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1 EXECUTIVE SUMMARY

This report presents the energy savings evaluation of the California 2019 upstream lighting programs
offered by California program administrators (PAs) and funded by ratepayers. Upstream programs provide
monetary incentives to manufacturers (and in some cases, large retail chains) to encourage deployment and
stocking of energy efficient technologies. In this evaluation, we focus on lighting technologies mainly used in
the residential sector. We should note there are also lighting rebate programs that provide incentives
directly to utility customers (downstream programs) that are also part of this evaluation. DNV GL conducted
this evaluation as part of the California Public Utilities Commission (CPUC) Energy Division (ED) Evaluation,
Measurement, & Verification contract.

For all upstream residential technologies, we present the energy savings and peak demand reductions that
these technologies achieved relative to technologies that they displaced (gross savings), as well as the
energy savings and peak demand reduction these technologies achieved directly due to the program
intervention (net savings).! The energy savings and peak demand reductions from upstream residential
technologies account for the vast majority of savings from the upstream lighting program.

1.1 Study background

This energy savings evaluation studied all lighting technologies deployed using the upstream lighting
program and lighting rebates within the residential programs offered by Pacific Gas and Electric Company
(PG&E), Southern California Edison (SCE), and San Diego Gas & Electric Company (SDG&E). Table 1-1
shows the PA-reported net annual savings from the 2019 upstream lighting program and the percent of net

1 Note that light-emitting diode (LED) bulbs emit less heat to the surrounding space than less-efficient incandescent or halogen bulbs. Therefore, in
addition to electricity energy savings and peak demand reduction, we account for the small associated increase in winter gas use due to an
increase in space heating. We also include a slight reduction in summer electricity consumption and peak demand due to reduced space cooling.
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savings that upstream lighting accounts for in the total portfolio. Each PA’s lighting program savings
accounted for substantially different proportions of their respective overall portfolio savings in 2019. PG&E's
upstream lighting programs accounted for 7% of its portfolio-wide net energy savings, SCE’s accounted for
12%, and SDG&E’s accounted for 20%.

Table 1-1. Summary of PA-reported net annual savings from upstream lighting, 2019

PA-Reported Net Annual Savings*
. q . Upstream Lighting as Percent
Total Portfolio Upstream Lighting of Total Portfolio

Peak Demand Peak Demand Peak Demand

Energy Energy Energy

(GWh) Re(dh;l‘cl::;on (GWh) Re(clr:lj‘(l::;on (GWh) Re(dh:lj‘(’:\;;on
PG&E 1,250 252 91 13 7% 5%
SCE 1,168 238 145 22 12% 9%
SDG&E 303 62 60 9 20% 15%
Statewide 2,720 552 296 43 11% 8%

* The total portfolio savings include savings from codes and standards.

Figure 1-1 shows the 2019 net reported annual energy savings from upstream and residential downstream
lighting programs for each PA along with net reported annual energy savings from the same programs in
2015, 2017, and 2018 for comparison.?

SDG&E implemented the most dramatic change over the 2015-2019 timeframe, increasing its upstream and
residential lighting rebate portfolio by nearly five-fold in 2018 compared to 2015, then cutting it by more
than half in 2019. SDG&E'’s programs reported 61 GWh net savings in 2019 compared to an estimated 161
GWh net savings in 2018. SCE increased the quantity of light bulbs it discounted between 2015 and 2018,
then slightly decreased the quantity in 2019, which resulted in an increase in net savings to a high of 228
GWh in 2018 and reduction to 146 GWh in 2019. Of the three program administrators, PG&E was the only
one to increase the quantity of discounted lightbulbs in 2019. With its comparatively smaller lighting
programs, PG&E increased its net annual savings from 50 GWh in 2018 to 93 GWh in 2019.

Details on the quantity of light bulbs each of the PAs discounted in 2015, 2017, 2018, and 2019 are
provided in Section 1.3.1.

2 There was no evaluation of the 2016 upstream and residential downstream lighting programs as the CPUC did not have an evaluator in contract at
that time.
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Figure 1-1. Summary of PA-reported net annual energy savings (GWh) from upstream and
residential downstream lighting rebates, 2015, 2017, 2018, and 2019
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1.2 Technologies evaluated

This evaluation focuses on three lighting technologies that account for 99% of the PAs’ reported net savings
from the upstream lighting programs. The 2019 evaluation addresses these three types of light-emitting
diode (LED) light bulbs:

LED reflector light bulbs — These are the type of light bulbs found in a recessed can in a kitchen ceiling.
LED candelabra light bulbs — These are the type of light bulbs found in a chandelier lamp at home.
LED globe light bulbs — These are the type of light bulbs found in a bathroom vanity at home.

The combined total light bulbs shipped from manufacturers to retail stores across the three PAs was nearly
26 million (Table 1-2). Overall, LED reflector bulbs comprised the majority of light bulbs across the PAs
(53%) and the largest type within each PA. The quantities of LED candelabra bulbs and LED globe bulbs
shipped were considerably lower when compared to LED reflectors, particularly in PG&E’s and SDG&E’s
programs.
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Table 1-2. Quantity of light bulbs in evaluated upstream by light bulb type and PA, 2019

Quantity Overall Quantity
Evaluated Light Bulb Type (Number of Light Bulbs) (Across PAs)
SCE Total % of Total
LED reflector 4,987,214 6,129,955 2,628,716 13,745,885 53%
LED candelabra 1,525,330 3,771,984 813,958 6,111,272 24%
LED globe 490,703 4,229,192 1,246,808 5,966,703 23%
Overall 7,003,247 | 14,131,131 4,689,482 | 25,823,860 100%

1.3 Approach

The evaluation team used methodologies developed for previous program year evaluations. We used a
streamlined method for net savings estimation in 2019 (and 2018) compared to 2017 and 2015. We used
the same gross savings methodology as the prior two evaluations, with a market-based baseline. In any
energy savings evaluation, establishment of the baseline—that is, what the energy use would have been in
absence of the program—directly effects the savings determination. We used the average wattage of
displaced purchases as the baseline. We then used results from an online consumer survey and other data
sources to estimate the proportion of LEDs that would have been sold with and without the upstream
lighting program3 and used this “net-to-gross ratio” 4 to calculate the amount of program-discounted light
bulbs that would not have been bought without the program.

1.3.1 Shipment versus sales quantity adjustment

We reviewed the PA-submitted annual 2019 program data and, as was the case in the evaluation of 2017
and 2018 programs, found unrealistically large volumes of light bulbs shipped to discount and grocery stores,
particularly in SCE and SDGR&E territories. The reported number of light bulbs shipped to discount and
grocery stores was significantly higher than the number of total California light bulb sales in these stores, as
determined from other data sources.

Figure 1-2 shows the quantity of light bulbs shipped by sales channel (grocery store, discount store, and all
other sales channels) and PA in 2015, 2017, 2018, and 2019. As observed in 2017 and 2018, the vast
majority of upstream lighting program light bulbs were shipped to discount and grocery channels in 2019.
Nearly 70% of the 2019 program shipments went to discount and grocery channels across all PAs, and over
85% of SCE’s and SDG&E’s 2019 program shipments went to these two channels. PG&E increased its
program shipments in 2019, with nearly three-quarters of their shipments going to big box stores, while the
other PAs decreased their shipments.

3 The online consumer survey presented a set of light bulb purchasing scenarios to simulate consumer choices with and without program intervention.
These scenarios included choices between an LED light bulb and an inefficient light bulb. See Section 3.8 and Appendix F for further details on
this analysis.

4 The net-to-gross ratio is the ratio of energy savings that occurred due to the program and the energy savings that would have occurred without the
program. It is indicative of the customers who would have purchased that same efficient technology even without the program rebate; these
customers are known as free-riders. Net-to-gross ratios range from 0 to 1. The higher the net-to-gross ratio, the more the program influenced
consumer choice.
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Figure 1-2. Quantity of light bulbs in evaluated upstream lighting technologies by sales channe
and PA, 2015, 2017, 2018, and 2019
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*Other sales channels include drug, hardware, home improvement, lighting and electronics, mass merchandise, and membership club stores.
~The “other” category for PG&E is primarily comprised of big box stores (membership club and home improvement stores); big box stores accounted
for 94%, 91%, and 97% of PG&E's “other” stores in 2017, 2018, and 2019, respectively.

