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Appendix A. Potential and Gross Savings: Title 20 and Federal Standards

In this appendix, we have provided detail beyond what is included in the Volume One report on the
potential and compliance evaluations of the appliance standards that became effective during 2013,
2014, and 2015. In addition, we have included additional detail about our findings for market size and/or
compliance for previously evaluated standards.

A.1 Standard 28b - Televisions Tier 2 Potential and Compliance

This section presents the results of Cadmus’ evaluation of Standard 28b, which regulates TVs under
1,400 square inches (or 57 inches on the diagonal for a 9:16 aspect ratio screen). Table 1 summarizes
the evaluation results.

Table 1. Evaluated Results of Standard 28b

Description Television Tier 2
Effective Date 1/1/2013
California Unit Sales/Year 3,744,138
Unit Energy Savings (kWh) 110
Unit Demand Reduction (watts) 9
Unit Natural Gas Savings (Therms) 0
First Year Potential Energy Savings (GWh) 413
First Year Potential Demand Reduction (MW) 35
First Year Potential Natural Gas Savings (Therms) 0
Compliance 2013 97.2%
Compliance 2014 98.5%

First Year Potential Savings

List of Data Sources
Cadmus used the following data sources to determine first year potential savings:

e Pacific Gas & Electric. Work Paper PGECOAPP104: Energy Efficient Televisions, Revision #5.
August 24, 2012. (Reviewed workpaper according to 2013-2014 workpaper inventory
http://www.deeresources.com/files/2013 14 exante/downloads/2013-

2014 WorkpaperlnventoryAndReview-October2013-v2.xlsx)

e The NPD Group, Inc. 2013-2014 Point of Sale Television Data for California.

e (California Energy Commission. “Qualified Products List for TVs.” Accessed April 15, 2015.
https://cacertappliances.energy.ca.gov/Pages/ApplianceSearch.aspx

(Category: Electronics, Product Type: Televisions)

e Partnership for Resource Conservation. Personal communications with Paul Reeves, Database
for Energy Efficient Resources Team. December 2015.
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Market Size Analysis

Cadmus purchased point-of-sale data from The NPD Group, Inc., a leading market research company, on
California TV sales in 2013 and 2014. Based on this unit sales data and NPD’s estimate of the percentage
of unit sales captured through their point-of-sale retail partners (74%), Cadmus estimated 3,744,138
annual TV sales in California (under 57 inches). Table 2 shows two-year TV sales by size category, as well
as the weighted average screen size for each category and screen area based on a 9:16 aspect ratio.!

Table 2. 2013-2014 TV Sales by Screen Diagonal Size*

2-year Sales
Diagonal Range Market Share Representative Size Area (square inches)
2013-2014

7-29 inches 1,263,420 17% 24 inches

30-39 inches 2,915,108 39% 33 inches 473

40-49 inches 1,841,295 25% 43 inches 780

50-57 inches 1,468,453 20% 52 inches 1,164
Total 7,488,276 100% - -

* Cadmus calculated values in this table using NPD data.

Unit Energy Savings and Demand Reduction

The baseline for Standard 28b (Tier 2) is Standard 28a (Tier 1). Using the standard’s active mode
maximum power consumption equations, below, we calculated the Tier 1 and Tier 2 power consumption
for each size category, as shown in Table 3.

e Tier 1 Maximum Active Mode Wattage = 0.20 * Area (in square inches) + 32

e Tier 2 Maximum Active Mode Wattage = 0.12 * Area (in square inches) + 25

Next, we calculated the annual unit energy savings and demand reduction consistent with the methods
documented in a PG&E workpaper on televisions. To calculate the annual energy consumption (AEC) of
a television in active mode, we multiplied the active mode power (Pacive) by the amount of time (Tactive)
the television is on (= 1,882 hours per the PG&E workpaper).

AEC (kWh/year) = (Pactive * Tactive)

We calculated unit energy savings by subtracting the high-efficiency consumption from the baseline
consumption.

Annual Energy Savings (kWh/year) = AECyaseline = AEChigh efficiency

1 Cadmus determined screen area using the Pythagorean theorem and basic geometry.
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Table 3. Active Mode Power Consumption, Energy Savings, and Demand Reduction

Active Mode (W) Unit Savings Potential
Area (square

Diagonal Range E D d E D d
g g inches) Tier 1 Tier 2 R eman S eman
(kwh) (W) (GWh) (MW)

7-29 inches 238 80 54 49 4 31 3
30-39 inches 473 127 82 84 7 123 10
40-49 inches 780 188 119 131 11 120 10
50-57 inches 1,164 265 165 188 16 138 12
Weighted Average -- -- -- 110 9 -- -

We calculated the coincident peak demand reduction as:

Peak Demand Reduction [W/Unit] = AWatts/unit * Coincident Demand Factor

We applied the coincident demand factor advised by the DEER Team of 0.158. To determine the
potential energy savings and demand reduction, we multiplied the unit savings by the number of units
sold in each size category.

