barriers to Energy Efficiency and Renewables for Low-Income Customers
and Small Business Contracting Opportunities in Disadvantaged Communities,” the CEC
advanced its top recommendation for addressing barriers to financing:

The CPUC should consider developing a tariffed on-bill pilot for investments in

energy efficiency that targets low-income customers regardless of credit score or

renter status, and that do not pass on a debt obligation to the customer. Utilities

could use the program to make energy upgrade investments and recover the cost

through the bill, so long as the recovery charge is less than the estimated savings.

The Energy Commission should encourage and provide technical assistance to

publicly owned utilities (POUs) and other load-serving entities seeking to

implement a tariffed on-bill pilot.

Meanwhile, the New York Public Service Commission chartered a Clean Energy
Advisory Council (CEAC), whose “primary objective is to support innovation and collaboration
leading to the development of the most impactful clean energy programs and to reduce cost and
achieve scale for these resources, including an effective transition from current clean energy
program offerings and on-going delivery thereafter.” The Council established a Low- and
Moderate Income Clean Energy Initiatives Working Group co-chaired by key staff at
NYSERDA and the Department of Public Service, home of the utility commission. The working
group was composed of a specified variety of stakeholders, including affordable housing
developers such as Enterprise Community Partners, utilities such as National Grid and ConEd,
and community-based organizations such as PUSH Buffalo.

In support of the Council’s objectives, the LMI working group was tasked with
investigating and evaluating alternatives to the current delivery of ratepayer funded clean energy
services to LMI customers to improve the value for the customers served, as well as for the rate-
payer funds being invested. The result of their work was delivered in a Report on Alternative
Approaches to Providing Low and Moderate Income (LMI) Clean Energy Services (NY DPS
2017). Just six weeks after the CEC had concluded its yearlong Barriers Study, the NY CEAC
LMI Working Group advanced its top recommendation on financing to the Council:
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Demonstrate an inclusive finance solution in New York that overcomes the credit
barriers faced by lower income and low FICO consumers, integrates 3™ party
capital to create a finance model that is more sustainable than the current Good

Jobs - Green New York (GIGNY) revolving loan fund, and possibly includes a

guaranteed cost recovery mechanism.

In the following State of the State address, the Governor of New York promised
to deliver a “comprehensive strategy” for achieving higher energy efficiency targets, and
in fulfilling his promise, NYSERDA issued a white paper on Earth Day called “New
Efficiency” (2018) in which it announced:

NYSERDA and DPS shall explore the development of a pilot Pay-As-You-Save

(sic) tariff-based financing model with one or more utilities, as an instrument that

expands the reach and effectiveness of the State’s energy efficiency initiatives

while remaining consistent with the principles established in this document.

Conclusion

Utilities that have experience offering inclusive financing programs have reported results
that indicate consistently high adoption rates for building energy efficiency upgrades and
remarkably low charge-off rates for nonpayment, even in areas characterized by conditions of
persistent poverty. Compared to typical debt-based financing programs, experience shows that
PAYS has a stronger market response for four reasons:

1. The addressable market is double the size because nearly all customers are eligible,
including renters and LMI households.

2. When customers are offered upgrades with the PAYS value proposition, nearly all
utilities have reported that those customers accept more than half of the time, indicating
that more customers who are risk averse and debt constrained are able to participate.

3. Customers with access to inclusive financing tend to undertake projects that are larger in
scope because the terms are more attractive.

4. The investment is more secure because utility collections have a charge-off rate that is
approximately 10 times lower than unsecured consumer lending.

Many states have large LMI populations currently paying for ratepayer funded energy
efficiency programs that are not effective at clearing barriers to their participation. Inclusive
financing programs like those already demonstrated in more than half a dozen states can expand
participation among households facing the highest degrees of energy burden and open doors of
opportunity to underserved populations who have the most to gain in the clean energy revolution.
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PAYS® for Energy Efficiency

Pay As You Save® (PAYS®) harnesses a proven utility investment model
to offer virtually all consumers cost-effective energy building upgrades.

How your electric utility can improve your home’s energy efficiency

How does PAYS financing for energy efficiency building upgrades work?

The utility invests in cost-effective energy upgrades at customer sites, such as building
energy efficiency upgrades or rooftop solar. The customer pays nothing upfront for the
upgrades they choose. Instead the utility pays the installer. Using a tariff, the utility
puts a fixed charge on the customer’s monthly bill that is less than the estimated

61

www.cleanenergyworks.org/pays-for-ee/

1/4


https://www.youtube.com/watch?v=JxoApQkEhyA
https://www.youtube.com/channel/UCZ1ZbD1fhu2hK4sCYu_lslw
http://www.cleanenergyworks.org/
http://www.cleanenergyworks.org/about/
http://www.cleanenergyworks.org/about-pays/
http://www.cleanenergyworks.org/the-lab/
http://www.cleanenergyworks.org/news/
http://www.cleanenergyworks.org/resources/
http://www.cleanenergyworks.org/connect/
http://www.cleanenergyworks.org/es/

7/25/2019 PAYS® for Energy Efficiency — Clean Energy Works
savings generated by the upgrade, allowing the customer to enjoy immediate and
sustained cash flow. Until the investment is recovered, the tariff for the PAYS charge
automatically transfers to future customers at that site.
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How can PAYS reach virtually all consumers?

Wherever the grid reaches today, utilities have achieved near universal

access by recovering investments through an agreement with customers called a
tariff. Vendors for distributed energy solutions don't enjoy tariff authority, which has
led to the use of alternatives such as loans or leases. PAYS clears the biggest barriers
to financing because it does not depend on a consumer loan, long-term lease, or a lien
on the value of the property.

Without PAYS, renters and low-income households have faced barriers to accessing
investment capital for cost-effective energy upgrades, and similar financing challenges
have stumped credit-strained companies and local governments. With PAYS, are there
any barriers that would still face a utility customer in good standing? Yes, buildings
that need major repairs or may soon cease to serve their primary purpose would need
to first address those challenges.

How are PAYS financing programs for performing?

Compared to typical debt-based programs, experience shows that Pay As You Save
has a bigger impact for four reasons:

1. The addressable market is double the size because nearly all customers are
eligible.

2. When customers are offered upgrades with the Pay As You Save value proposition,
they accept more than half of the time, which is five times the typical rate.

3. When customers do accept, the projects they undertake are much larger because
the terms are more attractive.

4. The investment is more secure because utility collections have a charge-off rate
that is approximately 10 times lower than consumer lending.
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Electric cooperatives have led the way on using PAYS financing, and the results for
efficiency have been huge: posting an average of 25% savings. Utility regulators in
Kansas and Kentucky have already approved tariffs based on the PAYS system. The
utility branded names for those programs are HowSmart™ and How$mart KY.
Roanoke Electric in North Carolina has also launched a program this year based on
PAYS called Upgrade to Save.

How do utilities license the PAYS financing solution?

The creators of PAYS financing, Energy Efficiency Institute, Inc., have developed a
package of program design documents that can be licensed by any utility. Further

inquiries can be made through this website.

Additional resources:

Q&A - PAYS for Energy Efficiency

e Overview of PAYS

e Chart comparing key features of PAYS to On-bill Loans and PACE

e Paper from 2018 ACEEE Summer Study on Energy Efficiency in Buildings that
elaborates on inclusive financing and contains field data from PAYS programs

Search ...

SIGN UP FOR UPDATES

email address

Recent Posts
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Attributes of Financing Approaches for Energy Upgrades

Attributes PAYS® fgg;lb'" PACE

Customer eligibility

* Residential customers are eligible

» Commercial customers are eligible

* Renters are eligible

* No credit score check

* Eligibility includes all customers in a utility’s service territory

SENENENENEN

» Utility uses bill payment history to confirm good standing

Customer experience

* On-site energy assessment identifies cost-effective upgrades

» Customer chooses contactor for installation

* No upfront customer cost

» Estimated savings must exceed cost recovery charges over the
estimated lifetime of the upgrades

* Immediate net savings to customer

NENENENENEN

* Payments end if upgrade fails and is not repaired

 Customer signs a promissory note to accept a debt obligation v v

+ Customer opts into a utility tariff tied to the location

* Customer agrees to disconnection for not paying utility bills

NENEN

» Cost recovery is through a fixed charge on utility bill

+ Customer agrees to a lien on the property v

* Cost recovery is through property tax bill v

* Participant’s charges end when they leave the location if they J 3 34
have fulfilled their responsibilities, e.g., maintaining upgrades

* Cost recovery runs with the location and remains in effect for J
subsequent customers at that site until cost recovery is complete

! This attribute applies in some cases

2 One PACE project developer markets a performance guarantee.

3 The loan obligation may be transferred to a successive property owner, provided they accept the debt obligation.

4 Because real estate negotiations may result in adjustment of the sale price based on the value of outstanding liens,
the negotiations may ultimately obligate the seller to pay the outstanding balance on the investment.
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PAYS® for Energy Efficiency — Q&A

Energy Efficiency Upgrades in Buildings

What benefits can a tariffed on-bill program provide customers?

Immediate net savings (20% of estimated savings immediately accrue to
customers)

Value of 100% of savings accrue to customers once all utility costs have
been recovered

More comfortable and healthier buildings

No upfront cost, no debt obligation, no new liens on property

Lower exposure to energy rate increases

What efficiency upgrades are typically eligible?

Any upgrades that improve the performance of the customer’s energy uses
would be eligible.

Some utilities require that eligible measures must be affixed to the property.

This scope can be narrowed to energy efficiency and demand response
upgrades only at first, and then broadened to include other smart grid

solutions including on-site storage and distributed renewable energy.

Among those upgrades that are eligible, only those that are found to be cost-

effective will qualify for investment based on the rules described in following
Q&As:
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* |s there a maximum duration of charges based on the useful life for
upgrades?

e How should the cost-effectiveness of the upgrades through an opt-in
tariff program be evaluated?

e What is the portion of the estimated savings from the utility’s upgrade
investment that the customer keeps?

What is the portion of the estimated savings from the utility’s upgrade
investment that the member keeps?

The PAYS® system is designed to cap the cost recovery charge at 80% of
estimated savings. This means that the customer will enjoy net savings that
are at least one-quarter (1/4) of the cost recovery charge until cost recovery
is complete, at which point the customer will receive 100% of the savings.

What benefits can a tariffed on-bill program provide to utilities?

* Lower energy and demand costs of wholesale supply

e Deferred investment in peak power

» Address hot spots and service to areas constrained by delivery capacity

e Reach under-served market segments, including renters and low-
moderate-income households

e Improved customer satisfaction

* Low cost, market-based options to attain clean energy and carbon
pollution targets

* More productive local economy with less resource waste

Is there a maximum duration of charges based on the useful life for upgrades?

In the PAYS system, the maximum duration of the estimated period for cost
recovery is typically 80% of the estimated useful life of the upgrades —- or
the duration of a full parts & labor warranty, whichever is longer. For building
efficiency upgrades, that period is typically around 12 years.

How should the cost-effectiveness of the upgrades through an opt-in tariff
program be evaluated?
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The cost-effectiveness of the upgrades should be evaluated by a site
specific cost-effectiveness analysis. To determine which upgrades would
meet the threshold for immediate net savings for customers, the analysis
performed for each site includes (A) the cost of installing the upgrades, (B)
less the utility’s rebates and/or incentive payments, (C) the utility’s cost of
capital, and (D) estimated savings for customers based on current rates.

Does the opt-in tariff either (A) guarantee savings, or (B) guarantee the
upgrades will continue to work throughout the cost recovery period?

The PAYS system does not guarantee a certain level of energy savings. The
margin between savings estimates and tariffed charges (i.e. the 20%
immediate net savings allocated to customers) assures customers they will
save more than they pay. PAYS is designed to assure customers that the
cost recovery charges will stop if the upgrades fail to perform or all costs
are recovered, whichever comes first. If the upgrades do stop working at no
fault of the customer, the utility will suspend charges, arrange for repair or
replacement, and if necessary, the utility can extend the cost recovery period
to take those additional costs into account.

Is the obligation for cost recovery for the utility’s investment tied to a specific
customer or to the utility’'s meter at the upgraded site?

Investments in efficiency upgrades made through a tariffed on-bill program
are tied to the meter, not to the person holding the account. The utility
recovers the costs for those upgrades with a fixed charge on the meter,
regardless of who occupies the property. The terms of the tariff apply to
service at that meter until the utility’s costs are recovered.

How are the interests of successor customers taken into account when a utility
invests in energy efficiency upgrades at a site?

The utility only invests in upgrades that are cost effective, and the threshold
for cost effectiveness includes a significant net savings requirement. That
means the fixed charge for cost recovery will be less than the estimated
savings on an annual basis. The fixed charge does not increase when rates
increase, creating additional value for the upgrades. As a result, a successor
customer will receive the benefits of an improved building and receive a
lower bill than would otherwise be due for the energy services at that site.

After a utility finances efficiency upgrades at a site, what happens to the
obligation for cost recovery when a new customer signs up for service at that
69
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meter?

The successor customer (whether renter or owner) will enjoy the net savings
from the investment, and until cost recovery is complete, the customer will
likewise be obligated to pay the fixed, on-bill charge, which is significantly
less than the estimated annual savings. Due to the on-bill payments made by
the prior customer(s) served by that meter, a successor customer will have
fewer billing cycles remaining until cost recovery is complete, at which point
they will enjoy 100% of the savings.

What happens during a prolonged vacancy?

The utility only bills for service when the meter is active. If a site is vacant,
the meter may be shut off, in which case cost recovery will resume when a
successor customer opens an account at that site. If the utility misses cost
recovery due to inactivity at the meter, the utility can extend the cost
recovery period to collect the missed payment cycles. If the cumulative
period of inactivity extends beyond the continued functioning of the upgrade,
the utility may choose to charge-off the investment as uncollectible.

Should customers who opt into the tariff for energy efficiency upgrades be
eligible for the same rebates as other customers?

Yes. It is essential that customers who choose an opt-in tariff program be
eligible for the same rebates that are available to customers through rate-
based programs in order to avoid creating a reason for customers to not opt
in to the tariff.

What is the average scale of investment in cost-effective energy efficiency
upgrades through a tariffed, on-bill program?

The average scale of investment in cost-effective energy efficiency upgrades
at a site depends on the type of site, weather zone, the energy use
equipment in the building, the utility’s cost of capital, and the useful life of
the upgrades being undertaken. For residential energy efficiency upgrades
undertaken through on-bill programs in Kansas, Kentucky, and Arkansas, the
average cost of all cost-effective energy efficiency upgrades at a site are in
the range of $6,000-8,000.

Do the tariff terms still hold if a change in occupant behavior at an upgraded
site causes energy usage to rise?

Yes. The tariff terms are not affected by a change in occupant behavior or

occupancy. The upgrades eliminate energy waste and continue to reduce
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usage at the location compared to what would have been needed to serve
the occupant’s end uses. The tariff does not preclude occupants from using
any amount of energy for any purposes they choose, which is an important
consumer protection.

Does the opt-in tariff generate benefits that flow to all ratepayers?

Yes, there are cross-subsidies from customers in the opt-in tariff program to
non-participants. Two categories of benefits include avoided demand costs
and deferred capital requirements.

o Utility systems with weather-driven peak demand can reduce peak
demand by investing in energy efficiency upgrades to weather-driven
loads as part of their investments in whole building energy upgrades.

» Utility systems with distribution circuits or substations that are reaching
load capacity can defer investment in expansion with deliberate focus on
energy efficiency upgrades in areas served by those assets.

Non-participants pay only what is warranted for the benefits of the PAYS
program, and PAYS does not produce “free riders” because customers pay
for 100% of their cost for the most cost effective upgrades.

Has any utility using the PAYS system disconnected program participants for
non-payment?

No. Even while possible, disconnection for non-payment is unlikely because
the electric bill at that site is lower as a result of the investment in efficiency
upgrades.

Would an opt-in tariff for energy efficiency upgrades include disconnection for
non-payment of the program charge?

Yes. Once approved as a tariff, the PAYS charge will be covering costs for an
essential utility service, subject to the same disconnection rules as a regular
bill.

See: 04 NCAC 11 R12-11 (“Disconnection of Residential Customer’s Electric Service,” which refers

simply to the bill and defines payments as “delivery of the amount due to a company.”

In the case of a renter, does the opt-in tariff require landlord approval?

Before the utility can upgrade a property, the owner must consent. In the
same agreement, the owner agrees to disclose to successor renters or
71
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prospective buyers that the utility has made improvements that result in
savings for the account holder at that site. The agreement provides the
owner with language that can be added to a lease agreement, for example.

Is customer satisfaction data available from utilities with existing investment
programs based on the PAYS system?

The HowSmart program offered by Midwest Energy is the largest and
longest-running residential tariffed on-bill program using the PAYS system.
Midwest Energy has reported that 85% of its general membership gave the
cooperative a high score for customer satisfaction, compared to 97% for
participants in the HowSmart® program. Similarly, the cooperative reported
that 68% of its general membership gave the cooperative a high score for
value compared to 96% for HowSmart® participants.

Return to Top

Where can | find more information on PAYS for energy efficiency building
upgrades?

Energy Efficiency Institute, Inc., the creator of PAYS, produced a Decision
Tool for Utility Managers at the request of Roanoke Electric, which has
posted that valuable resource online: www.roanokeelectric.com/pays
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WITH NO UPFRONT
COSTS, THIS
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FINANCING TOOL
MAKES ENERGY
EFFICIENCY
AFFORDABLE TO ALL

By rolling upgrade costs into monthly bills,
utilities are helping customers save energy and
money at the same time
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February 26, 2019 — For customers of the Roanoke Electric Cooperative in rural
North Carolina, high energy costs are much more than a pesky bill or a grudging
expense. “We’re one of the poorest areas of the nation,” says Curtis Wynn, the
cooperative’s president and CEO. “We have a lot of low-income individuals who
are our members and, quite frankly, a major portion of their monthly budgets are
consumed by paying their electricity bills.”

Wynn says he has seen monthly bills reach nearly US$700. But high rates aren’t
to blame. It’s often the homes themselves that are the problem. Drafty windows,
leaky ducts and poor insulation are common, and that means that much of the
heating and cooling it takes to keep them comfortable slips outside, leading
customers to use much more energy than they should have to — an estimated 10
to 20 percent, according to the U.S. Department of Energy.

The simple solution to this problem is an energy efficiency upgrade — patching
leaks in ductwork, sealing the frames of windows, laying insulation in attics,
replacing old heat pumps. The costs can range from a few hundred dollars to
about US$8,000, but these interventions can result in energy savings over time
that more than offset the expense. It’s a pragmatic investment that lowers costs in
the long run.

Such an investment, though, can be out of reach for low-income energy customers
who have neither the cash to afford the upgrades nor the credit score necessary to
borrow what they would cost.
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But with an innovative financing
mechanism, electric utilities like the
Roanoke Electric Cooperative are using
their borrowing power to finance energy
efficiency upgrades in homes at no upfront
cost to their customers.

“We’re helping the member lower their
electricity consumption and ultimately
their bills, and we’re lowering our costs for
the power that we go out and purchase on
their behalf,” says Wynn. ¢ é :

T
et

Upgrade and Save Roanoke Electric Cooperative president Curtis
Wynn is leading efforts to help customers save

money and energy at the same time. Courtesy
This is possible through what’s called of Roanoke Electric Cooperative
tariffed on-bill financing. Using energy efficiency loans available from the federal
government, utilities pay the upfront costs of upgrading a home’s energy

efficiency and then amend that home’s newly lowered bill with a tariff charge that

pays back the cost of the upgrade month by month.

Roanoke Electric Cooperative Upgrade to Save video

Key to making it work is that the tariff is calculated so the customer’s bill is always
lower than it was before the upgrade. About 80 percent of the monthly savings go
toward paying off the cost of the upgrade, and the rest goes to cutting the
customer’s costs. In other words, they reimburse the utility for the cost of the
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upgrades and still pay less for energy each month than they did before the
improvements were made.

The Roanoke Electric Cooperative program, Upgrade to $ave, is administered by

EEtility, an Arkansas-based B corporation that works with utilities to perform

energy audits on homes, prescribe efficiency upgrades and coordinate the
contractors that implement them. Tammy Agard, the company’s co-founder, calls
this approach a win-win-win that benefits residents, utilities and the

environment.

Unlike most debt-based energy efficiency
upgrade programs, the tariff-based model
links the monthly charges to the address
and not the customer, allowing renters to
have their energy costs lowered through
upgrades without necessarily paying the
full cost for them if they move. After the
upgrade is paid off, the tariff is lifted and
the utility bill associated with that address
becomes even lower. This approach, known
as “Pay As You Save” and originally
developed by the Energy Efficiency
Institute in Vermont, has been licensed for
EEtility co-founder Tammy Agard calls tariffed e at utilities around the country, from
on-bill financing a “win-win-win” for residents,

utilities and the environment. Courtesy of California to Ohio to New Hampshire.
EEtility

“This is an all-inclusive model,” Agard says. “There’s nobody from the brain
surgeon to the person cleaning the floor at the hospital who can’t participate in
this program.” In 2018, Agard was named a Champion of Energy Efficiency by the
American Council for an Energy Efficient Economy (ACEEE) for EEtility’s work
helping low-income residents in rural electric cooperatives like Roanoke.

Increasingly Common
Such on-bill financing programs are increasingly common. Because it’s cheaper

for utilities to improve energy efficiency than to build more energy production
capacity — and because many states now require them to — utilities have initiated

a variety of efficiency upgrade options, including utility-financed loans that tend
to raise customers’ bills and programs that pay back upgrade costs through a line
item on annual property tax bills.
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But these efforts haven’t pushed the masses to make energy efficiency upgrades.
“It’s a challenging area,” says Martin Kushler, a senior fellow at the ACEEE. He’s
been reviewing utility energy efficiency programs across the country since 2003,
and says that even though programs are improving, adoption rates for energy
upgrades remain low.

The planet’'s most
important stories —
delivered to your inbox

Be the first to hear about important new
environmental stories. Sign up now to receive our

newsletter.

Email SUBSCRIBE

“While you can pencil out the fact that these improvements are cost effective in
terms of the energy that they save over time, there’s a lot of what we call market
barriers to people taking action.” These include financing, lack of time, concerns
about dealing with contractors and a scarcity of information about which
programs a customer can use. “Well-designed programs have features that
address each of those aspects,” Kushler says.

For Wynn at the Roanoke Electric Cooperative, EEtility’s approach checks all
those boxes. So far, more than 400 of the cooperative’s 14,000-plus members
have received upgrades through the program, and about 1,500 have expressed
interest in participating. “We’re getting inquiries every day,” he says.

The biggest challenge, Wynn says, is that some homes are in such rough shape
that the investment in an energy efficiency upgrade can’t be justified. Even so, he
expects to work with EEtility on at least another 500 upgrades within the next few
years.

81
https://ensia.com/articles/energy-efficiency/ 5/8


https://aceee.org/research-report/u1901

7/25/2019 How utilities are making energy efficiency affordable to all | Ensia
EEtility is now working with three utilities in the U.S. and is in talks with about a
dozen more. Most are rural electricity cooperatives serving low-income
customers, but Agard says this approach to energy efficiency upgrades can work
in any market.

“We have a program that absolutely can be scaled across the country,” she says.
“Because if it’s providing services for our most vulnerable populations then why

couldn’t it provide services for everyone?” (9
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Abstract

This study evaluates the consumer economics, greenhouse gas savings and grid impacts of electrification in
residential low-rise buildings across six representative homes type in six climate zones in California.
Consumer economics are evaluated in three ways, by comparing: 1) upfront installed capital costs, 2) energy
bills, and 3) lifecycle savings between gas-fired and electric technologies.

Prior research has suggested that electrification of buildings is likely to be a lower-cost greenhouse gas (GHG)
mitigation strategy over the long-term than a heavy reliance on renewable natural gas. This study takes a
closer look at the near-term consumer economics of building electrification than prior work, considering
both commonly available and best-in-class electric equipment options, as well as expected near-term
increases in electric and natural gas.

We confirm that the electrification of buildings represents an important opportunity to reduce greenhouse
gas emissions from buildings both in the near term and long term, and can lead to consumer capital cost
savings, bills savings, and lifecycle savings in many circumstances. The most promising near-term
opportunities for consumer cost savings among low-rise residential building electrification options can be
found in all-electric new construction, and high efficiency air source heat pumps in homes where air
conditioning can be replaced with heat pumps.

However, for electrification retrofits to succeed at scale, the market for building electrification technologies
should be further developed in California. Ensuring contractors understand best-practices during scoping
and installation of heat pump equipment will be critical to the long-term success of an electrification market
in California. Likewise, international markets in Europe and Japan offer a wider range of high-efficiency
electric technologies to choose from than are available in the United States. Finally, California should
encourage the development of “retrofit ready” heat pump water heaters and HVAC systems to provide
consumers with more low-cost and high efficiency electric choices.

This report is available to download at: https://www.ethree.com/wp-
content/uploads/2019/04/E3 Residential Building Electrification in California April 2019.pdf
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Executive Summary and Recommendations _

ES Executive Summary and
Recommendations

Study Overview

Greenhouse gas (GHG) emissions attributable to buildings in California currently represent about a
quarter (25%) of the state’s total emissions.! In order to achieve California’s climate goal of an economy-
wide 40% GHG reduction by 2030, greenhouse gas emissions from buildings will need to fall by 40% or
more over the next decade.? Furthermore, to reach California’s carbon neutrality goal by 2045, high levels

of building electrification are likely to be required.?

In 2018, E3 evaluated several long-term energy and climate scenarios for the California Energy
Commission (CEC), assessing how California could achieve its 2050 climate goals. That analysis suggested
that electrification of buildings is likely to be a lower-cost GHG mitigation strategy over the long-term than
a heavy reliance on renewable natural gas (RNG), given current trends in the industry. The 2018 study
suggested that building electrification could be a lower cost carbon mitigation option than other
alternatives. However, the study did not include a detailed assessment of the customer economics of
building electrification, or of the market barriers and opportunities for electrification. This study addresses

these issues.

1 E3 estimate based on data from the California Greenhouse Gas Emission Inventory and the California PATHWAYS model.

2 See Mahone et al. (2018)

3 The 2018 Intergovernmental Panel on Climate Change report shows a dramatic increase in the levels of building electrification between 2030 and
2050 in the scenarios that are consistent with California’s carbon neutral climate goal (limiting global warming to 1.5 degrees Celsius). See Figure 2.22
in Rogelj et al. (2018)
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_ California Residential Building Electrification Market Assessment

The study was jointly funded by Southern California Edison (SCE), Sacramento Municipal Utility District
(SMUD), and the Los Angeles Department of Water and Power (LADWP). Energy and Environmental
Economics, Inc. (E3) is the lead author of the study and completed the economic analysis. Frontier Energy
developed the electrification technology specifications and performed the building simulations of the
electric- and natural gas-fueled homes. AECOM developed the installed capital cost estimates for the
natural gas and electrification technologies in each home type, including the costs of building retrofits,
labor and other installation costs. Point Energy Innovations served as an advisor to the study and helped

evaluate the current market for electric heat pump technologies.