Across the three PAs, more than 60% of the discount and grocery stores that participated in the 2019
program received shipments that exceeded 10,000 light bulbs. For context, a store would need to sell
almost 200 light bulbs a week to sell 10,000 bulbs in a year, which is a volume far greater than many of
these stores reported that they sold. We compiled multiple data sources that give reliable estimates of
statewide sales, and these data reveal that the market could not have supported the volume of sales that
the 2019 program data reported as shipped.

Figure 1-3 shows that over the course of the last three program years, the PAs have reported shipping more
than four times as many discounted light bulbs to discount and grocery stores than the entire California
market for light bulbs in these sales channels.> SCE’s program accounted for more than 60% of the program
shipments to these channels, and SDG&E accounted for more than 30% of the shipments during this three
year period. Program year 2019 was a continuation of the trend found in program years 2017 and 2018.

5 The estimate of light bulb sales in California grocery and discount stores includes all light bulb technologies and shapes sold in those stores,
including LED, incandescent, halogen, and compact fluorescent light bulbs.
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Figure 1-3. Quantity of 2017-2019 program lamps shipped to grocery and discount stores
compared to the estimated market size of the sales channels
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1.4 Results

1.4.1 Shipment versus sales quantity adjustment

We utilized multiple data sources to analyze the California light bulb market, including a telephone survey of
retail store representatives, and calculated an adjustment to the quantity of light bulbs shipped to estimate
the quantity of light bulbs sold.® Table 1-3 shows the sales quantity adjustments that we applied. This
resulted in the PAs receiving credit for only 41% of the light bulbs that were reported to be shipped. In other
words, over 15 million light bulbs did not receive credit for savings in 2019 as determined by the evaluation.

Table 1-3. Light bulb quantity adjustments by PA, 2019

PA and Channel Light Bulbs Shipped S‘I’J:jsugt“n‘:::itty "i('-::'rh: d?t‘:gs Ligrgr::i't";sd"“

PGE 7,003,247 79% 5,559,113 1,444,134
Big Box 4,980,923 100% 4,980,923 0
Discount 944,952 34% 321,284 623,668
Grocery 921,872 11% 101,406 820,466
Eﬁ;“narigigg 155,500 100% 155,500 0
SCE 14,131,131 30% 4,290,768 9,840,363
Big Box 1,564,996 100% 1,564,996 0

6 For more details on how sales quantity adjustments were calculated, please see Section 4 of the main report.
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PA and Channel

Light Bulbs Shipped

Sales Quantity

Light Bulbs

Light Bulbs Not

Adjustment Credited Credited

Discount 4,993,196 22% 1,098,503 3,894,693
Grocery 6,834,104 13% 888,434 5,945,670
Remaining 738,835 100% 738,835 0
Channels

SDG&E 4,689,482 16% 766,014 3,923,468
Big Box 288,829 100% 288,829 0
Discount 2,262,768 3% 67,883 2,194,885
Grocery 1,986,877 13% 258,294 1,728,583
Remaining 151,008 100% 151,008 0
Channels

Statewide total 25,823,860 41% 10,615,895 15,207,965

1.4.2 Gross savings results

The evaluation team calculated gross savings for upstream technologies using the formula shown in Figure

1-4. We calculate the unit energy savings and then adjust quantities to calculate the gross savings.

Figure 1-4. Gross savings overview

A Watts b4

Where:

HOU or
Peak

Adjusted

Quantity

Gross
Savings

Delta Watts = The difference in wattage between the energy efficient light bulb and the light bulb being

replaced

HOU= Hours of use

HVAC Int. Effects = HVAC interactive effects.”
UES= Unit energy savings

Table 1-4 shows the gross realization rates for the evaluated technologies in the upstream lighting

program.® A gross realization rate of 100% means the evaluated results were able to verify all the reported
gross savings occurred. A realization rate greater than 100% indicates evaluated gross savings are higher

7 LEDs produce less heat than incandescent light bulbs, so their installation causes a minor increase in heating loads, which is an interactive effect.
8 The gross realization rate is a comparison between predicted and actual gross energy savings.
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than the reported gross savings, while a rate lower than 100% indicates evaluated gross savings are lower
than the reported gross savings.

The gross realization rates reflect a blend of two separate evaluation results. The evaluated energy savings
of each of the evaluated light bulb types were up to four times greater than the reported savings in the
program tracking data, which helped increase gross savings. On the other hand, the evaluation reduced the
estimated total quantities of light bulbs sold in the market by as much as 97% for some sales channels,
which contributed to reductions in the gross savings. These competing calculations are why the gross
realization rates for different light bulb types can vary above and below 100%.

Table 1-4. Gross kWh realization rates by evaluated upstream lighting technologies, 2019

Evaluated Light Bulb Type ‘ PG&E ‘ SCE ‘ SDG&E ‘ Overall

LED Reflector 141% 78% 20% 88%
LED Candelabra 202% 133% 49% 140%
LED Globe 225% 75% 33% 78%

1.4.3 Net savings results

Net savings are the gross savings minus energy savings attributed to customers who would have purchased
LEDs without the program rebates. The “net-to-gross ratio” is the ratio of net to gross savings. A ratio equal
to 100%, or 1.0, means the upstream lighting program completely influenced the installation of the energy

efficient equipment sold with program discounts.

The evaluation determined a net-to-gross ratio for each evaluated technology in the upstream lighting
program. The results strongly indicate that the lighting market has shifted to a point where LEDs dominate
the market within each light bulb type and most customers would purchase LEDs even without program
rebates.

For instance, the PAs’ LED reflectors received a net-to-gross ratio of 7%, meaning 93% of the savings would
have occurred without the program and only 7% can be attributed to the program activity. Table 1-5 shows
the net-to-gross ratios by evaluated technology and PA for light bulbs that were sold to residential
customers.

Table 1-5. Net-to-gross ratios for all evaluated residential upstream lighting technologies by PA,
2019

Evaluated Light Bulb Type

LED Reflector 7% 7% 7%
LED Candelabra 12% 12% 12%
LED Globe 25% 25% 25%

We applied these net-to-gross ratios to calculate the savings that occurred as a direct result of the program
(net savings). Table 1-6 shows the net realization rates. Statewide, LED reflector light bulbs had a 19% net
realization rate, which means 81% of the claimed savings for LED reflectors could not be verified or
attributed to the upstream lighting program. Table 1-6 and Table 1-7 include savings for all evaluated
upstream technologies and include the non-residential savings.
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Table 1-6. Net kWh realization rates by evaluated upstream lighting technologies, 2019

Evaluated Light Bulb Type ‘ PG&E ‘ SCE SDG&E ‘ Overall

LED Reflector 32% 14% 6% 19%
LED Candelabra 49% 29% 13% 32%
LED Globe 80% 26% 12% 27%

Table 1-7 shows the total reported and evaluated net savings by PA for GWh, MW, and therms.

Table 1-7. Net savings for evaluated upstream lighting technologies by PA, 2019

Reported Evaluated
e S
PG&E 91 13 (1.7) 32 6 (0.5)
SCE 145 22 (2.2) 27 5 (0.4)
SDG&E 60 9 (0.8) 4 1 (0.0)
Total 296 43 (4.7) 64 12 (1.0)

1.5 Conclusions and recommendations

We summarize key conclusions and their corresponding recommendations below.

Programs continued to significantly over ship light bulbs to stores

The 2019 upstream lighting programs continued to ship significantly more light bulbs to individual stores,
particularly to the discount and grocery channels, than stores could reasonably stock and sell. Evaluation
results suggest that there was inadequate monitoring and verification of program light bulb shipments and
that many participating retail stores were not required to purchase program discounted light bulbs from
manufacturers.

Recommendations

- PAs should have a clear understanding of the estimated size of the
market and segmentation of the market by sales channel to make
an informed decision on the appropriate level of program
shipments.

