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PREFACE

On December 3, 2008, the California Energy Commission adopted standards for state-regulated general
service incandescentlamps, modified spectrum general serviceincandescent lamps,and general service
lamps. Tier IT ofthe standards for general service lamps requires a minimum efficacy of45 lumens per
watt and is effective for general service lamps manufactured on or after January 1,2018, and offered for

salein California.

On March 14, 2012, the California Energy Commission issued an order instituting rulemaking to begin
considering standards, test procedures,labeling requirements, and other efficiency measures to amend
the Appliance Efficiency Regulations (California Code of Regulations, Title 20, Sections 1601 through
Section1609). Inthis order, the Energy Commission identified appliances with the potential to save
energy or water. The goal ofthe rulemaking is to develop proposed appliance efficiency standards and
measures to realize these savings opportunities.

On January 27, 2016, the Energy Commission adopted efficiency regulations for small-diameter
directional lamps and general service light-emitting diode (LED) lamps. These regulations are effective for
small-diameter directional lamps and general service LED lamps manufactured on or after January 1,
2018, and offered for sale in California.

On January 19,2017, the U.S. Department of Energy published two Federal Register notices offinal rules
adopting arevised definition for general service lamps. The effective date for the final rulesis January 1,
2020.

On April 21, 2017, the Energy Commission released an invitation to participate to provideinterested
parties the opportunity to inform the Commission about the products, markets, and industry
characteristics ofthe appliances identified, including an expanded scope for the existing efficiency
standards for general servicelamps. On May 11, 2017, Commission staffheld a webinar to discuss the
invitation to participate. Stakeholders submitted comments by June 11, 2017. OnJuly 21, 2017,
Commission staffheld a workshop to discuss the comments received from the invitation to participate.

On July 18,2017, the Energy Commission released an invitation to submit proposals related to efficiency
standards, test procedures, and related items for the appliances identified in the invitation to participate.
Proposals weresubmittedby September 18, 2017. On October 24, 2017, Commission staffheld a webinar
to discuss the proposals received.

The Commission has reviewed all the information received. This report contains the draft proposed
regulationsto revisethe definitions for the existing general servicelamp efficiency standards.



ABSTRACT

This report discusses proposed revisions to definitions related to general service lamps in the Appliance
Efficiency Regulations (California Code of Regulations, Title 20, Sections 1601 to 1609). Staffalso
proposesto add adefinition and set a minimum efficacy standard for low-lumen lamps. These proposed
updates are part ofthe 2018 Appliance Efficiency Pre-Rulemaking (Docket #17-AAER-07). California
Energy Commission staffanalyzed the cost-effectiveness and technical feasibility of the proposal.

Statewide energy use and savings and related environmental impacts and benefits are included.

The proposed definitions would be effective for general servicelamps sold on or after

January 1, 2020, and low-lumen lamps manufactured on or after January 1, 2020. The proposed
definitions would effectively expand the scope oflamps subject to the existing general servicelamp
efficiency standards, which require a minimum lamp efficacy of 45 lumens per watt. The proposed
definitions substantially align with the revised definition for general servicelamps adopted by the U.S.
Department of Energy .

Expandingthe scopeofthe general service lamp regulations would save more than 4,600 gigawatt-hours
of electricity the first year the broaderstandard isin effect. After existing stock fully turns over, the
proposed standard would have an annual electricity savings of morethan 13,600 gigawatt-hours. The
annual electricity savings equateto morethan $2.4billionin annual savings, after stock fully turns over,
to California businesses and individuals. Iffederal definitions take effect and are enforced on January 1,
2020, then most ofthe savings are attributable to that federal effort. However, the Energy Commission
hasproposed to substantially align with the federal definitions to prevent federal backsliding before 2020
and to ensure that the state is prepared to implement and enforcethe standards on January 1, 2020.

Staff analyzed available marketdata and concluded thatthe updates to the definitions for general service
lamps would significantly reduce energy consumption and are technically feasible and cost -effective.

Keywords: Applianceefficiencyregulations,appliance regulations, energy efficiency, general service
lamps

Please use the following citation for this report:

Saxton, Patrick. 2018.Analysis of General Service Lamps (Expanded Scope). California Energy
Commission. Publication Number: CEC-400-2018-015-SD.
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EXECUTIVE SUMMARY

This report presents the California Energy Commission staff’s analysis of proposed regulations to add and
revise definitions related to general service lamps, define low-lumen lamps, and set minimum efficiency
standards for low-lumen lamps. General servicelamps are subject to existing state efficiency standards,
which require a minimum lamp efficacy of45 lumens per watt for general service lamps manufactured on

or after January 1,2018, and offered for sale in California.

Staff proposesto amend the definition ofgeneral service lamp and to amend and add related definitions
in the Appliance Efficiency Standards. These definitions will align with those established in two final rules
published by the U.S. DepartmentofEnergy onJanuary 19, 2017. Amending the definition ofgeneral
service lamp in the Appliance Efficiency Standards would broaden the lamp types that are subject to the
existing general service lamp standard requiring a minimum lamp efficacy of45 lumens perwatt. This
would effectively expand the scope of products for which low-efficacy incandescent, including halogen,
lamps could not be offered for sale in California, resulting in significant reductions in the amount of
electricity consumed by lighting and in significant utility bill savings for California consumers and
businesses. Staffproposes that the amended definition be effective for general service lamps soldon or
after January 1,2020. Appliance standards are usually applicable based on the date of manufacture, but
the sales prohibition is being proposed to align with federal statute,! which sets a “sell by ” date of January
1,2020.

Staff proposesto define low-lumen lamps and to set aminimum efficacy standard of 45 lumens per watt
forlow-lumenlamps manufactured on or after January 1, 2020. Low-lumen lamps are lamps that would
otherwise be general service lamps but for the associated lower amount oflight output. Existing state-
regulated LED lamp efficiency standards areapplicable to lamps with alumen outputofi5olumensor
greater and 2,600 lumens or less. Existing general service lamp efficiencystandards are applicable to
lamps with a lumen outputof310lumensor greaterand 2,600lumensorless.

Expandingthe scopeofthe general service lamp regulations would save over 4,600 gigawatt-hours of
electricity the first year the broader standard is in effect. After existing stock fully turns over, the proposed
standard would have an annual electricity savings ofover 13,600 gigawatt-hours. This equates to over
$2.4 billionin annual savings, after stock fully turns over, to Californiabusinesses and individuals. If
federal definitions take effectand are enforcedon January 1,2020, then most ofthe savings analyzedin
thisreport are attributable to that federal effort. However, the Energy Commission has proposedto
substantially align with the federal definitions to preventfederal backsliding before2020 and to ensure
that the state is prepared to implementand enforce the standards on January 1,2020.

1 United States Code, Title 42, § 6295(1)(6)(A)(v),, available at https://www.gpo.gov/fdsys/pkg/USCODE-2016-
title42/pdf/USCODE-2 016-title42-chap77-subchap III-partA-sec6295.pdf.



https://www.gpo.gov/fdsys/pkg/USCODE-2016-title42/pdf/USCODE-2016-title42-chap77-subchapIII-partA-sec6295.pdf
https://www.gpo.gov/fdsys/pkg/USCODE-2016-title42/pdf/USCODE-2016-title42-chap77-subchapIII-partA-sec6295.pdf




CHAPTER 1:
Legislative Criteria

Section 25402(c)(1) ofthe California Public Resources Code mandates thatthe California Energy
Commissionreduce the inefficient consumption of energy and water on a statewidebasis by prescribing
efficiency standards and other cost-effective measures? forappliances that require a significant amount of
energy and water to operate. Such standards must be technologically feasible and attainable and must not
resultin any added total cost to the consumeroverthe designed life ofthe appliance.

Indetermining cost-effectiveness, the Energy Commission considers the value ofthe water or energy
saved, the effect on product efficacy for the consumer, and the life-cycle cost to the consumer of
complying with the standard.The Commission also considers other relevant factors including, but not
limited to, the effect on housing costs, the statewide costs and benefits ofthe standard over the lifetime of
the standard, the economicimpact on California businesses, and alternative approaches and the
associated costs.

2 Theseinclude energy and water consumption labeling, fleet averaging, incentive programs, and consumer education programs.



CHAPTER 2:
Efficiency Policy

The Warren-Alquist Act3 establishes the California Energy Commission as California’s primary energy
policy and planning agency. The act mandates that the Commission reduce the wasteful and inefficient
consumption ofenergy and water in the state by prescribing statewide standards for minimum levels of

operating efficiency for appliances that consume a significant amount ofenergy or water.

For nearly four decades, California has regularly increased the energy efficiency requirements for new
appliances soldand new buildings constructed in the state. Through the Appliance Efficiency Program,
appliance standards haveshifted the marketplace toward more efficient products and practices, reaping
significant benefits for California’s consumers. The state’s Title 20 Appliance Efficiency Regulations,
along with federal appliance standards encompassing a variety ofappliance types, saved an estimated
30,065 gigawatt-hours (GWh)4 ofelectricityin 2015 alone, resulting in about $4.84billion in savings5 to
California consumers. In the 1990s, the California Public Utilities Commission (CPUC) decoupled the
utilities’ financial results from their direct energy sales, promoting utility support for efficiency programs.
These efforts have reduced peakload needs by morethan 8,645 megawatts (MW) and continue to save
about 32,594 GWh peryear ofelectricity.® The potential for additional savings remains by increasing the

energy efficiency and improving the use ofappliances.

Reducing Electrical Energy Consumption to Address Climate
Change

Applianceenergy efficiency is identified as a key to achieving the greenhouse gas (GHG) emission
reduction goals of Assembly Bill 32 (Ntfiez, Chapter 488, Statutes 0f2006)7 and Senate Bill 32 (Pavley,
Chapter 249, Statutes 0of2016),8 as well as the recommendations containedin the California Air
Resources Board’s Climate Change Scoping Plan.9 Energy efficiencyregulations are alsoidentified as key

components inreducing electrical energy consumption inthe 2015 Integrated Energy Policy Report

3 The Warren-Alquist State Energy Resources Conservation and DevelopmentAct Division 15 of the Public Resources Code, §
25000et seq., available at http: .
4 California Energy Commission, California Energy Demand 2016-2026 Revised Electricity Forecast, January 2 016 available at
http://docketpublic.energy.ca.gov/PublicDocuments/15-IEPR-

03/TN2¢ 20160115T152221 California Ene Demand 20162026 Revised Electricity Forecast.pdf.

5 Usingcurrent average electric power and natural gasrates of: residential electric rate of $0.164 per kilowatt-hour, commercial
electric rate of $0.147 per kilowatt-hour. This estimate doesnot incorporate any costs associated with developing or com plying with
appliance standards.

6 California Energy Commission, California Energy Demand 2016-2026 Revised Electricity Forecast, January 2016, available at
http://docketpublic.energy.ca.gov/PublicDocuments /15-IEPR-

03/TN207439 20160115T152221 California Energy Demand 20162026 Revised Electricity Forecast.pdf.

7 AB 32, California Global Warming Solutions Act of 2006, available at
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtmI?bill id=200520060AB32.

8 SB 32, California Global Warming Solutions Act of 2006, available at

https://leginfo.legislature.ca.gov /faces/billTextClient.xhtml?bill id=201520160SB3 2.

9 Climate Change Scoping Plan available at
http://www.arb.ca.gov/cc/scopingplan/2013 update/first update climate change scoping plan.pdf.



http://www.energy.ca.gov/2017publications/CEC-140-2017-001/CEC-140-2017-001.pdf
http://docketpublic.energy.ca.gov/PublicDocuments/15-IEPR-03/TN207439_20160115T152221_California_Energy_Demand_20162026_Revised_Electricity_Forecast.pdf
http://docketpublic.energy.ca.gov/PublicDocuments/15-IEPR-03/TN207439_20160115T152221_California_Energy_Demand_20162026_Revised_Electricity_Forecast.pdf
http://docketpublic.energy.ca.gov/PublicDocuments/15-IEPR-03/TN207439_20160115T152221_California_Energy_Demand_20162026_Revised_Electricity_Forecast.pdf
http://docketpublic.energy.ca.gov/PublicDocuments/15-IEPR-03/TN207439_20160115T152221_California_Energy_Demand_20162026_Revised_Electricity_Forecast.pdf
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=200520060AB32
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201520160SB32
http://www.arb.ca.gov/cc/scopingplan/2013_update/first_update_climate_change_scoping_plan.pdf

(IEPR)'0 andthe 2011updateto the CPUC’s Energy Efficiency Strategic Plan.'! Finally, Governor
Edmund G. Brown Jr. and the Legislature have identified appliance efficiency standards as a key to
doubling the energy efficiency savings necessary to put California on a path to reducing its GHG emissions
to 80 percent below1990levelsby 2050,12 acommitment madeto the Subnational Global Climate
Leadership Memorandum of Understanding (Under 2 MOU) agreement along with 167 jurisdictions
representing 33 countries.!3

On October 7, 2015, the Governorsigned the Clean Energy and Pollution Reduction Act of2015, orSenate
Bill 350 (De Le6n, Chapter 547, Statutes of2015), requiring the Energy Commission to establish annual
targets for statewide energy efficiency savings and demand reduction that will achievea doubling of
energy savingsfrom buildings and retail end uses by 2030.14 Appliance efficiency standards will be
criticalin meeting this goal.1 5 In addition, the Energy Commission adopted the Existing Buildings Energy
Efficiency Action Plan in September 2015and updated it in December 2016 to transform existing
residential,commercial,and public buildings into energy-efficient buildings.! © Appliance efficiency

standards are essential to reducing the energy consumption in existing buildings fro m plug-inloads.

Loading Order for Meeting the State’s Energy Needs

California’sloading order places energy efficiency as the top priority for meeting energy needs. The
Energy Action Plan I1 strongly supports the loading order, which describes the priority sequence for
actionsto addressincreasing energy needs. Energy efficiency and demand response are the preferred
means of meeting the state’s energy needs.!”7

For the past 30 years,while per-capita electricity consumption in the United States has increased by
nearly 50 percent, California’s per-capita electricity use has been nearly flat. Continued progress in cost-
effectivebuilding and appliancestandards and ongoing enhancements to efficiency programs
implemented by investor-owned utilities (IOUs), publicly owned utilities,and other entities have
contributed significantly to this achievement.18

10 California Energy Commission, 2015 Integrated Energy Policy Report, 2015, available at
http://energy.ca.gov/2015_energypolicy/.

11 CPUC, Energy Efficiency Strategic Plan, updated January 2011, available at
http://www.cpuc.ca.gov/NR/rdonlyres/A54B5 9C2-D571-440D-9477-

3363726F573A /o /CAEnergyEfficiencyStrategicPlan Jan2011.pdf.

12 Gov.EdmundG. BrownJr., 2015Inaugural Address, available at http: //gov.ca.gov/news.php?id=18828.

13 Subnational Global Climate Leadership Memorandum of Understanding,available at http://under2mou.org/background/.

14 2016 Integrated Energy Policy Report Update, available at http://docketpublic.energy.ca.gov/PublicDocuments/1 6-IEPR-
01/TN216281 20170228T131538 Final 2016 Integrated Energy Policy Report Update Complete Repo.pdf.