Methodology & Assumptions

This study evaluates the consumer costs and benefits of several types of electric air source heat pumps
for space heating and cooling (HVAC), heat pump water heaters, electric and induction stoves, as well as
electric and heat pump clothes dryers. Each of these electric technologies are compared individually to a
natural gas alternative. In addition, all-electric new construction is evaluated relative to a mixed-fuel new
construction home, as well as a “retrofit package”, where the gas furnace, gas water heater and air

conditioner are replaced with electric heat pump options.

The study evaluates electrification in two building types: single family homes and low-rise multifamily
homes. It considers three vintages for each home type: pre-1978 vintage homes that are assumed to
require electric panel upgrades, 1990s vintage homes, and new construction complying with California’s
2019 Title 24 building code. New construction homes are assumed to install the same size rooftop solar
panel in both the gas baseline and all-electric home, and as a result the rooftop solar has a relatively minor
impact on the relative bill savings between these two options. In the retrofit homes, we sought to compare
comparable levels of thermal comfort in both the gas and electric HVAC alternatives. As a result, the

existing gas-fired homes evaluated in the study are assumed to either already have, or be retrofitted to
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include, air conditioning to provide a like-for-like comparison to the heat pumps, which also provide both

heating and air conditioning.

Building simulations used NREL’s BeOpt software and the DOE’s EnergyPlus simulation engine. The single
family and low-rise multifamily building prototypes are from the California Energy Commission’s Title 24
energy code. The six building types are simulated with both a natural gas baseline and an electric option

across six California climate zones. These factors combined resulted in 72 unique building simulations.

The six climate zones modeled in this study include: San Francisco (CZ3), San Jose (CZ4), Sacramento
(CZ12), Coastal Los Angeles (CZ06), Downtown Los Angeles (CZ09) and Riverside (CZ10). These regions
cover many of the growing population centers of the state and, combined, directly represent 51% of the
state’s households. Another 36% of the state’s households are found in similar climate zones to those
studied. The remaining 13% of the state’s households are in northern, mountainous, or desert climates

that are not well covered by the study area.

The installed capital costs for both gas and electric technologies were developed by an experienced
building technology cost-estimator, using a combination of the cost-estimator’s market experience and
public sources of equipment costs. This study sought to overcome many of the shortcomings in publicly
available electrification technology datasets by creating an internally consistent and detailed cost build-
up, reflecting regionally-specific labor costs and contractor mark-ups, as well as the installation and

permitting costs of retrofits and new construction for both gas-fired and electric end uses.

The bill savings analysis is based on a forecast of residential natural gas and electric retail rates under a
“current policy” or “reference” forecast. The upfront capital cost estimates and the future bill savings are
used to calculate the lifecycle savings of electric options, over the expected useful lifetime of the

equipment or the building. For more details on the study methodology, see Chapter 2.
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_ California Residential Building Electrification Market Assessment

This study does not assume any incentives for gas or electric equipment, nor do we assume any market
transformation of the California building electrification market. As such, this analysis represents our best
guess at the “current market” conditions for low-rise residential electrification. In the future, capital costs
or installation costs for equipment may change, higher efficiency equipment may become available, and
both natural gas and electric rates may change dramatically from the “reference case” forecast estimated
here. The California building market is changing rapidly, and future policies that are currently under
development, such as the implementation of SB 1477, could have a large impact on the cost-effectiveness

results shown here.

Key Findings

GREENHOUSE GAS SAVINGS

Electrification of buildings — switching from fossil fuels to electricity use for space heating, water heating,
cooking, and clothes drying — represents an important strategy to reduce greenhouse gas emissions. In
California, the electricity mix is already relatively clean and renewable, and by 2045, 100% of the state’s
retail electricity sales will be met with zero-carbon resources (per SB 100)*. This means that using
electricity to power our homes already reduces carbon emissions relative to direct-use of natural gas, and

these carbon savings will increase over time as the grid become cleaner.

Electrification is found to reduce total greenhouse gas emissions in single family homes by ~30% —60% in
2020, relative to a natural gas-fueled home. As the carbon intensity of the grid decreases over time, these
savings are estimated to increase to ~“80% — 90% by 2050, including the impacts of upstream methane

leakage and refrigerant gas leakage from air conditioners and heat pumps. If the state succeeds in

4 The details of implementing and interpreting SB 100 have not yet been clarified by the state. In this analysis, we interpret the definition of SB 100 to
require about 96% zero-carbon generation by 2050, which allows over 100% of RPS-qualifying retail sales to be met with zero-carbon generation.
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achieving a completely decarbonized grid by 2045, the GHG savings would be even larger in 2050. The
absolute level of greenhouse gas savings in buildings depends on the size of the home, the quality of the

building shell (which is generally better in newer homes), and the climate zone where the home is located.

Figure 1-1 illustrates the expected greenhouse gas emissions savings from an all-electric single family
home in Sacramento in 2020, 2030 and 2050, compared to a mixed fuel home, assuming no change in the
efficiency of today’s commonly available electric and natural gas end uses. The largest source of
greenhouse gas savings comes from eliminating on-site combustion of natural gas. Emissions from
electricity decrease over time due to the state’s zero-carbon generation goals. The increase in GHG
emissions from refrigerant leakage associated with heat pumps in the all-electric home is relatively small,
since the mixed-fuel home uses a conventional air conditioner, which also results in GHG emissions from

leaked refrigerant gases. Natural gas leakage is also assumed to decrease over time as well.
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Figure 1-1: Annual GHG emissions from a mixed-fuel and all-electric 1990s vintage home in Sacramento
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Electricity emissions are based on the High Electrification scenario consistent with SB 100; see the greenhouse gas methodology section for more
details. The 2030 and 2050 bars assume that the next generation of low-GWP refrigerants are used in all applicable heat pump systems modeled,
including air conditioners, HVAC heat pumps, heat pump water heaters, and heat pump clothes dryers. We do not estimate refrigerant leakage from
refrigerators and freezers, but these fugitive emissions would be the same in both electric and natural gas homes. We assume that by 2030, fugitive
methane emissions are reduced by 40%, as mandated by the CARB Short-Lived Climate Pollutant Strategy and as previously set as a goal by the Obama
administration. We based our calculations of fugitive refrigerant emissions on CARB data as described further in Appendix C.
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Table 1-1: Greenhouse gas savings achieved across all-vintages of the all-electric homes, annual % reduction relative
to the natural gas-fueled homes

2020 2030 2050
Single family 33%-56% 52%-72% 76%-88%
Low-rise multifamily 25%-46% 49%-65% 74%-85%

Percentages show the percent reduction of GHG emissions achieved in an all-electric home relative to a natural gas-fueled home. Ranges
represent the spread across climate zones and across vintages. Homes without AC in the mixed fuel case (new construction in climate zone 3) are
excluded.

GRID IMPACTS

In California today, the grid is a summer peaking system, with peak electricity demand driven by
residential and commercial air conditioning. This means that the summer peak load is used to plan system-
wide capacity additions and investments. Residential building electrification (as well as commercial
electrification, though not studied here), will lead to an increase in winter electricity demand across all
climate zones. This study suggests that even in a relatively high residential building electrification future,
buildings’ contribution to statewide winter electricity demand is likely to remain lower than the residential

summer peak demand levels, at least under typical weather year conditions.

In general, building electrification will contribute to a better utilization (higher load factor) of the bulk
power grid. The regional and distribution-level grid impacts may have more localized impacts. For
example, in regions without large air conditioning loads, such as San Francisco, the addition of electric
heating loads could trigger a new winter-peak demand period, necessitating local distribution grid

upgrades. Grid planners will need to monitor these local trends.
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BUILDING ELECTRIFICATION CONSUMER COSTS AND SAVINGS

Near-term low-rise residential building electrification opportunities

All-electric new construction is one of the most promising near-term applications for building electrification
efforts. All-electric new construction is expected to be lower cost than gas-fueled new construction homes
in homes that have air conditioning, resulting in lifecycle savings of $130 - $540/year. These findings are

based on commonly available technology, without incentives or intervening policies.

Retrofits to electric air source heat pumps for space heating and cooling represent another near-term
savings opportunity in existing homes that have air conditioning. High capital costs of electric heat pump
retrofits in existing homes are often perceived as a barrier to electrification, but this assumption was not
borne out for homes that are otherwise already upgrading the air conditioning system. While HVAC systems
are highly capital-intensive in general, in most cases we found capital cost savings when replacing the
combination of an air conditioner and a gas furnace with a standalone heat pump HVAC unit. Further, 87%
of the simulated single family retrofit homes (all of which are assumed to have air conditioning) see lifecycle

savings from switching from a gas furnace and air conditioner to an electric heat pump HVAC system.

Near-term electrification barriers and market transformation needs

While electrification can be lower cost in many cases, the incremental upfront capital costs can be higher
for electrification when retrofitting the HVAC system in older homes that lack air conditioning. This is
because air source heat pumps provide both air conditioning and space heating; when compared to just a
gas furnace the cost of the heat pump is often higher. In general, Californians could benefit from having
access to a broader range of high-efficiency, lower-cost heat pump options, including those available in

international markets such as Japan and Europe, but which lack a UL listing in the United States.
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Another retrofit challenge is that older homes can require an electrical panel upgrade to support new electric
loads. Electrical panel upgrades can add $2,000 - $4,000 in capital costs for some older homes that lack 200-
amp electrical panels, although these are not expected to be required for the majority of existing homes.
Furthermore, older homes that require electrical panel upgrades will represent a decreasing proportion of
the housing stock over time as buildings are renovated or as panels are upgraded for other purposes, such
as to add electric vehicle charging, rooftop solar or to add rooms or auxiliary dwelling units to an existing
home. The development of low-amperage “retrofit ready” heat pump options, and lower cost solutions to

the standard electrical panel upgrade package represent important areas for market transformation.

This study also evaluates the consumer economics of heat pump water heaters, electric stoves and electric
clothes dryers. Heat pump water heaters are currently more expensive than conventional gas storage water
heaters found in many existing homes but are comparable in cost to tankless gas water heaters which have
become the norm in new construction and in home renovations. Heat pump water heaters have mixed
results for lifecycle costs but can generate lifecycle savings when water heater retrofits are combined with
heat pump HVAC retrofits. Electric stoves and clothes dryers are not found to generate lifecycle savings for
customers under today’s rates in most cases and represent end-uses that may benefit from different electric

rate designs, or from a longer-term market transformation effort.

Figure 1-2 summarizes the bill savings results across all six climate zones for the simulated pre-1978 and
1990s vintage homes with the “retrofit package”, replacing both the HVAC system and water heater with
heat pumps, as well as the bill savings results for new construction single family and low-rise multifamily

homes.
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Figure 1-3 summarizes the lifecycle savings results across all six climate zones for the retrofit and new
construction homes. Lifecycle savings represent the difference between the annualized capital costs and
operating costs of gas equipment versus electric equipment.

Figure 1-2 Share of simulated households with bill savings from adopting electric end uses;
results are weighted by the estimated share of households in each climate zone and utility service

territory

Single Family Low-rise Multifamily

Retrofit Package

(HVAC Heat Pump + HPWH)
| Bill Savings
®m Bill Increase <= $100 per year
2 Bill Increase > $100 per year
All-Electric

New Construction

The building simulation results are weighted using the share of households in each combination of climate zone and utility, as described in section
2.2.1., to create this summary figure. Average bill costs of HVAC heat pumps are compared against a combined gas furnace and air conditioner
(AC) system except for a new construction home in San Francisco (Climate Zone 3) where we assume all homes do not have AC. For retrofit
homes, we show the average bill impact of electrifying HVAC and water heating systems at the same time. For new construction, we look at an
all-electric home with all four appliances modeled electrified.
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Figure 1-3 Share of simulated households with lifecycle savings from adopting electric end uses;
results are weighted by the estimated share of households in each climate zone and utility service
territory

Single Family Low-rise Multifamily

Retrofit Package*
(HVAC Heat Pump + HPWH)

m Lifecycle Savings

m Lifecycle Cost Increase <= $100 per year

24%** 2 Lifecycle Cost Increase > $100 per year

24%** __

All-Electric §\\\\\

New Construction

The building simulation results are weighted using the share of households in each combination of climate zone and utility, as described in
section 2.2.1., to create this summary figure.

* We assume that all consumers in retrofit homes have or would install air conditioning in the mixed fuel baseline.

** This category corresponds to buildings modeled in San Francisco (Climate Zone 3) that we assumed would not install air conditioning in the
gas baseline home. 100% of all-electric new construction single family and low-rise multifamily homes that include air conditioning show lifecycle
savings.

Recommendations

California policymakers are already starting to evaluate policy options around building decarbonization.
The Final 2018 Integrated Energy Policy Report (IEPR) Update Volume I, released by the CEC in January

2019, dedicates the first chapter of the report to building decarbonization and includes an important set
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of policy recommendations.® Likewise, the California Public Utilities Commission has recently opened a
new rulemaking proceeding on Building Decarbonization. Without presupposing the outcome of these
ongoing policy dialogues, we suggest a few broad policies to encourage higher levels of building

electrification in California.

Overall, building electrification represents an important strategy for reducing greenhouse gas emissions
in California. Additional strategies will need to be pursued in parallel if California is to meet its climate
goals, including continued improvements in electric and natural gas energy efficiency in buildings, the
development of sustainable renewable natural gas for remaining natural gas consumption in non-
converted buildings and in industry, and mitigation of methane leaks and high global warming potential
gases. However, given the long lifetimes of buildings and building equipment, California cannot afford to
miss windows of opportunity to electrify building end uses where possible. Near-term policies are needed
to encourage higher rates of building electrification, when benefits can be created for customers and for

society.

Electrification can support sustainability and equity policy goals. For example, heat pump HVAC systems
provide a climate adaptation advantage, because they provide both air conditioning and heating. Air
conditioning, along with better building design and more resilient communities, can help protect public
health in low-income and vulnerable communities as heat waves become more severe under climate
change. Likewise, California is currently facing a historic housing affordability crisis driven largely by a
housing supply shortage. In this study we found that all-electric new homes can reduce building costs. By
prioritizing the construction of new and affordable housing, and ensuring that these homes are designed
to be highly efficient, California has a greater chance of meeting its climate policy goals while protecting

its most vulnerable residents.

5> See Bailey et al. (2019).

Xii|Page



Executive Summary and Recommendations _

Despite the positive economic results for many homes, current heat pump market penetrations are much
lower than the economic potential. The following recommendations suggest ways to address the market
barriers to heat pumps, accelerating adoption so that building electrification may occur quickly enough to

play a role in meeting the state’s climate goals.

Our recommendations can be summarized into the following five points, which are elaborated on below:

1. Incentivize all-electric new construction and update the building code

2. Incentivize high-efficiency heat pump HVAC, particularly in areas with high air conditioning loads
3. Ensure efficient price signals are conveyed in electric and natural gas rates

4. Develop a building electrification market transformation initiative

5. Align energy efficiency goals and savings with GHG savings opportunities

1. INCENTIVIZE ALL-ELECTRIC NEW CONSTRUCTION AND UPDATE THE BUILDING CODE

+ All-electric new construction in residential low-rise homes appears to be among the most
promising near-term ways to save consumers money and reduce GHG emissions and could be
incentivized in the near term to help transform the market. It avoids the costs and hassle
associated with retrofits, and in most cases, we found that all-electric new construction offered
lifecycle cost savings for residents. Savings could be larger if capital costs were reduced, if higher
efficiency electric technologies were available, or if the costs of gas distribution interconnection

were more directly reflected in the cost of new construction.

+ Align building standards with GHG savings opportunities. In California’s building code, the
current approach to assessing cost effectiveness (Time Dependent Valuation [TDV]) does not fully
measure or fully value GHG emissions savings. The CEC is working to update the TDV metric in the
next code cycle to allow the emissions benefits of building electrification to be appropriately
valued and considered in new construction design decisions. In addition, the building code could

include a GHG emissions performance standard for new buildings. The estimated GHG emissions
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from a building would be calculated based on the efficiency and simulated performance of the
building, combined with a long-term forecast of emissions from electricity and pipeline gas, using
policy goals or verifiable commitments from utilities. The GHG performance standard could
become stricter in each code cycle, as the state’s climate goals become more stringent. A GHG
emissions performance standard is a technology-neutral way to encourage the decarbonization

of buildings.

+ New construction homes should be designed to be “electrification-ready”, with sufficient
electrical amperage and circuitry in the right places for future electric HVAC, water heating,
cooking, and clothes drying equipment, as well as for electric vehicles (EVs) where possible. Given
the long lifetime of buildings and heating equipment and the cost of upgrading electrical
infrastructure in existing buildings, new construction is the ideal time to design buildings to be
prepared for an all-electric future. In retrofit homes, electrical panel upgrades to accommodate
room additions, electric vehicles, and rooftop solar panels can be specified to ensure that there is

sufficient electric panel capacity for electric HVAC, water heating, cooking and clothes drying.

+ Factor fugitive emissions from high-GWP refrigerants and natural gas leakage into GHG metrics.
Future building standards metrics should incorporate the emissions from high-GWP refrigerant
leakage as well as methane leakage in the gas distribution system and within houses. This will
yield a balanced and comprehensive perspective on emissions from gas and electric technologies

and encourage best practices for using lower-GWP refrigerants and reducing methane leakage.

2. INCENTIVIZE HIGH-EFFICIENCY HEAT PUMP HVAC, PARTICULARLY IN AREAS WITH HIGH AIR
CONDITIONING LOADS

California should consider developing programs to incentivize:

+ Heat pump HVAC systems in residential low-rise retrofit homes, where central air conditioning
is needed/wanted. Higher efficiency heat pumps should be encouraged above existing code
minimums. Heat pumps provide both space heating and space cooling and are found to be cost-
effective in homes where they can serve both these purposes. While the 2015 federal code
minimum for heat pump HVAC systems encourages high efficiency heat pump installations, higher

efficiency heat pump HVAC products are readily available in the market and provide customer
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benefits. Heat pump HVAC systems with higher efficiencies (Heating Seasonal Performance Factor
[HSPF] of 10 or higher) create lifecycle savings for residential customers in homes that require air

conditioning.

+ HVAC heat pumps to replace space heating currently provided by propane, distillate, or electric
resistance heat. The economic benefits of replacing high cost fuels with electric HYAC heat pumps
have been demonstrated in other studies. Replacing high cost heating fuels, including propane,
distillate, and electric resistance heat with high efficiency HVAC heat pumps represents “low-

hanging fruit” when it comes to savings customers money and reducing GHG emissions.

+ Encourage the installation of high efficiency HVAC heat pumps rather than standalone central
AC units whenever possible. The capital cost analysis found that HVAC heat pumps are generally
cheaper than the combined cost of a new gas furnace and standalone central air conditioner, and
bill savings are seen in most home types as well. Incentives could take advantage of these cost
savings to encourage consumers to install an HVAC heat pump when replacing an air conditioner
whenever it makes sense for that building. This will give the home the option to use gas heating
or electric heating (with the option to not replace the gas furnace upon failure), while providing

high efficiency air conditioning during the summer.

+ Consider early replacement programs for older gas furnaces and gas water heaters. These
programs would be designed to avoid the practical challenges around “emergency” replacement
of equipment upon failure, when there is less time to retrofit a home to electric technologies.
Early replacement programs could also target the oldest, least efficient equipment, thereby

maximizing bill savings and GHG savings.

+ Target incentives and low-cost financing to landlords and low-income consumers to overcome
capital cost barriers and ensure that clean energy benefits are enjoyed by all communities.
Upfront capital cost barriers will prevent many consumers from investing in new equipment
unless they absolutely have to when their existing equipment fails. This is particularly true for low-
income customers. The CPUC could call for proposals or pilots for innovative business models,

such as ConEdison’s proposal for financing small to medium commercial HVAC heat pumps and
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developing a utility-owned ground-source heat pump program®. Other financing options to
explore include on-bill financing programs like the “Pay As You Save (PAYS®)” programs.
Furthermore, incentives targeting landlords would allow renters to take advantage of bill savings

from efficient heat pumps.

3. ENSURE EFFICIENT PRICE SIGNALS ARE CONVEYED IN ELECTRIC AND NATURAL GAS RATES

+ Design more efficient electricity rates. Today’s electricity rates are largely designed based on
volumetric charges (i.e. S/kWh of use). However, many costs on the electric grid do not vary with
the quantity of electricity used, but are rather based on system-wide, and distribution level costs.
More efficient, cost-based electric rates would remove disincentives for electrification and could
better align customer choices with socially beneficial outcomes. While electric rates do not need
to be designed to preferentially encourage building electrification, they should at least be
evaluated to ensure that they do not discourage electrification. For example, electric rates could
collect more of the “fixed costs” via fixed charges rather than volumetric rates, which tend to
penalize electrification. In addition, in regions with time-of-use (TOU) rates, the TOU periods

should be aligned with system costs as well as GHG emissions on the grid.

+ Higher carbon prices, or complementary policies aimed at reducing the GHG emissions from
natural gas, would better align customer’s economic incentives with the state’s climate goals.
This study finds that electrification of water heating and HVAC results in substantial GHG savings
in all cases at today’s emission rates. Moreover, the electricity system is required by SB 100 to
reduce emissions to near zero by 2045. No comparable policy exists for the natural gas system to
reduce GHG emissions. Yet, carbon prices in California, ranging between $12 and $22/tonne as of
early 2019, have been too small to effectively signal to customers the GHG benefits associated
with fuel-switching to electricity. In 2016 the US Environmental Protection Agency (EPA)

calculated a mid-range “social cost of carbon” representing the global harms of incremental CO;

6 Petition of Consolidated Edison Company of New York Inc. for Approval of the Smart Solutions for Natural Gas Customers Program, Case 17-G-0606,
December 20, 2018.
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emissions of $42/tonne for emissions occurring in 2020, with a more recent study estimating an

order of magnitude larger value represented a mid-range estimate (Ricke et al. 2018).

+ Consider requiring builders, rather than ratepayers, to pay for the full cost of new gas
distribution hookups. Currently, utilities cover a portion of the cost of new gas hookups to
buildings, anticipating that these costs will be recovered from ratepayers through future
revenues. These discounts can be up to 50% of the total estimated installed costs to complete a
distribution main extension.” However, continued natural gas distribution revenue growth is not
guaranteed in a carbon-constrained future, and these gas distribution fixed costs may become
shared among a shrinking base of natural gas customers. Ensuring that new gas hook-ups are
paid for by the builder at the point of construction could mitigate future cost increases for existing

gas customers.

4. DEVELOP A RESIDENTIAL BUILDING ELECTRIFICATION MARKET TRANSFORMATION
INITIATIVE

Market transformation can mean many things to many people. In this context, we mean that the
residential building electrification market would benefit from having access to a wider range of high
efficiency and “retrofit” ready products, including some that are already available in international
markets, as well as a better trained workforce to ensure experienced installers and service providers are
readily available and operating competitively across the state, and more information available to
consumers about electrification options, costs and benefits. A few recommendations describing what

such a market transformation initiative could include are described below:

+ Encourage the development of retrofit-ready electrification technology options for older
homes. In general, 200-amp electrical service is needed to serve a home with both a heat pump

HVAC system and heat pump water heater. While most newer homes have 200-amp service, many

7 See for example PG&E’s Gas Rule No. 15 for gas main extensions:
https://www.pge.com/tariffs/assets/pdf/tariffoook/GAS RULES 15.pdf
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older homes in California do not (data is not readily available on the share of homes in each
category). In this study, the electrical panel upgrade costs triggered by the adoption of heat pump
HVAC and heat pump water heating units together were large enough to create net costs instead
of net savings for some of the low-rise multifamily homes that were modeled (the panel upgrade
costs were applied to pre-1978 vintage single family homes in this situation). An area for on-going
market transformation is in developing more “retrofit-ready” heat pump options, that are small
enough to fit in existing spaces and require lower current, to avoid the need for an electrical panel

upgrade in these older, retrofit homes.

+ Educate consumers about building electrification options. Consumers may have preconceptions
about electric technologies, based on earlier generations of electric heat pumps and electric
resistance stoves. Some consumers are entirely unfamiliar with heat pump technologies; others
are unaware of newer options like ductless heat pumps and induction stoves. Many consumers
are not aware of the non-economic advantages of new electric technologies, such as the option
for multi-zone temperature control with ductless heat pumps, or the health, safety and
performance advantages of induction stoves over conventional gas stove. Customers should also
be aware of other differences between electric and gas options, such as the potential for noise or
vibrations from an electric heat pump condenser/compressor. Consumers generally want to know
about real-world experiences from a trusted source before they make important decisions a new
electric technology in their home. Ideally, they should have this information before their existing

equipment fails.

+ Workforce training and certification for electrification in buildings. Currently, few
building contractors and HVAC professionals are well-versed in building electrification
technologies. Poorly installed heat pumps could create a customer backlash against the
technology. Workforce training, combined with a voluntary certification program for building
electrification, could provide quality assurance to customers interested in making the switch to
electric HVAC or water heating. Similarly, with CPUC guidance, utilities could consider direct utility
install programs to ensure electrification technologies are readily available on the truck, and that
high-quality installations can be ensured. Quality control is needed for proper sizing and

installation of the right heat pump equipment for each customer’s needs.
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+ Coordinate with manufacturers to bring emerging technologies to the US market, including very
efficient heat pumps, ultra-low global warming potential refrigerants, and retrofit-ready or low-
voltage options. Many high efficiency heat pump products available in other countries are not
available in the U.S., and manufacturers may be reluctant to invest in market expansion on their
own given the relatively small size of the U.S market today. State and local governments and
utilities could commit to purchasing initial tranches of equipment for use in buildings they own

and operate to help bring new heat pump technologies to the U.S. market.

+ Encourage lower global warming potential gases to be used in heat pumps and encourage heat
pump innovation over time. Higher incentives could be made available for appliances featuring

low-Global Warming Potential (GWP) refrigerants.

5. ALIGN ENERGY EFFICIENCY GOALS AND PROGRAMS WITH GHG SAVINGS OPPORTUNITIES

+ Energy efficiency incentives should be aligned with GHG savings opportunities. Historically,
energy efficiency programs have been designed with separate goals for reducing natural gas and
electricity consumption. These programs focus on cost-effective kWh and therm energy savings
rather than cost-effective carbon savings. Energy efficiency programs for fuel substitution, (e.g.
switching from natural gas to electric end uses), have been effectively prohibited by the current
interpretation of the CPUC’s “three-prong test”.® The CPUC should update the three-prong test to
directly consider carbon savings and allow incentive programs for electrification where cost-
effective energy and carbon savings can be achieved. Furthermore, California should pursue a
combined, all-fuels approach to cost-effectively reduce carbon emissions from buildings, reducing

silos between natural gas and electrical efficiency programs.

