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ABSTRACT 
On April 4, 2018, the California Energy Commission (CEC) released an invitation to submit 
proposals related to efficiency standards, test procedures, and related items for linear 
fluorescent lighting not already covered by federal efficiency standards for general service 
fluorescent lamps (GSFLs) because of their shape or length. The CEC reviewed the information 
received from respondents to the request for proposals and developed draft proposed 
regulations for linear fluorescent lamps. Specifically, the CEC proposed an addition to the 
Appliance Efficiency Regulations that outlines specific test methods and performance standards 
for certain linear fluorescent lamps that are currently exempt from federal standards. 

To further analyze the potential impacts of the proposed standards, the CEC is required to 
complete a Standardized Regulatory Impact Assessment (SRIA) by the California Department 
of Finance. The SRIA includes a broader statewide economic impact model based on the 
estimated household savings that would result from the proposed regulatory standards. The 
SRIA provides further context for impacts on the regional economy in California, highlighting 
economic output, employment, and labor income resulting from the improved efficiency of the 
lamps. The SRIA also includes an analysis of the fiscal impacts from the proposed regulations 
to California state and local governments. 

Evergreen Economics and CEC staff analyzed the economic impacts of the proposed and 
alternative updates to the performance standards for general service fluorescent lamps. 

Keywords: Economic impacts, Standardized Regulatory Impact Assessment, appliance 
efficiency regulations, energy efficiency, linear fluorescent, fluorescent lamp, T12, T8, tube 
lamp, impact-resistant fluorescent, high-CRI, CRI, color rendering index, lighting, lamps, 
general service fluorescent lamps 

Please use the following citation for this report: 

Helvoigt, Ted and Keith Rivers (Evergreen Economics), Soheila Pasha and Pierre duVair (CEC). 
2021. Economic Impact Analysis of Efficiency Standards for Linear Fluorescent Lamps 
Exempt from Federal Regulation. California Energy Commission. Publication Number: 
CEC-400-2021-013. 
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EXECUTIVE SUMMARY 
In March 2020, the California Energy Commission (CEC) engaged Evergreen Economics 
(Evergreen) to provide economic analysis services to support Standardized Regulatory Impact 
Assessments (SRIAs). To further analyze the potential impacts of the proposed standards, the 
CEC is required to complete a SRIA by the California Department of Finance (DOF). The SRIA 
includes a broader statewide economic impact model based on the estimated household 
savings that would result from the proposed regulatory standards. The SRIA provides further 
context for impacts on the regional economy in California, highlighting economic output, 
employment, and labor income resulting from the improved efficiency of the lamps. 

This report presents the results of the economic impact analysis of proposed new efficiency 
standards for linear fluorescent lamps that are exempt from federal regulation. Evergreen used 
Impact Analysis for Planning (IMPLAN) modeling software to estimate the economic impacts 
that the proposed standards will have on California residences and businesses as they 
transition to more energy efficient T8 and LED lamps, as well as the economic impacts 
associated with California-based producers of T8 and LED lamps, electrical contractors that will 
be necessary to update lighting fixtures to support the higher efficiency T8 and LED lamps, 
and hazardous waste sector treatment and disposal facilities necessary for the proper disposal 
of magnetic ballasts. CEC staff used a data analysis tool to estimate fiscal and other economic 
impacts resulted from the proposed regulations. 

The analysis also examined the economic benefits of avoided emissions of carbon dioxide 
(CO2), nitrogen oxides (NOX), particulate matter (PM2.5), and sulfur oxides (SOX) due to lower 
electricity demand by T8 and LED lamps, relative to linear fluorescent lamps. 

For purposes of the economic impact analysis, it was necessary to develop estimates of how 
the proposed regulation will affect each specific sector. The proposed regulation will impact 
residential users of the non-compliant lamps much differently than commercial and industrial 
users because average annual hours of operation are much lower for the residential sector. In 
addition, residences will react differently to the regulatory change. Specifically, it is assumed 
that residences will reduce discretionary spending in the short run as they incur the costs 
associated with converting fixtures to accept the compliant lamps. Residences are then 
expected to increase discretionary spending in subsequent years as they enjoy lower energy 
costs associated with the compliant lamps. 

For the commercial and industrial sectors, the analysis expects that the initial outlay associated 
with converting fixtures for the compliant lamps will not impact spending in other aspects of 
their business operations. Likewise, the analysis does not anticipate that reduced spending on 
electricity in subsequent years will result in greater spending on other business activities. 

This analysis estimates that the proposed regulatory change will have a positive impact on 
California Gross State Product (GSP) beginning the first year that regulations are in effect, 
assumed to be 2022 in this report ($158.9 million), and will grow each year through 2028 
before declining—but remaining positive—through 2040. 
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Figure 1 summarizes estimates of the key economic impacts associated with the proposed 
regulatory change over the projection period from 2022 to 2040. 

Figure 1: Summary of Key Economic Impacts 
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CHAPTER 1: 
Introduction 

In March 2020, the California Energy Commission (CEC) engaged Evergreen Economics 
(Evergreen) to provide economic analysis services to support Standardized Regulatory Impact 
Assessments (SRIAs). This report presents the results of the economic impact analysis of 
proposed new efficiency standards for linear fluorescent lamps that are exempt from federal 
regulation. The authors used Impact Analysis for Planning (IMPLAN) modeling software to 
estimate the economic impacts that the proposed standards will have on California residences 
and businesses as they transition to more energy efficient T8 and LED lamps, as well as the 
economic impacts associated with California-based producers of T8 and LED lamps, electrical 
contractors that will be necessary to update lighting fixtures to support the higher efficiency 
T8 and LED lamps, and hazardous waste sector treatment and disposal facilities necessary for 
the proper disposal of magnetic ballasts.1 

The analysis also examined the economic benefits of avoided emissions of carbon dioxide 
(CO2), nitrogen oxides (NOX), particulate matter (PM2.5), and sulfur oxides (SOX) due to lower 
electricity demand by T8 and LED lamps, relative to linear fluorescent lamps. 
Background on Linear Fluorescent Lamp Standards 
The Warren-Alquist Act2 established the CEC as California’s primary energy policy and planning 
agency. The act mandates that the CEC reduce the wasteful and inefficient consumption of 
energy and water in the state by prescribing statewide standards for minimum levels of 
operating efficiency for appliances that consume a significant amount of energy or water. On 
January 19, 2018, the CEC issued an order instituting rulemaking to consider standards, test 
procedures, labeling requirements, and other efficiency measures to amend the Appliance 
Efficiency Regulations (California Code of Regulations, Title 20, Sections 1601 through Section 
1609).3 In this order, the CEC identified high color rendering index linear fluorescent lighting 

 
1 As a conservative assumption, the CEC assumes that all ballasts are magnetic and contain polychlorinated 
biphenyls (PCBs), which are a toxic material regulated by the U.S. EPA. In fact, many ballasts are electronic and 
contain no PCBs. Likewise, magnetic ballasts produced after 1979 were also required to contain no PCBs. Analysis 
of Proposed Efficiency Standards for Linear Fluorescent Lamps Exempt from Federal Regulation, 2019 Appliance 
Efficiency Rulemaking Docket Number 18-AAER-08, Draft Staff Report, California Energy Commission, June 2019, 
p.36. 

2 The Warren-Alquist State Energy Resources Conservation and Development Act, Division 15 of the Public 
Resources Code, § 25000 et seq., available at https://ww2.energy.ca.gov/2021publications/CEC-140-2021-
001/CEC-140-2021-001.pdf. 

3 https://efiling.energy.ca.gov/GetDocument.aspx?tn=222253&DocumentContentId=26676. 
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as a potential energy saving measure.4 These unregulated lamps are often used in general 
lighting applications, resulting in wasted energy consumption.5 

On April 4, 2018, the CEC released an invitation to submit proposals related to efficiency 
standards, test procedures, and related items for linear fluorescent lighting not already 
covered by federal efficiency standards for general service fluorescent lamps (GSFLs) because 
of their shape or length. The CEC reviewed the information received from respondents to the 
RFP and developed draft proposed regulations for linear fluorescent lamps. Specifically, the 
CEC proposed an addition to the Appliance Efficiency Regulations that outlines specific test 
methods and performance standards for certain linear fluorescent lamps that are currently 
exempt from federal standards.6  

Lamps Proposed for Regulatory Action 
The CEC proposes to include the following impact-resistant fluorescent lamps and fluorescent 
lamps with a color rendering index of 87 or greater in this proposed regulation: 

• 4-foot lamps with medium bipin bases 
• 4-foot lamps with standard output and miniature bipin bases 
• 4-foot lamps with high output and miniature bipin bases 
• 8-foot lamps with standard output and single pin bases 
• 8-foot lamps with high output and recessed double contact bases 
• 2-foot U-shaped lamps with medium bipin bases 

The CEC also proposes to include the following linear lamps in this proposal: 
• 2-foot and 3-foot linear lamps with medium bipin or miniature bipin bases 

The CEC estimates this proposal will save 2,895 GWh of electricity per year after the existing 
stock of lamps is turned over (Appendix D).7 

To further analyze the potential impacts of the proposed standards, the CEC is required under 
the Administrative Procedure Act to complete a SRIA consistent with the regulations issued by 
the California Department of Finance (DOF). The SRIA includes a broader statewide economic 
impact model based on the estimated household and business savings that would result from 
the proposed regulatory standards. The SRIA provides further context for impacts on the 
regional economy in California, highlighting economic output, employment, and labor income 
resulting from the improved efficiency of the lamps. The SRIA also addresses the fiscal 

 
4 Ibid. 

5 Ibid. 

6 Pasha, Soheila. 2019. Analysis of Proposed Efficiency Standards for Linear Fluorescent Lamps Exempt from 
Federal Regulation. California Energy Commission, Publication Number: CEC-400-2019-009-SD. 

7 Ibid. 
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impacts of the regulatory proposal on general and special funds of the state and affected local 
government agencies. 
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CHAPTER 2: 
Economic Impact Analysis 

To estimate the direct market-based economic impacts of the proposed update to the 
performance standards for general service fluorescent lamps (GSFLs), the authors used 
IMPLAN (Impact Analysis for Planning) v3.1 modeling software. IMPLAN is an input-output 
model used to estimate the economic effects of proposed policies and projects and is the most 
commonly used economic impact modeling approach due to its ease of use and extensive 
detailed information on output, employment, and wages. Please see the appendix section of 
this report for more information on the economic impact analysis in general and the IMPLAN 
model in particular. 

Throughout this report, all monetary estimates are presented in 2020 dollars. In its November 
2020 forecast, the California Department of Finance (DOF) projects that general price inflation 
(as measured by the California All Urban Consumer Price Index) will average three percent 
through 2021 and 2022. While this rate is significantly higher than California experienced in 
2020 (1.7 percent), it is slightly lower than California experienced from 2016 through 2019. 

DOF completed a more current economic forecast in January 2022 with the Governor’s Budget 
for fiscal year 2022-23 and revised upwards its estimates for inflation in the 2021-2025 
timeframe. DOF’s Finance Bulletin of December 2021 shows national inflation rose 6.9% from 
November 2020 to November 2021, while California inflation rose 5.6% between October 2022 
and October 2021.8 The Governor’s Budget forecast for the category of Fuels and Utilities 
shows a 2021 inflation rate of 6.9%, but then declines to 2.8% by 2024 which is the estimated 
effective date of the proposed regulations.9 

It is noted that the higher rate of inflation between the November 2020 and January 2022 
DOF economic forecasts is a negligible difference over the period of impacts expected to result 
from implementation of proposed standards, which begin in 2024 (i.e., 3.0% versus 2.8%). 
The sectors categorized as Home Furnishings and Operations, as well as Other Goods and 
Services show smaller DOF forecasts for inflation compared to Fuels and Utilities. We conclude 
that consumer utility bill savings will equal or exceed values estimated in this report, given the 
more current DOF economic forecast for inflation. 