- Program monitoring should always include verification of shipment
and delivery documentation from manufacturers and an adequate
number of in-store verifications to confirm stocking and sufficient
sell-through rates of program discounted measures. Verification
results should be shared and monitored regularly among program
staff and PA management.
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The lighting market has largely been transformed

Evaluation results suggest that the California lighting market has shifted, and LEDs are the dominant
technology and the preferred choice by most consumers for the evaluated light bulb types. LEDs account for
more than 75% of the market across all three evaluated light bulb types and more than 90% of the reflector
market. LED prices have fallen to a point where they are competitive with inefficient technologies, even
without program incentives. Upstream lighting program incentives no longer influence customer purchases
as much as they did when inefficient light bulbs dominated the lighting market.

Recommendations

- The PAs discontinued the statewide upstream lighting program in
2020 and should not revive the program in 2021 or future years.

- Increases in standards are expected to remove the remaining
pockets of halogen bulbs in the market, and halogens that remain in
sockets have such short lifespans that they will soon be replaced by
LEDs. To the extent that pockets of inefficient bulbs remain and/or
these changes happen inequitably, residential lighting programs
should be tailored to reach the appropriate segments of customers,
but these programs should be designed thoughtfully to maximize
impact.

LEDs were a cost-effective upstream technology but not anymore

The upstream lighting program was a cost-effective vehicle for accelerating the adoption of efficient light
bulbs for more than a decade, but the lighting market transformed to the point where LEDs comprised an
ever increasing majority of the market during the 2017, 2018, and 2019 program years. With LEDs
becoming so common and accepted by consumers, the upstream lighting program'’s influence on consumer
behavior diminished considerably.

Recommendation

- PAs offering upstream programs should closely monitor market
trends, particularly trends in overall market size and market
share of efficient technologies and less efficient alternatives.
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2 INTRODUCTION

In this section, we provide an overview of the California lighting programs, detail the research objectives of
the impact evaluation, provide an overview of the evaluation, and outline the organization of the report.

2.1 Program overview

Each California program administrator (PA)—including Pacific Gas and Electric Company (PG&E), Southern
California Edison (SCE), and San Diego Gas and Electric Company (SDG&E)—implemented lighting programs
designed to promote energy-efficient lighting across all market sectors during the 2019 program year (PY
2019). The scope of this evaluation focuses on residential lighting measures.

The largest lighting program for each PA intended for the residential sector was the Primary Lighting
Program. This program administered upstream incentives, meaning they provided discounts to
manufacturers with the expectation that manufacturers and retail stores will pass those discounts on to
customers in the form of reduced-price lamps (commonly referred to as light bulbs). While Primary Lighting
is designed as a residential program, previous DNV GL evaluations found that around 6% to 7% of program
lamps end up in non-residential sockets.® We therefore include those non-residential measures as part of
this evaluation.

In addition to the Primary Lighting Program, there are an assortment of residential downstream programs.
In these programs, residential customers directly received a rebate or the lamp itself. Downstream lighting
programs make up a relatively small percentage of the program-portfolio measure quantities and savings.
Table 2-1 displays the residential and non-residential quantity of lamps that each program discounted.

Table 2-1. Quantity of lamps discounted by program for all PAs, 2019

Measure Groups Offered in Program - Quantity

Program Residential/Non- LED LED
Type Residential LED Globe LED A-
Reflector Candelabra Lamps Lamps Other*
Lamps Lamps P P
Residential 12,941,758 5,747,878 5,608,753 0 34,382
Upstream
Non-Residential 804,127 363,394 357,950 0 2,195
Downstream Residential 81,310 50,217 28 1,097 492,893

*QOther measure groups include indoor LED wired downlights, indoor LED fixtures, outdoor LED fixtures, and other outdoor LED lamps.

The upstream delivery mechanism has been a core part of the California PAs’ compact fluorescent lamp (CFL)
program activities for many years, but during the 2013-14 program period, PAs began a shift away from
CFLs and toward light-emitting diode (LED) lamps. Starting in January 2014, the California Public Utilities
Commission Energy Division (CPUC ED) required that the PAs demonstrate that the LED lamps that they
incentivize meet the performance requirements outlined in the California Quality LED Specification developed
by the California Energy Commission (CEC).!% The requirements in the specification go beyond ENERGY
STAR® for lamp attributes such as color, dimmability, light distribution, and warranty, with the intent of
meeting or exceeding customer expectations regarding lamp performance and light quality. The PAs began

9 DNV GL 2014c.
10 cec 2017.
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introducing LED lamps into the upstream program in relatively small quantities during 2013 and in ever
increasing quantities from 2014 to 2018. In PY 2019, the PAs discounted about 1 million fewer LED lamps
compared to PY 2018.

PY 2019 represents the last year of the Primary Lighting program, which was discontinued beginning in 2020.
Figure 2-1 shows quarterly shipments by sales channel for the Primary Lighting program in 2019. SCE and
SDG&E both continued shipments of discounted lamps at 2018 levels in the first quarter of 2019, and then
drastically cut shipments between the second and fourth quarters of 2019. SDG&E had no program
shipments in the fourth quarter of 2019. PG&E, on the other hand, had low levels of shipments in the first
and second quarters of 2019, and then significantly increased program shipments in the third and fourth
quarters, mostly through big box retail channels.

Figure 2-1. Quarterly shipments by sales channel and PA, 2019
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The upstream and residential downstream lighting programs changed considerably since the 2015 program,
and it is important to highlight how the 2017, 2018, and 2019 programs total quantity of lamps and
associated savings have changed over the years (Table 2-2). SDG&E implemented the most dramatic
changes, increasing their upstream and residential lighting rebate portfolio by nearly five-fold in 2018 before
cutting that total in half in 2019 and reducing net savings to approximately 61 GWh. SCE increased the
quantity of lamps it discounted by nearly 50% beginning in 2017 and discounted a similar number of lamps
in 2018 before reducing the quantity of lamps it discounted to 14.2 million lamps in 2019. SCE’s reported
net energy savings reached its highest level in 2018 at 228 GWh and then declined by more than one-third
in 2019 to 146 GWh. The quantity of lamps PG&E discounted remained relatively stable between 2015 and
2018, but PG&E nearly doubled the number of lamps it discounted in 2019 compared to 2018. Because of
this expansion in discounted lamps, PG&E’s reported net savings jumped from 50 GWh in 2018 to 93 GWh in
2019.
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Table 2-2. Summary of PA-reported ex ante net annual energy savings and quantity of discounted
lamps from upstream and residential downstream lighting measures, 2015, 2017, 2018 and 2019

PA-Reported Net Energy Savings
GWh

Program Quantity of Lamps

Year

SCE | SDG&E  Total PG&E SCE | SDG&E Total |
2015 44 212 33 288 | 3,440,260 | 10,258,827 | 2,019,998 | 15,719,085
2017 39 208 155 401 | 3,951,597 | 15,153,891 | 8,700,049 | 27,805,537
2018 50 228 161 430 | 3,820,911 | 15,346,110 | 8,235,848 | 27,402,869
2019 93 146 61 301 | 7,505,691 | 14,193,344 | 4,763,633 | 26,462,668

As the LED market continues to mature, efficient lamps have become more cost effective and more popular,
and it has become more difficult for upstream lighting programs to achieve the same overall magnitudes of
savings. Our evaluation investigates the impacts of these changes at the retail channel level.

2.2 Analysis of measure uncertainty

The Energy Savings Performance Incentive (ESPI) uncertain measure list!! estimates the areas of greatest
savings uncertainty within California’s Energy Efficiency portfolio. This list serves as guidance for evaluators
to consider when they develop their evaluation work plans. It is important for regulators, program staff, and
evaluators to understand why measures are on the uncertain measure list and what keeps measures on the
uncertain measures list. Measure-level uncertainty contributes to overall portfolio uncertainty, so it is
important for evaluations to reduce that uncertainty moving forward.

As the vast majority 2019 residential lighting claims were administered through the Primary Lighting
Program, we considered measures on the uncertain measure list as upstream measures and passed-through
all savings associated with downstream measures. The 2019 uncertain measure list included all of the three
measure groups that we researched in this evaluation—indoor LED reflector, candelabra, and globe lamps.
Although the uncertain measure list also included indoor LED A-lamps, indoor LED fixtures, and outdoor LED
fixtures, we did not evaluate these measure groups due to their small contribution to the overall portfolio.