8 The CPUC developed a standard to known as the “three-prong test” in the 1990s to determine whether energy efficiency program funding could
be used for projects involving fuel switching. The broad objectives of the three-prong test, which are to ensure that energy efficiency programs: 1)
save energy, 2) are cost-effective, and 3) not harm the environment, are valid. However, the definitions and application of the test have become
outdated, and so in practice, the three-prong test has become a hurdle, preventing utilities from using energy efficiency funds to incentivize electric
end uses over the direct use of natural gas. The CPUC has issued a ruling (R-13-11-005) seeking comments on possible revisions to the definition and
implementation of the three-prong test, but no decision has been reached. For more information on the three-prong test, see the California Public
Utilities Commission, 2013 Energy Efficiency Policy Manual, R.09-11-014, Version 5, July 5, 2013, pages 24-25:
http://www.cpuc.ca.gov/uploadedFiles/CPUC Public Website/Content/Utilities_and_Indus tries/Energy -
Electricity_and_Natural_Gas/EEPolicyManualV5PDF.pdf.
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In summary, many low-rise residential building owners and residents could already see cost and GHG
savings from electrifying space heating and water heating, even in the absence of incentives or programs.
However, in order to increase adoption rates of low-rise residential building electrification options in
California, the state will need to develop new policies and programs such as those described above,
educate and train both contractors and consumers about building electrification technologies, and

encourage market transformation for building electrification technologies.
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1 Introduction

1.1 Study motivation

1.1.1 CALIFORNIA’S CLIMATE GOALS

California has established itself as a global leader in reducing greenhouse gas emissions (GHGs). The state
has set ambitious targets to reduce emissions 40% below 1990 levels by 2030 (40x30; Senate Bill 32 of
2016) and to achieve carbon neutrality by 2045 (Executive Order B-55-18 of 2018). Recent analysis has
indicated that to meet these goals, California will need to significantly reduce emissions from direct fossil

fuel combustion in buildings, which currently represent ~10% of total statewide GHG emissions®.

Greenhouse gas emissions from electricity use in buildings are already on the decline, thanks to the state’s
renewable portfolio standard and energy efficiency efforts. However, GHG emissions from natural gas
use in buildings has remained flat in recent decades. California Assembly Bill 3232 (2018) calls for the
California Energy Commission to assess how to achieve a 40% reduction in GHG emissions by 2030 within
the state’s residential and commerecial buildings. Achieving this goal in buildings in 2030, while remaining
on the path to carbon neutrality by 2045, will require a major transformation of the existing building stock,

and new construction, in California.

9 See Mahone et al. (2018).
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1.1.2 BUILDING ELECTRIFICATION IN THE CONTEXT OF CALIFORNIA’S GREENHOUSE GAS
REDUCTION GOALS

There are two primary strategies to mitigate direct GHG emissions from buildings: 1) natural gas energy
efficiency combined with extensive use of renewable natural gas (RNG), and 2) electrification of fossil fuel
end uses in buildings. Neither one of these strategies have seen wide adoption to date, and both face

implementation challenges.

In the near-term, progress is needed on both fronts. In the long-run, electrification in buildings appears
to be a lower-cost GHG mitigation strategy from a societal perspective, particularly if the supply of
renewable natural gas is limited, and limited progress is made on the commercialization of carbon neutral
synthetic fuels and power-to-gas technologies. That was a key conclusion from E3’s 2018 evaluation of
several long-term energy and climate scenarios for the California Energy Commission (CEC), assessing how
California could achieve its 2050 climate goals. The High Electrification scenario was one of those

scenarios, and was among the lower cost, and lower risk scenarios evaluated.

In the High Electrification scenario, the sales share of electric heat pumps for residential space heating
and water heating ramps up quickly, from less than 10% at present, to about 50% in 2030, and to 100%
of all new sales in 2040 (Figure 1-1.). In this scenario, heat pumps for space heating and water heating
saved 27 MMT CO.e in 2050, relative to a 2050 economy-wide emissions target of 86 MMT statewide.
While this scenario assumed that equipment is only replaced at the end of its useful lifetime, achieving
this level of adoption of building electrification by 2050 would still require retrofitting at least half the
existing residential building stock, more than 7 million homes, with electric heat pump space heating.
Buildings, and the space heating and water heating equipment used in buildings, are long-lived and slow
to change — which is why any effort to electrify buildings would need to begin in the early 2020s, in order
to assure a reasonable pace of transitioning the state’s building stock without causing disruption in

people’s homes.
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Figure 1-1. Residential Space Heating Technology Sales Share and Equipment Stock in the High Electrification
Scenario
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Source: Mahone, 2018.

The market share trajectory shown in the figure above is based on what might be required to meet the

state’s climate goals, rather than a detailed assessment of consumer economics and existing market

barriers.

1.1.3 PREVIOUS STUDIES OF BUILDING ELECTRIFICATION

Other regions, including the U.S. Northeast and Northwest, have begun to explore the economic and
practical implementation issues around “beneficial electrification” as a greenhouse gas reduction
measure (Regulatory Assistance Project, NYSERDA, Northeast Energy Efficiency Partnership). The National
Renewable Energy Laboratory assessed the potential for electrification in buildings, transportation, and

industry throughout the US, including reviewing the likelihood for future heat pump innovation.

10 See Mai et al. (2018).
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However, California has unique climate, building stock, and energy prices compared with the rest of the
US. Several recent studies have focused on the economics of electrification in California. The Rocky
Mountain Institute analyzed case studies for four national locations, including Oakland, and highlighted
three situations when building electrification is generally expected to be cost-effective: 1) when replacing
oil or propane, 2) in new construction, and 3) when replacing both an air conditioner and a furnace.'* A
recent study from the Natural Resources Defense Council, performed by Synapse Energy Economics, also
found the potential for both capital cost savings and bill savings from electrification in California, and
identified a set of next steps to encourage building electrification in the state.? This study confirms many
of the high-level findings of these previous studies, while taking a more detailed look at the consumer
economics of residential electrification across more heat pump technologies, climate zones, and building

types within California (Section 1.1.5).

1.1.4 HISTORICAL POLICY BARRIERS TO BUILDING ELECTRIFICATION & WHAT’S CHANGED

Historically, the California Public Utilities Commission (CPUC) and CEC enacted energy efficiency policies
to reduce electricity consumption and encourage on-site use of natural gas over electric heating. This
made sense, because electricity was largely generated from fossil fuels, in relatively inefficient
powerplants, separated from the customer by transmission and distribution losses which further wasted
energy. Meanwhile, on-site combustion of natural gas for heating was encouraged because it was more

efficient than conventional electric resistance heating fueled by a fossil power plant.

It was in this context that the CPUC developed a standard known as the “three-prong test” in the 1990s

to determine whether energy efficiency program funding could be used for projects involving fuel

11 See Billimoria et al. (2018).
12 Hopkins, Asa, K. Takahashi, D. Glick, M. Whited, “Decarbonization of Heating Energy Use in California Buildings,” Synapse Energy Economics, October
2018.
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switching.'® The broad objectives of the three-prong test, which are to ensure that energy efficiency
programs: 1) save energy, 2) are cost-effective, and 3) not harm the environment, are valid. However, the
definitions and application of the test have become outdated, and so in practice, the three-prong test has
become a hurdle, preventing utilities from using energy efficiency funds to incentivize electric end uses
over the direct use of natural gas. The CPUC has issued a ruling (R-13-11-005) seeking comments on
possible revisions to the definition and implementation of the three-prong test, but no decision has been

reached.

California’s energy efficiency programs, including the standards in the three-prong test, must be updated
to reflect current requirements for low-carbon electricity on the grid, and to reflect the state’s long-term
climate goals. Today, California’s electricity grid is relatively clean, with about 50% from renewable or
zero carbon generation, and almost no coal generation. The grid will only get cleaner as load-serving
entities comply with Senate Bill (SB) 100, which requires a 60% renewable portfolio standard (RPS) by
2030 and 100% of retail sales to be served by zero carbon electricity by 2045.

Meanwhile, increasingly efficient electric heat pumps are available in the market. Modern air-source
electric heat pumps are 3 to 4 times more efficient than electric resistance or gas heaters, especially in
California’s mild climate. This means that a high-efficiency electric heat pump, powered by electricity from
a natural gas combined cycle power plant, will generally consume less natural gas in total than the on-site

combustion of natural gas in a conventional furnace.

Energy efficiency is one key component or “pillar” of deep decarbonization, along with electrification and
the use of low carbon fuels (Mahone, 2018). The challenge at hand for regulators and policymakers today

is to ensure that the definitions and policies around energy efficiency in buildings and appliance standards

13 California Public Utilities Commission. 2013. Energy Efficiency Policy Manual, R.09-11-014, Version 5, July 5, 2013, pages 24-25:
http://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Utilities_and_Indus tries/Energy -
Electricity_and_Natural_Gas/EEPolicyManualV5PDF.pdf.
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are updated to reflect the state’s climate goals, including by enabling and encouraging electrification and

the use of low-carbon fuels in buildings.

1.1.5 GOALS OF THIS STUDY

This report evaluates the factors affecting market adoption of electric end uses in residential buildings in
California, including retrofits of existing mixed-fuel buildings, as well as new all-electric construction. The
key goal of this study is to provide a more detailed set of customer-focused analyses of building

electrification options than have been previously undertaken in California. Elements of this study include:

+ An assessment of impacts of building electrification using detailed electric and natural gas rate
structures compared to hourly electricity demands;

+ A detailed breakdown of electrification and natural gas equipment capital costs, labor costs, and
installation costs across different regions of California;

+ Scenarios to assess the changing dynamics in customer costs over time, with two scenarios of how
electric and natural gas rates may change over time, as well as sensitivities with improved heat
pump performance and lower capital costs over time;

+ A disaggregation of the impacts of building electrification by end-use, focusing on HVAC, water
heating, cooking and clothes drying in different building types and climate zones across the state;

+ An identification of priority actions and market segments for future utility or state programs to
encourage building electrification.

This study focuses on the economics of electrification with current market and policy conditions and is
not intended as a detailed program design assessment for building decarbonization. Likewise, previous
work™ has highlighted the need for a more detailed assessment of the role of the natural gas system in
the context of California’s climate goals. California will need to develop a natural gas transition strategy if

building electrification proves to be a successful decarbonization strategy, particularly for natural gas

14 See Mahone et al. (2018).
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customers and distribution utilities. The potential implications of this gas transition strategy are outside

the scope of this study.

1.2 Building electrification market overview

In the United States, the use of electric space heating is highest in the South and Pacific Northwest. These
regions are characterized by mild winters and historically, cheap electricity and limited natural gas
distribution (Figure 1-2.). Historically, these regions have relied on lower efficiency electric resistance heat
and older technology heat pumps. However, as heat pump technology has improved, electric heat pumps
are becoming an increasingly attractive option even in very cold climates. Electric heat pump adoption
has grown in the Northern US, particularly in states like Maine and Vermont, largely displacing higher cost

heating fuels like fuel oil, wood, coal, and propane®.

15 See Lapsa et al. (2017)
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Figure 1-2. Residential Electric Space Heat Market Share in the United States
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Data from the American Community Survey (2016).

While modern, higher efficiency heat pumps still represent a relatively small share of most segments of
the US heating market, they represent a growing share of HVAC deployments in new homes, particularly
in the Southern US. The Energy Information Administration’s latest Residential Energy Consumption

Survey (RECS) estimates 12 million American households (10% of total households) currently use electric
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heat pumps as their primary space heating equipment, with 40 million households using electricity as their

primary heat source. Over 70% of households relying primarily on heat pumps are in the South?.

In the US Northeast and Northwest, policymakers and utilities have begun to develop rebates and
incentives for electric heat pump adoption, including in New York, Washington, and Vermont. These
policies are generally viewed in the context of energy efficiency, with the added benefit of displacing fuel
oil or other expensive fuels; however, using electric heat pumps to reduce greenhouse gas emissions from
fossil fuels is increasingly part of the policy conversation in these regions. Further, policymakers are
increasingly interested in electric heating as a method for renewables integration and electric system
management?’.

In California, despite its moderate climate, the use of electric heat remains limited, outside of rural areas
that lack natural gas. Electric heat pump adoption in California remains limited largely due to the relatively
low cost of natural gas and widespread natural gas distribution system in urban areas. The California
Energy Commission’s 2009 Residential Appliance Saturation Survey (RASS) estimates heat pump space

heating accounted for only one percent of California households.

Many municipal utilities and Community Choice Aggregators (CCAs) in California, including the
Sacramento Municipal Utility District (SMUD), Los Angeles Department of Water and Power (LADWP),
Marin Clean Energy, and Sonoma Clean Power have begun to offer incentives and programs for electric
heat pumps as a cost-saving and greenhouse-gas saving measure. Some of these programs focus on

incentivizing electrification in new homes.!®

16 From the EIA Residential Energy Consumption Survey: https://www.eia.gov/consumption/residential/data/2015/hc/php/hc6.8.php

17 See Billimoria et al. (2018).

18 For a recent summary of policies and programs for building electrification, see, “Meja Cunningham, A. Ralston, M. and Wu, K., “Strategies and
Approaches for Building Decarbonization,” Transcendent Energy for the Building Decarbonization Coalition, 2018.
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1.3 Report contents

The remainder of this report is organized as follows:

+

+

Section 2 describes the modeling approach applied in this analysis, including assumptions about
the California housing stock and heating fuel mix, building energy simulations, customer

economics, greenhouse gas impacts, and grid impacts.
Section 3 presents the results of the analysis.
Section 4 identifies barriers to electrification and potential solutions.

Section 5 concludes with recommendations and additional research needs.

Additionally, several appendices with additional technical details are included:

+

Appendix A: Technology Characterization and Screening describes the criteria for selecting the

appliances modeled.

Appendix B: Building Simulation Descriptions describes the modeling of building energy

demands.
Appendix C: Additional Methods Detail for greenhouse gas calculations

Appendix D: Market Adoption Barriers and Potential Solutions provides a more complete list of

market barriers and solutions than the key examples discussed in Section 5.

Appendix E: Additional Results provides additional charts and tables of results, including site

energy savings results.
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2 Modeling Approach

2.1 Methods Overview

This section describes the methods and modeling approach used in this study. At a high level, we started
with data on the existing housing and appliance stock. Building simulations were used to develop
estimates of hourly energy demands. This information was used to estimate the bill impacts of building
electrification, which combined with estimates of the capital costs of building electrification, allowed us
to calculate lifecycle costs and savings. The building simulation data was also used to evaluate the
greenhouse gas savings of building electrification and changes in hourly electricity demand that could be
associated with high levels of building electrification in California. Each of these steps are described in

more detail below.

Figure 2-1. Analysis steps schematic
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2.2 California Housing Stock and Market Potential

2.2.1 HOUSING STOCK

In 2014, California’s population of 39 million resided in 13 million households, which the California
Department of Finance (DOF) forecasts will grow to 50 million people by 2050, in approximately 16 million
households.? The majority of households live in single family dwellings, although multifamily housing
comprises the majority of new construction.?’ California also includes about 0.6 million mobile homes,
which are not pictured, and are not studied here, but which are included in the California PATHWAYS
model. The characteristics of the building stock over time determine the characteristics of the market for

new appliances and the potential for electrification.

Figure 2-2: Projected residential housing stock for single family, low-rise multifamily and high-rise multifamily
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Source: Based on 2019 data from the E3 California PATHWAYS model, residential building stock-rollover assuming a 75-yr mean life and that new
housing keeps up with population growth

The California PATHWAYS model (Mahone et al. 2018) simulates the state building stock using historical
and projected county-level population based on the DOF forecast. It assumes a stock-rollover of housing

units, treating substantial building shell upgrades and retrofits as new buildings for the purposes of

19 See http://www.dof.ca.gov/Forecasting/Demographics/projections/ (version available in 2016 was used; more recent data is now available)
20 See http://www.dof.ca.gov/Forecasting/Economics/Indicators/Construction_Permits/
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modeling building energy demands (Figure 2-2). A 75-yr mean lifetime is assumed for turnover and shell
upgrades. The proportion of existing appliances is determined from the Residential Appliance Saturation

Survey (RASS).

The rate of new construction relative to existing homes is a key metric for assessing the potential for
electrification, as logistical barriers to electrification are generally much lower for new construction than
for retrofitting existing housing. New buildings naturally provide a decision point for installing an efficient
technology, whereas retrofits may require cumbersome or costly adjustments to features such as ducts,
electrical wiring, and appliance placement. All-electric new buildings can avoid the costs inherent in
supporting dual fuel capability. Previous studies have identified new buildings as a priority for building
electrification.?? Following the assumptions in PATHWAYS, new construction is expected to represent
about one half of the building stock by 2050; this means that meeting the adoption rates in the High
Electrification Scenario (Section 1.1.2) will require retrofitting at least half the existing residential building

stock, more than 7 million homes.

California housing construction has not kept up with population growth, with a current shortfall estimated
at more than 3 million homes.? This is reflected in building permit data, with the 117,000 building permits
issued in 2017 for new construction or substantial modifications exceeding that of any year in the last
decade, which averaged 74,000. This number is short of the approximately 100,000 annual new homes
required to keep up with population growth at constant household size, with no allowance for turnover
of the existing housing stock. In this study, we assume that building turnover and new construction will
eventually rise commensurate with a 75-year turnover of the existing building stock and population
growth. We note that if this does not occur, even more retrofits may be needed than we estimate here to

reach the state’s climate goals. Conversely, housing policy reforms that facilitate new construction and

212003 California Residential Appliance Saturation Study (KEMA-XENERGY, Itron, and RoperASW 2004).
22 See Billimoria et al. (2018) and Hopkins et al. (2018).
2 See Woetzel et al. (2016).
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faster turnover of existing buildings — many of which are currently overdue for upgrades — could

potentially accelerate a transition to building electrification.

The two tables below show the share of the residential existing housing and new construction housing
stock for single family detached and low-rise multifamily that are assumed to be located in each
combination of climate zone and utility service territory modeled in this study (eight combinations). The
tables illustrate the estimated share of housing in each region in 2020; these shares may change slightly
over time as new housing is constructed in different parts of the state. These estimated shares are used
to weight the results of the building simulations to come up with estimates of total impacts from
residential low-rise building electrification. The data for Table 2-1 and Table 2-2 are derived from the
estimated housing shares from the California PATHWAYS model (as illustrated in Figure 2-2) and a

geographic mapping to climate zone and utility.

Table 2-1. Share of low-rise residential existing housing (as of 2020) assumed by climate zone and utility in the
modeled study area

. Retrofits
CIZT: :e Major City Utility Single Low-rise
Family Multifamily
Cz03 San Francisco PG&E 17% 4%
Cz04 San Jose PG&E 8% 2%
Cz12 Sacramento SMUD 7% 2%
Cz06 Coastal LA SCE 10% 3%
Cz06 Coastal LA LADWP 2% 1%
Cz09 Downtown LA SCE 12% 3%
Cz09 Downtown LA LADWP 13% 3%
Cz10 Riverside SCE 11% 3%
Total 80% 20%
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Table 2-2. Share of low-rise residential new construction housing (as of 2020) assumed by climate zone and utility in
the modeled study area

Climate

New Construction

Zone Major City Utility Single Low-rise
Family Multifamily
Cz03 San Francisco PG&E 14% 9%
Cz04 San Jose PG&E 6% 4%
Cz12 Sacramento SMUD 6% 4%
CzZ06 Coastal LA SCE 7% 5%
Cz06 Coastal LA LADWP 1% 1%
Cz09 Downtown LA SCE 8% 5%
CZ09 Downtown LA LADWP 9% 6%
Cz10 Riverside SCE 9% 6%
Total 61% 39%

2.2.2 APPLIANCE STOCK

The existing fuel mix and appliance population in California homes also provides a starting point for

analysis. Most urbanized areas in California are predominantly natural gas heating, with electric heating

(typically cheaper electric resistance heating) and propane (Liquefied Petroleum Gas, or LPG) in many

rural areas (Figure 2-3). Overall, 86% of single family homes were estimated to use natural gas as their

primary heating fuel in 2009, with a somewhat lower proportion in multifamily homes, particularly high-

rise apartments (Table 2-3). This data is used to populate the 2015 PATHWAYS equipment stock and when

estimating statewide impacts (except for SMUD, where utility-specific data indicated a higher prevalence

of electric resistance space and water heating).

© 2019 Energy and Environmental Economics, Inc.
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Figure 2-3: Residential Space Heating Fuel Market Share in California
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Source: Authors’ visualization. Data from the American Community Survey (2016). Only the plurality heating fuel is shown in each geographic region.
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Modeling Approach

Table 2-3: Heating Fuel Prevalence by Housing Type in California?*

Single Family Townhouse 2-4 Unit 5+ Unit Mobile Home
Detached Apartment Apartment
Electric (Resistance) 5% 13% 19% 30% 4%
Electric (Heat Pump) 2% 3% 3% 5% 4%
Natural Gas 86% 78% 69% 53% 73%
LPG 3% 1% 1% 1% 8%
No central space heating 4% 5% 8% 11% 11%

These building types are mapped to the categories used elsewhere in this report. Single family detached are single family homes. Townhouses and 2
to 4 unit apartments are grouped together as “Low-rise Multifamily”. Mobile homes and 5+ unit apartment buildings (high-rise multi-family) are not
considered in this report.

The prevalence of air conditioning also indirectly plays a key role in assessing the potential for building
electrification, as heat pumps have a similar design and building footprint to central air conditioners, and
can provide both cooling and heating functionality. The Residential Appliance Saturation Study (RASS)
provided data on air conditioning prevalence by home type and climate zone.?®> Overall, it estimated that
54% of low-rise homes in California were equipped with central air conditioning and another 14% with
room conditioning, with a greater proportion of central air conditioning in single family and in warmer
climates in Southern California and inland in the Central Valley. The 2009 RASS showed a clear trend
towards increasing central air conditioning prevalence in newer home vintages, with over 90% of new
single family homes including central air conditioning statewide post-2000, but this trend was not

explicitly modeled in this study.®

As California temperatures continue to warm due to climate change?, it is possible that more people will
adopt air conditioning to remain comfortable and avoid adverse health impacts with heat stress. This

study does not take into account the fact that the AC saturation rate may continue to increase in California

2 These data were based on the 2003 California Residential Appliance Saturation Study (RASS) (KEMA-XENERGY, Itron, and RoperASW 2004); heating
fuel prevalence showed little change in the 2009 version (Palmgren et al. 2010).

2 These data were from the 2003 RASS (see above).

26 Data available from https://webtools.dnvgl.com/RASS2009/Default.aspx?tabid=0. Across all home types statewide, over 80% of new homes
included central air conditioning after 2000. However, large regional variation remained, which much higher prevalence of new homes lacking central
air conditioning in climate zones 3 and 5.

27 See Pierce, Kalansky, and Cayan (2018).
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over time, which could also make heat pump HVAC systems economically attractive to a larger number of

households in the state.

2.3 Building Simulations and End Use Technologies

2.3.1 BUILDING SIMULATION TOOLS AND ASSUMPTIONS

Building simulations and hourly energy consumption

The hourly energy consumption of natural gas and electric technologies in homes was evaluated using
industry-standard building simulation tools. Two building types were evaluated: single family (SF) and low-
rise multifamily (LRMF). For each of these building types, a base case mixed-fuel home was modeled with
natural gas providing space heating, water heating, cooking and clothes drying. This base case was

compared to an upgraded all-electric home, with gas appliances converted to electric appliances.

Frontier Energy used the National Renewable Energy Laboratory’s (NREL’'s) BEopt software and the
Department of Energy’s EnergyPlus simulation engine to develop the energy models. Modeling
assumptions were mostly based on the 2014 Building America House Simulation Protocols?, with a few
exceptions. Water heater hourly draw profiles and lighting energy use reflect the most current algorithms
and data incorporated in the 2016 and 2019 CBECC-Res software, which is used to demonstrate
compliance with the Title 24, Part 6 energy code. This is documented in the 2016 Residential Alternative
Calculation Method Reference Manual®. Certain modeling capabilities desired for this analysis were not
available within BEopt, and therefore the energy model input files were exported and additional edits

were made using EnergyPlus before running the simulations. EnergyPlus was used directly to apply the

28 See https://www.energy.gov/sites/prod/files/2014/03/f13/house_simulation_protocols_2014.pdf
2 See https://www.energy.ca.gov/2015publications/CEC-400-2015-024/CEC-400-2015-024-CMF-REV3.pdf
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California water heater draw profiles and also make adjustments to other water heating inputs that could

not be done in BEopt.

In all building simulations, weather files were based on the California Energy Commission’s Title 24 typical
meteorological year data. The key modification from the Title 24 building specifications was a modification
of the heating and cooling set-point schedules, to conform with observed California data. The Title 24
schedules include uncharacteristic setbacks. The project team settled on a heating and cooling setback
schedule based on a review of relevant literature, including California Nest data. For more details about
the thermostat set point assumptions and other building simulation parameters see Appendix B: Building

Simulation Descriptions.

2.3.2 BUILDING TYPES AND CLIMATE ZONES MODELED

Two building types are modeled across six California climate zones (see Table 2-4 and Figure 2-4). The
assumptions about each home type are described below. We designed each case as a comparison
between a mixed fuel home, with natural gas space heating, water heating, cooking, and clothes drying,

and an all-electric home.

We attempted to compare options with similar levels of comfort and aesthetic characteristics whenever
possible in order to provide the most fair comparison. For instance, we only compared retrofit homes in
which air conditioning would be found in the mixed fuel home, for comparison with an electric home
containing an HVAC heat pump providing cooling services. For new construction, we excluded technology
options like packaged terminal heat pumps (PTHPs) that may be inexpensive but are seen as less

aesthetically desirable.

1) Single family homes are assumed to be a one- or two-story detached home, with the square footage
of the home depending on the vintage. The older pre-1978 vintage homes are assumed to be constructed

before the California building code went into effect and include poor levels of building insulation and
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single pane windows. These homes are assumed to be single-story, two-bedroom, 1,400 square foot
homes. The 1990’s vintage homes are assumed to be single story, three-bedroom, 2,100 square feet
homes built to comply with the 1992 building code, with minimal building insulation and double-pane
windows. New construction homes are the largest homes modeled, at 2,700 square feet with two floors
and four bedrooms. New construction homes are designed to meet the 2019 Title 24 building code
requirements, including the requirements for new rooftop solar PV (a 3 kW solar array per home is
assumed). New construction homes are assumed to install the same size rooftop solar panel in both the
gas baseline and all-electric home, and as a result the rooftop solar has a relatively minor impact on the
relative bill savings between these two options. The 2,100 square foot (1990’s vintage) and the 2,700
square foot (new construction) homes are based on the California Energy Commission’s single family

prototypes used in the Title 24, Part 6 development process.