 

 

8 See Department of Finance Bulletin at 
https://www.dof.ca.gov/Forecasting/Economics/Economic_and_Revenue_Updates/documents/
2021/DEC_2021_FB.pdf 

9 See the DOF Governor’s Budget 2022-23 inflation forecast at 
https://www.dof.ca.gov/Forecasting/Economics/Eco_Forecasts_Us_Ca/ 

https://www.dof.ca.gov/Forecasting/Economics/Economic_and_Revenue_Updates/documents/2021/DEC_2021_FB.pdf
https://www.dof.ca.gov/Forecasting/Economics/Economic_and_Revenue_Updates/documents/2021/DEC_2021_FB.pdf
https://www.dof.ca.gov/Forecasting/Economics/Eco_Forecasts_Us_Ca/
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Comparative Analysis Between the Baseline and the Proposed 
Regulatory Change 
The economic impact analysis was conducted as a comparative analysis between the “non-
compliant” lamps and alternative “compliant” lamps that meet proposed standards by CEC 
staff. CEC staff proposes minimum energy efficiency standards for state-regulated GSFLs that 
are aligned with federal standards for GSFLs. For state-regulated linear lamps less than 4-foot, 
CEC staff proposes a minimum efficiency standard of 115 lumen per watt. 

For the economic impact analysis, the baseline is defined as the energy consumed in the 
absence of the proposed regulation. CEC staff developed the baseline for energy consumption, 
costs, and other attributes through market analysis of the lamps currently available on the 
market and the information supplied by the stakeholders through written comments to the 
CEC. The economic impact analysis estimates the economic effects associated with California 
residences and businesses moving from the baseline to the alternative. It is an economic 
comparison between the current baseline where the non-compliant lamps are available for 
purchase in California and the alternative where the non-compliant lamps are not available for 
purchase. 

The remainder of this section defines the key characteristics of the non-compliant lamps that 
comprise the baseline and the compliant lamps that comprise the alternative. Following the 
approach used in the CEC staff report, the analysis segments the non-compliant lamps into six 
categories based on size and light output (standard versus high). Likewise, the analysis takes 
as given that the alternative, compliant lamps defined in the CEC staff report do represent the 
actual alternative lamps that California residences and businesses would use to replace (at 
burnout) their non-compliant lamps. 

Key characteristics of the baseline and alternative lamps include per-lamp purchase price, 
energy consumption, hours of operation, and design life. The analysis takes as given that the 
values for the non-compliant and compliant lamps presented in the CEC staff report represent 
the actual value (or best estimate) of each key characteristic. Differences in the key 
characteristics between lamps in the baseline and comparison groups have economic 
implications, which are captured in the analysis to estimate the economic impacts associated 
with the proposed regulatory change. 

Key Assumptions and Inputs for Estimating Economic Impacts 
Associated with the Proposed Regulatory Change 
The proposed update to the performance standard for GSFLs will result in substantial up-front 
costs for residences and businesses as the non-compliant lamps representing the baseline are 
replaced with compliant alternatives that are more expensive, require a replacement ballast 
(when the replacement lamp is a T8), are assumed to require the services of an electrical 
contractor, and will require the proper disposal of the removed ballast, which CEC staff 
assumes to contain toxic materials. Table 1 shows CEC estimates of the cost of non-compliant 
and compliant lamps, the per-lamp cost of replacement ballasts, the per-lamp labor cost of 
replacing a non-compliant lamp, and the per-lamp cost of disposal of the removed ballasts. 
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CEC staff estimated the power consumption, costs, and other attributes of compliant lamps 
through market analysis of the lamps that meet the proposed standards and are currently 
available on the market, as well as the information supplied by the stakeholders through 
written comments. 

Table 1: Estimated Costs for Non-Compliant (Baseline) and Compliant Lamps, 
Replacement Ballasts, Labor for Electrical Contractor, and Ballast Disposal 

 

The analysis in the CEC staff report10 used an average annual energy use per non-compliant 
and compliant lamp in order to develop per-lamp estimates of expected annual energy savings 
associated with converting (on burn-out) non-compliant lamps to compliant lamps. Table 2 
shows the estimates of average annual energy use per lamp for non-compliant and compliant 
lamps, and the per-lamp savings associated with the regulatory change. 

There is substantial variability in the design life among the non-compliant lamps that comprise 
the baseline and compliant lamps (see Table 3).11 For example, the CEC staff report states 
that the design life of a non-compliant 4-foot standard output T12 lamp is 8 years, while the 
design life of compliant fluorescent and LED replacement lamps are 12 years and 19 years, 
respectively. As Table 3 shows, the design life of all compliant LED lamps is 19 years. This 
economic impact analysis is based on the maximum design life of the replacement lamps (19 
years). 

 
10 Pasha, Soheila. 2019. Analysis of Proposed Efficiency Standards for Linear Fluorescent Lamps Exempt from 
Federal Regulation. California Energy Commission, Publication Number: CEC-400-2019-009-SD. 

11 Ibid. 
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Table 2: Average Annual Energy Use and Average Annual Energy Savings Per Lamp 

 

Source: Pasha, Soheila. 2019. Analysis of Proposed Efficiency Standards for Linear Fluorescent Lamps 
Exempt from Federal Regulation. California Energy Commission, 

Publication Number: CEC-400-2019-009-SD. Table A-2 

Table 3: Estimated Design Life of Non-Compliant and Compliant Lamps, in Years 

 

Source: Pasha, Soheila. 2019. Analysis of Proposed Efficiency Standards for Linear Fluorescent Lamps 
Exempt from Federal Regulation. California Energy Commission, Publication Number: CEC-400-2019-

009-SD. Table A-2. 
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The economic impact analysis assumes that the proposed regulatory change would become 
effective January 1, 2022, and that non-compliant lamps comprising the baseline will no longer 
be available to California residences and businesses. However, CEC staff recognizes there will 
be a delay in the expected adoption date for proposed regulations, which is now projected to 
be in late 2022. The minimum timeframe to be covered in this report is the period between 
2022 and 2024 (one year after the full implementation date). This delay in the adoption date is 
not expected to have a significant impact on results of the economic and fiscal impact analyses 
of the proposed regulations. Authors have no new information on changes in fluorescent lamp 
manufacturing costs, but expect there could be an increase in costs consistent with the 
national inflation rate for goods and services, resulting in higher initial incremental costs to 
consumers. Authors recognize that average annual electricity rates across all sectors in 
California has also risen over the last two years. Authors expect the value of energy saved will 
be equal to or higher than the increase in manufacturing costs, which leads to the same 
payback period or better for purchases of the higher efficiency GSFLs by businesses and 
individuals. Therefore, the expected impact of recent changes in the rate of inflation does not 
change the conclusions of this report. 

This analysis assumes that all non-compliant lamps would be replaced on burnout with an 
alternative compliant lamp, which is assumed to occur evenly over the design life of each 
lamp.12 The analysis therefore assumes that within 11 years, all six types of non-compliant 
lamps comprising the baseline installed in residences and businesses will have been replaced 
with compliant lamps. 

Table 4 shows the stock of the six non-compliant lamps estimated by the CEC to be installed in 
California residences and businesses. To estimate the stock of 4-foot and 8-foot T12 lamps, 
CEC staff used the estimated inventory of lamps from 2010 and 2015 U.S. Department of 
Energy (DOE) Lighting Market Characterization (LMC) reports. CEC used the lamps’ average 
lifetimes to extrapolate the stock and annual sales growth rates and project the national stock 
levels and annual sales of the 4-foot and 8-foot T12 lamps. To estimate California’s stock 
levels and shipments, a simple scaling of 12.09 percent was used. This scaling percentage 
reflects the ratio of California’s population over the entire United States population and was 
applied to the estimated national stock levels and shipments. CEC assumed that 85 percent of 
8-foot lamps are standard output and 15 percent are high output. 

An approach similar to the one used for state-regulated GSFLs was applied to estimate 
California’s statewide stock and annual sales for the less than 4-foot T12, T8, and T5 linear 
fluorescent lamps. Because the DOE LMC reports the inventory of T5 lamps as an aggregate 
for all lamp lengths, CEC staff analyzed available T5 retail models and assumed that the 
number of available models for a particular lamp’s length correlates with its market share. 
Using that approach, CEC estimates that about half of T5 lamps are less than 4-foot. 
  

 
12 For example, for a non-compliant 4-foot T12, one-eighth (12.5%) of the lamps will fail each year. 
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Table 4: Projected Stock of Non-Compliant (Baseline) Lamps in California in 
Thousands 

As shown in Table 4, the CEC assumes that, even without the proposed regulatory change, the 
stock of four of the six lamp types will decline over the next 10 years (e.g., 4-foot T12s), while 
for the other two lamp types, the stock is projected to increase. 

While the CEC staff report included estimates of the number of each of the six GSFLs currently 
installed in California and projected the number of installed lamps each year through 2031, it 
did not indicate where the lamps are installed. To allocate those lamps by sector—residential, 
commercial, and industrial—this analysis relied on the 2015 U.S. DOE LMC report published by 
the U.S. Department of Energy.13 This lighting characterization study provides estimates of the 
installed stock and energy use of all general illumination lighting products operating in the 
U.S.14  

Table 5 shows the distribution of each of the six GSFLs by sector, which, though based on 
national data, they are assumed to also be representative for California. CEC staff could not 

 
13 U.S. Department of Energy, Office of Energy Efficiency & Renewable Energy. 2017. 2015 U.S. Lighting Market 
Characterization. https://www.energy.gov/eere/ssl/2015-us-lighting-market-characterization. 

14 Ibid. 

https://www.energy.gov/eere/ssl/2015-us-lighting-market-characterization
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find sources of information on the concentrations or numbers of impacted GSFLs sold annually 
within each of these three broad sectors of the California economy. However, the CEC does 
not expect any differential impacts to specific categories of individuals or businesses. The only 
categories of businesses that will have a relatively small impact is electrical contractors and 
hazardous waste disposal for replacement of certain types of lamp fixtures (see Chapter 3). 

Table 5: Distribution of the Six GSFLs by Sector* 

*Total may not sum to 100% due to rounding 
 
Table 6 shows the cost of electricity per kWh assumed by the CEC, which was also used in the 
economic impact analysis.15  Residential and commercial electricity rates have increased in 
California since completion of the CEC 2019 staff analysis. The U.S. Energy Information 
Administration (EIA) estimated that California average residential electricity rates increased 
10.7% between September 2020 and 2021. Commercial aver16 These EIA figures for rising 
electricity costs are consistent with the Pacific Gas and Electric Company (PG&E) recent 
general rate17 The recent increases in electricity rates appear to be equal or exceeding 
inflation rates for GSFLs impacted by proposed standards, therefore, the economic impacts 
described in this report are conservative lower bounds on the cost-effectiveness of proposed 
energy efficiency standards. 
  

 
15 Pasha, Soheila. 2019. Analysis of Proposed Efficiency Standards for Linear Fluorescent Lamps Exempt from 
Federal Regulation. California Energy Commission, Publication Number: CEC-400-2019-009-SD. 