15 Jones, Melissa, Michael Jaske, Michael Kenney, Brian Samuelson, Cynthia Rogers, Elena Giyenko, and Manjit Ahuja. 2017.
Senate Bill 350: Doubling Energy Efficiency Savings by 2030. California Energy Commission. Publication Number: CEC-400-2017-
010-CMF, available at http://docketpublic.energy.ca.gov/PublicDocuments/17-IEPR-

06 /TN221631 20171026T102305 Senate Bill 350 Doubling Energy Efficiency Savings by 2030.pdf.

16 California’s Existing Buildings Energy Efficiency Action Plan — 2016 Update, available at
http://docketpublic.energy.ca.gov/PublicDocuments /1 6-EBP-

01/TN214801 20161214T155117 Existing Building Fnergy Efficency Plan Update Deceber 2016 Thi.pdf.
17 Energy Action PlanlI, available at http://www.energy.ca.gov/energy action plan/2005-09-21 FAP2 FINAL.PDF,p. 2.

18 Energy Action PlanII, available at
http://www.energy.ca.gov/energy action plan/2005-09-21 EAP2 FINAL.PDF,p.3.



http://www.cpuc.ca.gov/NR/rdonlyres/A54B59C2-D571-440D-9477-3363726F573A/0/CAEnergyEfficiencyStrategicPlan_Jan2011.pdf
http://www.cpuc.ca.gov/NR/rdonlyres/A54B59C2-D571-440D-9477-3363726F573A/0/CAEnergyEfficiencyStrategicPlan_Jan2011.pdf
http://gov.ca.gov/news.php?id=18828
http://under2mou.org/background/
http://docketpublic.energy.ca.gov/PublicDocuments/16-IEPR-01/TN216281_20170228T131538_Final_2016_Integrated_Energy_Policy_Report_Update_Complete_Repo.pdf
http://docketpublic.energy.ca.gov/PublicDocuments/16-IEPR-01/TN216281_20170228T131538_Final_2016_Integrated_Energy_Policy_Report_Update_Complete_Repo.pdf
http://docketpublic.energy.ca.gov/PublicDocuments/17-IEPR-06/TN221631_20171026T102305_Senate_Bill_350_Doubling_Energy_Efficiency_Savings_by_2030.pdf
http://docketpublic.energy.ca.gov/PublicDocuments/17-IEPR-06/TN221631_20171026T102305_Senate_Bill_350_Doubling_Energy_Efficiency_Savings_by_2030.pdf
http://docketpublic.energy.ca.gov/PublicDocuments/16-EBP-01/TN214801_20161214T155117_Existing_Building_Energy_Efficency_Plan_Update_Deceber_2016_Thi.pdf
http://docketpublic.energy.ca.gov/PublicDocuments/16-EBP-01/TN214801_20161214T155117_Existing_Building_Energy_Efficency_Plan_Update_Deceber_2016_Thi.pdf
http://www.energy.ca.gov/energy_action_plan/2005-09-21_EAP2_FINAL.PDF
http://www.energy.ca.gov/energy_action_plan/2005-09-21_EAP2_FINAL.PDF

Governor’s Clean Energy Jobs Plan

On June 15,2010, as a part ofhis campaign, Governor Brown proposed the Clean Energy Jobs Plan,9
which directed the Energy Commission to strengthen appliance efficiency standards for lighting,
consumerelectronics, and other products. The Governor noted that energy efficiency is the cheapest,
fastest, and most reliableway to create jobs, save consumers money,and cut pollution from the power
sector.He also stated that California's efficiency standards and programs have triggered innovation and
creativity in the market. Today's appliances are not only more efficient,but they are less expensive and

more versatile than everdue, in part, to California’s leadership in the area.

19 Office of Edmund G. Brown Jr., Clean Energy Jo bs Plan, available at http://gov.ca.gov/docs/Clean Energy Plan.pdf.



http://gov.ca.gov/docs/Clean_Energy_Plan.pdf

CHAPTER 3:
Product Description

General service lamps(GSLs) are light bulbs that produce white light to provide overall illumination, as
opposed to task-specificlighting. GSLs typically incorporateone of three primary light source
technologies —incandescent (including halogen), fluorescent, or light-emitting diode (LED) — although
othertechnologies such asinduction are available.

The California Appliance Efficiency Regulations define general service lamps as general service
incandescentlamps, compact fluorescent lamps (CFL), general service LED and organic LED lamps, and
any other lampsthat the Secretary (ofthe U.S. Department of Energy) determines are used to satisfy
lighting applications traditionally served by general serviceincandescent lamps.General service lamps do
notinclude any lighting application or bulbshape excluded from the definition of federally regulated
general service incandescent lamp, general service fluorescent lamp, or incandescent reflector lamp.2©

The definition for general service lamps is identical to that foundin the Energy Independenceand
Security Actof2007 (EISA).2! Because CFLand LED general service lamps are direct replacements for
general service incandescent lamps (GSILs), the definition for GSLs relies heavily on the definition and
exclusions for GSILs. GSILs are defined aslamps with medium screwbases, by far the most common base
type, that operate at least partially between 110 and 130 volts and that have light output between 310and
2,600 lumens. Twenty-two types oflamps are excluded from the definition of GSIL and, by extension,
from the definition of GSL. The most notable exclusions are incandescent reflector lamps and many
incandescent lamps with candelabra bases.2? Because ofthe definitions and ex clusions, GSILs and GSLs
usually consist ofthe familiar pear shape, omnidirectional lamp, called an A-shapelamp. (See

Figure 3-1.)

20 California Code of Regulations, Title 20, § 16 02(k), definition for “Federally-regulated general service lamp,” available at

https://govt.westlaw.com/calregs/Document/I8 FF21C40D4 4F11DEA 95CA 442 S8EC25FA 0 viewType=FullText&origination Context

=documenttoc&transition Type =CategoryPageltem&contextData=(sc.Default).
21 United States Code, Title 42, § 6291(30)(BB),available at https: //www.gpo.gov /fdsys/pkg/USCODE-2 016-title42/pdf /USCODE-

2 016-titleq2-chap77-subchaplll-partA-sec6291.pdf.
22 Ibid., definition for “federally-regulated general service incandescent lamp.”
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https://www.gpo.gov/fdsys/pkg/USCODE-2016-title42/pdf/USCODE-2016-title42-chap77-subchapIII-partA-sec6291.pdf

Figure 3-1: Omnidirectional A-Shape Lamp

Gl

Source: www.lightbulbu.com

Some common lamp typesfound inhomes that are used to provide general illumination are not defined as
general service lamps under the California regulations. Large-diameter reflector lamps, a type of
directional lamp, areused in downlights and frequently found in kitchens and hallways. (See Figure 3-
2.) Decorative lampsrated at 40 watts or less are often found inlight fixtures abovevanities and in
chandeliers. (See Figures 3-3 and 3-4.) Broadening the definition to include these general illumination

lamps would save significant electricity statewide.

Figure 3-2: Directional Large-Diameter Reflector Lamp

>
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Source: www.lightbulbu.com



Figure 3-3: Decorative Globe-Shape Lamp

Source: www.lightbulbu.com

Figure 3-4: Decorative Flame-Tip Candle-Shape Lamp

Source: www.lightbulbu.com

Energy Use

Lampshave awide range ofluminous efficacy (efficacy), depending on the lighting source. Efficacy is a
measure ofthe amount ofvisiblelight produced by alamp compared to the amount ofelectrical power
inputinto the lamp. The units of efficacy arelumens per watt. Halogen incandescent lamps havean
efficacy around 17 lumens perwatt. CFLs ty pically havea range ofefficacies between 45 and 60 lumens
per watt. LED lamps are the most efficient general servicelamps available in the market today, reaching
efficacies ashigh as139 lumens per watt.23 LED lamps are widely availablein a variety of shapes and

23 EcoSmart 1002459555, available at https://www.energystar.gov/productfind er/product/certified-light-bulbs/d etails /22938 83.



https://www.energystar.gov/productfinder/product/certified-light-bulbs/details/2293883

sizes, haverapidly decreased in price, and are declining in both cost to manufacture and consumer
price.24,25,26 (See Figure 3-5.)

Figure 3-5: Price Index for LED Lamps
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Source: Impact of the EISA 2007 Energy Efficiency Standard on General Service Lamps

Lighting remains alarge sourceofresidential electricity use. In 2009, before California’s most recent
lighting standards took effect, the 2009 Residential Appliance Saturation Survey (RASS) estimated that
lighting would consume 22 percent of California residential electricity in 2009.27 Replacing existing low-
efficacy incandescent lamps with high-efficacy CFL or LED lamps can substantially reduceelectricity

consumptioninhomes and businesses.

Data from the National Electrical Manufacturers Association for the fourth quarter of2017 indicate that
incandescent, including halogen,lamps account for 55.6 percent of national A -shapelamp shipments.2 8

This percentage has remained relatively stablesince 2014. (See Figure 3-6.) The vast majority of A-shape

2 4 CaliforniaIOUs Response to Invitation to Submit Proposals, pp. 10-14, available at
http://docketpublic.energy.ca.gov/PublicDocuments/17-AAER-

07/TN221219 20170918T163557 California Investor Owned Utilities Comments Response to Invita.pdf.

25 ENERGY STAR® Lamps Version 2.1 Qualified Product List, available at

https: //www.energystar.gov/productfinder/product/certified-light-bulbs/results.

26 Kantner, C., and A. Alstone (2017).Im pact ofthe EISA 2007 Energy Efficiency Standard on General Service Lamps, pp.23-24,
available athttp://docketpublic.energy.ca.gov/PublicDocuments/17-AAER-

07/TN220255 20170718T164013 Impact of the EISA 2007 FEnergy Efficiency Standard on General Spdf.
27 KEMA, Inc. 2010. 2009 California Residential Appliance Saturation Study. California Energy Commission. Publication Number:

CEC-200-2010-004-ES, available at http://www.energy.ca.gov /appliances/rass/.

28 https://www.nema.org/Intelligence/mndices/Pages/A -line-Lamp-Shipments-Decrease-in-Fourth-Quarter-2 017.aspx.
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incandescents, including halogen, manufactured on or after January 1, 2018, may no longerbe legally
offered for sale in California because they are unable to meet the minimum 45 lumens per watt standard
for state-regulated GSLs. However, the percentage of shipments for A-shape incandescents, including
halogen, is highly likely to be a conservative proxy for a percentage of shipments of other lamp types
because A-shapeisthe most common lamp shape. Itis probablethat the percentage of shipments for LED
lampsthatare not A-shaped islower than that of A-shape lamps because incandescents,including
halogen, remain readily available in California.

Figure 3-6: Market Penetration of National A-Shape Lamp Shipments
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The estimated California existing stock oflamps in 2020 that are addressed in thisreport is 260 million
lamps. (See Table 3-1.) Estimates of national market share by light sourcetechnology show that
shipments ofthese lamp ty pes continue to be dominated by low-efficacy incandescentlamps.29 (See

T able 3-2.) Although LED market share has increased in recent years, California consumers and
businesses will achieve significant electricity and monetary savings when replacing theselow-efficacy

lamps with high-efficacy lamps.

Table 3-1: Estimate of 2020 California Existing Stock of Lamps Addressed in This Report

Lamp Type 2020 Stock Estimate
Large-Diameter Reflector Lamps 67,400,000
Decorative Lamps 125,200,00
Globe Lamps 30,400,000
EISA-Exempt Lamps 35,000,000
Low-Lumen Lamps 2,000,000
Total 260,000,000

Source: Energy Commission staff

Table 3-2: Estimate of 2015 National Market Share by Light Source Technology

Lamp Type Estimated Stock Share by Technology in 2020
Incandescent CFL LED
Large-Diameter Reflector Lamps 82% 17% 1%
Decorative Lamps 96% 4% 0%
Globe Lamps 100% 0% 0%
EISA-Exempt Lamps 100% 0% 0%

Source: Impact of the EISA 2007 Energy Efficiency Standard on General Service Lamps

Distinguishing Characteristics

General service lampsare typically described in terms ofthe base, shape and diameter, light distribution,
operating voltages, and, for CFLs and LEDs, expected lifetime. Within a specific lamp type, the main
distinguishing characteristic for consumers is ty pically the amountoflight output, b ecausethe purpose of
a GSL is to provideoverall ratherthan specific illumination. Historically, incandescent lamps were
distinguished by the associated wattage, which stood as a proxy for the lumen output ofthe lamp. Each of

these characteristics are described briefly below:

e Lumen output. The lumen output ofalamp is a measure ofhow much visiblelight it produces.

¢ Base. The base ofa lamp identifies what kind of socket or fixture it can be used with. Common
lamp basesinclude candelabra screw bases (E11or E12), intermediate screw bases (E17), medium

29 Kantner, C., and A. Alstone (2017). Impactofthe EISA 2007 Energy Efficiency Standard on General Service Lamps, p.4,
available athttp://docketpublic.energy.ca.gov/PublicDocuments/17-AAER-
07/TN220255 20170718T164013 Impact of the EISA 2007 FEnergy Efficiency Standard on General S.pdf.
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screw bases (E26), and bipin bases (for example, G9, GU10, GU24, GX5.3). Less common lamp
basesinclude wedgebases, festoon caps, and quad-pin bases.

Shape and diam eter. The shape ofalamp is generally the most familiar characteristic to the
consumer, after the base. The pear-shape lamp (called A-shape) is the most common shape of
general service lamp. Other shapes can include candle, decorative, or flame shapes (B, C, CA, DC,
F, ST), globe or spherical shapes (G, P, PS), directional shapes, typically called “reflector” lamps
(R, MR, BR, PAR, ER, MRX), tubular shapes (T or ST), and some specialty or special-purpose
shapes. Lamps are also frequently described in terms of diameter,in eighths ofaninch. For
example,an “MR16” lamp means a multifacetedreflector (MR) lamp with a diameter of16/8 inch
(or 2 inches).

Distribution. The light distribution of alamp simply describes where the light outputis
intended to go. An omnidirectional lamp distributes light up, sideways,and down (ex cept for
where the lamp attaches at the base). A directional lamp distributeslight in a specific direction. A
decorativelamp typically distributes mostofthe light up and out, and not down, similar to a
candle.

Operating voltages. Although lamps typically have arange of voltages at which they are
capable of operating, most lamps that are used for general illumination (as opposed to some
specialty purpose) operateat either 120 volts (line voltage) or 12 volts (low voltage).

Lifetime. The lifetime or “rated life” ofalamp is howlongthe lamp lasts when on and is ty pically
measured in hours. Incandescent lamps typically havea relatively short-rated life ofabout 3,000
hours or fewer, whereas LED lamps typically have alonger-rated life ranging from 10,000 to
25,000 hours.