2) Low-rise multifamily (LRMF) homes are assumed to be two-story apartment buildings with six to eight
units, depending on the building vintage. Like the single family homes, the LRMF new construction
buildings have minimal insulation for the older vintage construction, meet the 1992 building code
requirements for the 1990’s vintage homes, and achieve the 2019 Title 24 building code requirements for
new construction, including the use of rooftop solar PV (1.75 kW per unit is assumed). New construction
homes are assumed to install the same size rooftop solar panel in both the gas baseline and all-electric
home, and as a result the rooftop solar has a relatively minor impact on the relative bill savings between
these two options. The pre-1978 vintage and the new construction building prototypes both include four
one-bedroom, 780 square foot units, and four two-bedroom 960 square foot units. The 1990s vintage
building includes six three-bedroom, 1,500 square foot units. The pre-1978 and the new construction
vintage homes are based on the California Energy Commission’s multifamily prototypes used in the Title

24, Part 6 development process.
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Table 2-4 Modeled building types and vintages

Low-Rise

Multifamily

Retrofit
(Pre-1978)

(No insulation,
single pane
windows)

Retrofit
(1990s)

1,400 sf

2,100 sf

(T24 building code
1992 construction)

New Construction

(2019 T24 building

code)

2,700 sf

6,660 sf
8 units (780 sf/unit + 960
sf/unit)

9,000 sf
6 units (1500 sf/unit)

15588
6,660 sf
8 units (780 sf/unit + 960
sf/unit)

For each of the six building types evaluated (as described in Table 2-4 above), building simulations are

performed across six California climate zones. The climate zones were selected to represent a sample of

the largest population centers in California across the service territories of the participating utilities (SCE,

SMUD and LADWP), with the inclusion of two Northern California climate zones in PG&E's service territory

for completeness. Overall, these six climate zones represent about 50% of the state’s households,

covering the regions around: San Francisco, San Jose, Sacramento, Coastal Los Angeles, Downtown Los

Angeles and Riverside. Data from the Residential Appliance Saturation Survey suggest that 62% of the

households in the six climate zones we studied have central or room air conditioning in our study area,

compared to 68% statewide, suggesting that our study area is moderately representative of the statewide

air conditioning saturation rate. We estimate that the climate zones included in this study are broadly

© 2019 Energy and Environmental Economics, Inc.

21|Page



_ California Residential Building Electrification Market Assessment

representative of about 90% of the state’s households. An assessment of building electrification for the

remaining 13% of the state’s households, largely rural, represents a potential area for further study. 3

Figure 2-4. California’s Building Climate Zones, six study area climate zones evaluated are shaded in blue and grey

Building Climate Zones
California, 2017

Building Climate Zones
i] County Boundary

30 Poorly covered climate zones which may be quite dis-similar to those modeled include the climate zones 1 and 2 along the northern coast, the
northernmost Central Valley in climate zone 11, the mountainous climate zone 16, and the southeastern desert climate zones 14 and 15. We note
that many of these climate zones include rural households that lack natural gas infrastructure and use expensive propane or electric resistance heating
(Figure 2-3), so may be good candidates for heat pump retrofits as shown in previous studies.
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For each climate zone, the electric and natural gas residential rates for the corresponding major utilities
are evaluated in the customer bill savings calculations: PG&E, SMUD, SCE and LADWP electric rates, and

PG&E and SoCalGas natural gas rates are applied, as shown in Table 2-5 below.

Table 2-5 Electric and gas utilities in the six climate zones

Building Utility Rates Evaluated

Climate Major City

Cz0o3 San Francisco PG&E PG&E
Cz04 San Jose PG&E PG&E
Cz12 Sacramento SMUD PG&E
CZ06 Coastal LA SCE / LADWP SoCalGas
Cz09 Downtown LA SCE / LADWP SoCalGas
Cz10 Riverside SCE SoCalGas

2.4 Upfront equipment costs and efficiencies

For this study, we found that existing data sources on natural gas and electric equipment costs were
lacking in key respects. The existing data sources that we evaluated generally did not include estimates of
the labor and installation costs of building electrification retrofits, focusing only on equipment costs. For
example, the U.S. National Energy Modeling System (NEMS) data assumes a “like for like” replacement of
equipment and does not include estimates of retrofit costs. In addition, some data sets did not include a

comprehensive set of cost data for a range of natural gas and electric technologies.
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Given the need for a comprehensive and internally-consistent set of installed equipment cost data across
a range of building types and regions of California, we decided to create new estimates of installed
building equipment technology costs using a professional cost estimator from AECOM. Of course, no
single point cost estimate of installed building equipment will be applicable across all buildings, even if
those cost are specific to a given building type and geography. Buildings are heterogenous; in particular,

retrofit and equipment installation costs vary based on many factors.

The cost-estimation approach relies on a combination of published equipment costs and market and
professional experience. By creating this bottom-up estimate of installed capital costs using the same
cost estimator, we hope that we have at least captured the most common sets of cost drivers in an

internally consistent way.

The all-in, installed capital costs of electric equipment are compared to the cost of natural gas equipment
using cost estimates. Capital costs, including installation, labor and retrofit costs were developed using
California-specific information about labor rates and standard industry mark-ups. In the case of heat pump
HVAC systems, which provide both heating and cooling, the costs of the electric heat pump are compared
to the cost of a natural gas furnace plus an air conditioner, in regions of the state where air conditioning
is prevalent. In retrofit situations, the electric heat pump HVAC system is assumed to replace a gas
furnace, plus a portion of the cost of a new air conditioner. This adjustment is made to reflect the fact
that there is still some useful economic life remaining in an air conditioner if it is replaced when the gas
furnace fails. The guiding principal here is to minimize early retirement of equipment where possible —
generally assuming only “replace-on-burnout” in retrofit situations, except for the air conditioner which

is replaced upon burnout of the gas furnace.

We assume that homes that do not currently have air conditioning (primarily those in the San
Francisco/Climate Zone 3, in this study), will not adopt air conditioning in gas-fueled homes. However,

existing homes that currently have window AC units are assumed to upgrade to a central AC system when
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they replace the HVAC system. This assumption attempts to ensure that we are comparing similar levels
of thermal comfort in both the gas-fueled and electric homes in areas where air conditioning is commonly

needed.

Capital costs are estimated for heat pump HVAC systems, heat pump water heaters, electric resistance
and induction stoves and electric resistance and heat pump clothes dryers separately. For all-electric new
construction homes, the avoided cost of natural gas infrastructure (both in-home and for interconnections
to the utility) is included in our cost model. The avoided in-home natural gas piping infrastructure is

reflected in the equipment capital cost estimates developed by AECOM.

An additional cost saving is applied separately based on an estimate of the avoided natural gas piping cost
associated with the service and meter connection. In practice, these avoided costs will be highly site-
specific and could vary widely depending on the size and location of the housing project. The estimated
avoided costs of natural gas infrastructure and interconnection to the utility (outside of the avoided gas
piping in the building itself) are based on estimates from the draft 2020 California Title 24 Building Reach

Code3®'and include:

+ Single family residence: $6,000

+ LRMF: $6,000 (cost is shared by 6-8 units, resulting in $750 or $1,000 per household)

Gas interconnection costs will vary greatly depending on the location of the building, making it difficult to
come up with a single, central estimate. If anything, these avoided gas infrastructure costs may represent
conservative estimates. However, it is important to note that in this study, the avoided gas infrastructure

cost savings within the building itself are included in the equipment capital cost estimates. This study does

31 Based on estimates from, “PG&E Residential Building Gas Service Installation Costs” dated January 28, 2019.
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not attempt to estimate the avoided societal costs of gas interconnections for new construction, which

are shared among all gas ratepayers and would not be a cost or benefit to individual customers.

In retrofit homes moving from gas to electric end uses, the individual replacement of one end use or
appliance is not assumed to trigger the need for a complete electrical panel upgrade. Pre-1978 vintage
homes are assumed to trigger the incremental cost of a panel upgrade to 200A when both the HVAC and
domestic hot water systems are electrified at the same time. The following panel upgrade costs are

applied®>3;

+ Single family: $4,256

4+ Low-rise multifamily: $2,744

Hourly labor rates vary by region of the state and are estimated based on all-in costs for experienced and
licensed contractors. These labor rates vary from $65/hour to $95/hour depending on the region. The
total cost estimates also reflect a mark-up for overhead, which varies between 15% to 20% depending on
the region of the state. Design and engineering costs are 10% of the project cost. Permit, testing and
inspection costs are 1.25% of project costs, while contractor profit and market factors are used to reflect
local market conditions in some markets and vary from 0% in Sacramento and Riverside to 8% in San

Francisco.

To illustrate the categories included in the capital cost estimates for each technology, an example is
provided below for a 1990s vintage single family home that retrofits a gas furnace to an electric HVAC

heat pump.

32 See the City of Palo Alto 2019 Title 24 Energy Reach Code Cost Effectiveness Analysis:
https://cityofpaloalto.org/civicax/filebank/documents/66742
33 See the Palo Alto Electrification Final Report: https://www.cityofpaloalto.org/civicax/filebank/documents/55069
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Figure 2-5. Example of installed equipment capital cost data developed for this analysis: Singe family HVAC heat
pump retrofit, 1990s vintage, Climate Zone 6

Demolition
Remove existing furnace
Labor 680
Disposal 500
1,180
Installation
Furnace Included in heat pump
New Furnace, equipment price
Heating included in split system heat pump
Miscellaneous supplies
Labor
Air Conditioner
New Air Conditioner, equipment price  $ 5,400
Ducted split heat pump AHU in attic,
3-ton 18 SEER/14 EER, 10 HSPF, two-  $ -
Concrete pad, precast S 100
Refrigerant piping and refrigerant S 400
Miscellaneous supplies S 400
Labor S 1,360
Controls
Thermostat & wiring S 400
Gas and Electrical Supply
New electrical circuits to equipment S 190
Panel and main service modification Not required
Gas supply piping Not required
Labor S 340
Ductwork modifications S -
Miscellaneous supplies S 250
Labor S 680
S 9,520
Subtotal S 10,700
$ -
General Conditions and Overhead S 1,605
Design and Engineering S 1,231
Permit, testing and inspection S 169
Contractor Profit/Market Factor S 274
Recommended Budget S 13,979
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2.4.1 TECHNOLOGIES MODELED

Existing mechanical system types are selected to represent typical construction practices for each building
type and vintage. In the building models used in this study, appliances are replaced at the end of their
useful life (“replace on burnout”) and replaced with either a comparable electric technology or a
comparable gas technology. The electric upgrade case applies the electric technology that best
complements the existing conditions while considering cost, technical feasibility, market feasibility, and
occupant acceptance. In most cases, the gas upgrade assumes replacement with the same type of
equipment as is existing. All applicable building codes are assumed to be met in both the electric and gas

upgrade cases.

2.4.1.1 Heating, Ventilation and Air Conditioning (HVAC) Systems

In the gas-fueled homes modeled, the HVAC system consists of a natural gas furnace and an air
conditioning unit. The size and type of the gas furnace and air conditioner vary based on the home type
and the climate zone. The natural gas baseline home is assumed to meet the code minimum requirements
for HVAC equipment in 2018. Homes with window air conditioning are assumed to be retrofitted to central
air conditioning in order to ensure a comparable level of home comfort with the electric heat pump
alternative. Overall, the building simulations suggest that in the California climate zones modeled here,
HVAC heat pumps may perform better than their rated efficiencies, due to the relatively mild climate
compared to the efficiency rating test conditions. Below we present the rated efficiencies of the
equipment modeled; the “achieved” efficiencies vary by home type and climate zone and are generally

higher.

Three types of electric air source heat pump HVAC systems are evaluated:

+ Packaged terminal heat pumps: These are self-conditioned units which can provide both space

heating and cooling. They are often found in hotels but are increasingly considered as low-cost
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options for small apartments and condos. Packaged terminal heat pumps (PTHPs) are generally

only appropriate for smaller homes and are modeled here with a COP of 3.3.

+ Mini-split heat pumps: These heat pumps have an outdoor compressor/condenser and one or
more indoor fan coil units. Ductless mini-split heat pumps can be installed in homes without ducts,
which can make them good options for some retrofit situations. Mini-split heat pumps utilize a
variable speed compressor and can achieve very high efficiencies. The base case modeled
efficiency in this study is an HSPF of 11 (or a rated COP of 3.2, although actual performance will

vary by climate and use patterns).

+ Ducted split heat pumps: A ducted split heat pump also has an outdoor compressor/condenser,
but only one indoor air handling unit which pushes air throughout the home via ducts, in the same
way that a central air conditioning system and furnace would. The base case modeled efficiency
in this study is an HSPF of 10 (or a rated COP of 2.9, although actual performance will vary by

climate and use patterns).
The various HVAC systems used in the homes modeled are summarized in Figure 2-6.

Figure 2-6 Modeled gas and electric HVAC systems: technology, price range and efficiency

Gas Home Electric Home
r 7 ) (e &7 =N
= | &
¥ + RE
@ Packaged . ] )
Terminal Mini-split Ducted Split
Gas Furnace + AC Heat Pump Heat Pump Heat Pump
_ $ $$% $ - $$
(ﬁzk-ﬁf} ($7k-$8k) ($18k-$20k) ($9k-$17k)
~ 3.3 CopP 11 HSPF (~3.2 COP*) 10 HSPF (~2.9 COP*)
\ sgiglljfffé/](_)zszcé:fr:) \11 EER 21 SEER/13 EER 18 SEER/14 EER

Ranges reflect the range of prices across climate zones as a result of labor cost differences.
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In addition to the “common high-efficiency” products modeled in the base case, we also evaluate the
performance of a “best-in-class” product and an “emerging technology” product for the ducted split HVAC
heat pumps and mini-split HVAC heat pumps. The Best-In-Class product represents the highest efficiency
available in today’s California marketplace. The Emerging Technology product represents expected

technology advances in future products.

Table 2-6. and Table 2-7: Low-rise describe the rated efficiencies applied in this analysis to HVAC equipment

for the standard product as well as the two higher-efficiency tiers.

Table 2-6. Single family HVAC New Construction Efficiencies

Seasonal AHRI Ratings
Ducted split air source heat pump | #Speeds | SEER EER  HSPF

Common High Eff Product 2 18 14 10
Best-In-Class Product variable 21 15 13
Emerging Tech Product variable 25 18 16

Table 2-7: Low-rise Multifamily HVAC New Construction Efficiencies

Seasonal AHRI Ratings
Mini-split heat pump #Speeds | SEER EER HSPF
Common High Eff Product variable | 21 13 11
Best-In-Class Product variable | 30 15 14
Emerging Tech Product variable | 36 18 17
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Best-In-Class performance assumptions are based on products in the Air-Conditioning, Heating, &
Refrigeration Institute’s (AHRI’s) certification directory3* and are selected either to match those products
with the highest available HSPF or go slightly beyond. For the Emerging Technology option, the project team

researched trends in system performance and technology.

An IEA study from 20113 stated that heat pump COP performance (for both cooling and heating) is expected
to increase by 20% in 2020 and 50% in 2030. Assuming the 2020 target has been met, this translates to an
additional 25% increase moving to 2030. For this analysis the Emerging Technology performance was
assumed to be 20% better than the Best-In-Class, applying a slightly more conservative improvement factor

than the IEA study to better represent the next 5 years.

2.4.1.2 Domestic Hot Water (DHW)

In existing, natural gas-fueled homes, the base case domestic hot water system is assumed to be a code-
minimum gas storage water heater with a uniform energy factor (UEF) of 0.63. In new construction gas-
fueled homes, consistent with the requirements of the California Title 24 building code, gas tankless water
heaters are assumed, with efficiencies of UEF 0.81. In the electric retrofit and electric new construction

alternatives, heat pump water heaters are evaluated, with a base case efficiency of UEF 3.0.

34 See https://www.ahridirectory.org
35 See https://webstore.iea.org/technology-roadmap-energy-efficient-buildings-heating-and-cooling-equipment
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Figure 2-7 Modeled gas and electric water heating systems: technology, price range and efficiency
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Ranges reflect the range of prices across climate zones as a result of labor cost differences.

Higher efficiency heat pump water heaters are evaluated in a sensitivity analysis, using a “best-in-class”
efficiency of 3.4 UEF, and an “emerging technology” UEF of 4.1. Table 2-8. describes the rated efficiencies

applied in this analysis to water heaters for the standard product as well as the two higher-efficiency tiers.

Table 2-8. Heat Pump Water Heater Efficiencies

Rated Efficiencies
Technology Class UEF cop
Common High Efficiency Product 3.0 35
Best-In-Class Product 34 43
Emerging Tech Product 4.1 5.0
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Best-In-Class performance was based on the Sanden heat pump water heater.3® For this performance
category, the Sanden COP was reduced by 15% relative to the rated value of 5.0 to better align with results
from the CBECC-Res software, which was used to demonstrate compliance with the Title 24, Part 6 energy

code. The Emerging Technology performance was based on the Sanden product without any derating.

Flexible water heating sensitivity assumptions

Water heater production can be optimized to save energy while still meeting service demand, thanks to
the heat storage capability of water. Smart control technology can enable water heaters to shift electricity
demands to avoid the high electric rates under a time-of-use (TOU) rate schedule. We perform a flexible
water heating sensitivity analysis to evaluate the impact of this technology on consumer economics,
assuming that the heat pump water heater runs at minimal power during the peak hours, and is able to
shift all heating demands to hours before the highest priced TOU period. For the purposes of this
sensitivity we assume that energy demands are shifted prior to the peak TOU period rather than after the
peak TOU period — however, since off-peak TOU rates are generally symmetrical before and after the peak
TOU rate, this assumption does not affect the consumer cost results. Other research has demonstrated
that the use of flexible heat pump water heaters is a feasible technology option, and can provide

customers with benefits in the context of Title 24 building code compliance.?’

2.4.1.3 Cooking

Natural gas stoves are compared on a cost and efficiency basis to electric resistance stoves, which are
assumed in low-rise multifamily homes, and electric induction stoves, which are assumed for single family

homes. In practice, an induction or electric resistance stove could be installed in any type of home. These

36 See https://www.sandenwaterheater.com/products/
37 See Grant and Huestis (2018).
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assumptions reflect the fact that electric resistance stoves are generally considered a less high-end

product than induction stoves.

Figure 2-8 Modeled gas, electric and induction cookstoves: price range and efficiency

Cookstove
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0.058 EF oven 0.11 EF oven 0.11 EF oven

Ranges reflect the range of prices across climate zones as a result of labor cost differences.

2.4.1.4 Clothes Drying

The cost and performance of natural gas clothes dryers are compared to electric resistance clothes dryers
in low-rise multifamily homes, and to electric heat pump clothes dryers in single family homes. In practice,
an electric resistance or heat pump clothes dryer could be installed in any type of home, but this
assumption is applied because heat pump clothes dryers are generally a higher cost product, and so are

more likely to be found in the single family homes modeled.
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Figure 2-9 Modeled gas, electric and heat pump clothes dryers: price range and efficiency
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2.4.1.5 All-electric New Construction

For all-electric new construction homes, the avoided cost of natural gas infrastructure (both in-home and

for interconnections to the utility) is included in our cost model.

In all-electric homes, regardless of whether the home is new construction or retrofit, the customer bill
savings are also adjusted, to reflect the fact that the customer is no longer obligated to pay any of the
fixed fees associated with the natural gas rates. The fixed fees on the natural gas rate schedules are not

avoided for homes that continue to have one or more natural gas appliances or end uses.
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2.5 Customer Costs and Savings

2.5.1 ELECTRICITY AND NATURAL GAS RETAIL RATES: CURRENT AND FUTURE RATE
ASSUMPTIONS

To calculate the consumer bill impacts of electrification, we use the hourly energy consumption data from
the building simulation results and apply the gas and electric rates appropriate for each utility service area
to come up with an estimated cost of consumer utility bills. Both categories of rates are assumed to start
at the 2018 rate schedules and escalate over time, using the best information about near-term rate
escalation. Escalation of natural gas rates between 2019 and 2022 is based on the currently filed General
Rate Cases (GRCs) for PG&E and SCG. The GRC for SCG, if approved in full, implies a cumulative 32% real
increase in residential gas rates between 2018 and 2022.38 During this same time period, PG&E rates
would likely increase by a cumulative 6% real based on its filed GRC.> From 2023 through 2025, gas rates
are assumed to escalate at 4% real per year, corresponding to historical rate increases between 2013 and
2018.%0 Escalation of electricity rates from 2019 through 2025 is assumed to be 2% per year above
inflation, based on estimates provided by the electric utilities participating in this study, reflecting the

need for transmission and distribution upgrades as well as compliance with SB 100.

After 2025, both natural gas and electric rates are assumed to escalate a more conservative 1% real
escalation for long-term rate trajectories beginning in 2026 - 2050. This 1% escalation is based on the

Handy-Whitman Index for construction between 1971 and 2016 and does not presuppose specific new

38 See https://www.socalgas.com/documents/regulatory/bill-inserts/FINAL Printer_Proof SCGC_GRC_Reg.pdf for the SCG 2019 GRC, and Ex. 46
table ISC-03 and Ex. 44 “Summary”. We assumed no changes in cost allocation from 2019 through 2022, so that the change in total revenue
requirement is directly proportional to the change in residential rates.

3% See https://www.pge.com/pge_global/common/pdfs/about-pge/company-information/regulation/2020-General-Rate-Case-Summary.pdf for
the PG&E gas 2020 GRC, Ex. 12, Table 10-2; Ex. 11, Table 2-5; and Ex. 17, Table 17A-1. We assumed no changes in cost allocation from 2019 through
2022, so that the change in total revenue requirement is directly proportional to the change in residential rates.

40 The historical natural gas rate increases are calculated based on the average residential retail gas price in California reported by the Energy
Information Administration (EIA). https://www.eia.gov/dnav/ng/hist/n3010ca3A.htm
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investments, changes in load and gas throughput, or other measures associated with complying with

California’s climate policy goals.*

In addition to the 1% per year real escalation rate, we also assume a rising carbon price trajectory through
2030. This carbon price trajectory is based on the 2017 CEC IEPR “High” price scenario®, reaching $84 (in
2018S) in 2030. The carbon price is used to determine a carbon price adder relative to today’s rates, which
are assumed to already reflect the current market price for carbon. We chose the CEC high carbon price
scenario because of the key role of cap-and-trade policy in meeting California’s 2030 climate goal, based

on the adopted 2017 CARB Scoping Plan.*®

In this analysis, we have not attempted to forecast how the cost of wildfires may affect future electricity
rates, nor have we tried to estimate how the cost of meeting the state’s long-term climate goals will affect
rates. Renewable natural gas and electrification are both likely to increase natural gas rates, which could

lead to more favorable economics for electrification than are shown here.

To address the sensitivity of our results to higher near-term electric rate increases, we include a sensitivity
analysis where electric rates increase at the same rate as natural gas rates. The rate escalation schedule
from SoCalGas (showing a cumulative 32% increase above inflation from 2018 through 2022) is applied to
the electric rates for SCE, PG&E, and LADWP, and the rate escalation schedule from PG&E’s gas rates
(showing a cumulative 6% increase above inflation from 2018 through 2022) is applied to the electric rates

for SMUD. PG&E’s electric rates are included in the first group due to the higher estimated potential for

41 This escalation rate is likely conservative, depending on how California implements its building decarbonization strategy. Mahone et al. (2018)
showed complying with 80 x 50 requires large declines in gas throughput (i.e., from gas efficiency and building electrification), substitution of expensive
renewable natural gas for fossil natural gas, or both; this would tend to exert large upwards pressure on volumetric gas rates. Furthermore, Governor
Brown’s recent Executive Order B-55-18, established a carbon neutrality target for 2045, which is more strict than 80 x 50. (“80 x 50” refers to the
state’s existing goal of an 80% reduction in GHG emissions below 1990 levels by 2050.) However, complying with SB 100 and other state policy goals
may also increase electricity rates beyond that modeled here as well.

42 https://efiling.energy.ca.gov/GetDocument.aspx?tn=216271

43 https://www.arb.ca.gov/cc/scopingplan/scoping_plan_2017.pdf
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near-term rate increases. The results of this sensitivity analysis are presented alongside the main results

in the Consumer Bill Impacts Section 3.3.5 and the Lifecycle Costs and Savings section 3.4.5.

The base case, or “reference” rate escalation assumptions applied in this study for electricity and gas are

summarized in Figure 2-10.

Figure 2-10: Residential natural gas and electricity rates, reference scenario (real 2018$)
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Rates are averaged over delivered natural gas for core customers and electricity for all end uses.

The above escalation rates are applied to 2018 residential electric and gas rate schedules for each utility
to come up with future rate schedules, which are summarized in Table 2-9 and Figure 2-11. We emphasize
that future rate designs and cost allocation schemes could vary substantially from today’s rates. For
electric rates, both the SCE TOU-D-4-9 rate (filed with the 2018 GRC) and the PG&E E-TOU OPTION B rate
schedule have a 4pm-9pm peak, representing the typical peak demand of the grid after residential solar
generation ramps down. These two utilities’ electric rates are higher than others, peaking at $0.35-50.40
per kWh. SMUD 1-R-TOD has the lowest rates and a much shorter period of peak rates (5pm-8pm). LADWP
R-1(A) is the only tiered and flat schedule. Depending on the monthly consumption of the consumer, the

LADWP rate in most cases is higher than SMUD, but lower than PG&E and SCE. The SCE TOU-D-4-9
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schedule is the only one that features a highly differentiated TOU structure in winter. Furthermore, on
this rate schedule, SCE credits customers (on a per-kWh basis) whose consumption is below the monthly

baseline, represented by the faded line in Figure 2-11.

Residential natural gas retail rates for PG&E and SoCalGas are modeled for northern California and
southern California respectively. Both rates feature a tiered structure subject to daily baselines and are
subject to regional and seasonal gas price variations. The 2018 PG&E G-1 residential rate averaged $1.3
or $1.8 per therm depending on daily usage. The 2018 SoCalGas GR rate was 30% lower than PG&E, at

$0.9 or $1.2 per therm on average depending on daily usage.

Table 2-9: Electric and gas rate schedules applied in this study for each utility service territory.