Compliance

Cadmus estimated the compliance rate based on our analysis of a database purchased from NPD that
provides unit sales in California for the 2013-2014 time period for TVs under 57 inches. The database
includes brand, model, size, type, ENERGY STAR® version, and power consumption (only for ENERGY
STAR products). Over 60 brands are included in the database, which covers a total of 5,541,324 unit
sales for the two-year period. As a quality control check, Cadmus compared the screen size, ENERGY
STAR version, and power consumption between the NPD database and a list of qualified products
obtained from the ENERGY STAR website? for a sample of 20 randomly selected ENERGY STAR
designated models. There were discrepancies in the listed power consumption for five of the models;
however, none of these discrepancies were large enough to affect the compliance status of the models
in question.

NPD Database Characteristics

The NPD dataset contains four categories of data, shown in Figure 1, with different levels of information
available. Unit sales data at the model level are available for “unsuppressed” models (shown on the
right side of figure). For suppressed models (shown on the left side of figure), unit sales across multiple
models are binned to mask retailer-specific sales data, since some retailers carry exclusive models.
These bins are separated by time period, brand, display size and type, and ENERGY STAR disposition. For
all TVs, NPD coded the ENERGY STAR version, status, and power consumption into its database at the
time the model was introduced to their system.> Non-ENERGY STAR products do not include power

2 ENERGY STAR. “Certified Products.” Available online:
https://www.energystar.gov/productfinder/product/certified-televisions/results

3 Models that are later qualified as ENERGY STAR products may not be updated in NPD’s database.
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consumption data in the database (shown on bottom half of figure). Cadmus’ compliance analysis
differed for each of the four categories of data.

Figure 1. Categories of NPD Data Analyzed

. Model Level
Binned Sales, [ Sales .
Power Data [ 5 B 71.1% have
23.9% & OWEFEatd power data
' o 47.2%
i
Model Suppression
Model Level
Sales, 28.9% do not
No Power Data
have power data
11.5%
41.3% are 58.7% are
suppressed unsuppressed

Listed Compliance

Cadmus calculated the listed compliance rate by summing the sales of all models in the NPD list that also
appeared on the California Energy Commission (CEC) list and dividing by the total TV sales. Only
unsuppressed models are included in the numerator since we require a model number in order to match
against the CEC list.

Unlisted Compliance

Cadmus determined the compliance status of those units not on the CEC list using methods applicable to
each of the categories shown in Figure 1, as described next. The unlisted compliance rate excludes the
models already included in the listed compliance rate.

Models and Bins with Power Data

As long as sales data includes power consumption and screen size, we can determine compliance
regardless if the model number is suppressed or unsuppressed. Using the maximum power consumption
allowed by the standard for a particular screen size, Cadmus determined if a model or bin of models was
compliant. Of the 71% of unit sales in the dataset with power consumption information available (and
which we could therefore assess for compliance in this manner), we found compliance rates of 99.9% in
2013, 99.5% in 2014, and 99.7% across the two years.

Models without Power Data in NPD Database

For unsuppressed models that were listed as a non-ENERGY STAR product in the original NPD database
(11.5% of the entire dataset), we cross-referenced ENERGY STAR product lists for models that may have
become ENERGY STAR-qualified after NPD originally coded the disposition. These ENERGY STAR lists
contain on-mode power consumption, enabling us to determine compliance.

CADMUS
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Due to the large number of distinct model numbers, as well as formatting differences between the NPD

dataset and ENERGY STAR lists, Cadmus standardized the model number formatting by stripping out

non-alphanumeric characters (such as hyphens and asterisks) in order to maximize our success in

matching model numbers. For models that did not result in an ENERGY STAR match, we researched their

power consumption specifications on the internet, primarily via the brand websites.

We successfully matched power consumption information for 96% of the unit sales within this group,
and determined that the compliance rates are 91.8% in 2013, 95.7% in 2014, and 92.8% between the
two years. We assume the remaining 4% of unit sales within this group (0.5% of total sales) adhere to

the same compliance rate.

Bins without Power Data in NPD Database

About 18% of unit sales in the NPD database were of suppressed models coded as non-ENERGY STAR
and lacking the information required to compute compliance. To estimate the compliance rate of this

remaining category, Cadmus considered multiple approaches:

1. The simplest method would be to assume that compliance among TVs with power data is

identical to TVs without power data. However, this could lead to bias, as the models with power

data provided by NPD were all originally coded as ENERGY STAR products, and are thus likely to

be more efficient than those coded as non-ENERGY STAR.

2. Another method would be to obtain a list of suppressed models from NPD (without associated

unit sales data) and determine compliance for each model, then use a straight average across all

models. However, since the distribution of unit sales can vary tremendously among models, we

decided against this approach.

3. The final method, and that which was eventually chosen, was to assume consistency between

the suppressed and unsuppressed models at the brand level. About 70% of unit sales in this

category were associated with a brand that had unsuppressed models in the database. To

calculate compliance, we applied each brand’s compliance rate to their sales in this data

category. Using this approach and ignoring sales of unknown brands, we calculated annual

compliance rates of 93.7% in both 2013 and 2014 for this data category.