Amongdirectional lamps, additional descriptors often come into play to define the directionality ofthe

associated light distribution and the amount oflight to expect from the lamp, including center beam

candlepower (CBCP) and beam angle:

CBCP. CBCP isa measure ofthe luminousintensity oflamp at the center of the beam, in
candelas.

Beam angle. Beam angle refers to the directionality ofthe light and is used to distinguish
between aspotlight (narrowbeam angle) and a flood light (wide beam angle).

Finally, lamps are frequently described by the intended use. As an example, a “mine service lamp”is a

lamp “specifically designed for use in mine applications.”3© Describing alamp by the intended use ofit

presents a challenge for appliance efficiency regulations because these regulations areenforced at the

point ofsale, where the intended use ofalamp cannot usually be distinguished. Careful definitions are

necessary for these types oflamps so that they do not become loopholes in the standards.

30 California Code of Regulations, Title 20,§ 16 02(k), definition of “Mine Service Lamp.”
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EISA-Exempt Lamps

The EISA describesfive types oflamps that are explicitly excluded from the definition of “general service
incandescentlamp” but that also present a significant riskofaloophole because ofthe similarity inlook
and function ofthese lamp types to a traditional medium screw-base A-shapeincandescent lamp. These
include rough-servicelamps, vibration-service lamps, three-way incandescent lamps, high-lumen (2,6 01-
3,300 lumen)lamps, and shatter-resistantlamps. For many ofthese lamp types, the distinguishing
characteristic ofthe lamp disappears as you movebetween lighting technologies. For example, a
vibration-service lamp is alamp that has a sturdier filament to help withstand vibration. A nonfilament
lamp, such asa CFL or LED, is an adequate replacement for this application, since these productsdono t
have filaments to jostleloose.

Because these lamps are at high risk for becomingloopholesto the lighting standards, the DOE is
required to trackand analyze the market share ofthese lamps each year. Ifthe analysisin any given year
shows that one ofthese types oflamps exceeds a specified threshold ofsales, the DOE must either conduct
an acceleratedrulemaking to establish an energy conservation standard for these products or impose a
maximum wattage standard on these lamps (for example, for rough-service, vibration-service, and
shatter-resistant lamps the backstoprequirement is a maximum 40 -watt limitation). For vibration-service
and rough-servicelamps, the DOE has published final rules confirming the 40 -watt backstop requirement
is in effect.31

The DOE’s definition of“general servicelamps,” effective January 1, 2020, would cover all of these “EISA -
exemptlamps”as “general service lamps” and subject them to the
45-lumens-per-wattstandard, although thereare no standards in effect today for shatter-resistant, three-

way, or high-lumen lamps.

Replacement General Service Lamps

GSLs installed in California homes and businessesconsumea significant amountofelectricity.
ReplacementGSLs are available in a wide range ofefficacies, with the moreefficacious lamps enabling
significant electricity savings for California consumers. Because general servicelamps are distinguished
and selected by the associated physical characteristics such as base, shape, distribution, and lumen
output, the light source technology is interchangeableby the consumer. The choice oflight source
technology haslittleor no effect on the performance ofthe GSL, which is almost exclusively determined
by the physical characteristics of the lamp, buthas a dramatic impact on the energy consumption ofthe
lamp. Because the light source technology does notdictate the performance or consumer utility ofa GSL,
it is appropriateand imperativeto maintain atechnology-neutral approachto regulating the energy
consumption of GSLs.

31 82 Fed. Reg. 60845 (Dec. 26, 2017).
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CHAPTER 4:
Regulatory Approaches

Federal Approaches

There are federal efficiency standards for incandescent reflector lamps, medium -base compact fluorescent
lamps, general serviceincandescent lamps, modified spectrum general service incandescent lamps,
intermediate-baseincandescent lamps,candelabra-base incandescent lamps, rough-service lamps,and
vibration-service lamps. There are no federal standards in effect for general service lamps or general
service LED lamps. There are no federal standards for small-diameter directional lamps.

In2007,the U.S. Congress passed and President George H. W. Bush signed into law the Energy
Independence and Security Act (EISA). The EISA included a definition, and certain exclusions from the
definition, for general serviceincandescent lamps (GSILs). The EISA set minimum efficacy standards for
GSILs and modified spectrum GSILs and maximum wattage limits for candelabra-base incandescent
lamps and intermediate-base incandescentlamps. The EISA includeda definition for general service
lampsthatis the same as the definition for “general service lamp” found in the Code of Federal
Regulations (CFR) and the same as the definition for “federally regulated general servicelamp” found in
the ApplianceEfficiency Regulations. This definition for GSL applies primarily to A-shapelampswith a
medium screw base and that use either incandescent, including halogen, CFL, or LED light-sources.

The EISA directed the DOE to conduct a rulemaking for GSLs that met four criteria: (1) initiate a
rulemaking by January 1, 2014, to determine whether to amend the minimum efficacy standards for
GSILs and whether to maintain or discontinue exemptions for incandescentlamps; (2) include in the
scope ofthe rulemaking technologies other than incandescenttechnologiesand a consideration ofa
minimum 45 lumens-per-wattstandard for GSLs; (3) if DOE determinesthatthe GSILstandards should
be amended, a final rule by January 1, 2017, with an effective date at least 3 years from the final rule
publication date; and (4) consideration of phased-in effective dates.3 2 Ifthe DOE did not undertake the
required rulemaking orifthe final rule did not produce savings greater than or equal to the savings from a
minimum efficacy standard of45-lumens-per-watt, then the EISA establishes a “backstop” standard
prohibiting the sale of GSLs that do not meet a minimum efficacy ofatleast 45 lumens per watt, effective
beginning January1,2020.33

The DOE has an openrulemaking docketfor energy conservation standards for general service lamps but
hasnot published a final rule establishing energy conservation standards .34 Because DOE has not

completed a rule meeting the four criterialisted above, the backstop standard established by the EISA has

32 United States Code, Title 42, § 6295(1)(6)(A)(i)-(iv), available at https://www.gpo.gov /fdsys/pkg/USCODE-2016-
titleq2/pdf/USCODE-2 016-title42-chap77-subchap ITI-partA-sec6295.pdf.

33 United States Code, Title 42, § 6295(i)(6)(A)(v), available at https://www.gpo.gov/fdsys/pkg/USCODE-2 016-
titleq2/pdf/USCODE-2 016-title42-chap77-subchap III-partA-sec6295.pdf.

34 Department of Energy, Energy Conservation Standards for General Service Lamps, Docket EERE-2013-BT-STD-0051, available
at https://www.regulations.gov/docket? D=EERE-2 013-BT-STD-0051.
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beentriggered and, in accordance with the statute, “effectivebeginning January 1, 2020,the Secretary
shall prohibit the sale ofany general service lamp that does not meet a minimum efficacy stand ard of45
lumens per watt.”35

On January 19, 2017, the DOE published two Federal Register notices offinal rules adopting an amended
definition for general service lamps thatisbroaderthan the EISA and the CFR definitions and that
discontinues certain exclusions from the definition of general service incandescentlamp 3637 A partial

summary ofthe January 1,2017, definitional rules is:
o Exclusionsdiscontinued for:

o Reflectorlamps.
o Rough-servicelamps.
o Shatter-resistantlamps.
o Three-way incandescent lamps.
o Vibration-service lamps.
o T-shapelampsof40 wattsorless.
o Multiple decorative shapelamps of40 watts orless.
e Generalservicelamp meansalamp that:
o Has an American National Standards Institute (ANSI) base.

o Isabletooperateat12voltsor24volts, atorbetween 100 to 130volts, at or between 220
to 240 volts,orof277volts forintegrated lamps, oris able to operate at any voltage for
nonintegrated lamps.

o Has aninitial lumen output ofgreater than or equalto 310 lumens (or 232lumens for
modified spectrum general serviceincandescent lamps) and less than or equal to 3,300
lumens.

o Isnotalightfixture.

o Isnotan LED downlight retrofit kit.

o Isusedin generallightingapplications.

o Includes,butisnotlimited to, general service incandescent lamps, compact fluorescent

lamps, general servicelight-emitting diodelamps, and general service organiclight-
emitting diode lamps.

35 United States Code, Title 42, § 6295(1)(6)(A)(v), available at https://www.gpo.gov/fdsys/pkg/USCODE-2016-
titleq2/pdf/USCODE-2 016-title42-chap77-subchap ITI-partA-sec6295.pdf.

36 Department of Energy, Energy Conservation Program: Energy Conservation Standards for General Service Lamps; Final rule, 82
Fed. Reg,, 7276 (January 1, 2017), available at https://www.regulations.gov/document?D=EERE-2 013-BT-STD-0051-0097.

37 Department of Energy, Energy Conservation Program: Energy Conservation Standards for General Service Lamps; Final rule, 82
Fed. Reg., 7322 (January 1, 2017), available at https: //www.regulations.gov/document?D=EERE-2013-BT-STD-0051-0098.
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The definitional final rules have an effectivedate of January 1, 2020. Because the effectivedate is the
same as that for the national backstop standard, these lamps will also be subject to the minimum 45-
lumens-per-watt efficacystandard. In other words, the two definitional rules effectively expand the scope
of products to which the EISA backstop is applicable.

The U.S. Environmental Protection Agencyalso has avoluntary ENERGY STAR® Lamps Specification
Version 2.1,which includes efficacy and performance requirements. The efficacy requirements are set at
levelssuch that onJune 28, 2018, the ENERGY STAR qualified productlist (QPL) includes 8,633 LED
lamps but only 21 CFLlamps.38 The ENERGY STAR Lamps Specification applies to omnidirectional,

directional,and decorativelamps with any base type.

Current California Regulations

On December 3, 2008, the California Energy Commission adopted appliance efficiency standards for
state-regulated general service incandescent lamps, modified spectrum general service incandescent
lamps, and general service lamps. In that rulemaking, the stateadopted the minimum efficacy standards
from the EISA with earlier effective dates than took place nationally, as allowed by that law. The standards
for general service incandescentlamps (regular and modified spectrum) were phased in between 2011 and
2013, oneyear earlierthan nationally. The minimum 45-lumens-per-watt backstop standard for general
service lamps was adopted with an effective date of January 1, 2018, two years earlier than it should take
effect nationally. Ifthe DOE completed a timely rulemaking setting a different standard for these lamps,
thenunder EISA’s provisions, the Energy Commission could adoptthat standard instead ofthe backstop
with an effective dateofJanuary 1,2018. However, as discussed above,the DOE did not complete such a
rulemaking. Therefore, the backstop standard took effectin California for state-regulated general service
lamps manufactured on or after January 1, 2018. These regulations apply to the EISA -defined general
service lamps, primarily A-shapelamps with amedium screwbasethat use eitherincandescent,including
halogen, CFL, or LED light-sources.

On January 27,2016, the Energy Commission adopted appliance efficiency regulations for small-diameter
directional lamps and general service LED lamps. These regulations are effective for lamps manufactured
onor after January 1, 2018, and sold or offered for sale in California. The regulations for small-diameter
directional lamps are technology-neutral and apply equally to all technologies, such ashalogen and LED.
The required minimum efficacy is set at alevel that effectively can be met using only an LED light source.
The regulations for general service LED lamps apply only to lamps using LED light sources, and the scope
is limited to lamps with E12 (candelabra), E17 (intermediate), E26 (medium), or GU24 bases. The
regulationsfor general service LED lamps partially overlap with the types of products that would
otherwise be covered as state-regulated GSLs. For example, the general service LED lamps regulations
have alower lumen output threshold (covering o lumensto 2,600 lumens) than the state-regulated GSL
regulations(310lumensto 2,600 lumens). These standards took effect on January 1, 2018.

38 ENERGY STAR Lamps Version 2.1 Qualified Product List, available at
https: //www.energystar.gov/productfinder /product/certified-light-bul bs/results.
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The California Building Efficiency Standards require that all lighting in new residential construction be
high efficacy and meet the requirements in Joint Appendix 8 (JA8).39 Lamps covered by the Appliance
Efficiency Regulations must also meet the JA8 requirements ifinstalled in new residential construction in
California. The Appliance Efficiency Regulations and the JA8 requirements are similar but not fully
aligned due to the different purposes (sold versus installed).

Other State Approaches

Vermontstatute defines general servicelampsin a manner identical to the two DOE definitional final
rules published in the Federal Register on January 19, 2017.4° Vermont statute directs the Commissioner
of the Department of Public Serviceto adopt a minimum efficacy standard for general servicelamps of45
lumens per watt.4® This standard would be effective only ifthe federal backstop for general servicelamps
is withdrawn, repealed, or otherwisevoided.*2

Stakeholder Proposals Received

The California Statewide IOUs Codes and Standards Enhancement (CASE) Program submitted the only
stakeholderproposal in response to the Commission’s invitation to submit proposals. The proposal
suggests aligning definitions in the Appliance Efficiency Regulations with the two DOE definitional final
rules published in the Federal Register on January 19, 2017. The proposal additionally suggests including
lamps with lumen output of150 lumens or greater but less than 310 lumens in the definition ofgeneral
service lamp. The proposal indicates that the DOE definitional final rules excluded certain specialty lamps
that can only use incandescent light sources from the definition of GSL and that the DOE found LED
replacements for other GSLs to be either available or technologically feasible to manufacture.43

39 2016 California Building Energy Efficiency Standards, available at http://energy.ca.gov/title24/2 o16standards /index.html.

40 VermontStatutes Annotated, Title 9, § 2793(15), available at https://legislaturevermont.gov/statutes/section /09/074/02793.
41 VermontStatutes Annotated, Title 9, § 2795(7), available at https://legislature.vermont.gov/statutes/section /09/074/02795.
42 VermontStatutes Annotated, Title 9, § 2796(f)(2), available at https://legislature.vermont.gov/statutes/section/09/074/02796.
43 California IO Us Response to Invitation to Submit Proposals, pp. 10-14, available at
http://docketpublic.energy.ca.gov/PublicDocuments /17-AAER-

07/TN221219 20170918 T163557 California Investor Owned Utilities Comments Response to Invita.pdf.
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CHAPTER 5:
Alternative Considerations

Energy Commission staffconsidered three alternatives for statestandards: (1) maintaining the current
California Appliance Efficiency Regulations (no change), (2) amore stringent minimum efficacy for GSLs
that would eliminate CFLs and require improvement ofthe averageefficacy of LEDs, and (3) expanding
the lumen output range and reducing the numberofexclusions that partially define GSLs. Energy
Commission staffalso considered stakeholder proposals submitted to Energy Commission Docket
Number 17-AAER-07 in response to the Commission’s July 18, 2017, Invitation to Submit Proposals.

Alternative 1: Maintaining Current California Appliance
Efficiency Regulations

The current California Appliance Efficiency Regulations for GSLs apply to medium screw base lamps,
primarily A-shape, the most common residential lamp. The regulations require GSLs to have a minimum
efficacy of45 lumens per watt. Only CFLs and LEDs can achievethislevel ofefficacy, so incandescent
technologies, including halogens, are effectively eliminated from the market.