Utility Electricity Rate Schedule Name

SCE TOU-D-4-9 (TIME-OF-USE DOMESTIC) (Filed)

PG&E E-TOU (RESIDENTIAL TIME-OF-USE) OPTION B
SMUD 1-R-TOD (RESIDENTIAL TIME-OF-DAY)

LADWP R-1(A) (RESIDENTIAL STANDARD TIERED FLAT RATE)
PG&E RESIDENTIAL SCHEDULE G-1

SoCal Gas RESIDENTIAL SERVICE GR
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Figure 2-11: 2018 hourly electric rates for each utility service area.
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Red lines represent summer rates, and blue lines represent winter rates. Southern California Edison (SCE) gives credits (per kWh base) for customers
whose consumption is below its monthly baseline, indicated by the faded line in the SCE chart. Note that time shown is based on Pacific Standard
Time, so the summer peak would be one hour earlier in Pacific Daylight Time.

2.5.2 LIFECYCLE COSTS AND SAVINGS

Lifecycle costs reflect the cost of ownership of an appliance, including both capital and operating costs,
spread over its lifetime (maintenance costs/savings are not estimated in this study). We calculate lifecycle
cost as the monthly present value of the total capital costs and bill costs of an appliance throughout its

lifetime. Lifetimes of the modeled appliances are assembled from data supporting the National Energy
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Modeling System, applying the average estimated lifetime in this study (see Table 2-10). A single
equipment lifetime is assumed for HVAC systems (including both the air conditioning and gas furnace
systems). For the all-electric home lifecycle analysis, a 30-year lifetime is assumed, consistent with the

California Energy Commission’s Title 24 residential building code assumptions.

We apply a 3.35% after-tax real discount rate to the annualized capital costs and bill costs. This is
equivalent to an 8% nominal discount rate that reflects a typical home equity line of credit or mortgage

rate that a consumer may have access to when renovating or purchasing a home.

Table 2-10: Assumed equipment lifetimes from data supporting the National Energy Modeling System (NEMS).**

Equipment
lifetime

Heat Pump

Gas Fired Furnace 18
Central AC

Gas Water Heater 13
Heat Pump Water Heater 13
Cookstove 12
Clothes Dryer 13
All-Electric Home (for bill impact calculation only) 30

2.6 Greenhouse Gas Emissions

Greenhouse gas emissions from homes include emissions from three categories: direct emissions from
natural gas combustion (or other fuels, not assessed here), indirect fossil fuel combustion emissions from

electricity consumption, and fugitive emissions from either methane in the natural gas system or high-

4 See https://www.eia.gov/analysis/studies/buildings/equipcosts/pdf/appendix-a.pdf [Accessed on July 26th, 2018]
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GWP refrigerants leaked from air conditioners, heat pumps, refrigerators and freezers. The methodology

for calculating each of these is described below.

2.6.1 COMBUSTION EMISSIONS FROM NATURAL GAS

The emissions intensity of natural gas is modeled as that of fossil natural gas (0.053 tonnes/mmBTU-High
Heating Value) when calculating GHGs. To achieve California’s long-term climate goals, the emissions
intensity of natural gas, and/or the total consumption of natural gas, will need to decline dramatically.
However, as described in Section 2.5.1, we take a conservative approach and assume neither an increase
in the cost of natural gas in the base scenario, nor a decrease in the emissions intensity of natural gas, to

avoid a presumption about how the natural gas industry will comply with the state’s climate goals.

2.6.2 INDIRECT FOSSIL FUEL COMBUSTION EMISSIONS FROM ELECTRICITY

For the 2030 timeframe, indirect fossil fuel combustion emissions from electricity are calculated based on
hourly marginal electricity emissions rates. These emissions rates are based on the simulated performance
of the Western Electricity Interconnect under a future in which California achieves a 60% RPS by 2030. For
2050, greenhouse gas emissions are calculated based on a long-run average emissions rate for electricity
from the California PATHWAYS High Electrification scenario. This is a scenario in which California achieves
the electricity sector goals of SB 100 by 2045 and sees high levels of energy efficiency and electrification
across the building and transportation sectors. More details are found in Appendix C: Additional Methods

Detail.

We do not attempt to quantify the upstream methane leakage emissions associated with natural gas-fired
electricity generation. These emissions would not change our results significantly and will become

negligible as California’s grid becomes less reliant on natural gas due to compliance with SB 100.
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2.6.3 FUGITIVE EMISSIONS OF METHANE

The national infrastructure for natural gas has leaks at many steps of the production and distribution
process. These leaks have outsized impacts on the climate impacts of natural gas use, since methane, the
chief component of natural gas, has a higher global warming potential (GWP) than natural gas.*® This
means that each 1% leakage of natural gas volume translates to a 9% increase in effective GHG
emissions.?® The rate of leakage in the national natural gas infrastructure has been widely studied. A
recent widely-cited study by Alvarez et al. (2018) estimated a national average leakage rate of 2.3% of
consumption across the entire national natural gas supply chain. CARB also maintains an inventory of
greenhouse gas emissions in California which includes data about methane leakage, but since California
imports approximately 90% of its natural gas it is more accurate to use a national average leak rate. The
California Energy Commission recently estimated the behind-the-meter leakage rate for natural gas
infrastructure in single family homes to be 0.5% (Fischer et al. 2018), which we add to the 2.3% figure to

arrive at a total leakage rate of 2.8%.

Methane leakage is assumed to be reduced 40% by 2030, consistent with the California Air Resources
Board Short-Lived Climate Pollutant Strategy and previously proposed EPA regulations on methane
leakage from oil and gas wells under the Obama Administration®’. California imports ~90% of its natural

gas and most fugitive methane emissions happen during production, so federal regulations, or lack

4 While we use the 100-yr GWP in this report in accordance with CARB and other GHG inventory protocols, we note that conventional GWP metrics
cannot universally equate short-lived climate pollutants like methane with long-lived GHGs like CO.. A shorter time horizon GWP may sometimes be
appropriate when considering near-term and peak warming, but even the 100-yr GWP can underestimate the primacy of CO; for the long-term goal
of climate stabilization (Allen et al. 2016)..

46 The mass-based 100-year GWP of methane is 25 times higher than CO.. This is based on the IPCC Fourth Assessment Report (Forster et al. 2007)
and is used in the California GHG inventory, although more recent research is consistent with a somewhat higher GWP (see, e.g. Etminan et al. (2016).
However, when calculating the GHG emissions from natural gas leakage, the molar-based GWP (not the more commonly reported mass-based metric),
is the relevant GWP number, because this accounts for the difference in molar masses between CHs and CO.. The molar-based GWP of methane is 9
times that of CO..

47 The Obama administration previously set a goal to reduce methane emissions from the oil and gas sector to 40 to 45 percent below 2012 levels by
2025, and the EPA began instating regulations to help achieve this goal while President Obama was in office (see US EPA, 2016). Under the Trump
administration, many of these regulations have been rolled back (see Tollefson, 2018).
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thereof, are likely to have a big effect on fugitive methane emissions associated with natural gas use in
California homes. Note that methane regulations on new oil and gas wells have been rolled back under
the current administration, and no new regulations on existing wells are currently under consideration. If
new federal methane regulations are not put in place by 2030, our assumption about a future 40%

reduction in methane leakage may prove to be optimistic.

2.6.4 FUGITIVE EMISSIONS OF HIGH-GWP REFRIGERANT GASES

Leakage is also an issue with the refrigerants used in air conditioning units and heat pumps. The most
commonly used refrigerants today still have an extremely high global warming potential. R410A, a
common refrigerant currently used in new residential AC and heat pump systems including water heaters,
has a 100-yr GWP of 2088. For heat pump clothes dryers, a common refrigerant is R134A (GWP 1430). In

our 2020 estimates we assume that the current refrigerants listed above are used.

Efforts are currently being made in the refrigerant industry to identify lower-GWP refrigerants. The most
promising replacement for R410A is R32 (GWP 675), and for R134A it is R1234yf (GWP 4)*, In our 2030
and 2050 estimates of refrigerant leakage, we assume that this next generation of refrigerants is used.*
For heat pump water heaters, the technology exists to use CO; as a refrigerant (GWP 1), and this approach
can be used for hydronic HVAC heat pump systems as well, but not currently for air-to-air systems. For
smaller heat pump HVAC applications, hydrocarbon refrigerants such as propane (GWP 3) are also
beginning to be used in certain applications. However, these refrigerants are flammable, so at least in the

near term their use will be restricted to applications that require only small volumes of refrigerant.

48 See California Air Resources Board (2017)
49 CARB has proposed (but not yet enacted) bans on higher-GWP refrigerants in stationary AC units as part of its efforts to meet the state’s goal of
reducing HFC emissions to 40% below 2013 levels by 2030.
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Note that the fugitive emissions of refrigerants are much higher (as a percentage of indirect electricity
emissions) than what is reported in the CARB inventory, because the CARB inventory does not include the
fugitive emissions of CFCs such as HCFC-22 (GWP 1810) which are being phased out under the Montreal
Protocol. As residential customers replace their older HCFC-22 equipment with newer HVAC units
(regardless of whether it is a standard AC system or an HVAC heat pump), the fugitive GHG emissions
caused by leakage of their equipment will not increase significantly if both their old and new refrigerants
have a similar GWP, but it will increase significantly as measured by the CARB inventory since the fugitive
emissions from their new system will now be counted. To estimate refrigerant leakage by technology
type, we referred to CARB estimates of typical leakage rates for each technology.*® Details are in Appendix

C: Additional Methods Detail.

2.7 Grid Impacts

Electric grid impacts of electrification are estimated using the hourly electricity demand profiles from the
building simulation results. The average load is calculated, weighted by the assumed share of each

building type by climate zone, and the assumed technology adoption rate.

Table 2-11 below illustrates this scenario of electric end use adoption in 2020, 2030 and 2050. This
electrification adoption scenario represents one plausible “high electrification” future, in a world in which
heat pump adoption is based largely on consumer economics with minimal other adoption barriers. This
scenario, thus, is not a forecast, but is meant to test the potential of high building electrification on the

bulk grid system.

%0 Data obtained through communications with CARB staff.
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Table 2-11 Projected penetration of electric equipment in 2020, 2030 and 2050

2020 2030 2050

Penetration | Penetration Penetration
(% of stock) | (% of stock) (% of stock)

Share of all-electric low-rise residential homes 0% 26% 86%

Penetration represents the share of all-electric equipment among the entire stock of all fuel types.

This approach is intended to be a rough screen of future grid impacts to test whether building
electrification is likely to exacerbate peak loads, or, conversely, improve the load factor of the system (the
ratio of average to peak load). An improved load factor can lead to lower electricity rates over time

through more efficient utilization of electric grid infrastructure.
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3 Results

3.1 Greenhouse gas emissions

We estimated greenhouse gas (GHG) emissions associated with residential buildings from both fossil fuel
combustion (indirectly from electricity use and directly from natural gas use) and fugitive emissions of
methane and refrigerant gases. An all-electric single family home is estimated to reduce annual GHG
emissions by 33 - 56% in 2020 and by 76 — 88% in 2050 compared to a natural gas-fueled home. The
ranges reflect differences based on building vintages and climate zones. Smaller homes with smaller
heating and cooling demands, including low-rise multifamily homes, save less GHG emissions per home

on an absolute basis, but see a similar percentage reduction in GHG emissions by 2050 (Table 3-1).

Table 3-1: Greenhouse gas savings achieved in an all-electric home relative to a natural gas-fueled home, tonnes of
COze annually saved, and percent reduction relative to gas

2020 2030 2050
Single family 1.0-2.6 (33%-56%) | 1.2-2.7 (52%-72%) | 1.4-2.9 (76%-88%)
Low-rise multifamily 0.4-1.4 (25%-46%) | 0.6-1.5 (49%-65%) | 0.7-1.7 (74%-85%)

Percentages show the percent reduction of GHG emissions achieved in an all-electric home relative to a natural gas-fueled home. Ranges
represent the spread across climate zones and across vintages. Homes without AC in the mixed fuel case (new construction in climate zone 3) are
excluded.

Figure 3-1 illustrates this result for a 1990s vintage single family home in Sacramento. Here, emissions are
reduced by 45% in 2020 and by 82% in 2050. The total magnitude of annual GHG emissions savings
achieved by retrofitting to an all-electric home is about 2 tonnes of CO;-equivalent in 2020, in this

example, and closer to 3 tonnes in 2030.
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Figure 3-1: Annual GHG emissions from a 1990s vintage single family home for Sacramento
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Electricity emissions are based on the High Electrification scenario consistent with SB 100; see the greenhouse gas methodology section for more
details. The 2030 and 2050 bars assume that the next generation of low-GWP refrigerants are used in all applicable heat pump systems modeled,
including air conditioners, HVAC heat pumps, heat pump water heaters, and heat pump clothes dryers. We do not estimate refrigerant leakage from
refrigerators and freezers, but these fugitive emissions would be the same in both electric and mixed fuel homes. We assume that by 2030, fugitive
methane emissions are reduced by 40%, as mandated by the CARB Short-Lived Climate Pollutant Strategy and as previously set as a goal by the Obama
administration. We based our calculations of fugitive refrigerant emissions on CARB data as described further in Appendix C.

The largest driver of greenhouse gas emissions savings in all-electric buildings comes from eliminating
carbon dioxide emissions from natural gas combustion. In general, homes in Northern California, which
require more energy for space heating and cooling, have a larger potential for emissions savings from all-

electric homes than in Southern California.
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3.2 Capital Cost Comparisons

3.2.1 HEATING, VENTILATION AND AIR CONDITIONING SYSTEMS (HVAC)

Common high-efficiency equipment

Overall, we find capital cost savings from heat pump HVAC systems compared to combined gas furnace

and air conditioning systems. HVAC heat pumps show a capital cost advantage of up to $3,000 over a

combined gas furnace and air conditioning system in retrofit situations for most homes modeled, even

after considering the delayed replacement cost of AC equipment (Figure 3-2).

Figure 3-2: Capital cost of an HVAC heat pump compared to a gas furnace plus air conditioner system.
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The additional electrical panel upgrade costs (adding a new 220V/30A circuit) for ducted split HVAC heat
pumps diminish the cost advantage over the reference gas system in older retrofit homes using this
technology. In comparison, mini-split ductless heat pumps and packaged terminal heat pumps (modeled
for other retrofit homes) feature a significant cost advantage of $1,500-$3,000 due to the lower
installation and modification costs compared to ducted heat pumps. Likewise, equipment cost savings
make HVAC heat pumps more appealing in new construction homes, which avoid the demolition and
modification costs associated with retrofits. However, for homes that do not have AC (modeled as new
construction homes in San Francisco), an HVAC heat pump costs about twice as much as installing a gas

furnace.

Best-in-class and emerging technology equipment

The additional cost of higher-performance heat pumps is assessed for new construction homes, to
understand the impact of efficiency improvements and technology development. “Best-in-class products”
are the highest-efficiency units that are available in the current market, featuring a 15%-40%
improvement in efficiency compared to common high-efficiency products. The “emerging technology”
products, which have a 40%-70% efficiency gain compared to the common high-efficiency products, were

not included in the cost estimates.
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Figure 3-3: Capital cost of HVAC heat pumps of two efficiency levels, compared to a combined gas furnace and air

conditioner system, for new construction homes.
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The cost premiums associated with the “Best-in-Class” HVAC heat pumps, as shown in Figure 3-3, almost

erase the capital cost advantages of HVAC heat pumps over combined gas furnace and AC systems in new

construction homes. The smaller best-in-class HVAC heat pump systems (modeled for San Jose, Coastal

LA and Downtown LA) still maintain a slight cost advantage, whereas the higher-tonnage (more powerful)

HVAC heat pumps are more costly and show a slight cost disadvantage over gas furnace plus AC systems.

© 2019 Energy and Environmental Economics, Inc.
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3.2.2 DOMESTIC WATER HEATING

Heat pump water heaters (HPWHSs) cost $1,000-52,000 per household more than gas storage water
heaters (modeled for all retrofit homes). However, HPWHs have a lower capital cost than gas tankless
water heaters (modeled for new construction homes). The cost savings over gas tankless water heaters

are driven by not having to run gas lines inside the home to connect the gas appliance.

Figure 3-4 Capital cost of an electric heat pump water heater compared to a natural gas water heater.

CZ03 CZ04 czZ12 CZ09
47K (San Francisco) (San Jose) (Sacramento) (Downtown LA)
e Gas WH
$6K B Heat Pump WH
=$5K
E$4K
199
243k
=
U g2k
$1K

$0K'5re1978 19905 New  Pre-1978 1990s  New  Pre-1978 10905  New  Pre-1978 19905 New
$7K

$6K

$5K

Multifamily
L
I
)

Pre- 1990s ew re-1978 1990s ew re-1978 s ew re- s ew

Differences between climate zones are based primarily on differences in labor costs. Costs are presented on a per-unit basis.

Similar to HVAC systems, higher-performance HPWHs are investigated. The efficiency improvement of the
best-in-class product is about 10% compared to the common high-efficiency product. The emerging

technology product features a 30% efficiency gain over the common high-efficiency product. For most
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new construction homes, “Best-in-Class” HPWHs still deliver a capital cost advantage of ~$500 over gas

tankless water heaters.

Figure 3-5: Capital costs of heat pump water heaters of two efficiency levels, and natural gas water heaters, for new

construction homes
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Electric induction cookstoves and heat pump clothes dryers generally have slightly higher capital costs

compared to gas stoves and gas clothes dryers. Electric resistance cookstoves and electric resistance

clothes dryers are similar in capital cost to their gas counterparts (

Figure 3-6).
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Figure 3-6: Capital cost of cookstoves modeled. Figure on the left shows induction stoves (modeled for single family
homes); figure on the right shows electric resistance stoves (modeled for low-rise multifamily homes)
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Figure 3-7: Capital cost of clothes dryers modeled. Figure on the left shows heat pump clothes dryers (modeled for
single family homes); figure on the right shows electric resistance clothes dryers (modeled for low-rise multifamily

homes)
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3.2.4 ALL-ELECTRIC NEW CONSTRUCTION

All-electric new construction homes are likely to have a lower capital cost than their mixed-fuel
counterparts. In addition to the lower capital cost of HVAC heat pumps compared to gas furnace plus AC
systems, all-electric new construction homes avoid the gas infrastructure cost and gas interconnection
cost needed for gas appliances. New construction homes also do not require electrical panel upgrades
that can be required to retrofit existing homes to all-electric. By avoiding the aforementioned costs, an
all-electric new construction home was estimated to have a capital cost advantage ranging from $3,000
to more than $10,000 over a mixed-fuel home, except for the low-rise multifamily home prototype in San

Francisco (climate zone 3), where the mixed-fuel home was assumed to lack air conditioning.
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Figure 3-8 Capital costs per unit of all appliances (HVAC, water heater, stove, and clothes dryer) and infrastructure
(including gas connection costs) for new construction
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3.3 Consumer bill impacts

To quantify the consumer bill impacts of the electric building technologies investigated in this study, we
report the average bill savings of an electric appliance over a gas counterpart. Average bill savings are
presented as an annual value, amortized over the equipment lifetime. A discount rate is applied to account

for the time-varying value of money.
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3.3.1 HEATING, VENTILATION AND AIR CONDITIONING (HVAC) SYSTEMS

Common high-efficiency equipment

Our results indicate that HVAC heat pumps deliver bill savings for all homes for both retrofit and new
construction (Figure 3-9), of up to $600 per year. The amount of bill savings is determined by the efficiency
of the electric unit compared to the gas counterpart, the total energy consumption, and the electricity
rates. The highly efficient heating cycle associated with HVAC heat pumps drives bills savings, as well as
the higher efficiency of cooling compared to AC units in mixed-fuel homes. The larger single family homes
and those of older vintages benefit more from switching to HVAC heat pumps due to higher heating and
cooling demands. Electricity rates also drive differences: SMUD’s low rates allow for much higher annual
bill savings (up to S600/year) than other utility service territories (up to $400/year). Over the long term,

bill savings for HVAC heat pumps could increase if gas retail rates increase faster than electric rates.
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Figure 3-9 Average consumer bill savings from HVAC heat pump adoption
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The multiple data points for each color represent the different climate zones in each area. Colors of the dots show the location of the modeled homes:
the San Francisco Bay Area including CZ03 and CZ04 (Bay Area), Sacramento including CZ12 (SMUD), and Southern California including CZ06, CZ09 and
CZ10 (SoCal). Savings are relative to combined gas furnace and air-conditioner (AC) systems (except for new construction in San Francisco where AC
is not considered). Positive values represent savings in combined annual electric and gas bills. Modeled technologies include mini-split heat pumps,
ducted split heat pumps, packaged terminal heat pumps (PTHPs), and central heat pump water heaters and chillers combined with hydronic radiators
(HPWH + Central Chiller).

Best-in-class and emerging technology equipment

Higher-performance HVAC heat pumps can generate significant additional bill savings for consumers,
more than double the savings achieved by switching to the common high-efficiency product in most

regions. The advantage in bill savings is greater in regions with higher electricity rates (SCE and PG&E).
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Figure 3-10 Average consumer bill savings for higher-performance HVAC heat pumps
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Annual bill savings shown for a new single family home, comparing a high-efficiency system (Common High-Eff HVAC), best-in-class system (Best-in-
Class HVAC), and emerging technology system (Emerging-Tech HVAC). Each group represents one utility service territory in San Jose (CZ04),
Sacramento (CZ12), coastal Los Angeles (CZ06) and downtown Los Angeles (CZ09).

3.3.2 WATER HEATING

Common high-efficiency equipment

Bill savings from switching to heat pump water heaters (HPWHs) do not show a clear trend across various
technologies and home types. HPWHs deliver bill savings in all climate zones when compared to gas
storage water heaters (modeled for retrofit homes, but not for new construction). Bill impacts are more
mixed when HPWHSs are compared to more efficient gas tankless water heaters for new construction
homes. Electricity rates also play a role: in SMUD where electricity rates are lower, HPWHs show bill

savings relative to both gas storage and gas tankless water heaters.

© 2019 Energy and Environmental Economics, Inc. 59|Page



_ California Residential Building Electrification Market Assessment

Figure 3-11 Average consumer bill savings from adopting heat pump water heaters (HPWHs)
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The multiple data points for each color represent the different climate zones in each area. Colors of the dots show the location of the modeled homes:
the San Francisco Bay Area including CZ03 and CZ04 (Bay Area), Sacramento including CZ12 (SMUD), and Southern California including CZ06, CZ09 and
CZ10 (SoCal). Savings are relative to natural gas water heaters. Positive values represent savings in combined annual electric and gas bills.

Best-in-class and emerging technology equipment

Higher-performance HPWHSs can slightly reduce consumer bills by $10-$30 per year. The efficiency
improvements can lead to bill savings or bring consumers close to bill parity in most areas modeled (Figure

3-12).
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Figure 3-12 Average consumer bill savings from switching to higher-performance HPWHs
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Savings are relative to a gas tankless water heater in a new construction single family home.

Flexible water heating sensitivity

We assess the impact of a flexible water heating schedule on consumer bills. We assume that the water
heater runs at minimal power during the peak TOU hours and shifts the water heating to off-peak TOU
hours. (We assume pre-heating; however, this is an arbitrary choice, as TOU rates are generally symmetric
before and after the peak TOU period.) Energy consumption of HPWHs is higher in winter than in summer,
especially during peak hours (Figure 3-14). The TOU rates investigated in this study capture the evening

water heating peak demand but miss the morning water heating peak period.

Given existing rate structures, the customer benefits of flexible water heating are relatively limited. The
customer benefits are highest under the SCE TOU-4-9 rate structure (Downtown Los Angeles) because of

the relatively large TOU differentiation of $0.12 per kWh in winter (Figure 3-13).
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Figure 3-13 Average consumer bill savings from a flexible water heater schedule compared to a regular water

heater schedule
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Savings are relative to a gas tankless water in CZ04 (San Jose), CZ12 (Sacramento) and CZ09 (Downtown Los Angeles) for single family homes. The
flexible schedule assumes that the water heater runs at minimal power during the peak hours and shifts the heating to hours before the highest priced

TOU period.

Avoiding peak rates through flexible water heating schedules generates little bill savings under PG&E and

SMUD TOU rates, because these rates feature a very small difference, less than $0.04 per kWh, between

on-peak and off-peak (Figure 2-11). In the future, new rate designs that encourage the use of flexible

water heating would have larger differences in TOU periods, particularly in winter when water heating

demands are higher. This could help encourage the use of flexible, smart water heater technology.

Figure 3-14: Heat pump water heater energy consumption, and corresponding electric rates, for three climate zones
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Red lines represent electricity rates. Blue lines show the water heating schedules modeled for new construction single family homes in CZ04 (San
Jose), CZ12 (Sacramento) and CZ09 (downtown Los Angeles). The shade highlights the peak period under the TOU rate schedule modeled for PG&E,
SMUD and SCE.

3.3.3 COOKING

Electric cookstoves, both induction and electric resistance, increase consumer bills relative to gas stoves,
but the impacts are relatively low, at less than $80/year in the highest cases. Moderate differences in bill
impacts appear across utilities, climate zones, and home types due to differences in total consumption

under tiered gas rates (and tiered electricity rates, for LADWP).
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Figure 3-15 Average consumer bill savings from adopting electric cookstoves
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The multiple data points for each color represent the different climate zones in each area. Colors of the dots show the location of the modeled
homes: the San Francisco Bay Area including CZ03 and CZ04 (Bay Area), Sacramento including CZ12 (SMUD), and Southern California including
CZ06, CZ09 and CZ10 (SoCal).

3.3.4 CLOTHES DRYING

An electric clothes dryer, using either heat pump or electric resistance technology, increases consumer
bills relative to a gas counterpart. Bill increases range from $20/year to $220/year, depending on the

utility rates, rate structures, and the type of home.
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Figure 3-16 Average consumer bill savings from adopting electric clothes dryers
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The multiple data points for each color represent the different climate zones in each area. Colors of the dots show the location of the modeled
homes: the San Francisco Bay Area including CZ03 and CZ04 (Bay Area), Sacramento including CZ12 (SMUD), and Southern California including
CZ06, CZ09 and CZ10 (SoCal).

3.3.5 MULTI-APPLIANCE RETROFITS AND ALL-ELECTRIC NEW CONSTRUCTION

Electrifying both HVAC and water heating systems generates bill savings for all retrofit homes studied. The
bill savings can be up to $750 per year in single family homes and up to $300 per year in low-rise
multifamily homes (Figure 3-17). All-electric new construction homes also generate bill savings in many
regions. Note that for this multi-appliance bill impacts analysis, we assume that only HVAC and water
heating are electrified in retrofit homes, while in new construction homes, all appliances are electrified

including cookstoves and clothes dryers.
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Figure 3-17 Average consumer bill impacts of electrifying multiple end uses, using base case assumptions
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The multiple data points for each color represent the different climate zones in each area. Colors of the dots show the location of the modeled homes:
the San Francisco Bay Area including CZ03 and CZ04 (Bay Area), Sacramento including CZ12 (SMUD), and Southern California including CZ06, CZ09 and
CZ10 (SoCal). Savings are relative to gas end uses. For retrofit homes, bill impacts reflect electrifying both HVAC and water heating systems. For new
construction homes, bill impacts of electrifying an entire home are shown including electric air source heat pump, heat pump water heater, cookstove
and clothes dryer.