16 See the U.S. Energy Information Administration at 
https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=epmt_5_6_a 
 

17 See PG&E 2023 general rate case application of June 30, 2021 at 
https://www.pge.com/pge_global/common/pdfs/about-pge/company-
information/regulation/general-rate-case/PGE-GRC-Application-2023.pdf 

https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=epmt_5_6_a
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Table 6: Average Cost Per kWh Assumed in CEC Analysis, 2020 Dollars 

 

Source: Pasha, Soheila. 2019. Analysis of Proposed Efficiency Standards for Linear 
Fluorescent Lamps Exempt from Federal Regulation. California Energy Commission, 

Publication Number: CEC-400-2019-009-SD. Table A-3. 

Figure 2 shows the projected average cost of electricity per million metric British thermal units 
(MMBtu)18 for the residential, commercial, and industrial sectors for the years 2022 through 
2040 for the Pacific region.19 Using this data, the weighted average cost per MMBtu that would 
be saved through the proposed regulatory change can be estimated (also shown in Figure 2).  

Figure 2: Forecasted Electricity Rates - 2022 through 2040 

Source: U.S. Energy Information Administration (Oct 2020). https://www.eia.gov/outlooks/aeo/ 

 
18 1 MMBtu is equal to approximately 293 kWh. 

19 U.S. Energy Information Administration (Oct 2020). https://www.eia.gov/outlooks/aeo/. 

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.eia.gov%2Foutlooks%2Faeo%2F&data=04%7C01%7C%7C3d763e72e20548716adc08d930549438%7Cac3a124413f44ef68d1bbaa27148194e%7C0%7C0%7C637593962090329021%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=gteTBPT%2Fr7myZto%2F3Flj6AxZi4IQOm%2BjUoVALJ2Qhbs%3D&reserved=0
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The overall change in price each year for electricity is trivial, and material impacts on the 
economic impacts estimated in this analysis on the proposed regulation are not expected.  

The purpose of the IMPLAN model is to represent a specific economic area, such as a county, 
group of counties, or a state. The IMPLAN model for this analysis represents the state of 
California and accounts for average household expenditures, the value of goods and services 
that flow between industrial sectors, the value of goods and services produced “domestically” 
(i.e., within California), and the value of goods and services “imported” into California. Based 
on the IMPLAN model’s representation of the California economy, the analysis assumes the 
following: 

• 93.1 percent of expenditures for residential electrical services will be met by California-
based electrical contractors.20 

• 93.2 percent of expenditures for commercial and industrial electrical services will be met 
by California-based electrical contractors.21 

• 99.9 percent of expenditures for disposing of replaced ballasts will be met by California-
based hazardous waste disposal services.22 

• 26.6 percent of expenditures for compliant lamps will be met by California-based 
manufacturers.23 

 
20 IMPLAN v3.1 modeling software, state-level local purchasing percentage for California. The analysis in this 
report took this value as given and conducted no additional investigation or sensitivity analysis. www.implan.com. 

21 Ibid.  

22 Ibid. 

23 Ibid. 

http://www.implan.com/
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CHAPTER 3: 
Key Findings 

The CEC conducted its analysis of the cost effectiveness, technical feasibility, and statewide 
energy savings associated with the proposed regulatory change based on average usage of 
the six general service fluorescent lamp (GSFL) types across residential, commercial, and 
industrial applications. While hours of lighting operation vary considerably between the three 
sectors, aggregating all users (regardless of sector) is sufficient for understanding the overall 
energy and fiscal impacts of the proposed regulation, which was the purpose of the CEC 
analysis. 

For purposes of the economic impact analysis, it was necessary to develop sector-specific 
estimates of how the proposed regulation will affect each sector. The proposed regulation will 
impact residential users of the non-compliant lamps much differently than commercial and 
industrial users because average annual hours of operation are much lower for the residential 
sector. In addition, residences will react differently to the regulatory change. Specifically, the 
analysis assumes that residences will reduce discretionary spending in the short run as they 
incur the costs associated with converting fixtures to accept the compliant lamps. Residences 
are expected to increase discretionary spending in subsequent years as they enjoy lower 
energy costs associated with the compliant lamps. 

For the commercial and industrial sectors, the authors do not expect that the initial outlay 
associated with converting fixtures for the compliant lamps will impact spending in other 
aspects of their business operations. Likewise, the authors do not anticipate that reduced 
spending on electricity in subsequent years will result in greater spending on other business 
activities. Manufacturers of the lamps are assumed to pass all of the higher incremental cost of 
producing compliant products along to consumers. These incremental costs are identified in 
Table 1 in Chapter 2. It is recognized the vast majority of manufacturers of GSFLs are in other 
states or other countries. Assuming full cost pass through to consumers in California is the 
most conservative approach to assessing the cost-effectiveness of the proposed regulations. 
Note that the higher initial cost to businesses that use these state-regulated GSFLs in their 
buildings are expected to be retained within those businesses, as they will recoup those initial 
incremental costs through lower electricity bills.  

The proposed regulations do not require special markings beyond general marking 
requirements that includes the manufacturer’s name, product model number, and date of 
manufacture. Since linear fluorescent lamps typically contain these general markings, there is 
no new change in behavior of manufacturers related to marking content requirements. The 
proposed regulations require the use of federal test procedures for covered products. While 
lamp types covered in the scope of the proposed regulations may have had no testing by 
manufacturers, the new cost of testing requirements for them is expected to be insignificant, 
as manufacturers are required to only test a few samples of each basic model of lamp per test 
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procedure. Recognizing that manufacturers produce a very large number of each basic model 
type, the incremental cost of testing per lamp is de minimis. 

The analysis estimated the direct impact of the proposed regulation separately for residences, 
commercial businesses, and industrial businesses. As mentioned above, it is assumed that the 
proposed regulation will have negative short-term and positive longer-term impacts on 
discretionary spending by residences but will not impact spending or investment decisions by 
commercial or industrial businesses. In effect, for businesses, the cost of compliance is 
expected to be regarded as a cost of operations and maintenance and will not affect spending 
in other areas in a positive or negative way. 

The analysis estimated the economic impacts associated with the proposed regulatory change 
that will affect the following sectors: 

• California Residences 
• Residential/Commercial/Industrial Electrical Contractors 
• Hazardous Waste Treatment and Disposal Facilities 
• Lamp and Ballast Manufacturing 

The analysis begins with a summary of state-level impacts on Gross State Product (GSP), 
employment, and expectations regarding potential impacts on business creation or elimination 
in California. Then the results for residences, electrical contractors, hazardous waste treatment 
and disposal facilities, and lamp and ballast manufacturers located in California that would be 
affected by the rule change are provided separately. 

Total Statewide Impacts 
California Gross State Product 
The proposed regulatory change will result in California residences and businesses converting 
non-compliant lamps on burnout to compliant T8s and LEDs. Doing so will require purchasing 
compliant lamps and potentially ballasts if the compliant lamp is fluorescent, hiring electrical 
contractors to convert fixtures to accept the compliant lamps, and properly disposing of 
removed ballasts.24 All these activities involve market activities that will have stimulative 
impacts on the California economy. 

Installation of the compliant lamps will result in substantial reductions in electricity use by 
California residences and businesses. For California households, the analysis assumes the cost 
of switching lighting fixtures to accommodate the compliant lamps will result in reduced 
discretionary spending at the onset and then money saved from lower electric bills will result 
in increased discretionary spending on goods and services. For California businesses, it is not 
anticipated that the costs of switching lighting fixtures to accommodate compliant lamps will 

 
24 For simplicity, the CEC assumes all ballasts removed from non-compliant lamps contain mercury that requires 
special handling and disposal. 
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reduce spending in other areas. Likewise, it is not anticipated that money saved through lower 
utility costs for lighting will result in increased spending. 

Most of the direct and indirect spending associated with the proposed regulatory change will 
occur locally in California, but some will be for goods and services purchased from out of state. 
Local spending will result in a relatively small increase in economic activity in California, which 
is measured in the value of economic activity generated (as measured by GSP), jobs created, 
and wages paid. 

Table 7 shows the estimates of the impacts that the proposed regulatory change will have on 
California’s GSP over the 19-year period beginning in 2022. The overall impact to GSP is 
positive beginning in 2022 ($158.9 million) and will grow each year through 2028 before 
declining—but remaining positive—through 2040. For California residents, changes in 
discretionary income associated with switching to the compliant lamps will result in reduced 
economic activity (as measured by GSP) through 2026, but will become positive in the 
following year and will grow rapidly as the cumulative benefits of the higher efficiency lamps 
grow and all non-compliant lamps are replaced. Based on market analysis of current lamps on 
the market and the data received from stakeholders' written comments, the CEC assumes that 
the majority of non-compliant lamps will burnout within eight years and be replaced but some 
non-compliant lamps can last up to eleven years. 
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Table 7: Estimated Impacts on California GSP from Proposed Change in 
Performance Standards of Linear Fluorescent Lighting, 2020 Dollars 
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California Employment 
Table 8 shows estimated statewide impacts on employment from the proposed regulatory 
change. As with GSP, the impact on jobs is immediately positive and grows each year. When 
considering the estimated changes in employment, it is important to remember that the 
additional economic activity will occur statewide and, therefore, the impacts will be spread 
across many businesses. The effect on the vast majority of businesses will be small and will 
result in little or no adjustment in employment levels. However, some businesses will need to 
adjust hours worked for some employees, and other businesses may find it necessary to hire 
additional workers. The California economy is enormous and, even with the impact of the 
COVID-19 pandemic, there were more than 16.5 million people employed in California as of 
August 2020. The estimated job impacts from this analysis—even once all the job impacts are 
realized—represent an infinitesimal portion of the state’s employment. 

Table 8: Estimated Impacts on California Employment from Proposed Change in 
Performance Standards of Linear Fluorescent Lighting 
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Source: Analysis by Evergreen of data from the CEC and other sources. 

Increased Investment by California Businesses 
The proposed regulatory change affecting the identified linear lamps will likely result in a 
modest change in investment by California businesses in capital stock expansion.25 The 
IMPLAN model does not provide estimates of business investment; instead, it analyzed data 
from the Bureau of Economic Analysis (BEA) on net private domestic investment (hereafter 
referred to as “net capital investment”), which is a measure of the total amount 
of investment in capital by businesses that is actually used to expand capital stock. This 
analysis analyzed data on net investment over the seven-year period from 2013 through 2019 
(data for 2020 are not yet available), which was compared to U.S. gross domestic product 
(GDP) over that same period. It found that net capital investment as a percentage of GDP 
ranged from a low of 2.5 percent to a high of 3.3 percent, and the average over the period 
was 3.0 percent. In other words, on average, about 3.0 percent of GDP is invested in capital 
stock to expand production. The analysis assumed this rate was the same for California 
businesses and that it would remain at this level over the next 19 years. Table 9 shows 
estimates of annual change in capital investment. 

  

 
25 For purposes of estimating the impacts that the proposed regulatory change would have on investment by 
California businesses, the analysis focuses on investment that expands capital stock and exclude investment by 
businesses to maintain or replace existing capital stock. 
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Table 9: Estimated Impacts on Net Capital Investment by California Businesses 
Due to Proposed Regulatory Change Affecting Linear Fluorescent Lighting, 

2020 Dollars 

 

Source: Analysis by Evergreen of data from the CEC and other sources. 

Businesses that do experience increased economic activity due to the proposed regulatory 
change and respond by investing in capital stock expansion will likely do so in a single year or 
incrementally over multiple years. To more clearly show the magnitude of net capital 
investment projected to occur over the 19-year period, the present value of future investment 
is computed (shown in Table 9) using a 3 percent real rate of return. For context, we also 
computed the present value of the annual GSP forecast. 