Other common directional and decorativelamps that provide general illumination are not required to
meet California’s 45-lumens-per-wattrequirement, and incandescent or halogen versions remain
available. Because there are equivalent, cost-effective, higher-efficacy lamps available to replace these
low-efficacy versions, this alternative wouldnot meet the Energy Commission’s mandate in Public
Resources Code section 25402 “to reduce the wasteful, uneconomic, inefficient,or unnecessary
consumption ofenergy.”44

Alternative 2: More Stringent Minimum Efficacy for GSLs

Alternative 2 would establish a minimum efficacy level higherthan 45 lumens per watt for GSLs. Because
the averageefficacy of LEDs is higher than CFLs, it would be technologically feasibleto increasethe
minimum efficacy to alevel where only LED versions of GSLs would be able to meet the standard (for
example, 80 lumens per watt). Small-diameterdirectional lamps and general service LED lamps are
already subject to state standards more stringent than 45 lumens per watt. Although this alternative
might increase expected electricity savings by removing CFLs from the marketplace, the minimum
efficacy standard would be inconsistent with the backstop implemented in California on January 1,2018,
and that should be implemented nationally on January 1,2020, thereby increasing manufacturer burden
and potentially increasing costs associated with preparing to comply with two different standards for the

same products.

Alternative 3: Expand Lumen Output Range and Reduce

4 4 California Public Resources Code § 25402, available at
http://leginfo.legislature.ca.gov /faces/codes displayText.xhtml?lawCode=PRC&division=15.&title=&part=&chapter=5.&article.
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Exclusions

The existing GSLstandard applies to GSLs with a lumen output ofatleast 310lumens and not morethan
2,600 lumens.Incandescent lamps with alumen output lessthan 310 lumens or greater than 2,600
lumens are excluded from the definition of GSILs and are not subject to any federal energy conservation
standards. These additional lumen output ranges could be added to the scope ofthe existing GSL
standard, which would subjectadditional lamp types to a 45 -lumen-per-watt minimum efficacy and lead

to greater electricity savings.

Certainincandescentlamp types, such as three-way lamps and shatter-resistant lamps, are excluded from
the definition of GSILs and are not subjectto any federal energy conservation standards. These excluded
lamp types could be addedto the scope ofthe existing GSL standard, which would subject additional lamp

typesto a45lumens per watt minimum efficacy and lead to greaterelectricity savings.

Under this alternative, savings would increase, and the minimum efficacy standard would be consistent
with the backstop implemented in California on January 1,2018, and that should take effect nationally on
January 1,2020. Under this alternative, the vast majority of the lamps subject to the backstop in
California would be consistent with the two DOE definitional final rules published in the Federal Register
onJanuary 19, 2017.Lamps with alumen output equal to orgreater than 150 lumens and lessthan 310
lumens would be subject only to a 45 lumen per watt backstop in California and would not be covered
under the DOE definitional final rules.
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CHAPTER 6:
Staff Proposal for General Service Lamps

This chapter presents staff’s proposed definitions, test procedures, efficiency standards, and certification
and marking requirements for general service lamps. Based onindependent analysis ofthe best available
data, staff concludes that the proposedregulations are

cost-effective and technically feasible and will save a significant amountofenergy statewide, as will be
discussed in the following chapters. Staffassumptions and calculation methods are provided in
Appendix A.

Scope and Definitions

Staff proposesto expand the scope of “general service lamps,” which are subject to a minimum 45 -
lumens-per-watt efficacy standard in California, by aligning the Appliance Efficiency Regulations
definition for general service lamps with the two DOE definitional final rules published in the Federal
RegisteronJanuary 19, 2017. The effective date for the definitions will occur at the same time in
California asnationally,January 1, 2020, resulting in additional lamp types being subject to a 45-lumens-

per-watt efficacy standard in California.

Staff proposesto define alow-lumenlamp as one thathasalumen outputofi50 lumensor greaterand
lessthan 310 lumens and otherwise meets the definition ofa general service lamp. Staffproposes an
effectivedate of January 1, 2020, for this definition. The LED versions ofthese low-lumen lamps with
E12,E17,E26,0r GU24 bases already fallunder the existing state-regulated LED lamps standards, which
were effective onJanuary 1, 2018.

Test Procedure
The Energy Commissionis undertaking a rulemaking (Docket # 18-AAER-10) that will align the existing

lamp test proceduresin the California Appliance Efficiency Regulations with the test proceduresin Title
10, Code of Federal Regulations, Section 430.23.This alignment reflects new and updated test procedure s
thathavebeen adopted by the U.S. Department of Energy and are mandatory for manufacturers making
representations about the energy use or efficiency ofthe applicable lamp types.

Forlow-lumen lamps, staffproposes the same test procedure asisrequiredfor a general servicelamp of
the samelight source.For example, alow-lumen lamp thatis anintegrated LED lamp would be required
to use the test procedure in 10 CFR Section 430.23(ee) (Appendix BBto Subpart B of part430).45

45 Code of Federal Regulations, Title 10, § 430.23(gg) (3).
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Efficiency Standards

Staff proposes to maintain California’s existing efficacy and performance standards for state -regulated
LED lamps and small-diameterdirectional lamps, many of which would alsobe considered “GSLs.” For all
other GSLs, staff proposes a minimum efficacy standard of45 lumens per watt and a minimum rated life
of 1,000 hours, aligning with the current state-regulated GSLrequirements and the 45-lumens-per-watt
standard that hasbeen triggered nationally and takes effect on January 1, 2020. The standards would
apply for GSLs sold in California on or after January 1, 2020. Although mostapplianceefficiency
standards apply to products based on the date of manufacture,staffproposes a date ofsale requirement to
be consistentwith the implementation ofthe national backstop when “effective beginning January 1,
2020, the Secretary shall prohibit the sale ofany general service lamp that doesnot meet a minimum
efficacy standard of45 lumens per watt.”46 (emphasis added)

Staff proposes a minimum efficacy standard of 45 lumens per watt for low-lumen lamps manufactured on
or after January 1,2020,and sold or offered for sale in California. Low-lumen lamps that meet the
definition ofstate-regulated LED lamp or small-diameter directional lamp will continueto be required to
meet the minimum efficacy and performance requirements of state -regulated LED lamps or small-

diameter directional lamps.

Atthistime, staffisnot proposing any additional performancerequirements for GSLs but is considering
the possibility ofincreasing the minimum rated life requirements and maintaining the minimum color
rendering index (CRI) requirements put in place by the EISA.47

Certification Requirements

Staff doesnot proposeto require certification of general servicelamps or low-lumen lamps as a separate
category ofappliances. General service lampsthat are also a federally regulated medium screw base CFL
must continue to certify as a federally regulated CFLbut do not need to certify separately as a GSL. Lamps
meeting the definition of state-regulated LED lamp or small-diameter directional lamp will continueto be
required to certify as a state-regulated LED lamps or small-diameter directional lamps. Lamps such as a
low-lumenintegrated LED lamp that is not a state-regulated LED lamp or small-diameter directional

lamp would not have any certification requirements.

46 United States Code, Title 42, § 6295(i)(6)(A)(), available at https://www.gpo.gov/fdsys/pkg/USCODE-2 016-
titleqa2/pdf/USCODE-2 016-title4a2-chap77-subchapITI-partA-sec6295.pdf.
47 80 CRIfor nonmodified spectrum lamps or 75 CRI for modified spectrumlamps.
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Marking Requirements

Staff is not proposing any new marking requirements for GSLs. The general marking requirements in
Section 1607(b) for name, model number, and date of manufacture areapplicable to GSLs. 48 The
information mustbe displayed on the lamp itselfor on the unit(s) packaging. 49

Stakeholders have expressed confusion around the two marking requirements for state -regulated LED
lampsin Section 1607(d)(13) (B) and (C). When a manufacturer makes a direct comparison between a
state-regulated LED lamp and anincandescent lamp, the LED must replicate numerous features of
incandescent lamps, including correlated color temperatureof 3000 Kelvin (K) or less, dimmability, and a
minimum lumen output, or brightnesslevel. When making a claim of incandescent wattage equivalency
for an E26 or GU24 base omnidirectional state-regulated LED lamp, only a minimum lumen outputis
required. Making a claim of wattage equivalency alone does not mean that the lamp isbeing compared to
an incandescentlamp and must meet all the performance requirements expectedofan incandescent
lamp. These two marking requirements are independentofeach other.

48 California Code of Regulations, Title 20,8 16 07(b).
49 California Code of Regulations, Title 20,8 16 07(c)(2).
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CHAPTER 7:
Technical Feasibility

In evaluating the technical feasibility ofthe proposed standards for newly coveredlamp types, Energy
Commission staff considered whether there wereeither (a) high-efficiency replacements for the lamps or
(b) lamps without current replacements in the market but for which replacements can be manufactured
using existing technologies. Ifalamp had neither ofthese, then standards fo r the product would not be
considered technically feasible at this time. This aligns with a similar assessment prepared by the U.S.
Department of Energy when it considered expanding its definition of “general servicelamp.”5©

Energy Commission staffconductedthis analysis for four lamp categories to determine the technical
feasibility ofthe staffproposal: lamps with an E12, E17, E26, or GU24 base; small-diameter directional
lamps;low-lumenlamps; and all other GSLs. The proposed efficacy standard of45 lumens per watt can be
met by either CFLor LED technologies.

LED lamps have becomemainstream, and manufacturer costand retail price continue to fall as sales
volumesincrease. Although declining at a slower rate after 2020, LED prices are expected to continue this
downward trend for the foreseeable future. (See Figure 7-1.) Now that LED light sources and drivers
have well-established supply chains, manufacturing additional lamp ty pes by connecting a different base,
providing a different shape envelope,and perhaps providing different optics, hasbecome a much less
complicated and less costly process. Thereare still technical considerations, such as thermal management
and proper light distribution,but these are issues with which lighting manufacturers have abundant
experience. The ENERGY STAR QPL, accessedonJune 28,2018, includes more than 8,600 LED lamps,
rangingin efficacy from 45.5 to 139 lumens per watt,and are availablein more than three dozenlamp
shapes.51

50 82 Fed. Reg.,7276 at7301.
51 ENERGY STAR Lamps Version 2.1 Qualified Product List, available at
https: //www.energystar.gov/productfinder /product/certified-light-bul bs/results.
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Figure 7-1: Price Index for LED Lamps
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Lamps With an E12, E17, E26, or GU24 Base

Staff’s proposal wouldexpand coverage ofthe 45-lumens-per-watt standard to lamps with an E12, E17,
and GU24 base, with any shape, and to lamps with an E26 base and a directional or decorative shape
(such assome typesofincandescent reflector lamps). Inits 2016 rulemaking establishing standards for
state-regulated LED lamps, the Energy Commission found that therewere either existing LED lamps or
that it was technologically feasible to make LED lamps that would meet high-efficacy and performance
requirements.5 2 Because stafffound that LED lamps with an even higher efficacythan the minimum 45-
lumens-per-watt standard were technically feasible as part ofthat rulemaking, it isreasonable to conclude
thatlamps meeting the minimum 45 -lumens-per-watt standard either existas replacements for this
category oflamps or are technologically feasibleto produce. Moreover, CFLlamps that exist as
replacements for many lampsin this category have an efficacy exceeding 45lumens per watt and were not
considered as part ofthe 2016 LED rulemaking. The summation ofthis information makes the proposed
45-lumens-per-wattstandard technically feasible.

52 Singh, Harinder, and Ken Rider, 2015. Analysis of Small-Diameter Directional Lamp and General Service Lig ht-Emitting Diode
Lamp Efficiency Opportunities. California Energy Commission. Publication Number: CEC-400-2015-034, pp. 62-68,available at

https://efiling.energy.ca.gov/GetDocument.aspx ?tn=206387.
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Small-Diameter Directional Lamps

Staff does not believethat its proposal would expand the coverage ofthe 45 -lumens-per-watt standard to
any additional small-diameter directional lamps. However, ifany additional small-diameter directional
lamps were to be covered, the Energy Commission found, inits 2016 rulemaking establishing standards
for small-diameterdirectional lamps, that there were either existing LED lamps or that it was
technologically feasible to make LED lamps that would meet high-efficacy requirements.5 3 Because staff
found that LED lamps with an even higher efficacy than a minimum 45 -lumens-per-watt standard were
technically feasible as part of that rulemaking, it isreasonableto concludethatlamps meeting the
minimum 45-lumens-per-watt standard either existas replacements for this category oflamps or are
technologically feasible to produce. Thus, the proposed 45-lumens-per-watt standard is technically
feasible.

Low-Lumen Lamps

On June 28,2018, the ENERGY STAR QPL included 446 LED lamps with a lumen output equal to or
greater than 150 lumens and less than 310lumens. All ofthese lamps have an efficacy that exceeds the
proposed efficacy standard of45 lumens perwatt.54

The distinguishing feature between low-lumen lamps and GSLs is the associated lower lumen output, 150
to 310 lumens. Inall otherrespects, low-lumen lamps are proposed to be definedidentically to GSLs.

Because low-lumen lamps aretechnologically identical to GSLs, it follows that when GSLs are technically
feasible, low-lumen lamps are also technically feasible. Thus, the proposed 45-lumens-per-watt standard

is technically feasible.

All Other GSLs

The primary distinguishing feature of other GSLs is base ty pe (for example, E11 candelabrabase, various
bi-pinbases). Additional distinguishing features could be items such as form factor. The DOE, in crafting
its expanded definitions for GSLs, explicitly excluded lamps where it could not identify efficient,
equivalent replacements or where the lamps clearly did not provide general illumination. 55 For the lamps
that were included in the definition of GSLs, then, staff infers that the DOE implicitly found that high-
efficiency replacements for these lamps weretechnically feasible, either because they exist in the market
today or because there is a clear technological pathway to manufacturesuch replacement lamps.

Lamps with existing high-efficiency replacements may be either CFL or LED, both of which meet the
proposed 45-lumens-per-watt standard. Because CFLs are a mature technology and sales have
significantly declined, staffassumes that any technically feasiblelamps for which replacement lamps do
notyetexistand need to be developed,will use LED light sources. LED lamps can easily be designedto

53 Ibid, pp.36~42.

54 ENERGY STAR Lamps Version 2.1 Qualified Product List, available at

https: //www.energystar.gov/productfinder /product/certified-light-bul bs/results.
55 82 Fed. Reg.,7276 at7301.
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exceed 45 lumens per watt, and the amended definition of GSL excludes lamps for which nonincandescent
replacements may notbe technically feasible (for example, very small form factor and high lumen output).
Thus, the proposed 45-lumens-per-watt standard is technically feasible.
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CHAPTER 8:
Savings and Cost Analysis

The proposed definitions and broader efficacy standard for general service lamps would significantly
reduce energy consumption in the state. Energy Commission staffanalyzedthe cost-effectiveness ofthe
proposed broader definition for general service lamps and the proposed efficacy standard for low-lumen
lamps to ensure that the increased incremental costs to the consumer ofa more efficient lamp would be
exceeded by the energy-saving benefits over the lifetime ofthe lamp. In addition, this chapter includes the
statewide electricity savings both in the first year the proposed changes are in effect and after all existing

noncompliant lamps arereplaced with minimally efficient lamps (that is, 45 lumens per watt).