Switching from common high-efficiency products to best-in-class or emerging-technology products would
reduce average bills by $100-S200 per year, generating bill savings for new homes in all climate zones

studied (Figure 3-18).

66|Page



Figure 3-18 Average bill savings from switching to multiple higher-performance electric end uses
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Savings are relative to gas end uses. The results are shown for a new single family all-electric home, comparing common high-efficiency, best-in-class,
and emerging-technology HVAC heat pumps and heat pump water heaters. Cookstoves and clothes dryers in all three cases have the same efficiencies.
Each group represents one utility service territory in San Jose (CZ04), Sacramento (CZ12), coastal Los Angeles (CZ06) and downtown Los Angeles
(Cz09).

We also evaluated the impact on average consumer bills of an electric rate sensitivity, assuming that
electricity and natural gas rates increase at the same annual percentage growth rate between 2019 and
2050. Electric rates for PG&E, SCE, and LADWP are assumed to increase at the same annual rate of change
as SoCalGas's gas rates (including a cumulative 32% increase above inflation from 2018 through 2022),
and electric rates for SMUD are assumed to increase at the same annual rate of change as PG&E’s gas
rates (including a cumulative 6% increase above inflation from 2018 through 2022). In this sensitivity,
PG&E’s electric rates are assumed to increase faster than the natural gas rates due to wildfire risk and
liability, while SCE’s, SMUD and LADWP’s rates are assumed to increase at the same pace at the gas utility
in their service territory. As a result, the largest difference in results between the base case assumptions

and this rate sensitivity are seen in the “Bay Area” climate zones, representing PG&E’s service territory.
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The results of this sensitivity analysis reduce the average bill savings over the lifetime of the equipment or

building relative to the base case assumptions (Figure 3-19).

Figure 3-19. Average consumer bill impacts of electrifying multiple end uses, electric rate sensitivity
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The multiple data points for each color represent the different climate zones in each area. Colors of the dots show the location of the modeled homes:
the San Francisco Bay Area including CZ03 and CZ04 (Bay Area), Sacramento including CZ12 (SMUD), and Southern California including CZ06, CZ09 and
CZ10 (SoCal). Savings are relative to gas end uses. For retrofit homes, bill impacts reflect electrifying both HVAC and water heating systems. For new
construction homes, bill impacts of electrifying an entire home are shown including electric air source heat pump, heat pump water heater, cookstove
and clothes dryer.

3.3.6 SUMMARY OF AVERAGE BILL IMPACTS
The pie charts below summarize the share of homes in the study area that would see bill savings, bill

increases of less than $100/year, and bill increases of more than $100/year.
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Figure 3-20 Share of simulated households with bill savings from adopting electric end uses;
results are weighted by the estimated share of households in each climate zone and utility service
territory
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The building simulation results are weighted using the share of households in each combination of climate zone and utility, as described in section
2.2.1. to create this summary figure. Average bill costs of HVAC heat pumps are compared against a combined gas furnace and air conditioner
(AC) system except for a new construction home in San Francisco (Climate Zone 3) where we assume all homes do not have AC. For retrofit
homes, we show the average bill impact of electrifying HVAC and water heating systems at the same time. For new construction, we look at an
all-electric home with all four appliances modeled electrified.

3.4 Lifecycle costs and savings

The lifecycle cost of an appliance represents the total cost of ownership, combining capital cost and bill
costs. Lifecycle costs are presented in this study as an annual value, amortized over the equipment
lifetime. A discount rate is used to account for the time-varying value of money. In this section, we

evaluate the lifecycle costs and savings of the building technologies investigated in this study.
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3.4.1 HEATING, VENTILATION AND AIR CONDITIONING (HVAC) SYSTEMS

Common high-efficiency equipment

The installation of HVAC heat pumps can result in up to $550 per year in lifecycle savings relative to a
combined gas furnace plus air conditioner (AC) system (Figure 3-21). However, homes without AC incur

an extra lifecycle cost of $200 per year by switching to an HVAC heat pump.

Figure 3-21 Lifecycle savings from adopting HVAC heat pumps
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The multiple data points for each color represent the different climate zones in each area. Colors of the dots show the location of the modeled homes:
the San Francisco Bay Area including CZ03 and CZ04 (Bay Area), Sacramento including CZ12 (SMUD), and Southern California including CZ06, CZ09 and
CZ10 (SoCal). Savings are relative to a combined gas furnace and air-conditioner (AC) system (except for the new home in San Francisco where AC is
not considered). Positive values represent savings in both capital and operating costs throughout the lifetime of HVAC heat pump over the gas
alternative system; negative values indicate costs. Modeled technologies include mini-split heat pump (Mini-split), ducted split heat pump (Ducted
HP), and packaged terminal heat pump (PTHP).

Best-in-class and emerging technology equipment
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Higher-performance heat pump systems in new construction applications deliver bill savings of up to $400
per year compared to a combined gas furnace and air conditioner (AC) system. Compared to common
high-efficiency systems, higher-performance products would have higher lifecycle costs due to the
increased capital costs. However, capital cost savings would still be positive relative to a combined gas
furnace and air conditioner, so this might be a good target for incentives or codes to make sure consumers
see both capital cost savings and bill savings, and to encourage market transformation so the costs of

higher-performance units come down over time.

Figure 3-22 Lifecycle savings of higher-performance HVAC heat pumps
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Savings are relative to a combined gas furnace plus air conditioner system.

3.4.2 DOMESTIC HOT WATER (DHW)

Common high-efficiency equipment

Heat pump water heaters (HPWHSs) generate lifecycle savings of up to $150 per year over gas tankless

water heaters in almost all home applications, but in retrofit homes, gas storage water heaters still appear
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to be the cheapest option (Figure 3-23). The net lifecycle costs of HPWHs are driven mainly by the capital

cost.

Figure 3-23 Lifecycle savings from adopting HPWHs
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The multiple data points for each color represent the different climate zones in each area. Colors of the dots show the location of the modeled homes:
the San Francisco Bay Area including CZ03 and CZ04 (Bay Area), Sacramento including CZ12 (SMUD), and Southern California including CZ06, CZ09 and
CZ10 (SoCal). Savings are relative to gas fired water heaters. Positive values represent savings in both capital and operating costs throughout the
lifetime of an HPWH over the gas water heater; negative values indicate lifecycle costs.

Best-in-class and emerging technology equipment

Higher-performance “best-in-class” HPWHs show lifecycle savings over gas tankless water heaters in most
new home applications. However, similar to HVAC heat pumps, higher-performance HPWHs deliver lower
lifecycle savings compared to the common high-efficiency product. The small improvement in operating

costs is not enough to compensate for the capital cost premiums of the higher-performance units.
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Figure 3-24 Lifecycle savings of common high-efficiency and best-in-class HPWHs
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Savings are relative to a combined gas furnace plus air conditioner system. Savings are 0 for the best-in-class water heater in climate zone 4. Each
climate zone compares two type of heat pump technology: a best-of-class HPWH (Best of Class WH) vs. a common high-efficiency HPWH (Common
High Eff WH).

3.4.3 COOKING

Electrifying cooking generally incurs extra lifecycle costs, of up to $150 per year, for all types of homes.
Induction cookstoves have higher capital costs than both gas stoves and electric resistance stoves in the
current market. Nevertheless, installing electric cookstoves in new construction homes can avoid the cost
of connecting gas lines to the kitchen, which makes electric resistance stoves a lower-cost option than gas

stoves in new construction.
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Figure 3-25 Lifecycle savings of electrifying cooking
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The multiple data points for each color represent the different climate zones in each area. Colors of the dots show the location of the modeled
homes: the San Francisco Bay Area including CZ03 and CZ04 (Bay Area), Sacramento including CZ12 (SMUD), and Southern California including
CZ06, CZ09 and CZ10 (SoCal).

3.4.4 CLOTHES DRYING

Electric clothes dryers are more expensive than gas dryers, costing consumers up to $240 more per year
in lifecycle costs. A heat pump clothes dryer is the most expensive option on a lifecycle basis, due to the
higher capital costs. While an electric resistance clothes dryer is cheaper to install in new homes due to
the avoided gas connection costs, the extra operating costs of up to $220 per year in electric bills make it

less economic than the gas dryer on a lifecycle basis.
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Figure 3-26 Lifecycle savings of electrifying clothes drying
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The multiple data points for each color represent the different climate zones in each area. Colors of the dots show the location of the modeled
homes: the San Francisco Bay Area including CZ03 and CZ04 (Bay Area), Sacramento including CZ12 (SMUD), and Southern California including
CZ06, CZ09 and CZ10 (SoCal).

3.4.5 MULTI-APPLIANCE RETROFITS (ELECTRIC HVAC AND HEAT PUMP WATER HEATERS) AND
ALL-ELECTRIC NEW CONSTRUCTION

The lifecycle savings from electrifying both HVAC and water heating in retrofit applications are largely
related to how much the appliances are used. In single family dwellings where there is a high demand for
space heating, space cooling, and water heating, electrification of HVAC and water heating is more likely
to deliver lifecycle savings, of up to $420 per year. In comparison, in low-rise multifamily dwellings,

electrifying both HVAC and water heating would be more likely to incur lifecycle costs.
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Electrification of an entire new construction home is analyzed as a package of measures (HVAC, water

heating, cooking and clothes drying). Our results indicate that all-electric new construction delivers

lifecycle savings relative to a mixed-fuel home with AC. The lifecycle savings of an all-electric new

construction home are driven by the capital cost difference relative to a mixed-fuel home.

Figure 3-27 Lifecycle savings of electrifying multiple end uses, base case assumptions
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The multiple data points for each color represent the different climate zones in each area. Colors of the dots show the location of the modeled
homes: the San Francisco Bay Area including CZ03 and CZ04 (Bay Area), Sacramento including CZ12 (SMUD), and Southern California including
CZ06, CZ09 and CZ10 (SocCal). Electrification of HVAC and water heating only is assumed for retrofit homes, and electrification of all end uses is
assumed for new construction homes. Savings are relative to gas alternatives. Single family new construction homes have electric induction
stoves and electric heat pump clothes dryers in addition to HVAC heat pumps and HPWHs. LRMF new construction homes have electric
resistance cookstoves and electric resistance clothes dryers in addition to HVAC heat pumps and HPWHs. Positive values represent savings in
both capital and operating costs throughout the lifetime of all appliances over the gas counterpart; negative values indicate lifecycle costs. Heat
pump technologies here are the same as modeled for individual appliances above. The new construction blue dot (Bay Area) is an outlier here

because in the gas baseline there is no air conditioning assumed.

Figure 3-28 shows the same set of lifecycle savings for a sensitivity case where electric rates are assumed

to increase at the same pace as natural gas rates. Electric rates for PG&E, SCE, and LADWP are assumed
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to increase at the same annual rate of change as SoCalGas’s gas rates (including a cumulative 32% increase
above inflation from 2018 through 2022), and electric rates for SMUD are assumed to increase at the
same annual rate of change as PG&E’s gas rates (including a cumulative 6% increase above inflation from
2018 through 2022). In this sensitivity, PG&E’s electric rates are assumed to increase faster than the
natural gas rates due to wildfire risk and liability, while SCE’s, SMUD and LADWP’s rates are assumed to

increase at the same pace at the gas utility in their service territory.

The lifecycle savings reflect the capital cost differences between electric and gas equipment, along with
the electric rate sensitivity results as are shown in Figure 3-19. Under this electric rate sensitivity, lifecycle
savings are lower overall, particularly in the PG&E (Bay Area) service territories, where the electric rates

are assumed to increase more rapidly than the gas rates.
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Figure 3-28. Lifecycle savings of electrifying multiple end uses, electric rate sensitivity
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The multiple data points for each color represent the different climate zones in each area. Colors of the dots show the location of the modeled
homes: the San Francisco Bay Area including CZ03 and CZ04 (Bay Area), Sacramento including CZ12 (SMUD), and Southern California including
CZ06, CZ09 and CZ10 (SoCal). Electrification of HVAC and water heating only is assumed for retrofit homes, and electrification of all end uses is
assumed for new construction homes. Savings are relative to gas alternatives. Single family new construction homes have electric induction
stoves and electric heat pump clothes dryers in addition to HVAC heat pumps and HPWHs. LRMF new construction homes have electric
resistance cookstoves and electric resistance clothes dryers in addition to HVAC heat pumps and HPWHs. Positive values represent savings in
both capital and operating costs throughout the lifetime of all appliances over the gas counterpart; negative values indicate lifecycle costs. Heat
pump technologies here are the same as modeled for individual appliances above. The new construction blue dot (Bay Area) is an outlier here
because in the gas baseline there is no air conditioning assumed.

3.4.6 SUMMARY OF LIFECYCLE COSTS AND SAVINGS

The pie charts below summarize the key study findings, based on the share of homes in the study area
that would see lifecycle savings, lifecycle cost increases of less than $100/year, or lifecycle cost increases

of more than $100/year. By comparison, the Energy Information Agency estimates that US west coast
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households spend about $1500 per year on home energy expenditures.®® The summary results below are
calculated by scaling up our results to represent the current housing stock in the six studied climate zones

in California.

Figure 3-29 Share of simulated households with lifecycle savings from adopting electric end uses;
results are weighted by the estimated share of households in each climate zone and utility service
territory
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The building simulation results are weighted using the share of households in each combination of climate zone and utility, as described in
section 2.2.1. to create this summary figure.

* We assume that all consumers in retrofit homes have or would install air conditioning in the mixed fuel baseline.

** This 24% of new construction that would not have lifecycle savings from electrifying the entire home correspond to buildings modeled in San
Francisco (Climate Zone 3) that we assumed would not install air conditioning. For all new construction homes that include both air conditioning
and space heating, electrifying all appliances shows lifecycle savings.

51 https://www.eia.gov/consumption/residential/data/2015/c&e/pdf/cel.5.pdf, based on the 2015 Residential Energy Consumption Survey
(RECS). These expenditures include residential electricity and on-site energy use, but not household transportation.
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The cost results for single family and low-rise multifamily homes are summarized in each of the two figures
below. The first column of results shows net capital costs or savings for installed electric equipment
relative to natural gas equipment. The second column of results shows average annual bill savings for
electric equipment relative to natural gas equipment. The third and final column shows net lifecycle

savings of electric equipment relative to natural gas equipment.

Figure 3-30. Customer cost results for electrification in single family homes (cost ranges are due to variations by
climate zone and utility rates)
Installed Met Average Bill Savings, Lifecycle Savings,
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Single Family
Entire home
Ali-electric (new construction w/ AC in baseline)
All-alectric (new construction, no AC in baseline, CZ3)
HVAC
Mini-split(retrofit) | | |
Ducted heat pumnp (retrofit) m ] L]
Ducted heat pump (new construction w/ AC in baseline) | ] -
Ducted heat pump (new construction, no AC in baseline, CZ3) | |
Water heater
Heat pump water heater vs. gas storage (retrofit) I J- |
Heat pump water heater vs. tankless gas (new construction) 1
Range/Oven
Electric induction i
Clothes dryer
Heat pump dryer

TS VI Y R o o @ ® ® o ® ® o0
,,;;1““ PRSI R &° AP g & g S g 5 gt P

Costs are relative to the gas baseline. Installed Net Capital Cost Savings are zero for the “All-electric (new construction, no AC in baseline, CZ3)” row.
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Figure 3-31. Customer cost results for electrification in low-rise multifamily homes (cost ranges are due to variations
by climate zone and utility rates)
Installed Met Average Bill Savings, Lifecycle Savings,

Capital Cost Savings annual annual
(2018%) (20185 per year) (20185 per year)
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Costs are relative to the gas baseline.

3.5 Grid Impacts

To estimate the impacts of building electrification on the electric grid, we evaluated the peak demand of
an average household under increasing levels of residential building electrification adoption in the study
area. Compared to the reference low-electrification scenario, the high building electrification scenario
results in slightly lower summer peak loads due to greater cooling efficiency with HVAC heat pumps.
Although an increase in winter electricity demand is observed across all climate zones, this increased

|”

demand remains below summer peak demand levels under “typical” weather year conditions (Figure
3-32). (The temperature and weather assumptions are based on the California Energy Commission’s

Typical Meteorological Year (TMY) weather files used in the Title 24 building code.)

In California today, the grid is a summer peaking system. This means that the summer peak load is used

to plan system-wide capacity additions and investments. One measure of the utilization of the electric
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grid is known as the load factor, which is simply the ratio of average energy consumption to peak demand.
In 2018, the load factor for residential building loads in the study area is estimated at 19% using the study’s
building simulation data for mixed-fuel homes. Under a high building electrification scenario (described
in section 2.7) the load factor is estimated to increase to 26% in 2050. This indicates that California’s bulk
grid infrastructure could be more fully and better utilized under a high-electrification future. It is
important to note that this study does not evaluate local distribution-level impacts of residential building

electrification, an area of research that may warrant further attention.

Figure 3-32: Daily average household maximum loads from electrifying all end uses in a high building electrification
scenario
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* The average load per household reflects a changing share of natural gas-fueled vs. all-electric homes

The average load per household is weighted by the share of households in the home types and climate zones within the study area. Temperatures
are based on the typical meteorological year data from the CEC Title 24 code.

The weather data applied in this study represent typical rather than extreme conditions. Therefore, this
estimated peak load does not capture worst-case conditions that system planning may consider. The
average load presented here has some representation of climate zones, home types and vintages
simulated in this study. However, the system-level load is likely to show less temporal variation than what

is simulated here, due to diversity of building types and behavior patterns.

This analysis does not reflect the likely increase in air conditioning adoption due to climate change, or

higher cooling demands and lower heating demands due to climate change. In general, the impacts of
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climate change will tend to reduce the future likelihood that California could become a winter-peaking

system even under high electrification of space heating in the state.>?

By further analyzing the diurnal characteristics of the average load, we find little change in load due to
electrification on a hot summer day, with only a slight reduction in the peak due to more efficient cooling
from high efficiency heat pumps compared to standard efficiency air conditioners (Figure 3-33). Overall,
on a summer day, residential electric loads continue to be driven by space cooling needs. On a winter day
in 2050, electric heating drives up the total electric load creating a morning peak and a second peak in the
afternoon. However, under the typical meteorological year (TMY) weather conditions modeled here, the
winter load is still smaller than the summer load both on average and on peak, even with all end uses

electrified.

52 While research continues to investigate the possibility of changes in the patterns of winter temperature extremes due to changes in jet stream
dynamics (popularly known as the “polar vortex” phenomenon), basic climate science and model projections forecast even greater increases in annual
minimum temperatures than annual mean temperatures (Collins et al. 2013), and annual minimum temperatures have been trending upward in North
America (Krakauer 2018).
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Figure 3-33 Hourly average household residential building load in a high electrification scenario: a summer and

winter day
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* The average load per household reflects a changing share of natural gas-fueled vs. all-electric homes

The average load per household is weighted by the share of households in the home types and climate zones within the study area.

This is a rough initial screen to determine whether electrification could exacerbate peak load impacts
across the state. The impacts of load changes driven by electrification in specific locations and distribution
systems were not analyzed in this study. In addition, we did not assess the difficulty of integrating these
loads as the levels of variable renewable energy sources in the system increase. We would expect that

summer cooling loads would be more easily integrated than winter heating loads because of their better
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coincidence with solar availability. Finally, we did not include some of the coldest climate regions in the

state in this study, although these represent a small portion of California’s households.

In terms of total electricity consumption, increasing demands from building electrification could be
significant, but the total load growth is still likely to be smaller than the impact of transportation

electrification in a high electrification, deep decarbonization future (Figure 3-34).

Figure 3-34 California electricity consumption in the CEC PATHWAYS High Electrification scenario
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4 Discussion

This section includes discussion of results by appliance, drivers of differences in consumer economics,
market adoption barriers, and further research needs. See the Executive Summary and Recommendations

for a summary of the report’s key conclusions and recommendations.

4.1 Building Electrification Consumer Economics for Individual
Appliances and Electrification Packages

+ All new construction homes and nearly all existing homes simulated in the study area that utilize
air conditioning see lifecycle savings from an electric heat pump HVAC system. In the California
climate zones evaluated in this study, electrification of space heating is favorable because mild
temperatures allow heat pump space heating to average ~4 to 6 times greater efficiency than
natural gas furnaces, and bill savings are also seen from more cooling due to the use of high
efficiency equipment. In homes without air conditioning, for which air conditioning is not planned,
heat pumps are not expected to yield lifecycle savings due to the large incremental capital costs
of expanded HVAC functionality, which can require ductwork, electrical work, and new
compressor placement; ductless heat pumps are one option to reduce the magnitude of this

incremental capital cost.

+ Heat pump water heaters show capital cost savings for all of the new construction simulations,
and bill savings for all of the simulated existing homes, yielding moderate net lifecycle savings
for new construction and net costs for existing homes. Heat pump water heaters in new
construction had lower capital costs than gas tankless water heaters, but also showed relatively
low bill savings compared to this relatively efficient gas option. Heat pump water heaters in
existing homes showed bill savings compared to gas storage water heaters, but they had

significantly higher capital costs. Very high efficiency water heaters and smart appliances with
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flexible schedules (especially with compatible rate design) would yield improved bill savings in
new construction, while low cost, retrofit-ready models could help with existing homes. Policy
should target higher efficiency and flexible water heaters for new construction along with
reducing the incremental capital cost of existing equipment for existing homes via incentives and
market transformation. Incentivizing the installation of heat pump water heaters along with HVAC
heat pump retrofits (discussed as a “retrofit package” below) could yield cost savings from the
combination, with the potential for additional soft cost savings beyond what is modeled here from

reducing the number of separate installation jobs.

+ Most homes are not expected to see lifecycle savings from electric cooking and clothes drying
given current rate structures, although most lifecycle cost increases were less than $100 per
year for each appliance. This is because of the relatively small efficiency benefits of electric
cooking and clothes drying as compared with heat pumps (although they can still result in
substantial GHG savings relative to natural gas cooking and clothes drying). The largest bill
increases were seen for electric resistance clothes dryers; heat pump clothes dryers result in
smaller bill increases but have higher capital costs and commonly available heat pump clothes
dryer options in the U.S. may have inferior performance characteristics. Currently available
induction stoves have higher capital costs than gas stoves in the U.S., but that is likely a function
of the current market targeting induction as a high-end option. Low-cost portable induction
burners are available in today’s market, and induction stoves are cheaper in other countries, such
as China, where they are more common. Induction may have non-economic advantages such as
more precise cooking temperatures, easier cleanup, and superior health and safety profiles, but
most customers remain unfamiliar with them relative to conventional electric resistance stoves.
Despite unfavorable economics as individual appliance, electric cooking and clothes drying could
still be part of a cost-effective all-electric package, by helping to avoid gas infrastructure and fixed

bill charges for natural gas (discussed below).

+ All-electric new construction sees lifecycle savings in all homes that require air conditioning,
based on large capital cost savings and small net changes in bills for most homes. Capital cost
savings are driven primarily by savings from the HVAC system and avoided gas infrastructure, and
were found for all homes modeled as containing central air conditioning in the baseline mixed

fuel home. Under current rate structures, and current equipment efficiencies, all-electric new
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construction has mixed results for energy bills compared to a natural gas alternative, with bill
savings from HVAC tending to be offset by bill increases for electric cooking and clothes drying.
The installation of “best of class” heat pump water heaters and heat pump HVAC systems would
allow bill savings in most regions and home types, and could still yield lifecycle savings, even
though they have higher capital costs than commonly available heat pump equipment. Because
of this, policy should encourage very high efficiency appliances for all-electric new construction.
New construction without air conditioning was evaluated as an option in the Bay Area climate
zone; there, all-electric new construction was not found to result in cost savings if the reference

home did not have air conditioning.

+ All existing homes modeled would see bill savings with a retrofit package combining a heat
pump water heater and a heat pump HVAC. Bill savings are found for both HVAC and water
heating individually when compared to the baseline mixed fuel home. Capital cost savings for
HVAC also occur for most home types and vintages when replacing both a gas furnace and air
conditioner with a heat pump, and these can help to offset capital cost increases for water
heating. Electrical panel upgrades may be needed for some older homes that reduce capital cost
savings or lead to capital cost increases. Overall, lifecycle savings occur for nearly all single family
homes, while most low-rise multifamily homes do not see lifecycle savings because lower HVAC
energy demands provide less opportunity for bill savings to offset capital cost increases. Because
bill savings already occur for all home types we modeled, policy should be targeted at alleviating
incremental capital costs via incentives or market transformation. We only simulated existing
homes that include AC in the baseline gas-fueled home, but we do not expect lifecycle savings
would occur for homes lacking AC due to the large capital cost increases associated with

retrofitting the HVAC functionality to allow air conditioning with a heat pump.
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4.2 Understanding Drivers of Differences in Consumer Economics

Within the same electrification and home categories, we identified five major predictors of differences in

net lifecycle costs, detailed below.

1. Heat pump HVAC is more cost-effective in homes with central air conditioning units. A big
factor in the cost-effectiveness of heat pump HVAC retrofits is the presence of central AC.
Homes that already have AC or that would benefit from an AC upgrade can generally save
money by installing a ducted heat pump (if central ducting is already present) or a ductless
system (if no central AC or ducting is present), because of the benefit of displacing two
appliances (a gas furnace and AC). In contrast, for older homes that do not currently have AC
and the owners do not want AC, the cost of new ducting, placement of a compressor, and/or

new electric wiring can make the retrofit for heat pump HVAC prohibitively expensive.

2. Displacement of gas infrastructure (new construction only). An important factor in the cost-
effectiveness for all-electric, low-rise residential new construction is the value of avoided gas
infrastructure both within the home and connecting to the distribution system. Note that we
only considered gas infrastructure costs that are typically borne by the builder, not the full
infrastructure costs including utility costs. If these costs were included in the analysis, or if
future regulatory changes required these costs to be considered in cost-effectiveness analysis,
or directly passed onto builders, the capital cost savings for all-electric new construction

would likely be significantly larger.