We designed the primary research questions and methodologies of this evaluation to reduce the uncertainty
of gross energy consumption baselines? and net-to-gross ratios, both of which the uncertain measure list
classified as uncertain. The current ex ante assumptions for gross baselines and net-to-gross ratios were
assigned within the ex ante lighting disposition and not necessarily from an evaluation. Therefore, they may
not have the same quantitative methodological rigor as the results in this evaluation. The impact evaluation
results will be applied to future ex ante planning assumptions to reduce future uncertainty around these
parameters. Table 2-3, below, lists the measures included in the 2017, 2018, and 2019 uncertain measure
lists as well as the measures included in the PY 2017, 2018, and 2019 upstream lighting impact evaluations.

11 cpuc 2016, CPUC 2017, CPUC 2018.

12 Energy savings are the difference between energy consumption with an energy efficient measure in place and the consumption that otherwise
would have occurred during the same period. The energy consumption that otherwise would have occurred is called the baseline.
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Table 2-3. 2019 uncertain measure list measures included in impact evaluation

| Uncertain Measure | pialuation |

Large portion of portfolio savings; baseline
LED Reflector X X X X X X mix assumptions, installation rates, and sell-
through rates

Large portion of portfolio savings; baseline
LED Candelabra X X X X mix assumptions, installation rates, and sell-
through rates

Large portion of portfolio savings; baseline
LED Globe X X X X mix assumptions, installation rates, and sell-
through rates

Did not contribute to portfolio savings in

LED Lamp (A-Lamp) X X X X 2019; included in PY 2017 evaluation

. Small portion of portfolio savings in 2019;
LED Fixture (Indoor) X X X small portion of savings in 2017 and 2018
High Wattage CFL X Did not contribute to portfolio savings in

2019; included in PY 2017 evaluation

The number of uncertain measures and parameters that the uncertain measure list has identified has
continued to decrease since the inception of the rolling portfolio. Selecting measures to include in the
uncertain measure list depends on the uncertainties among the parameters within savings calculations as
well as the quantities of each measure group that the program discounted. For example, as PAs have moved
away from incentivizing CFLs and towards LEDs, the uncertain measure list has removed CFLs. This is in part
because measure-level uncertainty has been reduced, and also because their portion of portfolio-level
savings was reduced as programs moved towards LEDs. Additionally, prior upstream lighting evaluations
have invested research efforts to reduce the uncertainty of hours-of-use (HOU), installation rates, and
baseline estimates. The evaluation results of this report will reduce the uncertainty of 2019 gross and net
savings relative to their ex ante estimates.

2.3 Research objectives

The primary objective of this impact evaluation is to verify and validate the PAs’ reported energy savings
and peak demand reduction estimates. Our approach has three goals:

1. Develop measure quantity adjustments and an assessment of the percentage of discounted products
purchased by residential versus non-residential customers. As part of the 2019 evaluation, we include a
sales-to-shipment ratio to adjust the quantity of program lamps so that they reflect the estimated
quantity of lamps that participating retail stores actually sold. The evaluation team also calculated sales-
to-shipment ratios for the 2017 and 2018 evaluations.

2. Develop gross savings inputs, which include an assessment of the percentage of discounted measures
installed as well as estimates of the average daily HOU, the average percent of measures operating at
peak coincidence factor (CF), the difference between the program lamp wattage and the wattage
displaced by PA-discounted measures (delta watts), unit energy savings (UES) in kWh/year and peak kW,
and installation rate. As part of the 2019 evaluation, we updated the gross savings baseline wattage in
the delta watts calculation to reflect the wattage of non-program technologies that would be sold
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naturally in the market absent a program (as opposed to using the wattage installed in homes as the
baseline wattage). The evaluation team used the same approach in the 2018 evaluation.

3. Develop net savings inputs, which include estimates of the net-to-gross ratio (NTGR) for each evaluated
measure.

To accomplish the goals mentioned above, this evaluation addresses six specific research questions:

1. What is the average wattage of lamps displaced by upstream program lamps? We answer this
question by using a market-based approach to estimate technology sales shares both with and without
program discounts in place and quantify the difference in energy consumption between the two
scenarios. The baseline is a key component for calculating delta watts. We discuss this methodology and
present calculated LED baselines in Section 5 (Gross Savings Analysis).

2. What is the appropriate baseline for residential upstream LEDs? We answer this question to
quantify the average wattage that program LEDs displace in the market. The baseline is a key
component for calculating delta watts. We discuss this methodology and present calculated LED
baselines in Section 5.

3. What are the ex post savings results for evaluated measures? This question is the thrust of this
evaluation. We present our ex post savings research methodologies in in in Section 5 and Section 6 (Net
Savings Analysis), and present lighting program savings estimates in Section 7 (Study Results).

4. What is the free-ridership level for residential upstream LED reflector lamps, LED candelabra
lamps, and LED globe lamps?

5. What are the annual sales of lamps in different retail channels? We added this research question
as part of the 2017 impact evaluation after we began observing unexpectedly large quantities of LED
lamps shipped to discount and grocery stores. A review of 2019 program tracking data revealed that
large quantities of LED lamps continued to be shipped to discount and grocery stores. We looked at
multiple sources of data to estimate low and high bounds of annual lamp sales in grocery and discount
stores. We present this methodology and related findings in Section 4.1 (Sales-to-Shipment Ratio)

6. After verifying program lamp shipment quantities in different retail channels and estimating
annual lamp sales in these channels, what are the lamp sales-to-shipment ratios for each
retail channel? Once we estimated the lighting market potential sales volumes in discount, grocery, big
box, and other retail channels, we determined it was necessary to reduce the number of program lamps
that programs shipped to quantities that were actually sold in the discount channel for some of the PAs
and grocery channels for all of the PAs. We developed the sales-to-shipment ratio to answer this
research question and present this methodology and related findings in Section 4.1.

2.4 Evaluation overview

We designed this impact evaluation to address all lighting measures associated with the upstream delivery
mechanism as well as all downstream lighting measures targeted at the residential sector by PG&E, SCE,
and SDG&E. Upstream and residential downstream lighting measures accounted for 7% to 20% of each PA’s
ex ante net annual electric savings and 5% to 14% of each PA’s net peak demand reductions (see Table
2-4).
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Table 2-4. Summary of PA-reported ex ante net annual savings from upstream and residential
downstream lighting measures, 2019

PA-Reported Net Annual Savings

Upstream/Residential
Downstream Lighting as
Percent of Total Portfolio

Upstream/Residential
Downstream Lighting

Total Portfolio

Peak Peak Peak
Energy Demand Energy Demand Energy Demand
(GWh) Reduction (GWh) Reduction (GWh) Reduction
(MW) (MW) (MW)
PG&E 1,250 252 93 13 7% 5%
SCE 1,168 238 146 22 13% 9%
SDG&E 303 62 61 9 20% 14%
Statewide 2,720 552 301 44 11% 8%

Upstream lighting measures comprised the vast majority of the combined total upstream and residential
downstream lighting measures during the 2019 program period (Table 2-5). As such, the remainder of this
report focuses on upstream lighting measures, and in particular, the measures identified as part of the ESPI
uncertain measure list3 that account for the majority of ex ante savings within the upstream program. For
residential downstream measures and for all upstream measures not included in the three evaluated
upstream lighting measure groups described below, we are passing through the ex ante estimates for
energy savings (kWh), demand reductions (kW), and gas impacts (therms).14

Table 2-5. Summary of PA-reported ex ante upstream and residential downstream lighting
measure savings for evaluated and passed-through measure groups, 2019

Ex Ante Upstream and Residential Downstream Lighting
Gross Savings

PA/Lighting Measure Category Energy ‘ Demand Gas Impacts
GWh  Bn MW MR Teime  rherms
PG&E
Upstream - evaluated 94.98 98% 13.55 98% -1.82 98%
Upstream - passed through 0.00 0% 0.00 0% 0.00 0%
Downstream - passed through 2.16 2% 0.25 2% -0.04 2%
Subtotal - PG&E 97.13 100% 13.80 100% -1.86 100%
SCE
Upstream - evaluated 150.82 99% 22.65 100% -2.30 99%
Upstream - passed through 0.00 0% 0.00 0% 0.00 0%
Downstream - passed through 1.65 1% 0.02 0% -0.02 1%
Subtotal - SCE 152.47 100% 22.67 100% -2.32 100%
SDG&E
Upstream - evaluated 62.88 97% 9.00 99% -0.82 97%
Upstream - passed through 0.31 0% 0.04 0% 0.00 0%

13 cpuc 2018.