Stock and Sales

Because the lamp types addressed in thisreport arenot subjectto California’s existing general service
lamp regulations, lower-price incandescent versions ofthese lamps remain availableand directly compete
with LED versions ofthese lamps. The LED versions ofthese lamps have slightly higherprices but will
provide significant electricity and electricity bill savings. LED market share continues to grow, butevenin
the most common lamp type, the

A-shape,low-efficacy incandescent lamps maintain a market share of shipments that is greater than 50
percent.Thelamp types addressed in this reportare less common than A-shape lamps and are believed to
have substantially lowerpenetration of LEDs in the existing stockand in shipments. In addition, CFL
technology hasnotbeen widely used for these lamp types, despite being a technically feasible option for
compliance. Existing data show CFLshipments are declining as LED shipments increase.5©

Staff estimated that despitethe increasing market shareof LED lamps, there willbe about 260 million
low-efficacy lamps addressed by this report that will still be installed in California homes and businesses
in 2020. See Figure 8-1for staff’s estimate of California existing stock oflow-efficacy lamps and Figure
8-2 for staff’s estimate of California shipments ofreplacement lamps for the standards case. The estimate
for shipments ofreplacement lampsincludesonly the initial replacement ofalow-efficacy lamp and does
notinclude any subsequentreplacement ofa high-efficacy lamp, shipments for lampsin new
construction, or other new lamps. The data used to create these charts canbe found in T ables A-2 and
A-3in Appendix A.In 2020, the yearthe proposed broaderstandard would take effect, staffassumes all
shipments will be LED. Figure 8-1 shows the rapid decline in the existing stock oflow-efficacylamps
addressed by thisreportthat would result from the rapidly increasing shipments of LED lamps shown in

Figure 8-2.

These estimates of shipments and existing stock were used in the staff’s calculations of statewide

electricity savings and statewide monetary savings.

Figure 8-1: Estimate of California Existing Stock of Low-efficacy Lamps

www.nema.org/Intelligence/Indices/Pages/A -line-Lamp-Shipments-Decrease-in-Fourth-Quarter-2 017.aspx.
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Figure 8-2: Estimate of California Shipments of Replacement Lamps for Standards Case
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Incremental Price of Compliant Lamps

Asnoted previously in thisreport, the cost to manufacture LED lamps and the retail price consumers pay
for LED lamps continue to decline. For mostlamp types,the incremental priceofan LED lamp is small,
especially compared to the monetary savings from reduced electricity consumption. Staffused the highest
incremental price for EISA -exempt lamps to providea conservative analysis. Within the EISA -exempt
lamp type, there is significant variability of the incremental price with higherincremental prices for three-
way lamps and lamps with a lumen output greaterthan 2,600 lumens and significantly lower incremental
prices for other EISA-exempt lamp types.57 The incremental prices used by staffin thisreport are shown
in T able 8-1.

57 CaliforniaIO Us Response to Invitation to Submit Proposals, p. 28, available at

http://docketpublic.energy.ca.gov/PublicDocuments /17-AAER-
07/TN221219 20170918 T163557 California Investor Owned Utilities Comments Response to Invita.pdf.
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Table 8-1: Incremental Price of LED Lamp by Lamp Type

Lamp Type Incremental Price of LED Lamp
Large-Diameter Reflector Lamps $1.00
Decorative Lamps (average) $4.58
Globe Lamps $4.00
EISA-Exempt Lamps $14.98
Low-Lumen Lamps* $1.25

Source: Impact of the EISA 2007 Energy Efficiency Standard on General Service Lamps and * Energy

Commission staff

Electricity Savings

Appendix A details staff’s calculations ofelectricity savings resulting from the proposed broaderstandard.
Existing, noncompliant lamps have efficacies ranging from 7 to 14 lumens per watt, whereas the proposed
broader standard requires a minimum efficacy of45 lumens perwatt. Thisleads to a significant reduction
in annual electricity usage for compliant lamps compared to noncompliantlamps, ranging from 3 to 29
kilowatt-hours (kWh) per year. These values ofannual electricity usage for compliantlamps are for a
fictitiouslamp that exactly meets the standard of 45 lumens per watt. In reality, compliant lamps will be
LED lamps with efficacies that are typically 65 lumens per watt or higher.

Table 8-2: Single-Lamp Electricity Usage

Annual Electricity Usage (kWh)
Lamp Type - -
Noncompliant Compliant
Large-Diameter Reflector Lamps 76.2 16.5
Decorative Lamps (average) 62.2 11.5
Globe Lamps 38.0 6.7
EISA-Exempt Lamps 95.8 29.6
Low-Lumen Lamps 20.4 3.2

Source: Energy Commission staff

Staff assumed compliantlamps will be LED lamps with a rated lifetime 0f10,000 hours. Based on the
averagedaily hours ofuse and the estimated shareoflampsin the residential and commercial sectors,
staff calculated the sector-weighted rated lifetimes in years, asshown in T able 8-3.

31



Table 8-3: Sector-Weighted Rated Lifetimes

Daily Hours of Use Rated Lifetime
Lamp Type Sector-
Residential | Commercial Sector- Hours Weighted
Weighted

(years)
Large-Diameter Reflector Lamps 2.9 10.7 3.2 10,000 8.5
Decorative Lamps 2.6 10.7 3.4 10,000 8.0
Globe Lamps 1.7 10.7 2.6 10,000 10.5
EISA-Exempt Lamps 2.3 10.7 3.6 10,000 7.5
Low-Lumen Lamps 8.0 8.0 8.0 10,000 3.4

Source: Energy Commission staff

For the five lamp types analyzed in this report, staff calculated electricity savings per compliant lamp

ranging from 17 to 66 kWh per year and ranging from 58 to 508 kWh over the lifetime ofthe compliant

lamp.
Table 8-4: Single Compliant Lamp Electricity Savings
Lamp Type Electricity Savings (kWh)
Annual Lifecycle
Large-Diameter Reflector Lamps 59.7 508.9
Decorative Lamps (average) 50.7 407.2
Globe Lamps 31.2 328.9
EISA-Exempt Lamps 66.2 497.8
Low-Lumen Lamps 17.2 58.9
Source: Energy Commission staff
Cost-Effectiveness

Appendix A details staff’s calculations of monetary savings resulting from the proposed broaderstandard.

Due to the substantial increasein required minimum efficacy and the relatively small incremental price of

compliant lamps, four ofthe five lamp types analyzed in this report have a simple payback period ofless

than one year, resulting in monetary savings in the first year. The negative first-year monetary savings for

the fifth lamp type indicatethat incremental price paid for a compliant lamp exceeds the monetary value

of the first year ofelectricity bill savings. However, thislamp typehaslife -cycle savings ofgreater than

$54 and asimple payback period ofless than two years. All five lamp types analyzed in thisreportresult

in large life-cycle savings per compliantlamp, ranging from $11to $90. These values of monetary savings

for compliantlamps are for a hy pothetical lamp that exactly meets the standard of45 lumens per watt. In

reality,compliant lamps willbe LED lamps with efficacies that are typically 65 lumens per watt or higher

and lasting about 7 to 10years.
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Table 8-5: Single Compliant Lamp Net Monetary Savings

L T Incremental Net Monetary Savings
amp lype Price First-year Lifecycle
Large-Diameter
Reflector Lamps $1.00 $9.96 $90.90
Decorative Lamps
(average) $4.58 $4.60 $61.00
Globe Lamps $4.00 $1.65 $50.69
EISA-Exempt
Lamps $14.98 -$3.16 $54.64
Low-Lumen Lamps $1.25 $1.94 $11.77

Source: Energy Commission staff

Therefore, stafffinds that the proposed changes are cost -effective for all lamp types.

Statewide Savings

Appendix A details staff’s calculations of annual statewide electricity and annual statewide monetary
savings resulting from the proposedbroader standard. These values are calculated for the first year that
the proposed broader standard would be effective and after full stock turnover, when all noncompliant

lampshavebeenreplaced by compliant lamps.

Annual statewideelectricity savings for the first year and after full stock turnover are calculated by
multiplying the single compliant lamp electricity savings by staff's estimates of2020 lamp shipments and
2020 existing stock, respectively. First-year electricity savings are estimated to exceed 4,600 GWh, and
annual electricity savings after full stock turnover are estimated to exceed 13,600 GWh. The first-year
electricity savings are equivalentto the yearly electricity generated by one-and-a-halffive-hundred
megawatt powerplants.58 The annual electricity savings after full stock turnoverare equivalent to the
yearly electricity generated by four-and-a-halffive-hundred megawatt power plants.59

Annual statewide monetary savings for the first-year are calculated by multiplying the single compliant
lamp first-year monetary savings by staff’s estimate of2020 lamp shipments and then subtracting the
totalincremental price paid for compliant lamps. For onelamp type, thisis a negativevalue, indicating
that the statewide total incremental price paid for compliantlamps exceeds the monetary valueofthe first
year of statewideelectricity bill savings. The total

first-yearsavings for California consumers and businesses for the five lamp types analyzed in this report
are calculated to exceed $390 million.

Annual statewide monetary savings after full stock turnover are calculated by multiplying the single
compliantlamp annual electricity bill savings by staff’s estimateof 2020 existing stock. Afterfull stock
turnover and replacement ofall noncompliant lamps with compliant lamps, staffcalculates that the
annual statewide savings to California consumers and business will exceed $ 2.4 billion. Iffederal
definitions take effect and are enforced on

58 About3,000 GWhper 500 MW power plant. http://newscenter.lbl.gov/2 010/03/09/the-rosenfeld -unit-of-energy-efficien:
59 Ibid.
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January 1, 2020, then most ofthe savings analyzed in thisreport are attributable to thatfederal effort.
However, the Energy Commission has proposed to substantially align with the federal definitions to
prevent federal backsliding before 2020 and to ensurethat the state is prepared to implement and enforce

the standards onJanuary1,2020.

Table 8-6: Statewide Annual Electricity and Annual Net Monetary Savings

Annual Electricity Savings

Annual Net Monetary Savings

(GWh) ($millions)
Lamp Type
First- After Full Stock First- After Full Stock
Year Turnover Year Turnover
Large-Diameter Reflector Lamps 1,933 4,018 $323 $738
Decorative Lamps (average) 1,267 6,345 $115 $1,149
Globe Lamps 184 950 $10 $172
EISA-Exempt Lamps 1,265 2,317 -$60 $414
Low-Lumen Lamps 35 35 $4 $6
Total 4,684 13,666 $391 $2,480

Source: Energy Commission staff
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CHAPTER o:
Environmental Impacts

General service lampsare typically replaced at the end ofthe usefullives. Replacement with moreefficient
general service lamps would not presentan additional impactto the environment beyond the natural life
cycle ofthe GSL. Both CFL and LED GSLs havelonger useful lives than incandescent GSLs and so will
resultinless waste. Although CFLs present a potential environmental concern due to the presenceof
mercury inthese products, staffdoes not expect that CFLsales will increase as a result ofthe proposed
standards. Sales of CFLs have significantly declined in the last three years as LED market penetration has
increased, with many people choosing LEDs to replace CFLs or instead of CFLs.60,61,62,63 Ag a result, this
staff proposal would not resultin anincrease in sales of CFLs, as CFLs are not expected to be the
technology used inreplacement lamps for the products added to the definition of GSL. Staff hasnot

identified any other potential adverseenvironmental impacts from the proposed regulations.

The proposed standards will lead to improved environmental quality in California. Saved energy
translates to fewer power plants built and less pressureon the limited energy resources, land, and water
use associated with electricity generation. In addition,lowerelectricity consumption results in reduced
greenhouse gas and criteria pollutant emissions, primarily from lower generation in hydrocarbon -burning

power plants, such as natural gas power plants.

62 http [(talkbusmess net/2 016(02(wa1mart to-transition-lighting-products-away-from-compact- ﬂuorescent to-led/.

-environment/ge-to-phase-out-cfl-light-bulbs.html.

35


https://www.nema.org/Intelligence/Indices/Pages/A-line-Lamp-Shipments-Decrease-in-Fourth-Quarter-2017.aspx
https://news.nationalgeographic.com/energy/2016/02/1602016-cfl-phase-out-light-bulb-leds/
https://talkbusiness.net/2016/02/walmart-to-transition-lighting-products-away-from-compact-fluorescent-to-led/
https://www.nytimes.com/2016/02/02/business/energy-environment/ge-to-phase-out-cfl-light-bulbs.html

CHAPTER 10:
Proposed Regulatory Language

Proposed newlanguage appears as underline (example) and proposed deletions appear as strikeout
(example). Existing language appears as plain text. Threedots or “...” represents the substance ofthe
regulationsthat exists between the proposedlanguage and current language.

Section 1602. Definitions.

...[skipping (a)-(§)]

(k) Lamps.

(1) Definitions for General Service Lamps sold before January 1, 2020,
and for all other lamps.

...[skipping Appliance Lamp through Voltage Range]

(2) Definitions for General Service Lamps sold on or after January 1,
2020, and Low-Lumen Lamps manufactured on or after January 1, 2020.

“Blacklightlamp” means a lamp that is designed and marketed as ablacklightlamp and is an

ultraviolet lamp with the highest radiant power peaksinthe UV -A band (315t0 400 nm) ofthe

electromagneticspectrum.

3

‘Bug lamp” means alamp thatis designed and marketed asabuglamp, hasradiant power peaks
above 550nm onthe electromagnetic spectrum, and has a visible vell ow coating.

“Colored “means a coloredfluorescentlamp, a colored incandescent lamp,or alamp designed and

marketed as a colored lamp with eitherofthe following characteristics (if multiple modes of

operation are possible[such as variable CCT], either ofthe below characteristics mustbe

maintained throughout all modes ofoperation): (1)A CRIlessthan40,as determined accordingto
the method set forth in CIE Publication 13.3 (incorporated by reference;see 10 CFR430.3);0r (2)
A CCT lessthan 2,500Kor greater than 7,000K.

¢

‘Designed and marketed” means exclusively designed to fulfill the indicated application and, when
distributedin commerce, designatedand marketedsolely for that application, with the designation
prominently displayed on the packaging and all publicly available documents (e.g., product
literature, catalogs.and packaginglabels). This definition is applicable to terms related to the

following covered lighting products: Fluorescent lamp ballasts; fluorescent lamps; general service
fluorescentlamps; general service incandescent lamps; general service lamps: incandescent lamps:;

incandescent reflectorlamps; medium base compact fluorescent lamps; and specialty application
mercury vaporlamp ballasts.