3. Heating and cooling demands. Smaller and better-insulated homes with lower heating and
cooling requirements tend to have less potential for bill savings from electrification of HVAC
to offset any incremental capital costs of electrification packages. However, capital cost
savings can still drive lifecycle savings in these homes due to the displacement of two

appliances (#1 above) or avoided gas infrastructure (#2 above).
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The capacity of the existing electrical panel (retrofits only). This analysis finds that in existing
homes that require an electrical panel upgrade in order to electrify both HVAC and water
heating, the cost-effectiveness of electrification is significantly reduced. Unfortunately, there
is not good data available about the prevalence of homes with less than 200 amp electrical
service, so it is difficult to estimate the precise number of homes in California for which this
might be a challenge, although it is expected to be a minority of homes and to decline over
time. Developing “retrofit-ready” heat pumps with lower current requirements could be an
important technology innovation to allow more wide-spread adoption of electrification

technologies in older, pre-1990s vintage homes.

Electricity rates and rate design. Not surprisingly, the electricity rate is of critical importance
for determining the cost-effectiveness of electrification for consumers. SMUD enjoys some of
the lowest electricity rates in the state, and as a result nearly always showed significant bill
savings from electrification, reaching more than $600 per year in some cases. In contrast, the
other utilities evaluated have higher overall rates, so tended to show less bill savings or net
bill costs resulting from electrification. The utilities vary in the extent to which rate designs
incorporate fixed costs into volumetric rates rather than fixed charges, which also has an
impact on the cost-effectiveness of electrification. However, the implications of these rate
design choices are not isolated in this analysis from the overall effects of electricity rates on

cost-effectiveness.

4.3 Market adoption barriers

Even when households would save money by switching to electric heat pumps and other appliances from

gas appliances, a number of market barriers and market failures act as hindrances to widespread

adoption. A broad list of electrification barriers and potential solutions is included in Appendix D: Market

Adoption Barriers and Potential Solutions.
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Market barriers fall into several key categories: consumer market failures, supplier market failures, and
policy misalignment. Consumer market failures include imperfect information, transaction costs, limited
access to credit, split incentives, and bounded rationality.>® These can be addressed with consumer-facing
incentives, education and outreach campaigns, and low-cost financing. Supplier market failures include
lack of contractor familiarity with electric options and principal-agent problems®, which can be addressed
with contractor training, trusted contractor lists, utility direct install programs, upstream / contractor-
facing incentives, and better targeting of code enforcement. Policy misalignment includes lack of
regulatory support for fuel-switching incentives and tiered electric rates: incentives for fuel-switching and
efficiency should be simplified and aligned with the goal of GHG savings, and rate designs should avoid
penalizing electrification or collecting fixed costs via volumetric rates. We note the importance of not
unduly burdening low income households when changing rates to make them more efficient and
supportive of climate goals. Any new rate design effort would require careful analysis, building on existing

research.>® More detailed policy recommendations are discussed below.

4.4 Further Research Needs

Below we suggest areas for additional research, which could build on the work presented in this analysis:

+ Investigate the benefits of HVAC flexible dispatch to minimize coincidence with peak TOU periods.

+ Develop a better quantification of the avoided natural gas infrastructure costs associated with all-

electric new construction.

3 See, e.g., Dietz et al. (2009), Sallee (2014), Gillingham and Palmer (2014).

54 See Blonz (2018).

55 Several recent articles highlight problems with existing rate design and opportunities for improvement (Burger et al. 2019; Lo et al. 2019; Borenstein
and Bushnell 2018). Burger et al. (2019) notes that a simple move to fixed charges and TOUs could have economically regressive impacts, but there
are straightforward solutions, such as making fixed charges a function of income or strong correlates of income.
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+ Evaluate electricity system costs and savings, particularly at the distribution system level, resulting

from the combined impact of building and vehicle electrification.

+ Investigate the impediments to increasing rates of new construction and building upgrades,

including building electrification.

+ Develop a better understanding of the drivers of building electrification retrofit capital costs
across regions, including a better understanding of how many homes, and of what types, may

require an electrical panel upgrade to enable electrification.

+ Evaluate the customer costs and benefits, and societal costs and benefits of building
electrification in the climate zones not evaluated in this study, including colder Northern and

mountainous climate zones.

+ Evaluate cost-effective electric solutions for multi-family high-rise and mixed-used high-rise
buildings, which are a growing share of the California housing stock but have highly

heterogeneous characteristics.

+ Develop a better understanding of the challenges of maintaining reliability and resiliency with
electrification of critical household end uses in the context of increasing vulnerability to wildfires

and other extreme events related to climate change.

+ Develop aframework to make electric rates more economically efficient and supportive of climate
goals while not burdening low income customers or introducing new inefficiencies, building on

existing research (Burger et al. 2019; Lo et al. 2019; Borenstein and Bushnell 2018).
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6 Appendix A: Technology
Characterization and Screening

6.1.1 INTERNATIONAL MARKET FOR HEAT PUMPS

Electrified heating represents a significant and growing market share in certain European and Asian
markets; primarily in regions with energy security, climate, or air quality concerns. Japan, Germany, and
Sweden have focused policy attention on increasing the deployment of heat pumps to reduce dependence
on imported fossil fuels and greenhouse gas emissions. Policy efforts there have focused primarily on
incentives and incorporating electric heat into building codes for new construction, as well as testing and

performance standards to ensure quality and build consumer confidence in heat pump technology®®.

6.1.1.1 Japan

Japan began pursuing air source heat pumps in the mid-1990s as part of a broader efficiency and fuel
switching strategy intended to reduce the country’s reliance on fossil imports. Consequently, heat pumps
have taken a significant share of the total heating market, with about 140 million cumulative installations
of air source heat pumps in homes and commercial buildings®’. Japan appears to be at the forefront of
high efficiency heat pump technology development today, with many high efficiency products available
in Japan that are not currently available in the United States, such as compressed carbon dioxide heat
pump water heaters. For example, the EcoCute is a high-efficiency, carbon dioxide heat pump water

heater promoted by government agencies to reduce energy demand for water heating — approximately

%6 See Hanna, Parrish, and Gross (2016)
57 See Shibata (2011)
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30% of all household energy demand. The use of carbon dioxide as a refrigerant in the EcoCute is part of
a focused effort in Japan to eliminate the use of high-GWP refrigerants common in most residential and
commercial heat pumps. Currently at least one manufacturer, Sanden, is selling these heat pump water
heaters in the United States market, although they are not expected to achieve a large market penetration

because of their high cost®.

6.1.1.2 China

China has the world’s largest market for electric heat pumps, with 40 to 50 million air source heat pumps
sold annually®®. Heat pumps, as well as natural gas furnaces, have been aggressively promoted in some
provinces as a key strategy to mitigate urban air quality concerns associated with the open burning of coal
common in residential and commercial buildings. The electrification campaign, focused primarily in Beijing
and other northern provinces, has coincided with efforts to expand and modernize local electric and natural
gas distribution systems, and has often been followed by local ordinances prohibiting the use of coal for
heating®. Given China’s growing population and strong policy directives, this market is expected to drive

innovation and cost reductions in heat pump technologies over the coming years.

6.1.1.3 European Markets

A combination of policy and economic conditions have created a robust market for electrified heating in
certain European jurisdictions, particularly northern and central Europe: these regions share cold winters,
high natural gas prices, and favorable policies. These markets began to see significant adoption of early heat

pump technologies in the 1970s, following periods of energy security and energy price concerns, and have

58 See Gluesenkamp et al. (2017)
%9 See Zhao, Gao, and Song (2017)
60 See Myers (2018)
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seen renewed interest as European governments have introduced new policies to address carbon emissions

in recent decades.

In 2017, electric heat pumps eclipsed gas heating in residential buildings in Germany for the first time, with
43% of buildings heated by air or ground source heat pumps®®. In Switzerland, approximately 75% of new
homes were built with electric space and water heating, while in Scandinavia, heat pumps have become the

dominant heat source in Finland®? and are a growing share of Sweden’s electrical heating market®,

6.1.2 MANUFACTURING AND HISTORY

Consistent with a significant, established international market that overlaps with the manufacturing of air
conditioning, the heat pump manufacturing market is large and diverse. There are a broad range of both
multinational and regional vendors, primarily consisting of manufacturers of air conditioners and other
durable consumer goods. Major manufacturers of heat pumps include A.O. Smith (US), Carrier (US), Daikin

(Japan), Danfoss (Denmark), Mitsubishi and Fujitsu (Japan), and NIBE (Sweden).

Carrier and A.O. Smith, the primary US-headquartered manufacturers, offer a broad range of residential and
commercial air-to-air, ground-to-air, and air-to-water heat pumps using conventional refrigerants.
Additionally, foreign manufacturers like Mitsubishi, Fujitsu and Daikin have developed extensive distribution

and installer networks in the US for their heat pumps products.

61 See https://www.coolingpost.com/world-news/heat-pumps-overtake-gas-in-germany/
62 See https://www.sulpu.fi/documents/184029/189661/The%20future%200f%20Heat%20Pumps.pdf

63 See http://www.varmemarknad.se/pdf/The_heating_market_in_Sweden_141030.pdf
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6.1.3 HEAT PUMP PERFORMANCE AND COLD CLIMATE HEAT PUMPS

Heat pumps function using the same principles as a refrigerator or an air conditioner. They transfer heat
between two systems — for example, extracting heat energy from outdoor air and delivering it as warm
air inside a residential building. Because heat pumps transfer heat, rather than converting it directly from
chemical or electrical energy, they can deliver useful heat energy in quantities considerably greater than
the energy required to operate them. This ratio of input energy to output energy is often measured as the
Coefficient of Performance (COP). (COP is defined as the annual average performance, and it can be
compared with an efficiency by multiplying by 100; i.e., a COP of 4.0 means an annual average efficiency

of 400%.)

Electric air source heat pump space heating technologies range from about 200% to more than 400%
efficient, depending on the temperature differential between indoors and outdoors: they heat more
efficiently at warmer temperatures. In contrast, high efficiency natural gas furnaces achieve 90%
efficiency, while electric resistance heating is approximately 100% efficient. For US markets, the
Department of Energy’s 2015 appliance efficiency standards effectively mandate minimum seasonal COP
of 2.5 for heating and 4.1 for cooling based on a specified set of temperature conditions (the heating

seasonal performance standard minimum requirement is 8.2).

Heat pump space heating technology was first widely deployed during the 1970s; however, these early
generation technologies were not particularly efficient, and relied heavily on supplemental heat in colder
temperatures, such as electric resistance backup heat, often resulting in high winter electric bills for their
owners. Heat pump failures and service issues were significant factors in the stagnation of the heat pump
industry, leading to industry and policy efforts to improve product and installation quality. However, heat
pump efficiency improved considerably in the 1990s, paving the way for a resurgence in the heat pump

market in the 2000s.
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Similarly, heat pump performance has improved considerably in cold climates, which represent a
challenge for older technology single-stage HVAC heat pumps. Using improved compressor technology
and improved refrigerants, modern heat pumps can maintain efficient output at much lower ambient
temperatures, enabling their use in much colder climates such as the US Midwest and Northeast. Much
of this heat pump research has occurred in Northern Europe and Japan, which hosts a range of climate
zones, including colder Northern regions with average winter low temperatures below -10°C/10°F, where
traditional heat pumps were initially unsuitable. Variable-speed (inverter-driven) compressors are one
approach to allowing colder temperature operation and enhancing efficiency across the temperature

range, that also provide benefits such as reduced noise and improved comfort.

Figure 6-1. Relationship between outdoor temperature and heat pump electric load

i Spokane- Existing HP
@ ® Spokanse- Cold Weather HP

t. Sacramento-
.- - Mew Standard Efficiancy HP
L

Heat pump eleciric lead (k¥ per ton)

40 Li ¥
Temperatura (F)

Note that “ton” in this figure refers to the tonnage, or power, of the heat pump. Energy usage of the heat pumps in this data was divided by the
tonnage of the heat pumps to arrive at kW per ton.

Ductless heat pumps are another recent innovation that have a large market share in Asia and are

beginning to enter the US market. They include small, modular indoor and outdoor units connected by
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thin refrigerant pipes. In compact houses or apartments lacking existing ducting, they can be an
inexpensive option that also allow very high efficiencies because energy is not lost in ventilation and

ducting.

6.1.4 THE GREENHOUSE GAS IMPLICATIONS OF REFIGERANT USE IN HEAT PUMPS

Heat pumps utilize refrigerants, typically in a vapor-compression cycle to transfer heat. Ideal refrigerants
have many requirements, including an appropriate boiling point and thermal properties as well as low
toxicity and flammability. Unfortunately, like refrigerators and air conditioners, heat pumps originally
relied on refrigerants with detrimental environmental impacts. Chlorofluorocarbons (CFCs) were popular
throughout the mid-twentieth century but were recognized as ozone depleting and so were phased out

beginning in 1987 with the Montreal Protocol.

Replacement refrigerants, such as hydrofluorocarbons (HFCs) and hydrochlorofluorocarbons (HCFCs),
while presenting a much lower risk for atmospheric ozone depletion than chlorofluorocarbons (CFCs), still
have significant global warming potentials, in some cases thousands of times the global warming potential
of carbon dioxide by mass. When these gases escape into the atmosphere, through leaks, accidents, or
improper disposal, they contribute to global climate change. As a result, there is growing interest in

identifying alternative refrigerants.

The first widespread implementation of a very-low-GWP refrigerant, introduced in a heat pump water
heater in 2001 in Japan, was compressed CO, which in addition to its low-GWP attributes provides
improved performance in many heat pump applications. Having a global warming potential of 1, CO; has
orders of magnitude lower climate impact than the refrigerants most commonly used today for this
application. It has emerged as a promising refrigerant for commercial HVAC heat pumps as well as for

heat pump water heaters due to its higher efficiency and ability to reach higher temperatures than other
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refrigerants, important for water heating applications®. However, because of its lower boiling point and
thus higher operating pressure, it requires stronger, more expensive materials and construction, reducing
the cost-effectiveness of its use in small applications such as residential heat pumps. Thus far, high-
pressure CO; systems remain limited to water heating, for domestic hot water or for hydronic space
heating, and non-residential applications: no air-to-air heat pumps for space heating have been

developed.

Other very-low-GWP refrigerants that are currently being researched include ammonia, and hydrocarbons
such as isobutane, propane, and olefins. Olefins represent a relatively lower pressure alternative to
compressed CO,, which may be cost-effective in residential applications®®. The principal issue with using

hydrocarbons as refrigerants is that they are flammable.

The most promising set of refrigerants in the near term is those that are chemically similar to refrigerants
currently used, but that have a significantly lower global warming potential. For residential air-to-air heat
pumps, the most likely near-term replacement refrigerant is R32 (GWP 675), which would replace R410A

(GWP 2088)%. Development of low-GWP refrigerants such as R32 is an area of active research.

When an air conditioner using today’s refrigerants is replaced with an HVAC heat pump, there is no
additional refrigerant leakage risk, assuming the heat pump system has a similar tonnage. A home’s
refrigerant leakage risk will only increase if an HVAC heat pump is installed when there was previously no
air conditioning. There is an increased refrigerant leakage risk when switching to heat pump water heaters
and heat pump clothes dryers, but the resulting increase in average greenhouse gas emissions is dwarfed

by the savings in emissions from not using natural gas, as seen in Figure 1-1: Annual GHG emissions from

64 See Neksa et al. (1998)
65 See Watanabe et al. (2017)
66 See California Air Resources Board (2017)
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a mixed-fuel and all-electric 1990s vintage home in Sacramento and Figure 3-1: Annual GHG emissions

from a 1990s vintage single family home for Sacramento.

6.1.5 ELECTRIC RESISTANCE AND INDUCTION STOVES

Induction cooktops have several advantages over gas and electric resistance stoves, principally efficiency
and safety. Induction cooking is modeled using an efficiency of 84% (0.74 energy factor for the cooktop),
compared to 74% for electric resistance and 40% for gas. Unlike electric resistance stoves, induction stoves

can be controlled almost instantaneously, similar to gas stoves.

Induction cooktops are popular in Europe and Asia but have not seen widespread adoption in the United
States market. Some cooks value induction stoves for their safety (they do not burn to the touch, since
they operate based on electromagnetism) and the precise level of temperature control offered by
induction stove. Induction stove are generally slightly more expensive than comparable electric resistance
cooktops in the US market, but this appears to be more a function of limited market share, that targets
higher-end products, rather than inherent engineering expense, as cheap portable versions are available
and popular in markets outside the U.S. At current prices, the markup on an induction stove is generally
not recouped through energy savings over the lifetime of the unit. Additionally, aluminum cookware,
which is very common in the United States, is not compatible with induction stoves. Switching to induction
stoves requires cookware that is magnetic, such as cast iron or stainless steel, which may present an
adoption barrier for some consumers. These cost factors, along with consumers’ lack of familiarity with
induction stoves, represent barriers to widespread adoption. Despite these barriers, induction stoves are
a promising alternative to electric resistance stoves, and may become acceptable, or even preferred, by

consumers accustomed to gas stoves.
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6.1.6 HEAT PUMP CLOTHES DRYERS

Heat pump clothes dryers are relatively common in some European countries but have not yet become
widespread in the United States. Heat pump clothes dryers are about 50% more energy efficient than natural
gas clothes dryers and are about 35% more efficient than electric resistance clothes dryers. However, there
are significant performance limitations with currently available models: they may take longer to dry and

require more maintenance.

6.2 Overview of Technology Selection and Efficiencies

6.2.1 HEATING, VENTING AND AIR CONDITIONING (HVAC)

Table 6-1 Electric HVAC system selection

Low-Rise

Multifamily

» Electric: Non-ducted ézﬂ ’ Eﬁri:ir::gl Ezcaléaged I%I
Retrofit mini-split heat pump pump (PTHP)

(Pre-1978s) - Gas: replaces wall furnace . Gas: new wall furnace and
with ducted furnace and AC iy
window AC
. Electrlc: Ducted split @5 . Electric: Ducted %g
eat pump
heat pump

Retrofit (1990s) » Gas: replaces ducted
furnace with new ducted
furnace and AC

+ Gas: Combined
hydronic system + AC

+ Electric: Ducted split agzﬂ . Electric: Ducted
. heat pump mini-split heat pump =
New Construction | + Gas: replaces ducted . Gas: ducted furnace
furnace with new ducted and'AC (CZ3: no AC)
furnace and AC (CZ3: no AC) :
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6.2.1.1 Single family

Table 6-2 Efficiencies of HVAC systems selected for single family homes

Home Type Equipment Modeled Efficiency

80 AFUE ducted attic

Mixed Fuel, all vintages Furnace
furnace
Mixed Fuel, all vintages Split air conditioner 14 SEER, 12.2 EER, 2-speed
All Electric,

new construction, 1990s vintage 18 SEER, 14 EER, 10 HSPF, 2-

Ducted split heat pump

and pre-1978 vintage (CZ10 and speed
Cz12)
All Electric, pre-1978 vintage Non-ducted mini-split
21 SEER, 13 EER, 11 HSPF
(Cz03, CZ04, CZ06 and CZ09) heat pump SEER, 13 ! >

6.2.1.1.1 Case 1, 2, & 3: Ducted split heat pump
For single family homes, ducted split heat pumps were selected to replace ducted furnaces with split air
conditioners or ducted furnaces alone without cooling. Ducted split heat pumps are a very mature

technology with a large range of efficiency options.

6.2.1.1.2 Case 3: Non-ducted mini-split heat pump, multi-head

For pre-1978 existing single family homes, where the basecase system is a non-ducted gas wall or floor
furnace and either a window air conditioner or no cooling system, a non-ducted mini-split heat pump
(MSHP) with multiple indoor units was selected as the electric replacement. This basecase system is
inexpensive and easy to replace but suffers from low performance and does not provide equivalent comfort

conditions as a distributed heating/cooling system. Converting to a ducted system is expensive and MSHPs
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offer a practical alternative for less cost. Electric single point heating/cooling options such as a MSHP with a
single indoor unit may be relatively affordable but compromises comfort and if the electric alternative
system does not provide reasonable levels of comfort, there is a risk that the technology will not be
accepted. In smaller multifamily homes this trade-off may be acceptable but not in single family homes or
larger multifamily. For this case the base case gas replacement assumes conversion to a ducted furnace in

order to provide similar comfort conditions across the gas and electric options.

6.2.1.2 Low-rise Multifamily

Table 6-3 Efficiencies of HVAC systems selected for low-rise multifamily homes

Home Type Equipment Modeled Efficiency
Mixed Fuel, all vintages Furnace 80 AFUE ducted attic
furnace
Mixed Fuel, all vintages Split air conditioner 14 SEER, 12.2 EER, 2-speed
All EIectrlc,. Ducted mini-split 21 SEER, 13 EER, 11 HSPF
new construction heat pump
All Electric 18 SEER, 14 EER, 10 HSPF, 2-
) D I- h ’ ’ 7’
1990s vintage ucted split heat pump speed
All Electric, pre-1978 vintage Packaged terminal heat pump 11 EER, 3.3 COP

108|Page



Appendix A: Technology Characterization and Screening _

6.2.1.2.1 Case 4: Ducted mini-split heat pump

For new low-rise multifamily home construction, a ducted mini-split heat pump (MSHP) was selected to
replace ducted furnaces with split air conditioners or ducted furnaces alone without cooling. While costs are
higher than traditional split heat pumps; MSHPs are most appropriately sized for the low cooling and heating
loads expected in small, new construction apartments. MSHPs are already becoming more common in the

multifamily market.

6.2.1.2.2 Case 5: Ducted split heat pump

For existing low-rise multifamily units with a single gas water heater providing both space and water heating,
coupled with a split air conditioner (depending on climate), ducted split heat pumps were selected as the
electric replacement. While a hydronic distribution system with a HPWH would be the most direct
replacement option, prior experience has shown that residential HPWHs on the market do not have the
capacity to serve both the space and water heating loads without reverting to electric resistance mode. An
alternative option would be a larger capacity air-to-water heat pump with a storage tank replacing the water

heater. However, there are few products available today and market readiness is lower.

6.2.1.2.3 Case 6: Packaged terminal heat pumps

For pre-1978 existing low-rise multifamily units with a wall or floor furnace and either a window air
conditioner or no cooling system, a packaged terminal heat pump (PTHP) was selected as the electric
replacement. Similar to Case 3, there is potential comfort issues for any apartments except studios with
open floor plans (no rooms with closeable doors) by not providing conditioned air to each room. While
comfort issues may arise from a single zone PTHP, the replacement system can provide equivalent or better
comfort than the replacement gas equipment and window AC. The incremental cost of other systems such

as multi-head MSHPs is more difficult to justify given the low loads of small apartments.
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6.2.2 WATER HEATING

Table 6-4 Efficiencies of water heating systems selected for single family and low-rise multifamily homes

Home Type

Mixed Fuel, retrofits

Equipment

Gas storage water heater

Modeled Efficiency

0.63 UEF (0.60 EF)
1900s vintage in garage, 1970s
vintage in home

Mixed Fuel, new construction

Gas tankless water heater

0.81 UEF (0.82 EF)
in garage

All Electric, all vintages

Heat pump water heater

3.0 EF, NEEA Tier 3
new construction and 1990s
vintage in garage, 1970s vintage
in home

6.2.3 OTHER APPLIANCES

Table 6-5 Electric cooking and clothes drying selection

Single-

Family

Low-Rise
Multifamily

Cooking &
Clothes
Drying

(All vintages)
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Table 6-6 Efficiencies of selected appliances

Appliances

Cooking

Case

Gas

Appendix A: Technology Characterization and Screening _

Efficiency

Cooktop: 0.4 Energy
Factor

Oven 0.058 Energy
Factor

Features/Notes

Electric resistance
(LRMF)

Cooktop: 0.74 Energy
Factor
Oven 0.11 Energy
Factor

Cooktop: 0.84 Energy

Clothes Dryer

Electric induction Factor
(Single Family) Oven 0.11 Energy
Factor
Gas 2.75 Energy Factor
Electric resistance
1E F
(LRMF) 3.1 Energy Factor

Electric heat pump
(Single Family)

4.2 Energy Factor

Moisture sensor

per Energy Guide

Clothes Washer All 1.41 MEF 3.5 ft3 drum
Single Fag::;/: 157 EF Single Family: 25 ft3 side-by-
. . ) side refrigerator
Primary Refrigerator All 'LR'MF. 14.1 EF LRMF: 18 ft3 top freezer
(existing homes) 17.6 refricerator
EF (new construction) g
Single Family: energy use
Secondar Single Family: mix of | reduced based on a national
Frid e/FreeZer All efficiency average of 22.1% saturation
g LRMF: none for fridge and 34.2% for
freezer
1
Dishwasher All 318 Rated annual kWh 8 place settings

All simulation parameters and schedules are based on NREL's BEopt
and the House Simulation Protocols

© 2019 Energy and Environmental Economics, Inc.
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7 Appendix B: Building Simulation
Descriptions

Thermostat Schedules as Modeled

The project team evaluated thermostat schedules to use in the modeling for the electrification study. The
project team initially considered using the CEC Title 24 thermostat schedules for single family and low-rise
residential buildings for the analysis, however, these schedules were ultimately not used in this analysis for

the reasons described below.

A literature review considered the following sources:

+ 2004 SCE report: Programmable Thermostats Installed into Residential Buildings: Predicted

Energy Savings Using Occupant Behavior & Simulation
+ 2017 SCE Work Paper SCE17HCO054: Residential Smart Communicating Thermostat
+ 2016 Nest Labs report: Supplemental Data for California Smart Thermostat Work Paper
+ 2014 Building America House Simulation Protocols
+ 2016 Residential and Nonresidential Alternative Calculation Method Reference Manual

+ 2011 DOE report: U.S. Department of Energy Commercial Reference Building Models of the
National Building Stock

Based on data reviewed, the project team developed the setback schedule in Table 7-1 for use in this project.

This schedule assigns specific, rational times to the temperature changes and a 3°F temperature setback in
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winter and setup in summer (rounded to the nearest degree). The residential Title 24 thermostat schedule
also uses a 3°F heating night setback but no daytime setback. Weekend/weekday schedules are likely to vary
if the house is unoccupied during the day, but data from the Residential Appliance Saturation Study (RASS)
supports using a daytime setback. The 76°F cooling and 70°F heating setpoint are closely aligned with the

Building America settings.