14 Eor these “pass through” measures, all ex ante assumptions and inputs are passed through as ex post.
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Ex Ante Upstream and Residential Downstream Lighting ‘

Gross Savings
Demand

% of
MW

PA/Lighting Measure Category Energy

% of
GWh GWh ‘ MW ‘

Gas Impacts

Million % of
Terms Therms

Downstream - passed through 1.71 3% 0.02 0% -0.02 3%
Subtotal - SDG&E 64.90 100% 9.07 100% -0.85 100%
All PAs

Upstream - evaluated 308.68 98% 45.20 99% -4.94 98%
Upstream - passed through 0.31 0% 0.04 0% 0.00 0%
Downstream - passed through 5.52 2% 0.29 1% -0.08 2%
Grand Total - All PAs 314.51 100% 45.54 100% -5.03 100%

Upstream lighting measures fall into six groups, each of which consists of similar measures. For example,
the LED reflector measure group includes all LED reflector lamp wattages and styles, such as parabolic
aluminized reflector (PAR) and multifaceted reflector (MR) lamps. While savings claims included within the
PA tracking data are based on assumptions tied to specific measure characteristics, the evaluation applies
updates to savings at the measure group level. The four measure groups are:

LED reflector lamps of all wattages
LED candelabra lamps of all wattages
LED globe lamps of all wattages

LED downlights of all wattages

This evaluation focuses on three of the four upstream lighting measure groups. Taken together, these
measures account for 99% of the PAs’ ex ante net savings for upstream lighting. Table 2-6 shows the
quantity of lamps shipped in 2019 by evaluated lighting measure group and PA.

Table 2-6. Quantity of lamps by evaluated upstream lighting measure group and PA, 2019

Evaluated Upstream

Lighting Measure Group

PG&E

SCE

SDG&E

Total

Quantity Overall Quantity ‘
Number of Lamps Across PAs

\ % of Total \

LED reflector 4,987,214 6,129,955 | 2,628,716 | 13,745,885 53%
LED candelabra 1,525,330 3,771,984 813,958 6,111,272 24%
LED globe 490,703 4,229,192 1,246,808 5,966,703 23%
Overall 7,003,247 | 14,131,131 | 4,689,482 | 25,823,860 100%

Table 2-7 lists the PA-reported portfolio-level net annual energy savings by evaluated upstream lighting
measure for residential and non-residential programs

DNV GL Energy Insights USA, Inc.
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Table 2-7. Reported portfolio-level ex ante net annual energy savings by upstream lighting
measure group for residential and non-residential measures, 2019

Evaluated Upstream Lighting

Ex Ante Net Annual Energy Savings (kWh)

Measure Group PG&E SCE SDG&E Overall
LED reflector, all wattages 77,017,214 91,639,072 45,916,463 214,572,749
LED candelabra, wall wattages 11,224,661 25,223,364 5,752,074 42,200,100
LED globe, all wattages 2,934,680 27,923,587 8,251,037 39,109,303
Pass-through lighting measures 0 0 294,085 294,085
Overall 91,176,555 144,786,023 60,213,659 296,176,237

Table 2-8 lists the PA-reported portfolio-level peak demand reductions by evaluated upstream lighting
measure for residential and non-residential programs.

Table 2-8. Reported portfolio-level ex ante net annual peak demand reductions by upstream
lighting measure group for residential and non-residential measures, 2019

Evaluated Upstream Lighting Ex Ante Net Peak Demand Reductions (kW)

Measure Group PG&E ‘ SCE SDG&E Overall
LED reflector, all wattages 10,977 13,760 6,539 31,277
LED candelabra, wall wattages 1,609 3,788 826 6,223
LED globe, all wattages 423 4,198 1,210 5,831
Pass-through lighting measures 0 0 42 42
Overall 13,009 21,746 8,617 43,373
2.5 Report overview

We have organized the remainder of this report as follows:

Section 3 describes the study’s data sources.

Section 4 describes our approach to measure quantity adjustment.

Section 5 gives an overview of the gross savings methodology and results with examples.

Section 6 gives an overview of net savings methodology and results with examples as well as the net-to-
gross ratios.

Section 7 provides evaluated gross savings results and net savings results by PA.

Section 8 includes the evaluation’s conclusions and recommendations.

Section 9 includes a list of references.

Appendix A provides the ex ante and ex post first year and lifecycle savings tables per the CPUC ED Impact
Evaluation Standard Reporting (IESR) Guidelines. >

Appendix B provides the ex post first year, annual, and lifecycle savings and effective useful life (EUL) per
the CPUC ED IESR Guidelines.

Appendix C provides standardized recommendations per the CPUC ED IESR Guidelines.

Appendix D provides waterfall graphics that demonstrate the energy savings changes relative to each
parameter.

15 cpuC ED 2015a.
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Appendix E includes the data collection instruments used to support the evaluation.

Appendix F describes the net-to-gross methodology used for this study.

Appendix G describes the approach for compiling CREED lamp sales data and provides additional sales data
tables.

Appendix H provides tables on results of the lighting shelf stocking surveys.

Appendix I provides tables on the results of the lighting retail store telephone survey.

Appendix J provides banner tables of results from the consumer surveys.
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3 DATA SOURCES

In this section, we provide an overview of the data sources used for the evaluation and a summary
description of the method used to calculate net-to-gross ratios.

The 2019 impact evaluation relied upon several data sources. Table 3-1 below shows the research activity
and data sources aligned with the primary and supporting research questions. We provide more details on
these sources in the remainder of this section.
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Table 3-1. Research questions and associated research activity/data sources, 2019

Research Question

1a. What are the ex
post gross savings for
evaluated measures?

1b. What is the
appropriate baseline for
residential upstream LED
lamps?

1c. Of the program lamps
that were claimed, what
percent and quantity were
sold in stores?

1d. What are the annual
sales of lamps and sales-
to-shipment ratios in retail
stores (including grocery
and discount stores)?

le. What are the percent
and quantity of claimed
program lamps that are
received at the intended
storefront destination?

1f. What do retailers do
with excess lamp stock?

2a. What is the free-
ridership level for
residential upstream
LED lamps?

2b. To what extent, if
any, did the program
increase sales of LED
lamps?

2c. Are program
incentives being passed on
to customers when they
purchase program lamps?

2d. What percent of lamp
purchases are made
online?

Evaluated
Savings

Baseline

Quantity
Adjustment

Quantity
Adjustment

Quantity
Adjustment/
Leakage

Quantity
Adjustment/
Leakage

Free-
ridership

Free-
ridership/
Program
Influence

Program
Influence

Program
Influence

DNV GL Energy Insights USA, Inc.

Research Activity/Data Source

Consumer
Lamp Price
Elasticity
Model

Consumer
surveys

Retail Store
Surveys

Retail Lamp
Shelf
Stocking
Surveys

CREED
Light-
Tracker
Sales Data
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3.1 Program tracking data

Each of the PAs uploads program tracking data onto a centralized server. We downloaded these data and
then analyzed, cleaned, re-categorized, reformatted, and merged these separate datasets into one program
tracking database. Tracking data provide details regarding the quantity of lighting measures shipped as well
as details regarding the manufacturers and retail stores involved in the 2019 upstream lighting program.
Tracking data also enable us to produce estimates of the average discounted lamp wattage for each
evaluated upstream lighting measure group and PA and provide the ex ante values needed to pass through
for specific parameters that we did not address in this evaluation. We provide more discussion regarding the
program tracking data in the measure quantity adjustments (Section 4.1) and gross savings analyses
(Section 7.1).

3.1.1 Data issues

The evaluation team encountered data quality issues with the program tracking data and residential
customer data during the course of the 2019 impact evaluation, including:

Incomplete or inaccurate retail store phone numbers:

e Phone numbers of retail stores were missing for numerous records in the tracking data of one PA.
After a follow-up data request, the PA provided the missing phone numbers.

e The phone numbers for some retail stores were not accurate across all three PAs. The evaluation
team had to do additional research to correct inaccurate phone numbers.