“General service incandescent lamp” means a standard incandescent or halogen typelamp thatis

intended for general service applications; has a medium screwbase;has alumen range ofnotless
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than 310 lumens and not more than 2,600lumensor, inthe case ofa modified spectrum lamp,not

lessthan 232 lumens and not more than 1,950lumens; and is capableofbeing operated at a voltage
range atleast partially within 110 and 130 volts; howeverthis definition does not apply to the

following incandescent lamps—

(1)Anappliancelamp;

(2) A blacklightlamp;
(3) Abuglamp;

(4) A coloredlamp;

(5)A G shapelamp with a diameter of 5 inches or moreas definedin ANSI C79.1-2002

(incorporated by reference;see 10 CFR430.3):;

(6) Aninfraredlamp;

(7)Aleft-hand threadlamp;

(8) A marine lamp;

(9) A marine signal servicelamp;

(10) A mine servicelamp;

(11) A plantlightlamp:;

(12)AnR20o shortlamp;

(13) A sign service lamp;

(14) A silver bowllamp;

(15)A showcaselamp;and

(16) A traffic signallamp.

“General servicelamp” means alamp that has an ANSI base;is able to operate atavoltage of12
voltsor 24 volts, at or between 100to 130 volts, at or between 220 to 240 volts, or of277 volts for
integrated lamps (as defined in this section), oris able to operate at any voltagefor non-integrated
lamps (as defined in this section); has aninitial lumen output ofgreaterthan or equal to 310
lumens (or 232 lumens for modified spectrum general service incandescent lamps) and less than or
equalto 3,300lumens;isnotalight fixture:;isnotan LED downlight retrofitkit;and isused in
general lighting applications. General service lampsinclude, but are not limited to, general service
incandescentlamps, compact fluorescent lamps, general servicelight -emitting diodelamps, and
general service organiclight-emitting diode lamps. General service lamps do notinclude:

(1) Appliancelamps;

(2) Blacklightlamps;

(3) Bug lamps;

(4) Colored lamps;
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(5) G shapelamps with a diameter of5 inches or more as defined in ANSI C79.1-2002

(incorporated by reference;see 10 CFR430.3):

(6) General servicefluorescent lamps;

(7) High intensity discharge lamps;

(8) Infrared lamps;

(9)J,JC, JCD, JCS, JCV,JCX, JD, JS, and JT shapelampsthatdonothave Edison screw bases;

(10)Lampsthathave awedge base or prefocus base;

(11) Left-hand thread lamps;

(12)Marine lamps;

(13) Marine signal servicelamps;

(14) Mine servicelamps;

(15) MR shapelampsthathave afirst number symbol equal to 16 (diameter equal to 2 inches) as
definedin ANSI C79.1-2002 (incorporated by reference;see 10 CFR 430.3),0operate at 12 volts,
and have alumen output greater than or equalto 800;

(16) Other fluorescentlamps;

(17) Plantlightlamps;

(18)R20 shortlamps;

(19) Reflectorlamps (as defined in this section) that have a first number symbollessthan16
(diameterlessthan 2 inches) asdefined in ANSI C79.1-2002 (incorporated by reference; see 10

CFR 430.3)and thatdo nothave E26 /E24, E26d, E26/50x39, E26/53%x39, E29/28, E29/53x39,
E39.E30d, EP39, or EX39 bases;

(20) S shape or Gshapelampsthathave afirst number symbollessthan or equalto12.5

(diameterlessthanorequalto 1.5625inches) asdefined in ANSI C79.1-2002 (incorporated by

reference;see 10 CFR 430.3);

(21) Sign service lamps;

(22)Silver bowllamps;

(23) Showcase lamps;

(24) Specialty MR lamps;

(25) T shapelampsthathave a first number symbolless than or equal to 8 (diameterlessthan or

equalto1inch)asdefinedin ANSI C79.1-2002 (incorporated by reference; see 10 CFR430.3),
nominal overalllength lessthan 12 inches,and that are not com pact fluorescent lamps (as defined

in this section);

(26) Traffic signallamps.
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“General service light-emitting diode (LED) lamp” means an integrated or non-integrated LED
lamp designed for use in general lighting applications (as defined in this section ) and that uses
light-emitting diodes as the primary source oflight.

“General service organiclight-emitting diode (OLED) lamp” means an integrated or non-integrated
OLED lamp designed for use in general lighting applications (as defined in this section) and that

uses organic light-emitting diodes as the primary source oflight.

3

‘Infrared lamp”means alamp that is designed and marketed as an infrared lamp; has its highest
radiant power peaksin the infrared region ofthe electromagnetic spectrum (770 nm to 1 mm); has
a rated wattage of 125 watts or greater; and which has a primary purposeofproviding heat.

“Integrated lamp” means alamp that contains all components necessary for the starting and stable

operation ofthe lamp, does notinclude any replaceableor interchangeable parts, and is connected
directly to abranch circuit through an ANSI base and corresponding ANSI standard lamp-holder

(socket).

2

‘LED Downlight Retrofit Kit” means a product designed and marketed to install into an existing
downlight, replacing the existing light source and related electrical components, typically
employing an ANSI standard lamp base, either integrated or connected to the downlight retrofit by

wire leads, and is a retrofit kit. LED downlight retrofit kit does notinclude integratedlamps ornon-
integrated lamps.

“Left-hand thread lamp” means alamp with direction ofthreads on the lamp base orientedin the
left-hand direction.

“Light fixture” means a complete lighting unit consisting oflight source(s) and ballast(s) or

driver(s) (when applicable) together with the parts designed to distribute the light, to position and
protect thelight source, and to connect the light source(s) to the power supply.

“Low-lumenlamp” means alamp thathasalumen output ofi50lumens or greater and lessthan
310 lumens and otherwise meets the definition of a general service lamp.

“Marine lamp” means alamp thatis designed and marketedfor use onboats and can operate at or
between12 voltsand 13.5volts.

3

‘Marine signal service lamp” means alamp thatis designed and marketed for marine signal service
applications.

“Mine servicelamp” means alamp thatis designed and marketed for mine service applications.

“Non-integratedlamp” means alamp thatisnotanintegrated lamp.

“Other fluorescentlamp” means low pressure mercury electric-dischargesources in which a
fluorescing coating transforms someofthe ultravioletenergy generated by the mercury discharge
into light and include circline lamps and include double-endedlamps with the following
characteristics: Lengths from one to eight feet; designed for cold temperatureapplications;
designed for use inreprographic equipment; designed to produce radiation in the ultra -violet
region ofthe spectrum;impact-resistant; reflectorized or aperture; or a CRI of87 or greater.

“Pin baselamp” means alamp thatuses abase type designated as a single pin base or multiple pin
base system.

3

‘Plantlightlamp” means alamp thatis designed to promoteplant growth by emittingits highest

radiant power peaksin the regions ofthe electromagnetic spectrum that promote photosynthesis:
Blue (440 nmto 490 nm) and/orred (620to 740 nm), and is designed and marketed for plant
growing applications.
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“Reflectorlamp” meansalampthathasan R, PAR, BPAR, BR, ER, MR, or similar bulb shape as
defined in ANSI C78.20-2003 (incorporated by reference: see 10 CFR430.3) and ANSI C79.1-2002

(incorporatedby reference;see 10 CFR430.3) and isused to provide directional light.

“Showcaselamp” means alamp thathasa T shape as specified in ANSI C78.20-2003 (incorporated
by reference;see 10 CFR430.3)and ANSI C79.1-2002 (incorporated by reference: see 10 CFR

430.3).isdesigned and marketedas a showcaselamp, and has a maximum rated wattage of75

watts.

“Sign servicelamp”means avacuum typeor gas-filled lamp that has sufficiently low bulb

temperatureto permitexposed outdoor use on high-speed flashing circuits, is designed and
marketed as a sign service lamp,and has amaximum rated wattage of15 watts.

“Silver bowllamp” means alamp that has an opaque reflectivecoating applied directly to part of
the bulb surface that reflects light toward the lamp base and that is designed and marketed asa

silver bowllamp.

“Specialty MRlamp” means alamp that has an MR shape as definedin ANSI C79.1-2002
incorporatedby reference;see 10 CFR 430.3), adiameteroflessthan or equalto 2.25inches, a
lifetime oflessthan or equal to 300 hours, and that is designed and marketed for a specialty

application.

“Traffic signallamp” means alamp that is designed and marketed for traffic signal applications and
hasa lifetime 0of 8,000 hours or greater.

...[skipping to the end of the section]
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Section 1604. Test Methods for Specific Appliances

...[skipping (a)-(§)]

(k) Lamps.%
(1) The test method for federally regulated general service fluorescentlamps, federallyregulated

general service incandescent lamps, and federallyregulated incandescent reflector lampsis1o C.F.R.
section 430.23(r) (Appendix Rto subpart Bof part 430).

(82) The test method for medivmbase compactfluorescentlampsis10 C.F.R. section 430.23(y)
(Appendix Wto subpart Bof part430).

(#3) The test methods for each basicmodel ofintegrated LED lamps., including LED state-regulated
small diameter directional lamps and state-regulated LED lamps, are 10 C.F.R. section 430.23(ee)

(Appendix BB to subpart Bofpart430) (Jan.1,2018) and those shown in Table K-1. For certification,

compliance, and enforcementpurposes, the sampling provisionsin 10 C.F.R. section429.56 (Jan. 1,
2018) shallbe used.

Table K-1

Optional Test Methods for State-Regulated LED Lamps and
LED State-Regulated Small Diameter Directional Lamps

Regquired
Measurement Test Procedure or
Optional*

Regquired

Required

B-of part430).

Flicker Title 24, part 6, Joint Appendix 10 (2015), tested at both [ Optional
100% percent and 20% percent output. Lamps with a
percent amplitude modulation (percent flicker) less than
30 percent at frequencies less than 200 Hz shall report
“yes” for “reduced flicker operation” described in section
1606 of this Article, otherwise report “no”.

Lumen Maintenance, Rated Life, and |Title 24, part 6, Joint Appendix 8 (2015). Optional
Sunival Rate for Compliance with
Title 24 Joint Appendix 8 and
minimum dimming level

6 4 The proposed regulatory language in section 1605.3(k) reflects language adopted by the Energy Commission on July 11, 2018,and
expected to become effective on October 1,2 018, pending approval by the Office of Administrative Law. See rulemaking d ocket
number18-AAER-10.
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Audible Noise ENERGY STAR Recommended Practice — Noise Optional
(2013) with the following modification: measurements
shall be taken at 100 percent output as well as at 20
percent output if dimmable.

eftamp-Optional test procedures are conditionally required depending on manufacturer claims of
performance as describedin sections 1607(d)(12) ofthis Article and 1606 Table X ofthis Article.

(54)

i -The test methods for low-lumen lamps are:

(A) for compactfluorescentlow-lumenlamps, 10 C.F.R. section 430.23(yv) (Appendix Wto
Subpart Bofpart430)(Jan.1,2018).

(B) for integrated LED low-lumen lamps, 10 C.F.R. section 430.23(ee) (Appendix BBto
Subpart Bofpart430)(Jan.1,2018).

(C) for all otherlow-lumenlamps,10 C.F.R. section 430.23(gg) (Appendix DD to Subpart B of

part430)(Jan.1,2018).

(5) The test method for general servicelamps that are other than lamp types described in sections
1604(k)(1) through 1604(k)(4) ofthis Articleis 10 C.F.R. section 430.23(gg) (Appendix DD to Subpart

B of part430).

...[skipping to the end of the section]
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Section 1605.3. State Standards for Non-Federally-Regulated Appliances.

...[skipping (a)-(§)]
(k) Lamps.%s

...[skipping (1) Incandescent Reflector Lamps]
(2) Standards for State-Regulated LED Lamps,and General Service Lamps, and Low-Lumen Lamps.
General service lampsshall meet the standards shown in Table K-8. Low-lumen lamps shall meet the
standards shown in Table K-9. The energy consumption rate of state-regulated LED lamps with a
lumen output of150lumens or greater for eandelabraE12bases, or 200lumens or greater for
otherE17,.E26, or GU24 bases, manufactured on or after the effective dates shown in Table K-g10 shall
meet the standards shownin that table.

Table K-8
Standards for State-Regulated General Service Lamps - Tier I
Lumen . Minimum Rated .
Ranges Minimum Lamp Efficacy Lifetime Effective Date
310-2600 45 lumens per watt 1,000 Hours Jan 1, 2018
310-3300 45 lumens per watt 1.000 Hours Sold on or after Jan 1, 2020
Table K9
Standards for Low-Lumen Lamps
Lumen Minimum Lamp Efficacy Minimum Rated Effective Date
Ranges Lifetime
150<Lumens<310 45 lumens per watt 1.000 Hours Manufactured on or after
Jan 1, 2020

(A) State-regulated LED lamps with lumen output of150lumens or greater for eandelabraE12
bases,or 200 lumens or greater for etherE17, E26, or GU24 bases, and manufactured on or after

January 1, 2018 shall have:
(i) A color point that meets the requirements in Table B1 of Annex Bof ANSI C78.377-2015 for
colortargets and color consistency.
(ii) A CRI (Ra) of 82 or greater.
(iii) Individual color scores of R1, R2, R3, R4, R5, R6, R7,and R8 of 72 or greater.
(iv) Apowerfactorofo.7 or greater.

(v) A ratedlife of 10,000 hours or greater as determined by the lumen maintenance and time

to failure test procedure.

65 The proposed regulatory language in section 1605.3(k) reflects language adopted by the Energy Commission on
July 11, 2018, and expected to become effective on October 1, 2018, pending approval by the Office of Administrative Law. See
rulemaking docket number 18-AAER-1 0.
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(vi) State-regulated LED lamps that have an ANSI standard lamp shape of A shall meet the
omnidirectional light distribution requirements of ENERGY STAR’s Product Specification for
Lamps Version 2.0 (December 2015).
(vii) State-regulated LED lamps that have an ANSI standard lamp shape of B, BA, C, CA, F, or
G shall meet the decorative light distribution requirements of ENERGY STAR’s Product
Specification for Lamps Version 1.1 (August2014).

(B) Inaddition to the requirements in section 1605.3(k)(2)(A) ofthe Article,

state-regulated LED lamps manufactured on or after July 1, 2019 shall have a standby mode power

of 0.2 wattsorless.

Table K910
Standards for State-Regulated LED Lamps
Effective Date Minimum Compliance Score Minimum Efficacy Lumens Per Watt
January 1, 2018 282 68
July 1, 2019 297 80

This compliance score shall be calculated as the sum of the efficacy and 2.3 times the CRI of a lamp.

...[skippingto the end of the section]
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Section 1606. Filing by Manufacturers; Listing of Appliancesin the
MAEDDbDS. ¢

(a) Filing of Statements.

Each manufacturershall electronically file with the Executive Directorthrough the MAEDbS a
statement for each appliancethatis sold or offered for sale in California. The statement shall contain
all ofthe information described in paragraphs (2) through (4) ofthis subsection and shall meet all of
the requirements of paragraph (1) ofthis subsection and all other applicable requirements in this
Article.