Table 7-1: Thermostat Setup/Setback Schedules Used in this Analysis

Cooling | Heating Cooling Heating
12:00AM| 79 67 1200PM 76 67
1:00AM| 79 B7 1:0PM 76 B7
2:00AM| 79 &7 2:0PM 76 67
3:00AM| T9 B7 3:0PM 76 BE
A4:00AM| 79 B8 A:00PM 76 B9
5:00AM| 79 B9 5:00 P 76 70
B:00AM| 79 70 B:00 PM 76 70
7:00 AM 79 70 T.00PM 76 70
B:00AM| 76 67 B:0PM 76 70
S:00AM| 7B B7 5:00 P 76 70
10:00AM| 76 67 1X00PM 79 67
11:00AM| 76 B7 11:00 PM 79 B7

The shaded areas in the table above correspond to when systems are set back in winter and up in summer
(or turned off). For heating, the temperature ramps up between 4 AM and 6 AM, and between 3 PM and 5
PM to limit strip heat operation. Although the ramp-up is not needed for base case systems, when applied

to both it ensures building loads are the same for both cases.
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For new homes the temperature may not drift more than 3°F between setup/setback periods and systems
will be minimally active during these periods. For older leakier homes, systems will likely be working to

maintain the setpoints.
Other thermostat scheduled evaluated

Table 7-2 summarizes Title 24 and other available thermostat schedules. Title 24 schedules include
uncharacteristic setbacks and are different for low-rise and high-rise residential buildings. The differences
reflected in the residential and non-residential schedules are not based upon actual differences based on

occupancy but independent development of residential and non-residential compliance models.
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Table 7-2: Title 24, Building America, and DOE Thermostat Schedules®’

Mon-Res ACM Building America DOE Comm. Ref.
Residential ACM' Recidential Living® | HouseSimulation® | Bldg. Models
Cooling | Heating | Cooling | Heaing | Cooling | Heating | Cooling | Heaing
Hour | Setpoint | Setpoint | Setpoint | Setpoint | Setpoint | Setpoint | Setpoint | Setpoint

1 78 &5 78 &0 76 71 75 70
2 78 &5 78 &0 76 71 75 70
3 78 &5 78 &0 76 71 75 70
4 78 &5 78 &0 76 71 75 70
5 78 &5 78 &0 76 71 75 70
& 78 &5 78 &0 76 71 75 70
7 78 &5 78 62 76 71 75 70
B g3 68 78 62 76 71 75 70
9 g3 68 78 62 76 71 75 70
10 g3 68 78 62 76 71 75 70
n g3 68 78 62 76 71 75 70
12 83 68 78 62 76 71 75 70
13 g3 68 78 62 76 71 75 70
14 g2 68 78 62 76 71 75 70
15 g1 68 78 62 76 71 75 70
16 B0 68 78 62 76 71 75 70
17 79 68 78 62 76 71 75 70
18 78 68 78 62 76 71 75 70
19 78 68 78 62 76 71 75 70
20 78 68 78 62 76 71 75 70
il 78 68 78 62 76 71 75 70
2 78 68 78 62 76 71 75 70
23 78 68 78 &0 76 71 75 70
24 78 &5 78 &0 76 71 75 70

The Title 24 low-rise residential thermostat schedules assume a 78°F and 68°F cooling and heating setpoints,

respectively, with a setback/setup assumption. A 65° heating setback is used, while the cooling set up is as

67 Sources: Table 19 of Residential Alternative Calculation Method Reference Manual (https://www.energy.ca.gov/2015publications/CEC-400-

2015-024/CEC-400-2015-024-CMF-REV3.pdf), Appendix 5.4B of Non-Residential Alternative Calculation Method Manual

(http://www.energy.ca.gov/title24/2016standards/ACM_Supporting_Content//), 2014 Building America House Simulation Protocols (Section 2.4)

(https://www.nrel.gov/docs/fy140sti/60988.pdf), U.S. DOE Commercial Reference Building Models of the National Building Stock

(https://www.nrel.gov/docs/fyl1osti/46861.pdf)
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high as 83° but varies depending on the hour. The high-rise residential thermostat schedule has the same
setpoints but no cooling setup and a heating setback temperature of 60°F. The heating setback schedule for

high-rise is also slightly different from the low-rise schedule.

Also included in Table 7-2 are the thermostat schedules used by DOE’s Building America program and those
recommended by DOE for high-rise building modeling. These schedules assume more aggressive heating

and cooling setpoints than the Title-24 schedules and are fixed.
Project Team Position on Using Title-24 Thermostat Schedules

The project team ultimately decided against using the Title-24 thermostat schedules for the following

reasons:

e Project team feels that both low-rise residential thermostat schedules will result in lower than
representative heating and cooling energy use.
o The residential cooling setback was created to adjust cooling energy use by hour to align with

statewide demand and not representative of actual cooling setback schedules.
Thermostat Settings from SCE Work Paper and Nest Documents

Based on the data from the two plots on p.30 of the work paper (SCE17HCO054, also in Figs. 2 & 3 of the Nest
document) and excluding CZ1 (minimal data) and CZ16 (outlier), the mean “comfort setpoint” was 70.3°F
for heating and 76.4°F for cooling. These are not far from the 71°F heating and 76°F cooling settings in the
NREL House Simulation Protocols or the 70°F heating and 75°F cooling settings in the DOE Commercial

Reference Building Models document.
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The average setpoints reported in the work paper (66.8°F heating and 75.4°F cooling) and based on RASS
are presumably averages across all periods and not representative of what settings would be during
occupied and non-sleeping periods. The wide setting ranges in the RASS questionnaire make it difficult to

zero in on what setpoints people actually used. The Nest data is more suited to this purpose.
Setback Temperatures and Schedules

If it is assumed that the difference between “comfort setpoint” and “average setpoint” is representative of
the measured setback temperature, averaging the “Cooling T-diff” and “Heating T-diff” values across CZ2 to
CZ15 from the table on p.42 of the work paper (Table 1 of the Nest document), the mean heating setback
was 3.3 and the cooling setup was 2.7. Unfortunately, there is no statistical representation of what times
the setting changes occurred. Given the way the Nest operates, temperature changes are based on a

combination of occupancy and learned temperature preferences.

The RASS data has too wide a temperature range to be useful for determining scheduled temperatures, but
the correction factors on p.35 of the work paper suggest people use somewhat higher heating setbacks than
cooling or set-ups. It could be assumed that people set back the temperature in winter during non-occupied
periods and/or at night, but summer scheduling is less obvious. Some may set thermostats up while they
are at work and crank up the AC when they return. Others may maintain the same temperature during the

day and lower it at night to make the house more comfortable for sleeping.

The analysis of RASS data described in the 2004 SCE document, “Programmable Thermostats Installed into
Residential Buildings: Predicted Energy Savings Using Occupant Behavior & Simulation” includes the

following tables:
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Figure 7-1: Table 6 and 8 of 2004 SCE Work Paper

Table 6. Percent of Cooling Systems set to “Off"

Appendix B: Building Simulation Descriptions _

Standard Thermostat Change due to Prog T-stat
Region | Mom Day |Evening| Might | Mom Day |Evening| Might
NC 49% | 28% 13% | 56% -2% 3% 7% -2%
SC 63% | 43% | 42% | 65% | -13% | -6% | -16% | -17%
Sl 48% | 25% | 23% | 47% | -13% | -5% 8% | -10%
CV 43% | 24% 11% | 40% | -10% | -9% -3% -3%
DE 3T% 14% 10% | 35% -8% 0% 4% | -10%

Table 8. Percent of Heating Systems set to “Off"

Standard Thermostat Change due to Prog T-stat
Region | Mom Day |Ewvening| Might | Momn Day |Ewvening| Might
NC 29% 45% 19% 53% | -12% | -17% | -11% | -13%
sC 40% 57% 35% 54% | -15% | -15% | -16% | -17%
=1 30% 44% 26% 36% | -10% | -12% | -12% -T%
cv 19% 37% 19% 39% | -10% | -15% | -12% | -10%
DE 27% 34% 23% 35% | 17% | -11% | -14% | -11%

The definitions of time periods are as follows:

+

Morning: 6 am to 9 am

Day:9amto 5 pm

Evening: 5 pm to 9 pm

Night: 9 pm to 6 am

The definition of “off” is based on the RASS questionnaire (below), which includes check boxes for “off” as

well as six other temperature ranges. Depending on house temperature response to setbacks and setups,

“Off” may yield the same change in indoor temperature and perceived setpoint as certain selected

temperature ranges. Respondents may have also used “off” as a proxy for setback/setup.

© 2019 Energy and Environmental Economics, Inc.
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B6 If your main heating system is controlled by a thermostat, what is the average
thermostat temperature usually set for each time period during the heating season?
(Choose one answer for each time period. Provide the average setting if it varies.)

Off Below 55- 61~ 66- 71—~ Over75°F
55°F 60°F 65°F 70°F 75°F
Morning (6am-9am) (HMRNSET) 1= 1= 1= fle==) 1= 1=
Day (9am-5pm) (HDAYSET) 1< 1o 1D 1= o & 1<
Evening (5pm-9pm) (HEVNSET) =) ©=> =) 1= 1= 1= 1=
Night (9pm-6am) (HNITESET) 1= 1= 1D 1D 1= 1< 1=

C5 Whatis the typical thermostat temperature setting of your main central cooling system for
eadnmpenodtsunngmeooohngmsm?(Choosammswubraachnmpomd}

Below 70°F 70-73°F T74-76°F 77-80°F Over 80°F
Moming (Gam-9am) (CMRNSET) = e s s e ]
Day (Sam-5pm) (COAYSET) " s v . |C . v
Evening (5pm-9pm) (CEVNSET) ) e ) =] oD e

Night (9pm-6am) (CNITESET) Y ' y \

Averaging the percentage across all regions from the tables above, the percentage of time systems are off

is:
6 am-9 am 9 am-5 pm 5 pm-9 pm 9 pm-6 am
Cooling 48% 27% 20% 49%
Heating 29% 43% 24% 43%

Applying a 43% threshold for cooling and heating, most cooling systems would be off at night, and most

heating systems would be on in the morning and evening and off at night.

Temperature Ramping
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Title 24 standards require that thermostats for heat pumps prevent supplementary heater operation when
the heating load can be met by the heat pump alone and require a higher setpoint for heat pump heating
than for resistance heating (staged settings). Supplementary (resistance) heating is allowed for defrost and
where controls use intelligent recovery or ramping that preclude use of resistance heat. Use of temperature

ramps is important for proper characterization of heat pump and strip heat operation.
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8 Appendix C: Additional Methods
Detail

8.1 Fossil emissions from electricity

8.1.1 DESCRIPTION OF AURORA SCENARIO

Hourly marginal electricity rates are generated by a WECC-wide system scenario in the production
simulation tool, AURORA. AURORA takes in system load forecasts, grid characteristics, available
generators, technical constraints, and operating costs as inputs to set up system scenarios. Based on those
system characteristics, AURORA performs an optimal hourly dispatch of the electric grid to determine
hourly wholesale marginal electricity market prices. The developed AURORA scenario includes a detailed
forecast of California’s electricity system, as well as a broader forecast of the Western Electricity
Coordinating Council (WECC) system. Build portfolios and operating characteristics for California’s

electricity system are determined by E3’s RESOLVE capacity expansion model.

In this analysis, the renewable energy build portfolio in AURORA is based on a RESOLVE case that achieves
approximately a 74% RPS in 2030. The scenario includes approximately 4 GW of energy storage; this
number includes the state mandated targeted 1.3 GW of storage, plus an additional 2.7 GW of
economically installed energy storage to accommodate the much higher renewable buildout.
Furthermore, the scenario assumes improved regional coordination in the WECC compared to present

day operations, as well as high energy efficiency and electrification in transportation and buildings.
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8.1.2 MARGINAL EMISSIONS METHODOLOGY

For the 2030 timeframe, this analysis uses short-run marginal emissions to make a conservative estimate
of emissions reductions from building electrification. Short-run marginal emissions are the change in grid
emissions for a change in demand-side consumption, without a change in powerplant capacity. This
effectively calculates how the dispatch of existing generators would change based on a change in load. It
would be more accurate to use a “long-run” marginal emissions factor, that considers the change in
renewable energy capacity to meet new load in accordance with state energy policy. For example, with a
goal of 60% RPS in 2030, each additional 1 kWh of new load will require 0.6 kWh of additional renewable
energy to be integrated onto the grid, thus reducing the total emissions impact of the new load. Due to
the complexity of calculating the time-varying emissions impacts of integrating renewable energy in a high
RPS world, a well-established methodology to calculate long-run marginal emissions does not currently
exist. Since this analysis uses short-run marginal emissions, the emissions impacts of new electrical load
in 2030 will be over-stated, and the total emissions reductions from building electrification will be under-

stated.

Hourly short-run marginal emissions are calculated based on hourly forecasted wholesale electricity prices
taken from Aurora, using the same methodology that is used in the 2018 CPUC Avoided Cost Calculator®,
First, forecasted hourly wholesale electricity prices, corresponding forecasted natural gas prices, and
assumed variable operations and maintenance costs are used to calculate an implied marginal heat rate.
If the implied marginal heat rate is greater than the assumed physical upper bound of existing natural gas
power plants, it is then capped at an upper limit; if the implied marginal heat rate is below the lower limit,

it is assumed that renewables are the marginal generator, and the heat rate is assumed to be zero. The

58 http://www.cpuc.ca.gov/General.aspx?id=5267
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resulting source energy is multiplied by the distribution losses, and then multiplied by carbon intensity of

combusting natural gas to determine the marginal emissions factor.

The

marginal emissions rate is reported in metric tons of CO;, o/ MWh. Figure 8-1 shows the average

calculated emissions rate for each month and hour in 2030.

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct

Nov

Dec

Hour of Day
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

0.33 0.33 0.34 0.33 0.34 0.36 0.39 0.37 0.18 0.35 0.33 0.36 0.38 0.37 0.36 0.35 0.34
0.34 0.34 0.34 0.34 0.34 0.37 0.40 0.30 0.09 0.21 0.38 0.40 0.40 0.38 0.36 0.35 0.34
0.27 0.28 0.29 0.28 0.31 0.34 0.25 0.07 0.33 0.35 0.35 0.35 0.33 0.32 0.29

0.18 0.21 0.22 0.20 0.27 0.32 0.09 0.17 0.37 0.29 0.28 0.23 0.27 0.25
0.26 0.27 0.27 0.27 0.33 0.29 0.25 0.38 0.39 0.35 0.29 0.31 0.28
0.23 0.24 0.23 0.26 0.30 0.24 0.09 0.08 0.08 0.19 0.29 0.37 0.29 0.27 0.29 0.26
0.34 0.34 0.34 0.34 0.35 0.36 0.33 0.12 0.07 0.10 0.12 0.09 0.20 0.32 0.36 0.37 0.36 0.36 0.35 0.34
0.35 0.35 0.36 0.35 0.37 0.39 0.35 0.12 0.36 0.39 0.34 0.38 0.39 0.37 0.36 0.36
0.38 0.37 0.37 0.36 0.38-ﬁ 0.21 0.16 0.36 0.39 0.40 0.39 0.41 0.39 0.37 0.37
0.35 0.35 0.35 0.35 0.36 0.40 0.42 0.29 0.15 0.39 0.45 0.43 0.42 0.39 0.37 0.36 0.36

0.33 0.33 0.33 0.34 0.35 0.36 0.37 0.29 0.15 0.35 0.36 0.36 0.36 0.36 0.35 0.34 0.33

0.33 0.34 0.35 0.34 0.35 0.37 0.40 0.37 0.17 0.12 0.36 0.38 0.39 0.38 0.36 0.35 0.34 0.34

Figure 8-1 Heat map of the assumed marginal emissions rate (metric tons of CO2, o/MWh), averaged by month and

hour in 2030.

8.2 Methodology for methane and refrigerant leakage calculations

+ Methane leakage was calculated by multiplying the natural gas consumption by 2.8%, the most
recent estimate for well-to-burner leakage from scientific literature, and then converted to
tonnes of carbon dioxide equivalent emissions (COzeq), using the 100-year mass-based global

warming potential for methane of 25.%°

% This is based on the IPCC (2007) as used in the CARB inventory. Some recent studies have suggested slightly higher values.
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+ Refrigerant leakage for AC and heat pump units was calculated using CARB'’s data on the average
charge and leakage rate of refrigerants for residential equipment in California’. The total annual
leakage rate was obtained by adding the annual operational leakage rate to the annualized end-
of-life leakage rate. This annualized rate was obtained by dividing the end-of-life leakage by 18
years, the estimated lifetime of residential HVAC units we use in our study. The resulting annual
leakage in Ibs of F-gas was converted to tons of CO.eq emissions using the global warming
potential of the refrigerant in each scenario. Additionally, the F-gas charge for each climate zone
was assumed to scale linearly with the tonnage of the HVAC system. The F-gas charge data given
by CARB was assumed to be for a 4-ton system. Below is an example calculation for the F-gas
leakage from the HVAC heat pump for an all-electric, 1978-vintage single family home in Oakland,

using the next generation of refrigerants:

End-of-life % leakage
: )
18 years

Annual leakage (tons C'Oy.q) = System charge for 4 ton system (1bs) = (Annual % leakage +

I metric ton 675 tons COq,,
*
2204.62 lbs 1 ton R32

3 ;
# _] tonnage conversion *

70 Data obtained through communications with CARB staff.
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9 Appendix D: Market Adoption Barriers
and Potential Solutions

Both retrofits & new construction

126 |Page

Market

Participant

Contractors

Homeowners
& Landlords

Barrier

Contractors may
have limited
experience and
comfort with
electric options

Limited consumer
awareness (and
negative
preconceptions) of
high-efficiency
electric
technologies

Low-income
consumers have
limited access to
low-cost financing

Consumer
unwillingness to
pay higher upfront
costs; bounded
rationality

Potential Solutions

Contractor training, best
practices guides, trusted
contractor lists

Utility direct install
programs

Upstream incentives

Market education
campaign (Energy Upgrade
California), new tools for
understanding lifecycle
savings

Third-party ownership &
financing, on-bill financing,
PAYS model

Downstream direct-to-
consumer incentives

Responsible

Entity for
Solutions

NGOs, CEC

Load serving
entities (LSEs,
e.g. utilities
and CCAs)

Regulators,
LSEs

NGOs, CEC,
LSE outreach

Regulators,
LSEs

Regulators,
LSEs
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Market Responsible

Participant

Barrier Potential Solutions Entity for
Solutions

If renters pay

utility bill, landlord Incentives for landlords to

Regulators,

Landlords does not benefit mstgll high efficiency LSEs
) . equipment
from bill savings
Shift away from tiered
rates; avoid collection of
Homeowners Tiered rates fixed costs through
c discourage volumetric rates; develop CPUC, LSEs
o & Renters e T
= electrification rates that more accurately
- reflect marginal cost to the
b= grid
7]
5
(s} High costs of Increasing market
3 product demand, reduce barriers to Policvmakers
2 introduction into introduce products that are Y
3 US market available internationally
;lg
= Manufacturers
g Limited market
0 demand in US
leads to limited . Policymakers
L ’
2 production for US Increasing market demand LSEs
0 market; premium
product pricing
L= regula_t_ory GHG performance
support for utility dard .
Utilities programs el .EE [PROEFES (2. Regulators
. CEOPT pilot for SCE); new
encouraging fuel )
oL cost-test mechanisms
switching
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Market

Participant

Barrier

Potential Solutions

Responsible
Entity for
Solutions

New construction

Retrofits

128|Page

Builders

Homeowners
& Landlords

Builder does not
pay full gas
infrastructure
costs; costs are
shared among gas
ratepayers

Builders look for
least cost,
commonly used
technologies

"Hassle factor" of
electrification
retrofits &
"emergency"
replacement of
failed equipment
may not work with
longer-lead time
for retrofit
installation

Assess whether new
construction should bear a
higher cost of gas
infrastructure costs

Upstream incentives

Title 24 building code

Incentives to replace water
heater, AC or furnace early
when another end-use fails

Contractor training to
reduce delays

"Electrification-ready"
building code

Clear identification and
communication of market
needs to manufacturers,
with commitment to
purchase or subsidize an
initial market segment

Regulators

Policymakers

CEC

Regulators,
LSEs

Contractors

CEC

Policymakers,
NGOs



Retrofits

Retrofits, HVAC

Market
Participant

Homeowners
& Landlords

Contractors &
distributors

Homeowners
& Landlords

Contractors

Barrier

"Hassle factor" of
electrification
retrofits &
"emergency"
replacement of
failed equipment
may not work with
longer-lead time
for retrofit
installation

Higher upfront
costs of heat pump
equipment

Contractors’
existing supply
chain focuses on
gas technologies;
limited stock
availability to
support
emergency
replacements

Offset appliance
replacement
schedule between
heating and
cooling appliances

Contractors have
limited incentive to
sell single HVAC
solution instead of
two

© 2019 Energy and Environmental Economics, Inc.
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Potential Solutions

X-prize type competition for
heat pump solutions that
bring down the "soft costs"
of installation

Design a "plug-and-play"
retrofit ready HPWH, heat
pump HVAC, and 3-function
heat pump

Improved financing; lease-
to-own options, third-party
ownership and
financing/energy services
business model

Direct install programs;
upstream incentives to
encourage replacement
readiness; higher market
demand

Incentive: Buy-down of
remaining useful life of
other appliance

Upstream incentives; direct
install programs

Building code requirement
for new AC installs to be
heat pumps

Responsible
Entity for
Solutions

Policymakers,
NGOs

Manufacturers

Private sector,
NGOs

Policymakers,
LSEs, NGOs,
private sector

Regulators,
LSEs

Regulators,
LSEs

CEC
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Responsible
Barrier Potential Solutions Entity for
Solutions

Market

Participant

Noise and
Homeowners placement concerns
& Landlords when WH is in
home

Split-system HPWH
products with remote Manufacturers
evaporator

Replacement of

gas-fired water Develop and install

S NSRS e [P products with 120V/15A
I requires running capabilit Manufacturers,
Q 240V power, P Y : Regulators,
. : Upstream or midstream
- condensate drain . A . LSEs
= . incentives; direct install
5 and possible
o . programs
] Contract electric panel
g ontractors upgrade
Adequate
ventilation not
available when Install product with ducted Manufacturers,
existing WH is in vent kit Contractors
interior or exterior
closet
E n Consumer Market education campaign
o °>’ Homeowners preference for about induction stoves; NGOs, CEC,
.g S & Renters natural gas upstream or midstream LSEs
g stovetops incentives
4 R&D in alternative electric
“; Heat pump dryers clothes dryer solutions (e.g.
S Homeowners require careful condensing dryers and Manufacturers,
7} maintenance and microwave/sonic dryers). NGOs,
L] & Renters " o L .
= can take a long X-prize" type competition Policymakers
§ time to dry clothes  for a better, high efficiency
(@) electric dryer
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10 Appendix E: Additional Results

10.1 Electricity load shapes for individual homes simulated

Figure 10-1 Hourly electricity consumption of a new construction single family home in Riverside (CZ10) and
Sacramento (CZ12)

CZ10 New SFH Hourly Total Electricity Consumption (SCE TOU-D-4-9)

January July
3 —— All-Electric ~=~ All-Electric Net Load 3
—— Mixed-Fuel = --- Mixed-Fuel Net Load

kwh

-2 T T T T -2 T
5 10 15 20 5 10 15 20
hour of the day hour of the day
CZ12 New SFH Hourly Total Electricity Consumption (SMUD 1-R-TOD)
January July
3 — All-Electric ~ --~- All-Electric Net Load 3
—— Mixed-Fuel ~ --- Mixed-Fuel Net Load

kWh

-1

—2 T T T T -2 T T T T
5 10 15 20 5 10 15 20
hour of the day hour of the day

Red lines represent the load of an all-electric home; and blue lines show the load of a mixed-fuel home. The net load,

represented by the dotted lines, is the total load less the hourly PV generation.
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10.2 Site energy savings

Energy savings of up to 73% in residential buildings can be achieved by switching from natural gas to
electric home appliances, as building simulation results in this study show (Table 10-1). In single family
homes, electric air source heat pumps (ASHPs) achieve higher annual site energy savings than the other
home appliances. Low-rise multifamily homes feature much lower annual site energy savings from
switching to ASHPs due to the smaller space per home. Space heating demand has a significant influence
on annual site energy savings by ASHPs. Colder climates result in about two times larger annual energy
savings in Northern California (San Francisco, San Jose and Sacramento) than in Southern California (Los
Angeles and Riverside). Retrofit homes achieve higher energy savings using ASHPs because they are less

insulated and thus have higher space heating and cooling demand than new construction.

Heat pump water heaters (HPWHSs) are the biggest contributor to energy savings in multi-family homes.
Compared to space heating and cooling, water heating demand depends more on the number of residents
than on the area of the home. Our results show similar site energy savings from switching to HPWHs
across home types and vintages. Energy savings achieved by an electric appliance is evaluated by
comparing it to the energy consumption of an alternative gas appliance. Benchmarking with a higher-
efficiency gas alternative would lower the energy savings achieved by the same electric appliance. New
construction homes are more likely to consider newer models of home appliances with higher efficiencies,
as compared with retrofit homes. In this study, gas tankless water heaters (81% average efficiency) are
chosen for mixed-fuel new construction homes (single family and low-rise multifamily) vs. lower-efficiency
gas storage water heaters (63% average efficiency) for retrofit homes. As a result, HPWHSs in new

construction homes show about half of the energy savings achieved in retrofit homes.
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Table 10-1 Annual site energy savings (%) from electrifying a home appliance or an entire home of new construction

Single Family Low-rise Multifamily

All-electric Home 70-73% 61-64%
HVAC 32-49% 14-27%
Water Heating 15-24% 27-36%
Clothes Drying 4-7% 2-3%
Cooking 5-7% 7-9%

Electrifying cooking and clothes drying, even with induction stoves and heat pump clothes dryers in single
family homes, shows lower annual site energy savings, because there is not as great of an efficiency
advantage with these products as compared to shifting from gas water heaters and furnaces to heat pump
technology. Prioritizing the electrification of space heating and water heating could achieve 90% of the

energy savings benefit of an all-electric home.

Significant energy savings are achieved through electrification of end uses across all building types, vintages
and climate zones. Electrifying all end uses in new construction reduces the annual site energy consumption
by 30-50% (Table 10-2). The energy savings is much higher in winter than summer. This is because ASHPs
are 4 to 6 times more efficient than gas furnaces in providing space heating in California’s climate, while
efficiency gains in space cooling compared to common AC units are only about 10%. Energy savings in winter
for an entire home can be up to 60%, but an all-electric home may achieve much higher savings on days with
spiking space heating demand thanks to ASHPs (Figure 10-2). The energy savings may be less significant in

colder climate zones if very cold temperatures occur and electric resistance heating needs to be triggered,
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but electric resistance back-up heat was never triggered in the climate zones and appliances simulated here.
Higher space heating demand by retrofit homes contributes to higher site energy savings in all-electric

retrofit homes (up to 65%) than in new construction (Table 10-2).

Table 10-2 Site energy savings (%) for new construction, all electric vs. mixed fuel home.

Single Family Low-rise Multifamily
Annual 36-50% 34-42%
Summer 25-29% 28-33%
Winter 48-63% 38-51%
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Figure 10-2 Daily site energy consumption of all-electric and mixed fuel new construction single family homes
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