Estimated shipment quantities:

e Many stores had an average quantity of shipments across multiple stores. For example, a shipment
of 4,000 lamps would be split evenly for a given chain into shipments of 800 across five stores.

Incomplete or inaccurate residential customer data:

e The climate zone for the customers of one PA was incorrect. The evaluation team was able to correct
the error by referring to other datasets.

3.2 Lighting sales data

Apex Analytics provided DNV GL with 2019 retail replacement lamp sales data in California.'® The sales data
included point of sale (POS) data for select retail stores from discount, drug, grocery, mass merchandise,
and membership club sales channels. The data also included a panel estimate of the remaining sales across
the California market, which included home improvement, hardware, remaining stores from the POS
channels, and online stores. Apex Analytics processed and analyzed the POS and non-POS panel data and
summarized the data in tables by lighting technology (CFL, LED, halogen, incandescent) and by lamp style
(reflector, candelabra, globe, A-lamp/spiral). See Appendix G for a description of the California sales data
and associated 2019 sales data tables.

16 Apex Analytics maintains the Consortium for Retail Energy Efficiency Data (CREED) LightTracker, which provides lamp sales data for the U.S. See
Apex Analytics 2021.
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3.3 Lighting retail store telephone surveys

During October, November, and December 2020 the evaluation team conducted computer-assisted
telephone interviewing (CATI) surveys of grocery, discount, big box, and other stores in PG&E, SCE, and
SDGR&E service territories that received shipments of PA-discounted lamps in 2019.17 The primary research
objective of the telephone surveys was to obtain an estimate of lighting sales volume in these stores in each
service territory. The secondary research objective of the surveys was to better understand what these
stores do with any unsold PA-discounted lamps.

The team’s sampling expert divided the stores that received 2019 PA-discounted lamps in 2019 into 18
primary strata, which included combinations of independent and chain grocery and discount stores in each
service territory. As shown in Table 3-2, the team targeted 600 completed surveys and ultimately completed
443 surveys. Discount and grocery stores comprised more than 70% of the targeted sample because 69% of
PA-discounted lamps were shipped to these stores in 2019. The sample design was created with a targeted
90/10 precision on sales estimates, using the shipments as proxy. Notably, there were 99 stores that
responded that they did not sell light bulbs and had not sold any in the last three years. We show results
and standard errors in Section 4.1.5. For further details on the results of the fall 2020 retail store telephone
surveys, please see Appendix I. For the data collection instrument, please see Appendix E.

Table 3-2. Final disposition of fall 2020 lighting retail store telephone surveys

Sell or Have
No Lamp Sales | Sold Lamps and

LR in Last 3 Years Provided Sales UL (ST EEE
Estimate
PGE Big Box 60 0 22 22
PGE Chain Discount 37 2 27 29
PGE quependent 3 1 5 1
Discount
PGE Chain Grocery 10 0 1 6
PGE Independent 10 3 7 10
Grocery
PGE Other 16 0 16 16
SCE Big Box 54 0 26 26
SCE Chain Discount 62 9 54 63
SCE Independent 59 19 12 31
Discount
SCE Chain Grocery 34 8 23 31
Independent
SCE Grocery 117 28 68 96
SCE Other 31 0 26 26

17 Big box stores included large home improvement and membership club stores. Other stores primarily included small hardware stores as well as
some lighting and electronics stores.
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Sell or Have

No Lamp Sales | Sold Lamps and
in Last 3 Years Provided Sales

Total Complete

Estimate
SDG&E Big Box 5 0 4 4
SDG&E Chain Discount 17 10 4 14
SDG&E Independent 10 1 1 6
Discount
SDG&E Chain Grocery 10 1 5 2
SDG&E Independent 56 14 39 53
Grocery
SDG&E Other 9 3 4 7
Total 600 99 344 443

3.4 Consumer surveys

During October and November 2020, DNV GL conducted online surveys with PG&E, SCE, and SDG&E
residential electric customers in support of the 2019 impact evaluation. These surveys asked consumers how
many lamps they purchased within the reflector, candelabra, and globe lamp replacement categories since
January 1, 2019, and where they made those purchases.!® The 2020 consumer telephone survey addressed
several key inputs to the 2019 upstream and residential downstream lighting program impact evaluation,
including:

Retail channels where consumers purchased lamps

Quantity and proportion of lamps purchased in each retail channel
Installation rates

Inputs into Consumer Lamp Price Elasticity Model!®

Respondents to the online consumer survey were asked to verify their electricity provider and zip code of
their primary home before being asked a series of questions on any recent lamp purchases in California. All
recent purchasers were asked whether they purchased reflector, candelabra, or globe lamps in four primary
technology categories (LED, incandescent/halogen, CFL). Images of each lamp style shown for multiple
technologies were presented to respondents along with the question of whether their recent purchase was a
given lamp style (e.g., reflectors) in the live online version of the survey. Within each of the three lamp
styles, respondents were asked to identify the technology or technologies they purchased, where they made
their purchase or purchases, and how many lamps they purchased at each purchase location. Again,
respondents were prompted with photos of each technology to help them identify the technology they
purchased in the online version of the survey.

18 T4 better understand the impact of the COVID-19 pandemic on lamp purchasers, we asked respondents whether they purchased any lamps before
and after March 2020 (before and after shelter-in-place orders took effect). Please see Appendix E for further details on the questions asked in
the survey.

19 please see Section 3.7 for a description of the Lamp Price Elasticity Model.
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After collecting information on purchase location and total number of lamps purchased, respondents who
purchased LEDs were asked how many lamps from their recent purchases are currently installed. LED
purchasers who did not install all of their recently purchased LED lamps were asked how many lamps they
plan to install at their home in the next year. From this series of questions, we were able to determine an
installation rate for the three evaluated measures. Section 4.4 provides a summary of installation rate
results.

Following the series of questions on LED installations, respondents were presented with lamp purchasing
scenarios, depending on the lamps that they bought, showing choices between LED and
incandescent/halogen lamps at different price points for one or more lamp styles (reflector, candelabra,
and/or globe). We provide a description of how these results were used to inform the Lamp Price Elasticity
Model and net-to-gross calculations in Section 3.7 and Appendix F. For detailed consumer survey banner
tables of results, please see Appendix J. For the online consumer survey data collection instrument, please
see Appendix E.

Table 3-3 shows the targeted and actual number of completed online surveys by stratum. We allocated
approximately 40% of the overall sample for PG&E, 40% for SCE, and 20% to SDG&E, and then allocated
the sample proportionally to the average daily kWh in each stratum. The targeted number of completed
surveys was 600 and the actual number of completed surveys was 1,554. The available number of
customers in each stratum was based on availability of the email addresses. We provide further details on
the sample stratification for the online consumer survey in the data collection and sampling plan for the
2019 program year.20

Table 3-3. Final disposition of the 2020 consumer surveys

passiratum | Cimete | pea | Usage Torgeted | Actal | Total | Numberof
articipant* | Customers |