The effective dates ofthis section shall be the same as the effective dates shownin section 1605.1,
1605.2 0or1605.3 ofthis Article for appliances for which there is an energy efficiency, energy
consumption,energy design, water efficiency, water consumption, or water design standard in section
1605.1,1605.2, or 1605.3 ofthis Article. For appliances with no energy efficiency, energy
consumption,energy design, water efficiency, water consumption, or water design standard in section
1605.1,1605.2, or 1605.3 ofthis Article, the effective date of this section shall be one year after they
are added to section 1601 ofthis Article, unless a different effective date is specified.

Exceptionsto Section 1606(a) ofthis Article: Section 1606(a) ofthis Article is not applicable

to:
1. external power supplies,
2. compressors,
3. portable air conditioners (exceptfor spot air conditioners),
4.small electricmotors, e+
5.ala carte chargers meeting the Exception noted in section 1605.3(w)(2) ofthis Article-, or

6. general service lamps.

...[skipping to the end of the section]

66 The proposed regulatory language in section 1605.3(k) reflects language adopted by the Energy Commission on
July 11, 2018, and expected to become effective on October 1, 2018, pending approval by the Office of Administrative Law. See
rulemaking docket number 18-AAER-1 0.
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Section 1607. Marking of Appliances.®’

(a) Scope of Section 1607.
Every unit ofevery appliance within the scopeofsection 1601 ofthis Article shall comply with the
applicableprovisions ofthis section. The effective dates ofthis section shall be the same as the
effective dates shown insection1605.1,1605.2 or 1605.3 ofthis Article for appliances for which there
is an energy efficiency, energy consumption, energy design, water efficiency, water consumption, or
water design standard in section 1605.1,1605.2, or 1605.3 ofthis Article. For appliances with no
energy efficiency, energy consumption, energy design, water efficiency, water consumption, orwater
design standard in section 1605.1,1605.2,0r 1605.3 ofthis Article, the effective date of this section
shallbe January 1, 2006.

(b) Name, Model Number, and Date.

Exceptasprovided in section 1607(c) ofthis Article, the following information shall be permanently,
legibly, and conspicuously displayed on an accessible place on each unit;

(1) manufacturer'sname or brand name or trademark (which shall be either the name,brand,or
trademark ofthe listed manufacturerspecified pursuantto section 1606(a)(2)(A) ofthis Article;

(2) model number; and

(3) date of manufacture, indicating (i) yearand (ii) month or smaller (e. g. week) increment. Ifthe date
is in a code thatis not readily understandableto the lay person, the manufacturer shall immediately,
onrequest, provide the code to the Energy Commission.

(c) Exceptions to Section 1607(b).
(1) For plumbing fixtures and plumbing fittings, the information required by section 1607(b) ofthis
Articleshall be permanently, legibly,and conspicuously displayed on an accessible place on each unit
or onthe unit's packaging.

(2) Forlamps, the information required by section 1607(b) ofthis Article shall be permanently,
legibly, and conspicuously displayed on an accessible place on each unit, on the unit's packaging, or,

where the unitis contained in a group ofseveral unitsin a single package, on the packaging ofthe
group.

(3) For fluorescentlamp ballasts, the date of manufacture information required by section 1607(b)(3)
of this Articleshall indicate (i) year and (ii) three-month or smaller increment. Ifthe date isin a code

thatis notreadily understandable to the layperson, the manufacturershallimmediately, on request,
provide the code to the Energy Commission.

...[skippingto the end of the section]

67 The proposed regulatory language in section 1605.3(k) reflects language adopted by the Energy Commission on July 11, 2018,and
expected to become effective on October 1,2 018, pending approval by the Office of Administrative Law. See rulemaking d ocket
number18-AAER-10.
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Section 1608. Compliance, Enforcement, and General Administrative
Matters.%

(a) General Requirements for the Sale or Installation of All Appliances.

Any unit ofany appliance within the scope of section 1601 ofthis Articlemay be sold or offered for
sale in California only if:

(1) the appliance appears in the most recent MAEDDbS established pursuant to section 1606(c) ofthis
Article, unless the only reason for the appliance's absence from the MAEDbS s its failure to comply
with an applicable standard in section 1605.1 ofthis Article;

(2) the manufacturer has:
(A)tested the appliance asrequired by sections 1603 and 1604 ofthis Article;
(B) marked the unit asrequired by section 1607 ofthis Article;

(C) for any appliance for which there is an applicablestandard in section 1605.2 or 1605.3 of this
Article, certified undersection 1606(a) ofthis Article that the appliance complies with the
standard,;

(3) the unit has the same components, design characteristics,and all other features that affectenergy
or water consumption or energy orwater efficiency, as applicable, as the units that were tested under
sections 1603 and 1604 ofthis Article and for which information was submitted under section 1606(a)
of this Article; and

(4) for any appliancefor which there is an applicablestandard in section 1605.2 or 1605.3 ofthis
Article, the unit complies with the standard.

Exceptions: to Sections 1608(a)(1) and 1608(a)(2)(C) of this Article. Sections 1608(a)(1)
and 1608(a)(2)(C) ofthis Articleare not applicable to:

1.external power supplies,

2.COMpressors,

3.portable air conditioners (exceptfor spot air conditioners),
4.small electricmotors,e+

5.ala carte chargers meeting the EXCEPTION noted in section 1605.3(w)(2) ofthis Articles,
or

6. general service lamps.

...[skipping to the end of the section]

68 The proposed regulatory language in section 1605.3(k) reflects language adopted by the Energy Commission on
July 11, 2018, and expected to become effective on October 1, 2018, pending approval by the Office of Administrative Law. See
rulemaking docket number 18-AAER-1 0.
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APPENDIX A:
Staff Assumptions and Calculation Methods

Appendix A discusses the information and calculations used to estimate the currentelectricity
consumption and the estimated electricity savings for a subset ofthe lamps that would be coveredby the
proposed regulations. This subset is composed ofthe products for which the most information is available
and is generally representativefor all ofthe lamps that would be covered by the proposed regulations.
Valuesintables are the rounded results of calculations, but unrounded results are used for subsequent
calculations.

Assumptions and Estimates Used in Calculations

T able A-1summarizes the estimated shareof California shipments by technology and by lamp type for
the subset oflamps addressedin thisreport. Staff began with the estimate of 2015 national market share
by technology from the “Impactofthe EISA 2007 Energy Efficiency Standard on General Service Lamps”
and adjusted the percentage of LEDs upward to reflect increasing marketshare.

Table A-1: Estimate of Shipments Share by Light Source Technology in 2017

Lamp Type Incandescent | LED
Large-Diameter Reflector Lamps 80% 20%
Decorative Lamps 85% 15%

Globe Lamps 90% 10%
EISA-Exempt Lamps 100% 0%
Low-Lumen Lamps 85% 15%

Source: Energy Commission staff

Tables A-2 and A-3 summarize the estimated California shipments and existing stock for the subsetof
lamps addressed in thisreport, by lamp type. Staffestimates globe lamps to make up 19 percent of
decorativelamps shipments and stock.®9 For low-lumen lamps, staffestimates that one-quarter of

California homes have onelow-lumen lamp (for example, night light).

Staff began with the estimate of2017 existing stockand shipment estimates from the “ General Service
Lamps (Expanded Scope) CASEInitiative” and reduced existing stockin subsequent years by the
percentage of LED shipments. Staffapplied a 10 percent multiplier to the estimate of LED shipments in
2018and 2019 (for example, large-diameterreflectorlamps have shipment shares of22 percentin2018
and 24.2 percentin 2019) to reflect additional increasesin LED market share. Beginningin 2020, the year
the proposed broader standard would become effective, shipments are assumed to be entirely composed
of LEDs, and the stockofincandescent lamps addressed in this report begins to decline rapidly.

69 Kantner, C., and A. Alstone (2017). Impactofthe EISA 2007 Energy Efficiency Standard on General Service Lamps, p.4,
available athttp://docketpublic.energy.ca.gov/PublicDocuments/17-AAER-
07/TN220255 20170718T164013 Impact of the EISA 2007 FEnergy Efficiency Standard on General S.pdf.



http://docketpublic.energy.ca.gov/PublicDocuments/17-AAER-07/TN220255_20170718T164013_Impact_of_the_EISA_2007_Energy_Efficiency_Standard_on_General_S.pdf
http://docketpublic.energy.ca.gov/PublicDocuments/17-AAER-07/TN220255_20170718T164013_Impact_of_the_EISA_2007_Energy_Efficiency_Standard_on_General_S.pdf

Shipments also decline year over yearbecauseofthe longer lifetime of LEDs, resulting in fewer purchases

oflampsover time.

Table A-2: Estimate of California Existin

g Stock of Low-efficacy Lamps (millions)

Lamp Type 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026
Large-Diameter Reflector Lamps | 88.8* | 82.3 | 75.2 | 67.4 | 35.0 2.6 - - - -
Decorative Lamps 137.6* | 133.9 | 129.7 | 125.2 | 100.2 | 75.2 | 50.2 | 25.2 | 0.2 -
Globe Lamps 324* | 318 | 312 | 304 | 245 | 186 | 127 | 6.8 0.9 -
EISA-Exempt Lamps 35.0¢ | 35.0 | 35.0 | 35.0 | 15.9 - - - - -
Low-Lumen Lamps 3.5 3.0 2.5 2.0 - - - - - -
Source: Energy Commission staff and General Service Lamps (Expanded Scope) CASE Initiative*
Table A-3: Estimate of California Shipments of Replacement Lamps for Standards Case (millions)
Lamp Type 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026
Large-Diameter Reflector Lamps 324* | 324 | 324 - - - - - - -
Decorative Lamps 25.0* | 25.0 | 25.0 - - - - - - -
Globe Lamps 5.9* 5.9 5.9 - - - - - - -
EISA-Exempt Lamps 19.1* | 19.1 19.1 - - - - - - -
Low-Lumen Lamps 3.5 3.0 25 - - - - - - -
High-Efficacy Replacement Lamps | 11.3 124 | 13,5 | 844 | 79.2 | 33.5 | 30.9 | 30.9 1.1 -

Source: Energy Commission staff and General Service Lamps (Expanded Scope) CASE Initiative*

T able A-4 summarizes the estimated sector sharefor asubset oflamps addressed in thisreport, by lamp

type.
Table A-4: Estimate of Sector Share by Lamp Type
Sector Share
Lamp Type : - -
Residential | Commercial

Large-Diameter Reflector Lamps™ 96% 4%
Decorative Lamps 90% 10%
Globe Lamps 90% 10%
EISA-Exempt Lamps* 84% 16%
Low-Lumen Lamps 100% 0%

Source: Energy Commission staff and General Service Lamps (Expanded Scope) CASE Initiative*

T able A-5 summarizes the estimated average daily hours ofuse for a subset oflamps addressed in this
report, by lamp type. Staffapplied the estimates ofsector share (Table
A-4)to determine the sector-weighted daily hours ofuse. The sector-weightedannual hours ofuse are

determined by multiplying the sector-weighted daily hours ofuse by the number ofdaysinayear inuse

(assumedto beeveryday —365.25).

Sector Weighted Daily Hours of Use
= (Residential Sector Share  Residential Daily Hours of Use)

+ (Commercial Sector Share * Commercial Daily Hours of Use)




Table A-5: Estimate of Average Hours of Use by Lamp Type

Daily Hours of Use Annua:J:aours of
Lamp Type
Residential | Commercial Se.ctor- Sector-Weighted
Weighted
Large-Diameter Reflector Lamps 2.9 10.7 3.2 1,172.4
Decorative Lamps 2.6 10.7 3.4 1,244.7
Globe Lamps 1.7 10.7 2.6 949.0
EISA-Exempt Lamps 2.3 10.7 3.6 1,330.1
Low-Lumen Lamps* 8.0 8.0 8.0 2,920.0

Source: Impact of the EISA 2007 Energy Efficiency Standard on General Service Lamps and Energy Commission staff*

T able A-6 summarizes the properties ofa representative noncompliant incandescent lamp for a subset of
lamps addressed inthisreport, by lamp type. The efficacy is determined by dividing the initial lumens by
the wattage. The sector-weightedrated lifetime in years is determined by dividing the rated lifetime in
hoursby the sector-weighted annual hours ofuse (T able A-5).

Table A-6: Properties of Representative Noncompliant Incandescent Lamp

. Rated Lifetime
Lamo T W Initial yheacy Sector
am e attage umens per B
p1yp g Lumens ( P Hours Weighted
watt)
(years)
Large-Diameter Reflector Lamps 65 635 9.870 2,000 1.7
Decorative Lamps (average) 50 417.5 8.4 3,000 2.4
Globe Lamps 40 320 8.0 3,000 3.2
EISA-Exempt Lamps 72 1000 13.9 3,500 2.6
Low-Lumen Lamps* 7 50 7.1 3,000 1.0

Source: Impact of the EISA 2007 Energy Efficiency Standard on General Service Lamps and Energy Commission staff*

T able A-7 summarizes the properties ofarepresentative compliant lamp for a subset oflamps addressed
in thisreport, by lamp type. The compliant lamp is assumed to have identical initial lumens to the
noncompliantlamp (Table A-6) and an efficacy equal to the proposed standard (thatis, 45 lumens per
watt). The compliant lamp is assumed to be an LED with a rated lifetime of10,000 hours.

To calculate the wattage, the initial lumens are divided by the efficacy. The sector-weighted ratedlifetime
in yearsis determined by dividing the rated lifetime in hours by the sector-weighted annual hours ofuse
(Table A-5).

Table A-7: Properties of Representative Compliant Lamp

| Lamp Type Wattage | Initial Lumens Efficacy Rated Lifetime

70 Although thislamp doesnot comply with the federal energy conservation standardsin Code of Federal Regulations, Title 10, §
430.23(n) (6), it appears to remain broadly available because of ridersin previousfederal appropriationsacts(see, e.g., H.R. 2029 —
Consolidated Appropriations Act, 2016, section 312 (114th Congress), which prohibited the DOE from implementing or enforcing
thesestandards.
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(lumens per Sector-
watt) Hours Weighted
(years)

Large-Diameter Reflector Lamps 14.1 635 45 10,000 8.5
Decorative Lamps 9.3 417.5 45 10,000 8.0
Globe Lamps 7.1 320 45 10,000 10.5
EISA-Exempt Lamps 22.2 1000 45 10,000 7.5
Low-Lumen Lamps 1.1 50 45 10,000 3.4

Source: Energy Commission staff

T able A-8 summarizes the estimated price for noncompliant and compliantlamps and the calculated

incremental price for a subset oflamps addressedin thisreport,by lamp type. To calcul ate the

incremental price, the noncompliant lamp price was subtracted from the compliant lamp price.