 

22 

 

It is estimated that the proposed regulatory change will lead to an increase in GSP and net 
capital investment in California of $2.8 billion and $84.8 million, respectively, in 2020 dollars 
(see Table 10). This level of net capital investment—which will occur over many years— 
represents only 0.0027 percent of the value of California’s GSP for 2019. 

Table 10: Present Value of Future Impacts in California GSP and Net Capital 
Investment by California Businesses 

*According to data published by the U.S. Bureau of Economic Analysis, 
California’s GSP in 2019 was $3.14 trillion 

Creation of New Businesses or Elimination of Existing Businesses Within the 
State 
The authors do not foresee any new businesses being created, nor will any be eliminated due 
to the proposed regulation. This is especially given most of the lighting products subject to the 
proposed standards are not manufactured in California. 

Costs and Benefits to Residents in California from Reduced 
Spending on Electricity 
The increase in the energy efficiency of compliant lamps purchased by California residents will 
lead to lower electric bills and provide a de facto increase in their discretionary income.26 
Evergreen and CEC Staff examined how money saved by California residents due to the 
regulatory change will likely result in additional economic activity in California through 
increased household spending. In conducting this analysis and to simplify, it is assumed that 
residents within each household income category will purchase, on average, the distribution of 

 
26 Household discretionary income is the income remaining after taxes, Social Security and other deductions, and 
mandatory expenses, which realistically includes some minimal amounts of spending on energy, available to be 
saved or spent on goods and services.  
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goods and services developed by IMPLAN based on data from the Bureau of Economic Analysis 
(BEA) and the Bureau of Labor Statistics (BLS) Consumer Expenditure (CE) Survey.27  

Households were segmented into nine income categories to account for income-based 
differences in household consumption patterns,28 including differences in the proportion of 
goods and services purchased in California versus from outside the state. Overall, about 84 
percent of household purchases are local (in California), with the remainder consisting of 
online, subscription, or other purchases from sources outside California, as well as travel 
outside the state. 

Table 11 shows expected savings to California residents associated with the proposed 
regulatory change. In the first year (2022), the net impact on households is a decrease in 
discretionary income of $33.4 million ($0.82 per California resident), and the net impact each 
year through 2026 is also negative. In 2027, the net impact is effectively zero, but in each 
subsequent year there is a positive increase in discretionary income ranging from a low of 
$11.7 million to a high of $74.5 million. 
  

 
27 In reality, it is likely that additional household expenditures would look different than average household 
spending. In addition, households may save some of the money, but this analysis does not speculate on savings 
rates, and instead assume the additional money is spent. 

28 This analysis do not foresee any impact on household income per se. Rather, households will enjoy net savings 
from this update to the performance standard that can be used for other purchases. 
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Table 11: Estimated Annual Change in Discretionary Income for California 
Residents, 2020 Dollars* 

 

Source: Analysis by Evergreen of data from the CEC and other sources. 
*Positive represents benefit; negative represents cost. 

**Computed as column d divided by the population forecast from the California Dept. of Finance, 
January 2020, http://www.dof.ca.gov/Forecasting/Demographics/projections/ 

 

http://www.dof.ca.gov/Forecasting/Demographics/projections/
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Table 12 shows the estimates of the economic impacts likely to occur in California as 
households spend the money saved through reduced spending on electricity for lighting. The 
economic impacts shown in Table 12 account for the incremental cost of switching to the 
compliant lamps, which will reduce discretionary income, as well as the benefits associated 
with reduced spending on electricity for lighting. It is assumed that the annual net change 
(either negative or positive) will directly impact spending on other goods and services. 
Approximately 84 percent of this spending will occur in California, and it is only this local 
spending that is considered in the analysis. 

Table 12: Estimated Economic Impacts to California from Additional Household 
Spending by California Residents, 2020 Dollars 

 

Source: Analysis by Evergreen of data from the CEC and other sources. 
*Assumes full year impacts 

**The additional spending will occur statewide, and its effects will be modest. Most businesses will 
manage by increasing (or decreasing) hours of work for existing employees. 
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Costs and Benefits to California Businesses from Reduced 
Spending on Electricity 
The increase in energy efficiency of the GSFLs will also lead to reduced spending on electricity 
for California businesses. The CEC estimated the number of each of the six types of GSFLs 
currently installed in California and projected the number of installed lamps each year through 
2031 (see Appendix-D). To allocate these lamps by sector—residential, commercial, and 
industrial—this analysis relied on the 2015 U.S. Lighting Market Characterization report 
published by the U.S. Department of Energy.29 The lighting characterization study provides 
estimates of the installed stock and energy use of all general illumination lighting products 
operating in the U.S.30 Table 13 shows the distribution of each of the six types of GSFLs by 
sector based on national data, which is assumed to also be representative for California. 

Table 13: Distribution of the Six Types of GSFLs by Sector* 

*Total may not sum to 100% due to rounding. 
 

Table 14 shows estimated annual savings on electricity for lighting and costs for lamps and 
fixture replacements for California commercial and industrial businesses. In the first four years 
(2022 through 2025), the analysis estimates the proposed regulatory change will have net 
negative impacts as California businesses convert their non-compliant lamps to compliant T8 
or LED lamps. However, by year five (2026), the net impact of replacing the non-compliant 
lamps will be positive for California businesses as the value of electricity savings will more than 
cover the cost of replacing non-compliant lamps. By 2029, net annual savings to businesses of 
replacing the non-compliant lamps will exceed $100 million. 

Even though this analysis estimates that the proposed regulatory change will result in annual 
impacts of tens of millions of dollars (either positive or negative), it is not expected these 
impacts will affect business spending. Therefore, it is assumed there will be no additional 

 
29 U.S. Department of Energy, Office of Energy Efficiency & Renewable Energy. 2017. 2015 U.S. Lighting Market 
Characterization. https://www.energy.gov/eere/ssl/2015-us-lighting-market-characterization. 

30 Ibid. 

https://www.energy.gov/eere/ssl/2015-us-lighting-market-characterization
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economic impacts associated with annual net changes in spending by businesses on electricity 
for lighting and converting to compliant lamps. 

Table 14: Estimated Annual Savings on Electricity for Lighting and Costs for Lamp 
Replacement, California Commercial and Industrial Businesses, 2020 Dollars 

 

Source: Analysis by Evergreen of data from the CEC and other sources. 
*Assumes full year impacts. 

**Negative values represent savings to businesses due to longer design life of 
T8 and LED lamps. 

***Negative values represent net cost to business. 
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Impact on Power Plant Construction from Reduced Spending on 
Electricity 
Between 2014 and 2019 (the last year for which full-year data are available), California’s 
economy grew in real terms by 3.9 percent per year on average.31 Over this same period, total 
system electric generation in California—the sum of all utility-scale in-state generation plus net 
electricity imports—decreased an average of 1.3 percent per year (see Table 15). Clearly, 
economic growth in California has become less energy dependent due to a number of factors, 
including economic transitions toward industries that are less energy intensive, investments in 
energy efficiency, and growth in distributed solar resources. 

Table 15: Total System Electric Generation in California, GWh* 

 

Source: California Energy Commission. 2021. “California Electricity Data.” 
https://www.energy.ca.gov/data-reports/energy-almanac/california-electricity-data 

*Total system electric generation is the sum of all utility-scale in-state generation plus net electricity imports 
 

Based on the analysis of the CEC staff report regarding the proposed efficiency standards for 
linear fluorescent lamps exempt from federal regulation,32 an average annual electricity 
savings of 1,227 GWh between 2022 and 2040 is estimated, which is less than one-third the 
average annual reduction in total system electric generation in California between 2014 and 
2019 (average reduction of 3,872 GWh per year). Therefore, the proposed regulatory change 
will have a negligible impact on the already decreasing demand for electricity in California and 
the derived demand for power plant construction. 

 
31 Real total gross domestic product for California, Federal Reserve of St. Louis, Economic Research, 
https://fred.stlouisfed.org/series/CARGSP. 

32 Pasha, Soheila. 2019. Analysis of Proposed Efficiency Standards for Linear Fluorescent Lamps Exempt from 
Federal Regulation. California Energy Commission, Publication Number: CEC-400-2019-009-SD. 

https://www.energy.ca.gov/data-reports/energy-almanac/california-electricity-data
https://fred.stlouisfed.org/series/CARGSP
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Statewide Economic Impacts from Additional Revenue Received 
by California Electrical Contractors, Hazardous Disposal Services, 
and Linear Fluorescent Lamp Manufacturers 
Spending by residences and businesses as they replace non-compliant lamps results in 
economic impacts for California businesses. Shifting to compliant lamps includes the cost of 
the lamps, the cost of disposal for the removed ballasts (assumed to be hazardous), and the 
cost for electrical contractors to replace the non-compliant lamps.33 Of these, the labor cost for 
electrical contractors is by far the greatest expense associated with replacing the non-
compliant lamps. 

Most but not all of the spending to replace non-compliant lamps will go to businesses located 
in California. Based on the IMPLAN model’s representation of the California economy, it is 
assumed that just over 93 percent of spending on electrical contractors and nearly 100 
percent of spending on hazardous disposal services for replaced ballasts will go to businesses 
in California. However, only about 27 percent of spending on new lamps and ballasts (for 
compliant T8s) will go to California-based lamp manufacturers, while the remainder will go to 
manufacturers located outside of California (including outside the U.S.) 

Compliant lamps already exist in the marketplace, and it is not expected that the proposed 
regulatory change will have any material impact on manufacturers in California or elsewhere 
meeting the increased demand by California residences and businesses. Likewise, the 
proposed regulatory change is not expected to have any material impact on hazardous 
disposal services. The proposed regulatory change will likely have the greatest impact on 
electrical contractors as demand for their services will increase, especially through 2030, as 
most of the non-compliant lamps comprising the baseline are replaced at burnout. The 
analysis estimates that at the peak in 2025, upwards of 1,250 person-years of electrical 
contractor services will be demanded to replace the non-compliant lamps.34 

In varying degrees, this analysis expects increased investment in labor and to a lesser degree 
capital stock by manufacturers, electrical contractors, and hazardous disposal services, as well 
as their suppliers both inside and outside California, to meet the demand for compliant lamps. 
This additional investment is embedded within the economic impacts described below. 

 
33 See Table 1 for lamp, labor, and ballast disposal costs. 

34 About 5.2 million non-compliant lamps are estimated tol be replaced at burnout in 2025. While it is not known 
exactly how many minutes are required to convert a light fixture for a compliant T8 or LED lamp, it is assumed 
that with travel time, a typical two-lamp fixture can be replaced in one hour. Finally, it is assumed that the typical 
electrical contractor works 2,080 hours per year (52 weeks x 40 hours = 2,080 hours). Therefore, the analysis 
arrives at 1,250 person-years through the following calculation: 5.2 million lamps ÷ (52 weeks × 40 hours × two 
lamps converted) = 1,250. Note that this is just an estimate, and the actual number of person-years of electrical 
contractor services may be greater or less. 
In 2019, there were approximately 113,000 electrical contractors in California. Employment Development 
Department, State of California, “Quarterly Census of Employment & Wages” (Data Search Tool). 
https://www.labormarketinfo.edd.ca.gov/cgi/dataanalysis/areaselection.asp?tablename=industry. 

https://www.labormarketinfo.edd.ca.gov/cgi/dataanalysis/areaselection.asp?tablename=industry
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In this analysis, only the portion of incremental spending that goes to businesses located in 
California are considered. The remainder of incremental spending will go to firms located 
outside the state. The authors do not foresee any competitive advantages or disadvantages 
for any firms currently impacted by the proposed regulation, nor will the proposed regulation 
affect the ability of California businesses to compete with businesses in other states. 