PG&E 240 633 5,617,355 | 3,274,132
1 Inland/Desert Y Low 14 28 417,925 193,811

2 Inland/Desert Y Med 14 37 217,565 120,823

3 Inland/Desert Y High 14 38 123,107 76,633

4 Inland/Desert N Low 23 59 810,716 428,627

5 Inland/Desert N Med 23 61 339,664 205,075

6 Inland/Desert N High 23 44 179,177 112,485

7 Inland/Desert Net Meter M'\éiér 9 23 297,349 213,252

8 Mild Y Low 8 23 355,666 160,292

9 Mild Y Med 8 18 164,778 90,082

10 Mild Y High 8 17 64,916 39,296

11 Mild N Low 30 76 1,560,009 916,450

20 pNy GL 2020c.
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PA/Stratum

Climate

A A Participant*

FERA

Usage
Class

Targeted
Completes

30

Actual
Completes

Total
Customers

Available
Number of
Customers

12 Mild N Med 89 627,846 402,306
13 Mild N High 30 84 281,415 184,999
14 Mild Net Meter M'\éi::r 6 36 177,222 130,001
SCE 240 637 | 4,925,761 1,713,795
15 Inland/Desert Y Low 6 19 164,322 52,576
16 Inland/Desert Y Med 6 28 73,147 32,653
17 Inland/Desert Y High 6 30 30,370 14,082
18 Inland/Desert N Low 53 134 1,878,674 563,294
19 Inland/Desert N Med 53 117 893,289 344,535
20 Inland/Desert N High 53 96 497,075 208,311
21 Inland/Desert | Net Meter |  N®* 19 62 288,489 143,344
22 Mild Y Low 2 20 61,758 18,953
23 Mild Y Med 2 21 25,578 10,260
24 Mild Y High 2 11 10,320 4,111
25 Mild N Low 12 40 579,598 169,398
26 Mild N Med 12 29 256,265 88,463
27 Mild N High 12 21 126,902 45,092
28 Mild Net Meter | M°r 2 9 39,974 18,723
SDG&E 120 284 1,583,344 1,149,554
29 Inland/Desert Y Low 4 10 58,018 42,082
30 Inland/Desert Y Med 4 13 29,394 22,573
31 Inland/Desert Y High 4 13 11,693 9,276
32 Inland/Desert N Low 7 17 136,347 105,028
33 Inland/Desert N Med 7 13 59,741 44,136
34 Inland/Desert N High 7 15 31,461 23,645
35 Inland/Desert | Net Meter | Mt 5 21 76,509 61,151
36 Mild Y Low 6 17 153,436 104,980
37 Mild Y Med 6 15 76,924 54,675
38 Mild Y High 6 15 37,766 27,045
39 Mild N Low 19 44 493,127 366,322
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Climate

Usage

Targeted

Actual

Total

Available

PA/Stratum Zone Group FERA Class Completes | Completes Customers S
Participant* Customers

40 Mild N Med 19 41 206,018 143,285

41 Mild N High 19 35 101,330 69,037

. Net
42 Mild Net Meter 7 15 111,580 76,319
Meter
Total for all PAs 600 1,554 | 12,126,460 6,137,481

*California Alternate Rates for Energy (CARE) reduces electric bills for eligible customers by 30-35%. Family Electric Rate Assistance (FERA) reduces
electric bills for qualified households by 18%

3.5

The evaluation team conducted detailed inventories of lamps for sale in California retail stores throughout
PG&E, SCE, and SDGR&E service territories in support of the 2019 impact evaluation.?! The shelf stocking
surveys gathered information regarding residential replacement lamps stocked in retail stores. The team
completed the most recent phase of shelf stocking surveys during the winter of 2018-19 (November 2018
through February 2019).

Retail lamp shelf stocking surveys

The shelf stocking surveys targeted a sample of 200 stores. We stratified the sample by retail channel and
PA service territory and designed the sample to represent the retail market for residential lamps in these
areas. The sample design targeted roughly equal numbers of stores in each retail channel to ensure enough
sample points per channel to enable channel-to-channel comparisons. Field staff attempted to revisit the
stores included in the winter 2015-16 shelf stocking surveys to enable time-series comparisons of lamp
stocking volumes across the retail stores for market characterization purposes.

Table 3-4. Number of targeted and completed shelf stocking surveys by channel and PA, winter

2018-19
Channel PG&E SCE SDG&E Total
Discount 11 11 7 29
Drug 11 11 7 29
Grocery 10 11 7 28
Hardware 11 11 7 29
Home improvement 11 10 7 28
Mass merchandise 10 11 8 29
Membership club 11 10 7 28
Total 75 75 50 200

21 The shelf stocking surveys also supported the PY 2018 impact evaluation.
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We provide a summary of the winter 2018-19 shelf stocking survey results and winter 2015-16 results in
Appendix H. These results include comparisons of lamp availability and pricing for those two time periods.
Appendix B of the 2015 upstream lighting impact evaluation provides further details on the sampling
approach for the shelf stocking surveys.?? For the shelf stocking survey guide, please see Appendix E.

3.6 Prior EM&V studies

We relied upon data from other EM&V studies to support the overall evaluation efforts that we describe
below. These data sources include:

Upstream and Residential Downstream Lighting Impact Evaluation Report: Lighting Sector — Program Year
2018 (DNV GL 2020c). This study included all lighting measures associated with upstream delivery
mechanisms and all downstream lighting measures targeted at the residential sector. The PY 2018
impact evaluation focused on three measures—LED reflectors, LED candelabras, and LED globes—that
collectively accounted for approximately 97% percent of the PAs’ ex ante net savings from upstream and
residential downstream measures.

Upstream and Residential Downstream Lighting Impact Evaluation Report: Lighting Sector - Program Year
2017 (DNV GL, 2019c). This study included all lighting measures associated with upstream delivery
mechanisms and all downstream lighting measures targeted at the residential sector. The PY 2017
impact evaluation focused on four measures that collectively accounted for 90% percent of the PAs’ ex
ante net savings from upstream and residential downstream measures. These measures included LED A-
lamps, LED reflectors, high wattage CFLs (>30 W), and basic spiral CFLs.

Impact Evaluation of 2015 California Upstream and Residential Downstream Lighting Programs (DNV GL,
2017). This study included all lighting measures associated with upstream delivery mechanisms and all
downstream lighting measures targeted at the residential sector. The impact evaluation focused on six
measures that collectively accounted for over 87% percent of the PAs’ ex ante net savings from
upstream and residential downstream measures. These measures included basic spiral CFLs, CFL A-
lamps, CFL reflectors, high wattage CFLs (>30 W) LED A-lamps, and LED reflectors.

California Lighting and Appliance Saturation Study (DNV GL, 2014a). The California Lighting and Appliance
Saturation Study (CLASS) updates and augments saturation and efficiency characteristics from previous
CLASS studies conducted in 2005 and 2000 for use in understanding future energy savings potential and
past accomplishments in the residential sector. The 2012 CLASS included onsite observations on a
sample of 1,987 single-family, multi-family, and mobile home residences with individually metered
electric accounts across the service territories of PG&E, SCE, and SDG&E. The program year 2018
impact evaluation relied upon CLASS data to update the HOU and peak coincidence factors for LED
lamps. We provide more detail in Section 5 (Gross Savings).

Residential Lamp Inventory and Metering Study (DNV GL, 2014c). We conducted detailed lamp inventories
and hours-of-use metering of lamps in more than 2,000 California households as part of the California
Upstream and Residential Lighting Impact Evaluation Work Order 28 (W028) Final Report. In this
evaluation, we apply these saturation data to metering data collected in support of the 2006-08
evaluation to support estimates of average daily hours of use and peak coincidence factor. Please refer
to our gross savings analyses in Section 5 for further detail.

22 pNV GL 2017b.
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3.7 Lamp Price Elasticity Model

For this evaluation we used a residential consumer Lamp Price Elasticity Model, developed originally for the
PY 2018 evaluation, to support the net-to-gross ratio (NTGR) methodology.

The Lamp Price Elasticity Model relies on data from consumer surveys and the retail lamp shelf stocking
surveys. We used the online consumer survey to collect information on consumer choices required for the
model, and we used the shelf surveys to capture information regarding the context for those choices,
including details related to the selected lamp and its price.

For the PY 2019 impact evaluation, our approach to using the price elasticity model was as follows:

1. Calculate channel-level average prices for program LED lamps, non-program LED lamps, and
incandescent/halogen lamps for each lamp style in each channel. We used data from shelf stocking
surveys conducted in winter 2018-19 to calculate these averages. The average prices for
incandescent/halogen categories were combined weighted averages of both technologies.

2. Weight channel-level prices to overall program and market prices. For program LED lamps, we
weighted up to an overall average program price using program lamp sales (calculation is provided in
Section 4.1). We use this weight because the overall average price is reflective of the distribution of
prices of program lamps that sold. For the average prices of non-program LED lamps and
incandescent/halogen lamps, we weighted up to an overall average price using the relative percent of
market sales for each channel (as reported in the Consumer Survey discussed in Section 3.4). We chose
these weights because we assumed that most program LED lamps were within grocery and discount
stores at very low prices, and therefore, these program lamps most likely induced channel shift. To
account for channel shift, we considered market-wide prices for alternative and non-program lamps.