Table A-8: Estimate of Prices for Noncompliant and Compliant Lamps

Lamp Type Noncom;):ilgerlt Lamp Compliant Lamp Price Incr;?ctaental
Large-Diameter Reflector Lamps $2.33 $3.33 $1.00
Decorative Lamps (average) $1.24 $5.82 $4.58
Globe Lamps $2.32 $6.32 $4.00
EISA-Exempt Lamps $1.99 $16.97 $14.98
Low-Lumen Lamps* $1.25 $2.50 $1.25

Source: Impact of the EISA 2007 Energy Efficiency Standard on General Service Lamps and Energy Commission staff*

T able A-9 summarizes the averageretail priceofelectricity in California asreported by the U.S. Energy

Information Administration for February 2017.

Table A-9: Average Retail Price of Electricity in California

Sector Price ($ per kWh)
Residential $0.1855
Commercial $0.1421

Source: U.S. Energy Information Administration Electric Pow er Monthly w ith Date for
February 2017, published April2017
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T able A-10 summarizes the sector-weighted retail price ofelectricity by lamp type. Staffdetermined
these values by applying the estimates of sector share (see Table A -4) to the average retail price of
electricity in California (Table A-9).

Sector Weighted Price per kWh by Lamp Type
= (Residential Sector Share by Lamp Type = Residential Average Retail Price)

+ (Commercial Sector Share by Lamp Type * Commercial Average Retail Price )

Table A-10: Sector-Weighted Retail Price of Electricity by Lamp Type

Lamp Type Sector-Weighted Price ($ per kWh)
Large-Diameter Reflector Lamps $0.1838
Decorative Lamps (average) $0.1812
Globe Lamps $0.1812
EISA-Exempt Lamps $0.1786
Low-Lumen Lamps $0.1855

Source: Energy Commission staff

Calculations of Electricity Usage and Savings

T able A-11summarizes the calculated annual electricity usage for anoncompliant lamp and compliant
lamp of each type addressed in thisreport. Table A-11also summarizes the annual and life-cycle

electricity savings for acompliant lamp.

The annual electricity usageis calculated by multiplying the wattage ofthe representativelamp (T able A -
6 or A-7)by the sector-weighted annual hours ofuse (T able A-5) and dividing by 1,000 to convert from
watt-hours to kilowatt-hours.

Wattage * Sector Weighted Annual Hours of Use

Annual Electricty Usage (kWh) = 1,000 watt_hours per kilowatt_ hour

The annual electricity savings are determined by subtracting the annual electricity usage ofa compliant
lamp from the annual electricity usage ofanoncompliant lamp. The life -cycle electricity savings are
determined by multiplying the annual electricity savings by the compliant lamp sector-weightedrated
lifetime inyears (T able A-7).
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Table A-11: Single Lamp Electricity Usage and Single Compliant Lamp Electricity Savings

Annual Electricity Usage (kWh) E'ect"‘(:l'(tv{,:)a‘""gs
Lamp Type Noncompliant Compliant if
Lamp Lamp Annual Lifecycle

Large-Diameter Reflector Lamps 76.2 16.5 59.7 508.9
Decorative Lamps (average) 62.2 11.5 50.7 407.2
Globe Lamps 38.0 6.7 31.2 328.9
EISA-Exempt Lamps 95.8 29.6 66.2 497.8
Low-Lumen Lamps 20.4 3.2 17.2 58.9

Source: Energy Commission staff

T able A-12 summarizes the number of compliant and noncompliant lamps necessary to equate to the
rated lifetime ofa compliant lamp. Table A-12 also summarizes the total purchase price paid for the
number of compliantand noncompliant lamps thatequate to the rated lifetime ofa compliant lamp.

The number of noncompliant lamps is determined by dividing the rated lifetime in hours ofa compliant
lamp (thatis, 10,000 hours) (Table A-7) by the ratedlifetime in hours ofanoncompliantlamp (T able
A-8) and rounding up to the next wholenumberbecause a partial lamp cannot be purchased. Total
purchase price paid is determined by multiplying the number oflamps by the corresponding estimated
lamp price (T able A-8).

10,000 )

Roundu (
P Rated Lifetime in Hours of Noncompliant Lamp

Number of Noncompliant Lamps =

Table A-12: Number of Noncompliant Lamps to Achieve Equivalent Life of Compliant Lamp

Number of Number of PuT-g:naalse Total Purchase
Lamp Type Compliant Noncompliant . . Price Paid,

L L Price Paid, N liant

amps amps Compliant oncomplian
Large-Diameter Reflector Lamps 1 5 $3.33 $11.65
Decorative Lamps (average) 1 4 $5.82 $4.96
Globe Lamps 1 4 $6.32 $9.28
EISA-Exempt Lamps 1 3 $16.97 $5.97
Low-Lumen Lamps 1 4 $2.50 $5.00

Source: Energy Commission staff

T able A-13 summarizes the first-year and life-cycle monetary savings for a compliant lamp.

The monetary savings from avoided replacement lamps is determined by subtracting the total purchase

price paid for acompliant lamp from the total purchase price paid for an equivalentnumberof

noncompliant lamps (based on equating rated lifetimes) (Table A-12). For two lamp types, thisisa
negative value, indicating that the purchase price paid for a compliant lamp exceeds the cumulative
purchase price paid for an equivalentnumberofnoncompliant lamps (based on equating rated lifetimes).

Monetary Savings from Avoided Noncompliant Replacement Lamps

= Total Purchase Price, Noncompliant — Total Purchase Price, Compliant




The first-year monetary savings are calculated by subtracting the incremental price ofa compliant lamp
(T able A-8) from the annual electricity bill savings. (see Tables A-15 to

A-19.) For onelamp type, thisis anegativevalue, indicating that the incremental price ofa compliant
lamp exceeds the monetary valueofthe first year ofelectricity bill savings. In the second year, the value of
the cumulative electricity bill savings will exceed the incremental price ofa compliant lamp, indicating a
simple payback period ofless than two years. For the other four lamp types, this is a positive value,
indicating that the monetary value ofthe first yearofelectricity bill savings exceeds the incremental price
of a compliantlamp. In other words, the simple payback period for these four lam p typesislessthan one

year.
First_year Monetary Savings = Annual Electricity Bill Savings — Incremental Price

The life-cyclemonetary savings per lamp are determined by adding the life-cycle electricity bill savings
(Tables A-15 to A-19) to the monetary savings fromavoided noncompliant replacement lamps and
subtracting the incremental price ofa compliant lamp (Table A-8). The life-cycleelectricity bill savings
reflect a 3 percent annual discount, as discussed in the next section ofthis appendix. The life-cycle
monetary savings arepositive for all five lamp types, indicating that the proposed standard is cost -
effectivefor all five lamp types.

Lifecycle Monetary Savings = Lifecycle Electricity Bill Savings +

Monetary Savings from Avoided Noncompliant Replacement Lamps — Incremental Price

Table A-13: Single Lamp First-Year and Life-Cycle Net Monetary Savings
Electricity Bill Monetary .
Savings ($) Savings From Net Monetary Savings
L T Incremental ) Avoided
amp fype Price Lifecycle Noncompliant First- )
Annual (3% annual Replacement year Lifecycle
discount) Lamps
Large-Diameter
Reflector Lamps $1.00 $10.96 $83.58 $8.32 $9.96 $90.90
Decorative Lamps R
(average) $4.58 $9.18 $66.44 $0.86 $4.60 $61.00
Globe Lamps $4.00 $5.65 $51.73 $2.96 $1.65 $50.69
EISA-Exempt
Lamps $14.98 $11.82 $80.62 -$11.00 -$3.16 $54.64
Low-Lumen Lamps $1.25 $3.19 $10.52 $2.50 $1.94 $11.77

Source: Energy Commission staff

T able A-14 summarizes the statewide annual electricity savings and statewide annual monetary savings
for the first year the proposed broader standard would be effective and after full stock turnover. (For
example,alllamps addressed in thisreport have been replaced by compliant lamps.)

Statewide annual electricity savings for the first year that the proposed broader standard is effective are
determined by multiplying the annual electricity savings for a compliant lamp (Table A-11) by the
estimated California shipmentsin 2020 (Table A-3).

Statewide Annual Electricity Savings, First Year
= Annual Electricity Savings, Single Lamp * Estimated 2020 Shipments
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Statewide annual electricity savings after full stock turnover are determined by multiplying the annual
electricity savings for a compliantlamp (Table A-11) by the estimated California existing stockin 2020
(Table A-2).

Statewide Annual Electricity Savings, After Full Stock Turnover

= Annual Electricity Savings, Single Lamp * Estimated 2020 Existing Stock

Statewide annual monetary savings for the first yearthat the broader standard is effective are determined
by multiplying the first-year monetary savings for a single lamp (T able A-13) by the estimated California
shipmentsin2020 (Table A-3). For onelamp type, thisis anegativevalue,indicating that the statewide
totalincremental price paid for compliant lamps exceeds the monetary valueofthe first year of statewide
electricity bill savings. After full stock turnover for this lamp type, statewide annual savings are morethan
$400 million.

Statewide Annual Monetary Savings,First Year
= First_Year Monetary Savings,Single Lamp * Estimated 2020 Shipments

Statewide annual monetary savings after full stockturnover are determined by multiplying the annual
electricity bill savings for a single lamp (T able A-13) by the estimated California existing stockin2020
(Table A-2).

Statewide Annual Monetary Savings, After Full Stock Turnover

= Annual Electricity Bill Savings,Single Lamp = Estimated 2020 Existing Stock

Table A-14: Statewide Annual Electricity and Annual Net Monetary Savings

Annual Electricity Savings Annual Net Monetary Savings
(GWh) ($millions)
Lamp Type
First- After Full Stock First- After Full Stock
Year Turnover Year Turnover
Large-Diameter Reflector Lamps 1,933 4,018 $323 $738
Decorative Lamps (average) 1,267 6,345 $115 $1,149
Globe Lamps 184 950 $10 $172
EISA-Exempt Lamps 1,265 2,317 -$60 $414
Low-Lumen Lamps 35 35 $4 $6
Total | 4,684 13,666 $391 $2,480

Source: Energy Commission staff

Calculations of Single Lamp Electricity Bill Savings

The monetary values in T ables A-15 through A-19 for single lamp electricity bill savings reflecta 3
percent annual discount to the value ofa kilowatt-hour. (In other words, the value inyeartwo is 97
percent ofthe value inyearone, and the valueinyearthreeis 97 percent ofthe value inyear two.)

See T able A-11for the annual electricity savings by lamp type. See Table A-10 for the first-year sector-
weighted retail price ofa kilowatt-hour. In each subsequent year, the valueofa

kilowatt-houris 97 percent ofthe previous year, as discussed above. Annual electricity bill savings are
determined by multiplying the electricity savings in kilowatt-hours by the price ofa kilowatt-hour.



Lifetime electricity bill savings are determined by adding the yearly values for annual electricity bill

savings.

Table A-15: Single-Lamp Electricity Bill Savings, Large-Diameter Reflector Lam

Year Annuc?ll Electricity Price of Anr?ual Lifet_ime

Savings (kWh) kWh Savings Savings

2020 59.7 $0.1838 $10.96 $10.96
2021 59.7 $0.1783 $10.63 $21.60
2022 59.7 $0.1729 $10.32 $31.91
2023 59.7 $0.1677 $10.01 $41.92
2024 59.7 $0.1627 $9.71 $51.63
2025 59.7 $0.1578 $9.41 $61.04
2026 59.7 $0.1531 $9.13 $70.17
2027 59.7 $0.1485 $8.86 $79.03
(pi\orﬁgl) 31.6 $0.1440 $4.55 $83.58

Source: Energy Commission staff

Table A-16: Single-Lamp Electricity Bill Savings, Decorative Lamp (Average)

Year Annu_al Electricity Price of Anr?ual Lifet_ime

Savings (kWh) kWh Savings Savings
2020 50.7 $0.1812 $9.18 $9.18
2021 50.7 $0.1757 $8.91 $18.09
2022 50.7 $0.1705 $8.64 $26.73
2023 50.7 $0.1653 $8.38 $35.11
2024 50.7 $0.1604 $8.13 $43.24
2025 50.7 $0.1556 $7.88 $51.12
2026 50.7 $0.1509 $7.65 $58.77
2027 50.7 $0.1464 $7.42 $66.19
(piorﬁzl) 17 $0.1420 $0.25 $66.44

Source: Energy Commission staff




Table A-17: Single-Lamp Electricity Bill Savings, Globe Lamp

Year Annu_al Electricity Price of Anr!ual Lifet_ime

Savings (kWh) kWh Savings Savings
2020 31.2 $0.1812 $5.65 $5.65
2021 31.2 $0.1757 $5.48 $11.14
2022 31.2 $0.1705 $5.32 $16.46
2023 31.2 $0.1653 $5.16 $21.62
2024 31.2 $0.1604 $5.01 $26.63
2025 31.2 $0.1556 $4.86 $31.48
2026 31.2 $0.1509 $4.71 $36.19
2027 31.2 $0.1464 $4.57 $40.76
2028 31.2 $0.1420 $4.43 $45.19
2029 31.2 $0.1377 $4.30 $49.49
(pi\orﬁgl) 16.8 $0.1336 $2.24 $51.73

Source: Energy Commission staff

Table A-18: Single-Lamp Electricity Bill Savings, EISA-Exempt Lamp

Year Annugl Electricity Price of Anqual Lifet_ime
Savings (kWh) kWh Savings Savings
2020 66.2 $0.1786 $11.82 $11.82
2021 66.2 $0.1732 $11.47 $23.29
2022 66.2 $0.1680 $11.12 $34.41
2023 66.2 $0.1630 $10.79 $45.20
2024 66.2 $0.1581 $10.47 $55.67
2025 66.2 $0.1533 $10.15 $65.82
2026 66.2 $0.1487 $9.85 $75.67
( piorﬁzl) 34.3 $0.1443 $4.95 $80.62

Source: Energy Commission staff

Table A-19: Single-Lamp Electricity Bill Savings, Low-Lumen Lamp

Year Annu.al Electricity Price of Anr!ual Lifet_ime
Savings (kWh) kWh Savings Savings
2020 17.2 $0.1855 $3.19 $3.19
2021 17.2 $0.1799 $3.09 $6.28
2022 17.2 $0.1745 $3.00 $9.29
(piorﬁ;) 7.3 $0.1693 $1.24 $10.52

Source: Energy Commission Staff




APPENDIX B:
Acronyms

Acronym Description

AB Assembly Bill

ANSI American National Standards Institute
CASE Codes and Standards Enhancement
CFL Compact fluorescent lamp

CFR Code of Federal Regulations

CPUC California Public Utilities Commission
CRI Colorrendering index

DOE United States Department of Energy
EISA Energy Independence and Security Act of2007
GHG Greenhouse gas

GSIL General service incandescent lamp
GSL General service lamp

GWh Gigawatt-hour

IEPR Integrated Energy Policy Report

I0U Investor-owned utility

JAS Joint Appendix 8

kWh Kilowatt-hour

LED Light-emitting diode

MW Megawatt

OLED Organic light-emitting diode

QPL Qualified Product List

RASS Residential Appliance Saturation Study
SB Senate Bill

uv Ultraviolet