In total, this analysis estimates that residences and businesses will spend on average about 
$115 million each year to replace non-compliant lamps. Most of this spending, $100 million, 
will be paid to firms located in California (see Table 16). 

Table 16: Average Annual Estimated Incremental Spending by California 
Residences and Businesses to Replace the Six Identified Non-Compliant GSFLs, 

2020 Dollars 

 

Source: Analysis by Evergreen of data from the CEC and other sources. 
*All non-compliant lamps would be replaced by 2032. 

 

Table 17 shows the average annual economic impacts in California from spending by 
residences and businesses to replace non-compliant lamps. The increase in employment over 
the projected period (2022-2040) is estimated to be 1,069 jobs and will pay on average about 
$64,000.35 
  

 
35 Computed by dividing labor income by employment. 
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Table 17: Annual Estimated Economic Impacts in California from Increased 
Spending to Replace Non-Compliant GSFLs, 2020 Dollars 

 

Source: Analysis by Evergreen of data from the CEC and other sources. 
*All non-compliant lamps would be replaced by 2032. 

Impacts on Business Investment in California 
This analysis anticipates the proposed regulatory change will result in modest increases in 
investment by lamp manufacturers and other businesses in California. It estimates the present 
value of future (net) capital investment by all businesses will be $58 million in 2020 dollars. 
This analysis did not consider any change in investments in power plants or electrical 
distribution. The change in demand for electricity associated with the proposed regulation is 
trivial compared to California’s economy as a whole. Likewise, in comparison to the demands 
by California officials and regulators to transition toward renewable energy, the impacts on 
electricity generators is likely nonconsequential. 

Incentives for Innovation 
The proposed change in performance standards is intended to promote innovation for the 
regulated product category.36 Due to California's large market share among the states and its 
reputation for innovation, there is the possibility that the proposed change in performance 
standards would lead manufacturers to incorporate the higher efficiency technologies into 
lamps sold outside of the state. 

Competitive Advantage or Disadvantage for California Businesses 
The regulation would apply to all lighting manufacturers inside and outside of the state 
producing lamps sold to California customers.37 It is therefore not anticipated that the 
regulation will have an adverse effect on the competitiveness of California businesses. 

 
36 Gov. Code, § 11346.3(c)(1)(E); 1 CCR § 2003(a)(3)(E). 

37 Gov. Code, §§ 11346.3(c)(1)(C), 11346.3(a)(2); 1 CCR § 2003(a)(3) Competitive advantages or disadvantages 
for California businesses currently doing business in the state. 
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Benefits of Avoided Emissions from Energy Conservation 
In addition to the market-based economic impacts associated with the regulatory change, 
there are also societal benefits that can be quantified. Increased energy efficiency of GSFLs 
will reduce electricity demand and in turn lead to avoided emissions associated with 
combustion-based electricity generation. On average, about 40 percent of electricity consumed 
in California is generated by natural gas-fired power plants, which emit pollutants harmful to 
human health.38 

In addition, California purchases electricity generated from coal from the Intermountain Power 
Plant in Delta, Utah (1,900-megawatt capacity) and the Four Corners Generating Station in 
San Juan County, New Mexico (1,540-megawatt capacity). These facilities generate relatively 
little of the electricity consumed in California today, and it is assumed their contribution to 
California’s electricity supply will continue to decline through 2025.39 On a per kWh basis, 
these facilities produce more sulfur dioxide (SO2), nitrogen oxides (NOx), carbon dioxide (CO2), 
and particulate matter with a diameter of 2.5 microns or less (PM2.5) than natural gas-fired 
power plants. Therefore, as California’s electricity generation becomes “cleaner,” the avoided 
emissions due to the energy conservation associated with the proposed regulation will 
decrease over time. 

AVERT (the AVoided Emissions and geneRation Tool) was used to analyze avoided emissions 
associated with the new standard for GSFLs. AVERT is a free, publicly accessible tool to 
estimate emissions impacts of energy efficiency and renewable energy policies and programs. 
AVERT estimates generation that will not take place because energy efficiency and/or 
renewable energy programs are meeting consumers’ energy needs.40 The tool quantifies the 
displaced emissions of SO2, NOx, CO2, and PM2.5. AVERT combines historical data on electricity 
generation and emissions reported by fossil fuel-fired electric generating units (EGUs) with 
load reduction profiles for energy efficiency and renewable energy resources. AVERT allows 
one to estimate the impacts that policies affecting energy efficiency and renewable energy 
resources have on emissions from EGUs.41 AVERT can be used to predict energy efficiency and 

 
38 California Energy Commission. “California Electrical Energy Generation.” 2020. 
https://www.energy.ca.gov/data-reports/energy-almanac/california-electricity-data/california-electrical-energy-
generation. 

39 Los Angeles Times. “Boiling Point: The coal industry comes tumbling down in the American West.” December 
24, 2020. https://www.latimes.com/environment/newsletter/2020-12-24/coal-industry-comes-tumbling-down-in-
the-american-west-boiling-point. 

40 AVoided Emissions and geneRation Tool (AVERT), User Manual Version 2.0, May 2018, p.1. 

41 Historical generation, heat input, and emissions data used by AVERT come from three Environmental 
Protection Agency programs: 

Clean Air Markets Division (CAMD). https://www.epa.gov/airmarkets 

 

https://www.energy.ca.gov/data-reports/energy-almanac/california-electricity-data/california-electrical-energy-generation
https://www.energy.ca.gov/data-reports/energy-almanac/california-electricity-data/california-electrical-energy-generation
https://www.latimes.com/environment/newsletter/2020-12-24/coal-industry-comes-tumbling-down-in-the-american-west-boiling-point
https://www.latimes.com/environment/newsletter/2020-12-24/coal-industry-comes-tumbling-down-in-the-american-west-boiling-point
https://www.epa.gov/airmarkets
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renewable energy-related emissions for near-future years, although it is based on historical 
behavior rather than predicted economic behaviors.42 
AVERT has three main components: 

• Main Module – The Excel-based Main Module allows users to estimate displaced 
emissions that are likely to result from energy efficiency and renewable energy policies 
and programs. The Main Module uses data files generated by the Statistical Module to 
analyze energy efficiency and renewable energy scenarios. This can be done for either 
a historical base year or a future year. 

• Statistical Module – The Statistical Module performs analysis on historical generation, 
heat input, and emissions data, which are collected in the EPA Clean Air Markets 
Division’s Air Markets Program Data, to produce data files that are then used by 
AVERT’s Main Module. 

• Future Year Scenario Template – The Excel-based Future Year Scenario Template 
allows users to modify base year emissions data. Users can retire and add EGUs as well 
as change emission rates.43 

This analysis used AVERT to project avoided emissions over a 19-year period beginning in 
2022. In this scenario, it is assumed that the amount of electricity provided by the only coal 
powered EGU that services the California region, the Intermountain Power Plant, would 
decrease in each year of the projection period. By assuming that electricity supplied by the 
Intermountain Power Plant will decrease each year—irrespective of energy savings associated 
with the new efficiency standards for GSFLs—this analysis accounts for likely emissions 
reductions associated with changes to California’s electricity generation portfolio. Table 18 
shows the projection of avoided emissions from reduced electricity demand associated with 
installation of the compliant GSFLs in residential, business, and industrial facilities. 
  

 
Acid Rain Program (ARP). https://www.epa.gov/acidrain/acid-rain-program 

Air Markets Program Data (AMPD). https://ampd.epa.gov/ampd 

AVERT models California as a single region 

Load reduction profiles identify the time of day, week, or year that (a) energy efficiency measures reduce energy 
usage, or (b) renewable energy generation reduces fossil fuel-based electricity generation.  

42 Ibid, 4. 

43 AVoided Emissions and geneRation Tool (AVERT), User Manual Version 2.0, May 2018, p. 10. 

https://www.epa.gov/acidrain/acid-rain-program
https://ampd.epa.gov/ampd
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Table 18: Projected Reductions in Emissions Associated with Electricity Savings* 

 

Source: Analysis by Evergreen of data from the CEC and other sources. 
*Estimated by Evergreen using U.S. EPA AVERT model; 

tons are measured as short tons (2,000lbs). 

Economic Value of Avoided Emissions 
The estimates of reduced emissions shown in Table 18 are meaningful only to the extent that 
they show that the proposed change in the performance standard of GSFLs will reduce the 
amount of these pollutants emitted into the atmosphere. To provide a more meaningful 
context for policymakers and regulators, the reduced emission volumes shown in Table 18 are 
converted into the dollar value of avoided emissions based on published estimates of the 
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benefits to human mortality and morbidity of avoided emissions.44 Table 19 shows estimates 
of the per-ton benefits of avoided emissions for each of the primary pollutants associated with 
fossil fuel-based electricity generation in 2020 dollars. For SO2, NOx, and PM2.5, the two 
reported estimates of benefits were averaged. This analysis relied on a single estimate of the 
benefit of avoided CO2, which is based on California carbon markets but low relative to many 
studies about the social cost of carbon.45 

Table 19: Estimated Per-Ton Benefits of Avoided Emissions, 2020 Dollars 

 

Source: Analysis by Evergreen of data from the CEC and other sources. 
*Dollar values of avoided SO2, NOX, and PM2.5 from U.S. Environmental Protection Agency. 2018. 

Technical Support Document: Estimating the Benefit per Ton of Reducing PM2.5 Precursors from 17 
Sectors, Table 31, p.45. https://www.epa.gov/sites/production/files/2018-

02/documents/sourceapportionmentbpttsd_2018.pdf;  
** California Air Resources Board. 2021. California Cap-and-Trade Program, and Quebec Cap-and-

Trade System Summary Results Report. 
https://ww2.arb.ca.gov/sites/default/files/classic//cc/capandtrade/auction/feb-

2021/summary_results_report.pdf. 
 
Using the per-ton estimates of avoided emissions in the “Average” column of Table 19, the 
total annual benefits of avoided emissions associated with the proposed regulatory change are 
computed. These are shown in Table 20. The benefits grow each year as the non-compliant 

 
44 Dollar values of avoided SO2, NOx, and PM2.5 from U.S. Environmental Protection Agency. 2018. Technical 
Support Document: Estimating the Benefit per Ton of Reducing PM2.5 Precursors from 17 Sectors, Table 31, 
p.45. https://www.epa.gov/sites/production/files/2018-02/documents/sourceapportionmentbpttsd_2018.pdf;  
California Air Resources Board. 2021. California Cap-and-Trade Program, and Quebec Cap-and-Trade System 
Summary Results Report. https://ww2.arb.ca.gov/sites/default/files/classic//cc/capandtrade/auction/feb-
2021/summary_results_report.pdf. 

45 Succeeding this analysis, the White House announced it is reinstating social cost of carbon. The cost of carbon 
at a 3-percent discount rate is $56 per metric ton in 2025 and increasing to $85 per metric ton by 2050. 2021. 
Technical Support Document: Social Cost of Carbon, Methane, and Nitrous Oxide Interim Estimates under 
Executive Order 13990. https://www.whitehouse.gov/wp-
content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf. 

https://www.epa.gov/sites/production/files/2018-02/documents/sourceapportionmentbpttsd_2018.pdf
https://www.epa.gov/sites/production/files/2018-02/documents/sourceapportionmentbpttsd_2018.pdf
https://ww2.arb.ca.gov/sites/default/files/classic/cc/capandtrade/auction/feb-2021/summary_results_report.pdf.
https://ww2.arb.ca.gov/sites/default/files/classic/cc/capandtrade/auction/feb-2021/summary_results_report.pdf.
https://www.epa.gov/sites/production/files/2018-02/documents/sourceapportionmentbpttsd_2018.pdf
https://ww2.arb.ca.gov/sites/default/files/classic/cc/capandtrade/auction/feb-2021/summary_results_report.pdf
https://ww2.arb.ca.gov/sites/default/files/classic/cc/capandtrade/auction/feb-2021/summary_results_report.pdf
https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf
https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf
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(baseline) lamps are replaced at burnout with compliant T8 or LED lamps. The benefits top out 
in 2030 at $23 million before slowly declining through the remainder of the projection period. 