3. Estimate market shares under two scenarios. We used the average program LED lamp, non-
program LED lamp, and incandescent/halogen prices to estimate market shares within a “with program
scenario” and a “without program scenario.”

— With program scenario. This scenario reflects the average program lamp prices that the evaluation
team observed in retail stores during the shelf stocking surveys conducted in winter 2018-19. This
scenario results in an estimate of the share of program lamp sales for LEDs and
incandescent/halogen lamps.

— Without program scenario. This scenario reflects the lamp prices that consumers would have seen
in California retail stores in 2019 if the program had not occurred. This scenario results in a
counterfactual estimate of market shares that would have occurred if only prices of program
discounted lamps changed due no program activity.

The model is similar to the model used in the California 2010-12, 2013-14, 2015, and 2017 upstream and
residential downstream lighting evaluations.23 The model differs from these earlier evaluations in the
following ways:

We calculated a market-wide counterfactual with an assumption that lamp purchases would have
occurred throughout the lighting market in the proportions that customers reported making them.
Prior evaluations calculated NTGR for each channel. Due to the dominance of lamps in the grocery

23 PNV GL 2014c, DNV GL 2016a, DNV GL 2017b, and DNV GL 2019c.
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and discount channels and the likelihood that these purchases shifted customers from other
channels, it was most appropriate to consider the counterfactual across the entire market.

We used a price elasticity model rather than a discrete choice logit model, which was the most
appropriate method to leverage our data within the time and resources we had available.

Due to low CFL stock and sales in the market, we only included incandescent/halogen lamps in the
model and simulations.

In the 2017 evaluation, we used the Lamp Choice Model to calculate the market shares of
incandescent/halogen lamps and CFLs in the delta watts baseline. In this evaluation, we found that CFLs no
longer have enough market saturation to merit their inclusion in the model.?* Therefore, since the only
alternative technologies are halogen and incandescent lamps, we no longer need the Lamp Choice Model to
estimate a baseline.

Table 3-5 lists the strengths and weaknesses of the model-based net savings approach. Appendix F provides
the coefficients for the price elasticity model and provides more detail regarding its methodology.

24 \We used this same approach for the PY 2018 evaluation.
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Table 3-5. Strengths and weaknesses of the model-based net savings approach

Strengths Weaknesses

Representative consumer surveys inform the
model estimation: We conducted a robust,
stratified consumer survey to quantify customer
purchasing decisions. This approach is the most
representative way to capture state-wide price
elasticity.

Streamlined, practical, and efficient: While prior
evaluations leveraged the Lamp Choice Model,
using that model for the 2019 program would
require a new round of intercept surveys. The
2019 program was heavily concentrated in
grocery and discount stores; these stores are
notoriously difficult to intercept customers
actively purchasing lamps. In prior intercept
survey efforts, field staff would typically not
encounter any lamp purchasers in grocery and
discount stores. Therefore, the efficiency and
practicality of this approach is a core strength.

Simulation based on up-to-date retail stocking
information: We built the simulation using shelf
survey data from a representative sample of
California retail stores that sold replacement
lamps during the 2018 and 2019 program
periods. These data record the distribution of
lamp models and prices at each store, and these
data ground our analyses in the choices that
consumers faced during the program period.

Model stability: Through rigorous sensitivity
analyses conducted for both PY 2018 and PY
2019 evaluations, we found that the model
results remained stable and intuitive.

The model does not explicitly represent sales
volume: The model predicts market shares. As
such, the model does not endogenously account
for the different volumes of program shipments.

The model does not comprehensively address
substitution between program and non-program
lamps: Some stores, such as those in the home
improvement channel, have more non-program
lamps than program-discounted lamps. The
model does not handle this market situation as
well as situations in which the volume
differences are less skewed.

The model does not capture nuances of lamp,
customer, or retail attributes. The model is
based exclusively on price. Therefore, it does not
account for other lamp attributes, such as color
temperature or rated life, and it does not
account for other influences such as marketing
and product location in the store.
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4 MEASURE QUANTITY ADJUSTMENT

An important part of the upstream evaluation is to verify and adjust the quantity of measures claimed in the
program tracking data. This evaluation uses multiple measure quantity adjustments to the claimed
quantities of measures to determine the final quantities that will have the evaluated unit energy savings
(UES) applied to for savings calculations. We produced a “sales-to-shipment ratio” quantity adjustment
using a robust retail store survey. The evaluation applied a residential and non-residential proportion for all
upstream measures, and applied an installation rate to all upstream measures, consistent with prior
upstream lighting evaluations.

4.1 Sales-to-shipment ratio

4.1.1 Overview

The 2019 impact evaluation applied a “sales-to-shipment ratio” at the sales channel level. The quantity
adjustment is needed to account for heavy program activity in sales channels, mainly grocery and discount
stores, that could not support the volume of lamps that were shipped through the upstream lighting
program.

The “sales-to-shipment ratio” was introduced in the 2017 impact evaluation when evaluators found
unusually large volumes of lamps shipped to many small stores in SCE and SDG&E territories. The reported
number of lamps shipped to certain sales channels was significantly higher than the number of total
California lamp sales in those channels, as determined from other data sources. The 2018 and 2019
upstream lighting programs continued this trend, especially in the discount and grocery sales channels.

Figure 4-1 shows the quantity of lamps shipped by channel and PA in 2015, 2017, 2018, and 2019. As was
the case in 2017 and 2018, the vast majority of upstream lighting program lamps were shipped to discount
and grocery channels in 2019. Nearly 70% of the 2019 program shipments went to discount and grocery
channels across all PAs, and over 85% SCE’s and SDG&E’s 2019 program shipments went to these two
channels.
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Figure 4-1. Quantity of lamps in evaluated upstream lighting measure groups by channel* and PA,

2015, 2017, 2018, and 2019
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*Other channels include drug, hardware, home improvement, lighting and electronics, mass merchandise, and membership club stores.

To address the issue of such large quantities of lamps being shipped to discount and grocery stores, we
calculated and applied a sales-to-shipment quantity adjustment. This quantity adjustment aligned the
quantity of measures discounted and shipped in the upstream lighting program with the sales volume that
the California replacement lamp market could reasonably accommodate. To understand the relative size and
distribution of the California replacement lamp market, we leveraged the data sources in Table 4-1. To
calculate the sales-to-shipment ratio, we used the results of the Fall 2020 Retail Store Survey.
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Table 4-1. Data sources for estimating California replacement lamp market size

Dataset Source Analysis

Consortium of Retail Energy Efficiency | Estimated top down total sales

California Lamp Sales Data Data (CREED)* volume in California

Estimated total lamp sales volume
Fall 2020 Retail Store Survey” within the stores that participated in
the program in all sales channels

PGE, SCE and SDG&E participating
store lamp inventory and sales

Estimated where consumers buy

California lamp purchase locations 2020 Online Consumer Survey?
lamps by channel

California statewide retail lamp stock

- $ i i i
inventory 2008-2019 Shelf Surveys Reviewed statewide stocking patterns

*Please see Appendix G for more information on the CREED sales data.

~To view the store manager survey instrument, please see Appendix E.

#For further details on the 2020 consumer survey approach and results, please see Section 3.4 and Appendix J.
$For an overview of the Winter 2018-2019 and Winter 2015-2016 shelf survey results, please see Appendix H.

4.1.2 Size of the California lighting market

Apex Analytics compiled 2019 lamp sales data for California through the Consortium of Retail Energy
Efficiency Data (CREED). The data included point-of-sale (POS) data for select retail stores from discount,
drug, grocery, mass merchandise, and select membership club channels (POS estimate). The data also
included a panel estimate of sales from other channels in the market, which included home improvement,
hardware, and online stores, and remaining stores not included in the POS dataset (non-POS estimate).

We did not use the CREED sales data for any calculations of quantity adjustments or savings for impact
analysis. Instead, we show the data to illustrate the overall size of market and relative shares of lamp
technologies and styles.

Table 4-2 shows a breakdown of total lamp sales in California in 2019 by technology and lamp style for the
POS and non-POS estimates as well as the combined total sales from the POS and non-POS datasets. The
CREED estimates for total lamp sales volume are on the low end of the range the evaluation team looked at
for California lighting market sales.

Table 4-2. California r