Table 20: Economic Value of Avoided Emissions from  
Reduced Electricity Use, 2020 Dollars 

Source: Estimated by Evergreen using U.S. EPA AVERT model; Dollar values of avoided SO2, NOX, and 
PM2.5 from U.S. Environmental Protection Agency. 2018. Technical Support Document: Estimating the 

Benefit per Ton of Reducing PM2.5 Precursors from 17 Sectors, Table 31, p.45. 
https://www.epa.gov/sites/production/files/2018-02/documents/sourceapportionmentbpttsd_2018.pdf;  
** California Air Resources Board. 2021. California Cap-and-Trade Program, and Quebec Cap-and-Trade 

System Summary Results Report. 
https://ww2.arb.ca.gov/sites/default/files/classic//cc/capandtrade/auction/feb-

2021/summary_results_report.pdf. 

https://www.epa.gov/sites/production/files/2018-02/documents/sourceapportionmentbpttsd_2018.pdf
https://ww2.arb.ca.gov/sites/default/files/classic/cc/capandtrade/auction/feb-2021/summary_results_report.pdf.
https://ww2.arb.ca.gov/sites/default/files/classic/cc/capandtrade/auction/feb-2021/summary_results_report.pdf.
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CHAPTER 4: 
Alternatives 

The proposed update analyzed in this report is one of  three alternative updates developed by 
CEC staff. The three alternative updates to the performance standards are as follows: 46 

Alternative 1: No Minimum Efficiency Standards for Less than 4-foot Linear Lamps and 
Federal Minimum Efficiency Standards for “Loophole” Lamps. 

Alternative 2: More Stringent Minimum Efficiency Standards for State-Regulated GSFLs. 

Alternative 3, Proposed Regulation: Federal Minimum Efficiency Standards for Loophole 
Lamps and LED Efficiency Levels for Less than 4-foot Linear Lamps. Alternative 3 is selected 
for the proposed regulations for the reasons that are discussed later in this chapter and 
hereafter will be referenced as “proposed regulation”. 

Table 21a shows the estimates of the impacts for the two alternatives and the proposed 
regulation on the reduced spending on electricity by California residences and businesses over 
the 19-year period beginning in 2022. The overall impact on spending is positive beginning in 
2022 for both alternatives and the proposed regulation, peaking in year 2030 and decreasing 
each year after that. Alternative 2 far exceeds the impacts estimated for Alternative 1 and are 
only negligibly different from the impacts of the proposed regulation. 
  

 
46 For details on the alternatives, see Appendix B. Pasha, Soheila. 2021. Alternatives to Proposed GSFLs 
Standards. 
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Table 21a: Total Reduced Spending on Electricity by California Residences and 
Businesses from Proposed Change in Performance Standards of Linear Fluorescent 
Lighting: Comparison of Proposed Regulation to Alternatives 1 and 2, 2020 Dollars  

 

Source: Analysis by Evergreen of data from the CEC and other sources. 
*Assumes full year impacts. 

**Negative values represent lower savings to California residences and businesses. 
 
Table 21b shows the annual incremental costs for the proposed regulation and Alternative 1 
and Alternative 2. Annual average incremental costs are lowest for Alternative 1 ($87.8 
million) and greatest for Alternative 2 ($117.5 million). 
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Table 21b: Total Incremental Costs for Compliant GSFLs Paid by California 
Residences and Businesses from Proposed Change in Performance Standards of 

Linear Fluorescent Lighting: Comparison of Proposed Regulation to 
Alternatives 1 and 2, 2020 Dollars 

 

Source: Analysis by Evergreen of data from the CEC andother sources. 
*Assumes full year impacts. 

 
Table 22 and Table 23 show the estimates of the impacts of the two alternatives and the 
proposed regulations on California’s Gross State Product (GSP) and employment over the 19-
year period beginning in 2022. The overall impact on GSP is positive beginning in 2022 for all 
three alternatives. 
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The three alternatives have similar relative impacts on employment. The analysis in this report 
estimates that all three alternatives have an immediate impact on employment in 2022, 
though for Alternative 2, the impact is greater than Alternative 1 and consistent with the 
proposed regulation. All three alternatives see a growth in employment until 2028, with those 
numbers decreasing each year after. Given the size of California’s economy, the impacts of the 
three alternatives are not materially different. 

Although Alternative 2 has the greatest impacts on reduced spending on electricity, GSP, and 
employment, the CEC staff analysis of the 2-foot and 3-foot linear LED lamps result in a 
benefit-cost ratio that is lower than the benefit-cost ratio for linear LED lamps with the 
minimum efficiency of 115 lumen per watt.47 Therefore, Alternative 2 was not chosen. Instead, 
CEC staff proposes the alternative of federal minimum efficiency standards for loophole lamps 
and LED efficiency levels for less than 4-foot linear lamps because it saves significant energy, 
is technically feasible, is cost effective, and closes the loopholes in federal regulations that 
exempt products from general service fluorescent lamp (GSFL) minimum efficiency standards. 
Additionally, the alternative creates consistency with the federal efficiency standards for GSFLs 
and the efficiency standards in other states for high-CRI lamps. 
  

 
47 For details on the alternatives, see Appendix B. Pasha, Soheila. 2021. Alternatives to Proposed GSFLs 
Standards. 
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Table 22: Total Estimated Change in California GSP from Proposed Change in 
Performance Standards of Linear Fluorescent Lighting: Comparison of Proposed 

Regulation to Alternatives 1 and 2, 2020 Dollars 

 

Source: Analysis by Evergreen of data from the CEC and other sources. 
*Assumes full year impacts 

**Negative values represent lower savings to California residences and businesses. 
  



 

42 

 

Table 23: Total Estimated Change in California Employment from Proposed Change 
in Performance Standards of Linear Fluorescent Lighting: Comparison of Proposed 

Regulation to Alternatives 1 and 2 

 

Source: Analysis by Evergreen of data from the CEC and other sources. 
*Assumes full year impacts. 

**Negative values represent lower jobs to California residences and businesses.
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APPENDIX A: 
Economic Modeling – Methods and Assumptions 

A regional economic impact model is a tool for estimating how policy actions will affect a 
regional economy. There are two standard approaches to conducting economic impact 
analysis: input-output models and computable general equilibrium (CGE) models. Input-output 
models rely on detailed information regarding household spending on goods and services and 
similarly detailed matrices of interdependencies between industry sectors that produce those 
goods and services. Input-output models are especially useful in analyzing how small (relative 
to the overall regional economy) changes in household spending or business or government 
investment may affect output, employment, and employee wages in each sector of a regional 
economy. 

The CGE modeling approach also accounts for interrelationships between households and 
industry sectors, but generally not in as great of detail as an input-output model. However, 
CGE models are more sophisticated and account for optimizing behaviors by households and 
businesses (e.g., utility or profit maximization); adjustments over time in the economy, 
demand, supply, and price; and forecasting of economic activities in future years. This greater 
sophistication is warranted when considering a policy change or action that is expected to 
have significant impacts on a region’s economy. For a policy or event that is expected to have 
relatively small impacts on a regional economy—such as changes in efficiency standards for 
appliances—the greater investment in time and cost associated with developing a CGE model 
and the added complexity associated with the CGE approach is generally not warranted and 
would likely produce similar results as the input-output approach. 

The input-output modeling approach provides estimates of the economic impacts that 
spending associated with a capital investment, event, government policy, or other action has 
on a region’s economic output, employment, and labor income. There are three widely used 
input-output models for conducting economic impact analysis: 

• RIMS-II (Regional Input-Output Modeling System) 
• REMI (Regional Economic Models, Inc.) 
• IMPLAN (Impact Analysis for Planning) 

Underlying each of these models are matrices quantifying the value of goods and services that 
flow between industrial sectors. The matrices account for the value of goods and services 
produced “domestically” (i.e., within the geography of interest) and the value of “imported” 
(i.e., produced outside the geography of interest) goods and services brought into the 
geography of interest.48 IMPLAN is the most used economic impact model due to its ease of 
use; extensive detailed information on output, employment, and wages at the sub-industry 

 
48 The geography of interest for this analysis is the state of California but could be an individual or collection of 
zip codes, counties, or states. 
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level;49 availability of information at the state, county, and zip code level; and the frequency at 
which data are updated. 

RIMS-II 
The RIMS-II model is essentially a set of multipliers that the analyst applies to develop 
estimates of economic impacts, which are economy wide with limited or no detail by industry 
sector. The tables of multipliers are developed by the U.S. Bureau of Economic Analysis (BEA) 
and cannot be modified by the analyst, nor does RIMS-II allow for the introduction of new 
industries into a region. The RIMS-II model is a static representation of a region’s economy at 
a point in time. While a limiting characteristic, the static nature of the model is only a 
shortcoming when the policy change being considered is likely to have a substantial impact on 
consumer purchasing decisions and/or the economic structure of the region. 

REMI 
REMI is the most complex of the three models. It combines the input-output modeling 
capabilities of IMPLAN and RIMS-II with a dynamic general equilibrium model that allows for 
economic adjustments and forecasting. This additional capability comes at a cost in that REMI 
provides less sectorial detail than IMPLAN (about 100 sectors for REMI compared to 536 for 
IMPLAN), and REMI is far more expensive than IMPLAN. For most economic impact analyses, 
the additional capabilities that REMI provides are not necessary, and its greater complexity 
may make the modeling process and results seem less transparent. 

IMPLAN 
IMPLAN, like RIMS-II, reflects the impacts on the regional economy as it exists at a point in 
time. In this way, IMPLAN assumes that the technology employed by each industrial sector 
remains static, the local share of each industry’s economic activity is assumed to be fixed into 
the future, and supply constraints are perfectly elastic—meaning there is no capacity limit to 
an industry’s ability to respond to an economic event.50 IMPLAN also assumes that changes in 
household income will impact household demand based on average expenditure patterns. 
However, economists typically assume that a change in income will impact household 
expenditure at the margin, resulting in increased demand for some goods and services and 
lower or unchanged demand for others. 

It is necessary to consider these limitations when determining if IMPLAN is an appropriate 
modeling approach for conducting an economic analysis of the impact of a regulatory change 
that is expected to affect California households or businesses, which requires completion of a 
Standardized Regulatory Impact Assessment (SRIA). The flow chart shown in Figure 3 is a 

 
49 IMPLAN organizes industry data into 536 sectors. While these sectors are not exactly aligned to the North 
American Industrial Classification System (NAICS), IMPLAN sectors can be linked to corresponding NAICS sectors. 

50 In addition, the IMPLAN and RIMS-II models do not account for “welfare effects,” which consider how changes 
in resource allocation may affect the wellbeing of society. 
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simple guide for judging whether IMPLAN is an appropriate modeling approach for conducting 
the economic impact analysis required for an SRIA. 

Figure 3: Is IMPLAN an Appropriate Modeling Approach? 

 

Source: Evergreen 

There is not a set rule for concluding that IMPLAN is or is not a suitable modeling approach; 
however, the guide shown in Figure 3 provides a framework for making this determination. If 
the regulatory change is expected to materially impact household incomes of California 
residences—either positively or negatively—this would suggest the regulatory change will 
affect household demand for goods and services, which would require adjustments to the 
regional economy to accommodate.51 In this case, since IMPLAN is a static model and does 
not consider potential structural changes in the economy, one would likely conclude it is not a 
suitable modeling approach. Likewise, if the regulatory change is expected to affect California 
businesses in such a way as to materially impact Gross State Product (GSP)—either positively 
or negatively—or lead California businesses to reduce employment and/or relocate out-of-
state, one would likely conclude IMPLAN is not a suitable modeling approach. 

The IMPLAN input-output model developed estimates of the economic impacts associated with 
the proposed regulatory change affecting the six identified GSFLs. The IMPLAN model is a 
widely used modeling approach for conducting economic analysis. More than 2,000 public and 

 
51 Deciding what is a “material” impact to household income is to some degree arbitrary. A possible rule of 
thumb to consider would be an annual change of 1 percent or more in median household income, which was 
$63,783 in California in 2016 for a four-person household 
https://factfinder.census.gov/faces/nav/jsf/pages/community_facts.xhtml. 

https://factfinder.census.gov/faces/nav/jsf/pages/community_facts.xhtml
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private institutions have used IMPLAN to conduct economic impact analysis, including the 
Federal Reserve Bank, the U.S. Forest Service, and Ernst & Young.52  

The IMPLAN model relies on user-specified inputs (e.g., a change in household discretionary 
income) to generate estimates of economic impacts to the region, including changes in Gross 
State Product (GSP), employment, and wages. Three types of economic effects are estimated 
in the analysis and aggregated in this report: 

• Direct effects are the first level of economic impact and represent expenditures by 
consumers or producers as a result of a project, policy, or other activity. 

• Indirect effects occur in response to a change in demand for factor inputs by producers. 
• Induced effects represent changes in spending by workers and households (generally) 

as a result of a change in labor income. The term “induced” refers to the fact that these 
effects reflect impacts on industries that were not directly involved with the program or 
in supplying a program’s factor inputs. 

Economic impacts were estimated for a 19-year period beginning in 2022 and extending 
through 2040. The 19-year analysis period was used to match the estimated useful life (EUL) 
for compliant LED lamps reported by CEC staff.53 Key inputs and assumptions are as follows: 

• All of the money saved by California residences through replacement of existing non-
compliant lamps with compliant lamps will be spent on additional consumer goods and 
services. [Evergreen assumption] 

• Approximately 79 percent of the additional household spending will be local (in 
California), with the remainder consisting of online, subscription, or other purchases 
from sources outside California, as well as travel outside the state. [IMPLAN 
assumption] 

• Increased spending by California residents for goods produced and services provided in 
California will result in a small increase in expansive capital investment. [Evergreen 
assumption based on IMPLAN and Federal Reserve data] 

• Money saved by businesses and government facilities through replacement of existing 
non-compliant lamps with compliant lamps will not be used for other economic 
purposes. [Evergreen assumption] 

• Approximately 27 percent of spending in California on compliant lamps will be for units 
manufactured in California. The remaining demand will be met by domestic and foreign 
imports. [IMPLAN assumption] 

• Approximately 93 percent of spending by California residences and businesses on labor 
to upgrade fixtures for compliant lamps will be for electrical contractors in California. 

 
52 See references at www.implan.com. 

53 Pasha, Soheila. 2019. Analysis of Proposed Efficiency Standards for Linear Fluorescent Lamps Exempt from 
Federal Regulation. California Energy Commission, Publication Number: CEC-400-2019-009-SD. 

http://www.implan.com/
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The remaining demand will be met by electrical contractors located outside California 
(e.g., Nevada). [IMPLAN assumption] 

• Approximately 99 percent of spending by California residences and businesses on 
disposal of ballasts removed from non-compliant light fixtures will paid to hazardous 
waste disposal facilities located in California [IMPLAN assumption] 

• Increased demand for compliant lamps will not have a significant impact on 
manufacturers in California but will lead to modest expansive capital investment by 
manufacturers. [Evergreen assumption based on IMPLAN and Federal Reserve data] 
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APPENDIX B: 
Alternatives to Proposed GSFLs Standards 

California Energy Commission (CEC) staff considered two alternatives to proposed general 
service fluorescent lamp (GSFL) standards: (1) Proposing no state standards for less than 4-
foot linear lamps and federal minimum efficiency standards for “loophole” lamps; and (2) a 
more stringent minimum efficiency standard with LED efficiency levels for “loophole” lamps 
and less than 4-foot linear lamps. 

Alternative 1: No Minimum Efficiency Standards for Less than 4-
Foot Linear Lamps and Federal Minimum Efficiency Standards for 
“Loophole” Lamps 

As the first alternative, CEC staff considered setting minimum energy efficiency standards with 
levels consistent with the federal standards for high-CRI and impact-resistant linear 
fluorescent lamps, and not setting any standards for 2-foot and 3-foot linear lamps. 

Table 24: Average Power Use per Unit for Non-Compliant Lamps 

 

Table 25: Average Power Use per Unit for Compliant Lamps 
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Table 26: Average Energy Use per Unit 

 

Table 27: Overall Energy Savings from Annual Sales 

Source: CEC Staff 
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Table 29: First Year and Stock Net Energy and Cost Savings 

* After stock turn over 

Table 30: List of Cost Estimates 

Source: CEC Staff 

Source: CEC Staff 
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Staff evaluated the effect of not setting an efficiency standard for less than 4-foot linear 
fluorescent lamps. As the energy and cost analysis shows, the proposed standards for less 
than 4-foot linear fluorescent lamps are extremely cost effective and forgoing new efficiency 
standards means the loss of significant energy savings and monetary benefits to California 
consumers and businesses from having those standards. As a result, this alternative was not 
chosen. 

Alternative 2: More Stringent Minimum Efficiency Standard for 
State-Regulated GSFLs 

As the second alternative, CEC staff considered energy efficiency standards with levels 
consistent with the federal standards for high-CRI and impact-resistant linear fluorescent 
lamps, and a minimum efficiency level of 140 lumens per watt for 2-foot and 3-foot linear 
lamps. 

Table 32: Average Power Use per Unit for Compliant Lamps 

 

Table 33: Average Energy Use per Unit 
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Source: CEC Staff 

Table 34: Overall Energy Savings from Annual Sales 

Source: CEC Staff 
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Table 36: First Year and Stock Net Energy and Cost Savings 

* 

After stock turn over 

Table 37: List of Cost Estimates 

Source: CEC Staff 
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Table 38: Lifetime Energy and Cost Savings per Unit for 4-Foot Lamps 

Source: CEC Staff 
 

CEC staff market analysis of the 2-foot and 3-foot linear LED lamps showed that the average 
price of linear LED lamps with an energy efficiency of 140 lumens per watt or more is about 15 
percent higher than linear LED lamps with a minimum efficiency of 115 lumens per watt, while 
these lamps use about 6 percent less power. As a result, the benefit-cost ratio is lower than 
the benefit-cost ratio for linear LED lamps with the minimum efficiency of 115 lumen per watt. 
Therefore, this alternative was not chosen. 
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APPENDIX C: 
Fiscal Impacts 

California Energy Commission (CEC) staff calculated fiscal impacts to state and local agencies 
based on the procurement data for the linear fluorescent lamps from the Department of 
General Services (DGS). It is assumed that state and local agencies do not purchase or use 
high CRI and shatter resistant linear fluorescent lamps because no specific applications for 
these kinds of lamps could be identified. Therefore, only state-regulated less than 4-foot linear 
lamps are considered for the fiscal impact analysis. 

Fiscal Impacts for State Agencies 

To estimate state’s annual procurement of less than 4-foot linear fluorescent lamps, staff used 
the proportional values between less than 4-foot and 4-foot linear fluorescent lamps from the 
US DOE’s data for the inventory of lamps in the commercial buildings54 and applied it to the 
annual lighting procurement data from the DGS. Based on this information, it is estimated that 
state agencies purchase an average of 1,923 less than 4-foot linear fluorescent lamps 
annually. 

It is assumed that the state electricity rate is similar to other commercial consumers’ rate 
which is an average rate of $0.1490 per kWh. Therefore, the proposed regulations are 
expected to annually save about $5,600 and acquire an additional cost of approximately 
$74,000 to procure compliant products. 

The CEC’s Office of Compliance Assistance and Enforcement is responsible for the investigation 
and enforcement of appliance efficiency and flexible demand technology standards. According 
to staff in this unit, the potential number of infractions with proposed GSFL standards is too 
uncertain to estimate. Specifically with these proposed GSFL standards, the CEC will absorb 
any increase in staff time to investigate and enforce those standards. 

Fiscal Impacts for Local Agencies 

The estimated annual procurements of less than 4-foot lamps are used for estimating the 
annual cost impacts of the proposed regulations to California’s local government agencies. It is 
assumed that the number of lamps used in office buildings are directly proportional to the 
number of their employees. To extrapolate the annual procurements of less than 4-foot lamps 
for local governmental agencies, staff scaled the annual procurement of less than 4-foot lamps 
for the state based on the ratio of the number of employees that work for local agencies over 
the number of state employees. 

 

54 2015 US Lighting Market Characterization: 
https://www.energy.gov/sites/prod/files/2017/12/f46/lmc2015_nov17.pdf. 

https://www.energy.gov/sites/prod/files/2017/12/f46/lmc2015_nov17.pdf
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The total number of local government employees is 2,016,334 using the State Controller's 
Government Compensation data.55 Local government employment is 7.78 times greater than 
those employed by the State of California. Therefore, local state agencies are expected to 
procure about 15,000 lamps annually. As a result, local government agencies will save about 
$44,000 annually for their reduced electricity use and will acquire about $575,000 annually in 
additional cost to procure compliant lamps. 

The additional initial costs for the compliant lamps will be fully paid off by the cost of the 
electricity saved in about 12 years which is less than the life of the compliant lamps (19 
years). 

The proposed regulations do not impose any enforcement or compliance costs on local 
governments and therefore this analysis finds that no potential exists for a cost reimbursement 
to local governments.

 

55 The State Controller's Government Compensation in California: https://publicpay.ca.gov/. 

https://publicpay.ca.gov/
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APPENDIX D: 
Energy Savings and Cost Analysis 

This appendix explains the approach CEC staff used for estimating the energy savings, 
incremental costs, and consumer utility bill savings. The proposed energy efficiency standards 
for the linear fluorescent lamps exempted from federal standards and for less than 4-foot 
linear lamps would significantly reduce energy consumption in the state. CEC staff analyzed 
the cost effectiveness of the proposed efficiency standards for linear fluorescent lamps and for 
less than 4-foot linear lamps, to ensure that the energy saving benefits over the lifetime of a 
compliant lamp would exceed the increased incremental cost or price of the lamp and other 
relevant incremental costs such as installation and ballast disposal. In addition to the cost 
analysis, this appendix includes the estimated statewide electricity savings for both the first 
year the proposed standards are in effect and after all existing stock of noncompliant lamps 
are replaced with the more efficient compliant lamps. 

Stocks and Sales 

CEC staff estimated the stock of 4-foot and 8-foot T12 lamps using an inventory of lamps from 
2010 and 2015 in U.S. Department of Energy (DOE) LMC reports. CEC staff used the lamps’ 
average lifetimes to extrapolate the stock and annual sales growth rates and project the 
national stock levels and annual sales of the 4-foot and 8-foot T12 lamps. California’s stock 
levels and shipments were estimated using a simple scaling of 12.09 percent. This scaling 
percentage reflects the ratio of California’s population to the United States population, and it is 
applied to the estimated national stock levels and shipments. It is assumed that 85 percent of 
8-foot lamps are standard output and 15 percent are high output. 

Table 39: Projected Stocks and Shipments of Linear Fluorescent Lamps in 2021 
(in thousands) 

 4-foot 
T12 

8-foot 
SO 
T12 

8-foot HO 
T12 

Less than 
4-foot, 

T12 

Less 
than 4-
foot, T8 

Less than 
4-foot, T5 

National Stock 346,363 14,827 2,617 526.42 26,683 84,830 
California Stock 41,887 1,793 316 63.66 3,227 10,259 
National Shipment 33,174 1,935 341 79.32 7,042 2,684 
California Shipment 4,012 234 41 9.59 852 22,196 

Source: CEC high output lamps which are assumed to be replaced by T8 fluorescent type lamps. 

Although LED lamps have higher initial cost than fluorescent lamps, they offer higher energy 
savings and are overall more cost effective due to their higher levels of energy efficiency and 
their longer lifetimes. 

To calculate the annual energy consumption of each light fixture, the power consumption for 
the fixture is multiplied by its average hours of operation per year. The light fixture’s annual 
energy consumption is then divided by the number of lamps in each light fixture to obtain the 
average annual energy consumption for each lamp. 
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Table 40 shows the average power consumption of the non-compliant lamps that are used as 
the baseline.56 Table 41 lists the power consumption for the replacement lamps that are 
compliant with the proposed standards. For less than 4-foot linear lamps, the power 
consumption of 2-foot lamps is used. 
 
The annual average hours of operations is 2,591.5 and this figure is obtained from the 
weighted average daily operating hours by end-use sector in DOE’s 2015 LMC report.57 
 

Table 40: Average Power Use per Unit for Non-Compliant Lamps 
Lamp Type Number of lamps per 

fixture 
Lamp’s Power 

(W) 
Fixture’s Power 

(W) 
4-foot T12 2 40 94 
8-foot Standard Output T12 2 73 173 
8-foot High Output T12 2 110 257 
Less than 4-foot T12 2 20 56 
Less than 4-foot T8 2 17 33 
Less than 4-foot T5 2 14 34 

Source: CEC staff 

  

 
56 Default fixture wattage reference table from Commonwealth Edison Electric Company: 
https://webtools.dnvgl.com/projects62/Portals/3/TA_Files/PY7_FixtureWattage_Table_v08.pdf. 

57 2015 U.S. Lighting Market Characterization: https://www.energy.gov/sites/prod/files/2017/12/f46/lmc2015_nov17.pdf. 

https://webtools.dnvgl.com/projects62/Portals/3/TA_Files/PY7_FixtureWattage_Table_v08.pdf
https://www.energy.gov/sites/prod/files/2017/12/f46/lmc2015_nov17.pdf
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Table 41: Average Power Use per Unit for Compliant Lamps 
Lamp Type Number of Lamps 

per Fixture 
Lamp’s Power 

(W) 
Fixture’s Power 

(W) 
4-foot T8 2 32 59 
4-foot LED 2 15 30 
8-foot Standard Output T8 2 50 109 
8-foot Standard Output LED 2 36 72 
8-foot High Output T8 2 86 160 
Less than 4-foot LED 2 9 18 

Source: CEC, when a non-compliant lamp is replaced with a compliant fluorescent or LED lamp 
individually. 

CEC staff evaluated the overall energy savings when all non-compliant lamps are replaced by 
using estimates of the portion of lamps replaced with fluorescent and LED lamps. Staff used 
the shipment trend of linear lamps from the lamp indices published by NEMA and the linear 
projection methodology recommended by the California Investor Owned Utilities’ (IOUs) Codes 
and Standards Enhancement (CASE) Team to extrapolate the share of each replacement lamp 
technology from 2021 to 2031.58 

Table 42: Average Energy Use per Unit 
Lamp Type Energy Use - 

Baseline 
(KWh/yr/unit) 

Energy Use –  
Compliant T8 

(KWh/year/unit) 

Energy Use – 
Compliant LED 
(KWh/yr/unit) 

Energy Savings 
(KWh/yr/unit) 

4-foot T12 121.8 76.4 38.9 T8: 45.4 
LED: 82.9 

8-foot Standard Output 
T12 

224.2 141.2 93.3 T8: 83.0 
LED: 130.9 

8-foot High Output T12 333.0 207.3 - 125.7 
Less than 4-foot T12 72.6 - 23.3 49.3 
Less than 4-foot T8 42.8 - 23.3 19.5 
Less than 4-foot T5 44.1 - 23.3 20.8 

Source: CEC staff 

  

 
58California Investor-Owned Utilities Comments and Analysis of Standards Proposal for Federally Exempted Linear Fluorescent Lamps 
https://efiling.energy.ca.gov/GetDocument.aspx?tn=223575&DocumentContentId=53663.  

https://efiling.energy.ca.gov/GetDocument.aspx?tn=223575&DocumentContentId=53663


 

D-4 
 

Table 43: Overall Energy Savings from Annual Sales 
Lamp Type Annual Sales in 

2021 
(Thousands) 

Replacement: 
Compliant T8 

Replacement: 
Compliant LED 

Energy Saving 
from Annual Sale 

(GWh/yr) 
4-foot Standard 
Output T12 

4,012 62% 38% 239.7 

8-foot Standard 
Output T12 

234 62% 38% 23.7 

8-foot High Output 
T12 

41 100% - 5.2 

Less than 4-foot T12 10 - 100% 0.5 
Less than 4-foot T8 852 - 100% 16.6 
Less than 4-foot T5 2,684 - 100% 55.7 
Total 7,833 - - 341.4 

Source: CEC staff 

Lifecycle Energy Savings and Cost Savings 

For the state-regulated GSFLs, CEC staff assumed that none of the T12 linear fluorescent 
lamps that are currently on the market would be able to comply with the proposed standards. 
Moreover, staff assumed that none of the linear fluorescent lamps on the market comply with 
the proposed efficiency levels. 

The energy savings for the linear fluorescent lamps are determined by the difference in the 
energy efficiency of linear fluorescent lamps that are on the market today and the energy 
efficiency of the lamps replacing them that are compliant with the proposed regulations. 
Lifecycle energy savings is estimated using each unit’s energy savings throughout the 
expected life of the replaced lamp. 

Incremental costs are the initial additional costs that consumers pay for installing a compliant 
product in place of a non-compliant product. The cost of the compliant lamps in this analysis 
includes the cost for the parts, installation, sales tax, and disposal of the removed ballasts. In 
this report, all disposed ballasts are assumed to be magnetic. This assumption leads to more 
conservative cost estimates because pre-1979 magnetic ballasts may contain polychlorinated 
biphenyls (PCBs), which are toxic materials regulated by the U.S. Environmental Protection 
Agency (USEPA). The USEPA requires fluorescent light ballasts not stamped with “No PCBs” to 
be considered as containing PCB.59 Hence, magnetic ballasts have a higher average disposal 
cost than electronic ballasts. 

Table 44 shows the per-unit lifecycle cost savings and the incremental costs for the various 
lamp replacements. The proposed standards are very cost effective with the benefit-to-cost 
ratio ranging from 1.5 to 8.4, and results in a relatively short time period for the savings to 
compensate for the initial incremental cost. 

 
59 EPA, Storage and Disposal: Ballasts https://www3.epa.gov/region9/pcbs/ballast.html.  

https://www3.epa.gov/region9/pcbs/ballast.html
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Table 44: Costs and Benefits per Unit 
Lamp Type Design Life 

Baseline 
(years) 

Design Life 
Compliant 

(years) 

Life-Cycle 
Energy Saving 

(KWh/unit) 

Lifecycle Cost 
Saving 
($/unit) 

Incremental 
Cost ($/unit) 

Net Benefit 
Ratio 

(Benefit/Cost) 

4-foot Standard 
Output T12 

8 T8: 12 
LED: 19 

T8: 544.8 
LED: 1,575.1 

T8: $83.19 
LED: $238.75 

T8: $35.58 
LED: $38.69 

T8: 2.3 
LED: 6.2 

8-foot Standard 
Output T12 

5 T8: 9 
LED: 19 

T8: 747 
LED: 2,487.1 

T8: $153.01 
LED: $497.21 

T8: $52.31 
LED: $59.12 

T8: 2.9 
LED: 8.4 

8-foot High 
Output T12 

5 8 1005.6 $144.49 $74.00 1.9 

Less than 4-foot 
T12 

3 19 934.8 $165.64 $36.01 4.6 

Less than 4-foot 
T8 

10 19 369.4 $56.46 $38.48 1.5 

Less than 4-foot 
T5 

11 19 393.9 $61.15 $37.41 1.6 

Source: CEC staff 

Table 45 shows the overall estimated energy and cost savings for the first year after the 
proposed standards are effective and after the entire stock has turned over. The proposed 
standards save an estimated 2,895 GWh of electricity per year after the stock is turned over. 
That translates to more than $428 million in electricity cost savings per year, through reduced 
utility bills, after the entire stock is turned over. 

This analysis also indicates that the proposed standards will save a significant amount of 
energy, in addition to being cost effective and technically feasible. 
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Table 45: First Year and Stock Net Energy and Cost Savings 
Lamp 
Type 

Unit Stock 
(thousands) 

First Year 
Energy 
Savings 
(GWh/yr) 

Stock 
Energy 
Savings 

(GWh/yr)* 

Weighted 
Average 

Electricity 
Rates ($/KWh) 

First Year 
Monetary 
Savings 
($M/yr) 

Annual 
Monetary 
Savings 
($M/yr)* 

4-foot T12 41,887 239.7 1,870.4 0.149 $35.7 $278.7 
8-foot 
Standard 
Output 

1,793 23.7 91.9 0.137 $3.2 $12.6 

8-foot 
High 
Output 

316 5.2 18.3 0.137 $0.7 $2.5 

Less than 
4-foot T12 

64 0.5 1.1 0.147 $0.07 $0.2 

Less than 
4-foot T8 

3,227 16.6 196.4 0.147 $2.4 $28.9 

Less than 
4-foot T5 

10,259 55.7 717.3 0.147 $8.2 $105.4 

Total 57,546 341.4 2,895 - $50.27 $428.3 
* After stock turn over 

Source: CEC staff 
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APPENDIX E: 
List of Acronyms 

Original Term Acronym/Abbreviation 
AVoided Emissions and geneRation Tool AVERT 
Bureau of Economic Analysis BEA 
Bureau of Labor Statistics BLS 
California Energy Commission CEC 
Carbon Dioxide CO2 
Color Rendering Index CRI 
Computable General Equilibrium CGE 
Consumer Expenditure CE 
Department of Energy DOE 
Department of Finance DOF 
Electric Generating Unit EGU 
Energy Information Administration EIA 
Estimated Useful Life EUL 
General Service Fluorescent Lamp GSFL 
Gigawatt hours GWh 
Greenhouse Gas GHG 
Gross Domestic Product GDP 
Gross State Product GSP 
Impact Analysis for Planning IMPLAN 
kilowatt/kilowatt-hours kW/kWh 

Lighting Market Characterization LMC 
Million British thermal units MMBtu 
Nitrogen Oxides NOx 
Pacific Gas and Electric PG&E 
Particulate Matter PM2.5 
Regional Economic Models, Inc REMI 
Regional Input-Output Modeling Systems RIMS-II 
Standardized Regulatory Impact Assessment SRIA 
Sulfur Dioxide SO2 
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