Compliance Rates

Table 4 shows the annual listed, unlisted, and overall compliance rates. The listed and unlisted

compliance rates are mutually exclusive; no unit sales are double counted.

Table 4. Compliant Sales

Compliant Sales Compliance Rate
Category

Listed by CEC 148,457 553,941 5.4%
Unlisted 2,522,144 2,196,915 91.8%
Total* 2,670,601 2,750,856 97.2%

* Total unit sales were 2,747,918 in 2013 and 2,793,406 in 2014.
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The percentage of listed compliant sales is low because it requires model numbers to match between
the NPD dataset and CEC list; about 42% of the NPD unit sales are suppressed (the model number is
masked). If considering only unit sales with unsuppressed model numbers, the listed compliance rates
are still just 9.1% in 2013, 34.6% in 2014, and 21.8% between the two years. Therefore, when
ascertaining market compliance, we cannot rely on the CEC’s compliance list alone.

A.2 Standards 29/30 — Small Battery Chargers Potential and Compliance

This section addresses an evaluation of Title 20 standards regulating consumer battery charger systems.
The standards took effect between 2013 and 2014. Standards 29 and 30 regulate consumer battery
charger systems with a rated input power of 2 kW or less, as well as consumer uninterruptible power
supplies (UPS) and golf cart battery charger systems. Standard 29 covers consumer products that are not
USB chargers and USB charger systems under 20 watt-hours (Wh),* while Standard 30 regulates USB
charger systems with a battery capacity of 20 watt-hours or more, such as media tablets. Table 5
summarizes each standard’s potential and compliance evaluation results.

Table 5. Evaluated Results

Small Battery Chargers: Tier 1 Small Battery Chargers:
Description (Consumer with no USB charger | Tier 2 (Consumer with USB

or USB charger <20 watt-hours) | charger 220 watt-hours)
Effective Date 2/1/2013 1/1/2014
California Unit Sales/Yr 43,767,000 5,197,800
Unit Savings kWh 9.9 0
Unit Demand Savings kW 0.00039 0
First Year Potential Savings GWh 433 0
First-Year Potential Demand Savings MW 17 0
2013-2015 Compliance Rate 90% 88%

In 2012, the U.S. Department of Energy (DOE) published a notice of proposed rulemaking regarding
energy conservation standards for battery chargers. Title 20 standards for consumer products will be
preempted once national standards take effect.’

4 Standard 29 includes inductive charger systems and battery backup and uninterruptible power supplies.

5 Appliance Awareness and Standards Project. “Battery Chargers.” Available online:

http://www.appliance-standards.org/product/battery-chargers
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First-Year Potential Savings

List of Sources

NPD Group. Flat File for Cordless Phones, Notebook Computers, Tablets, Uninterruptible Power
Supplies. Purchased September 2015.

CASE Report: Analysis of Standards Options for Battery Charger Systems. Ecos Consulting.
October 2010. http://www.energy.ca.gov/appliances/battery chargers/documents/2010-10-
11 workshop/2010-10-11 Battery Charger Title 20 CASE Report v2-2-2.pdf

California Energy Commission (CEC) Staff Report. "Staff Analysis of Battery Chargers and Self-
Contained Lighting Controls." October 2011. Online at:
http://www.energy.ca.gov/2011publications/CEC-400-2011-001/CEC-400-2011-001-SF.pdf

CEC Qualified Products List- Battery chargers. Accessed June 15, 2015. Available at
http://www.energy.ca.gov/appliances/

Technical Support Document (TSD): Battery Chargers for the Supplemental Notice of Proposed
Rulemaking (SNOPR). U.S. DOE. July 2015. Available online at:
http://www.regulations.gov/contentStreamer?documentld=EERE-2008-BT-STD-0005-
0230&attachmentNumber=1&disposition=attachment&contentType=pdf

TSD: Battery Chargers for the Notice of Proposed Rulemaking (NOPR). U.S. DOE. March 2012.
http://www.regulations.gov/#!documentDetail;D=EERE-2008-BT-STD-0005-0075

Battery Charger Systems Test Results. Pacific Gas and Electric (PG&E). June 22, 2009. Sent to
Cadmus via email on 2/3/2016.

Market Size Analysis

As shown in Table 6, the CASE report provides 13 market segments where small consumer battery
chargers are used. In 2010, when the CASE report was written,® tablets did not make up a large part of
the market, but since they have gained market share and have a sizable battery (e.g., 38.5 watt-hour
battery for the iPad Pro’), we added them to the list as a Standard 30 product. Table 6 shows 2013 sales,
calculated using the CASE report’s 2009 sales values and compound annual growth rate, and updated
annual sales from the evaluation. For products based on the DOE TSD, we adjusted the market to

California using 12% of the population.

6 Apple. “Apple Press Info: Apple Launches iPad.” January 2010. Available online:
http://www.apple.com/pr/library/2010/01/27Apple-Launches-iPad.html

7 Apple. “iPad Pro.” Available online: http://www.apple.com/ipad-pro/specs/
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Table 6. Small Consumer Battery Charger Market Size

CASE Report | Evaluated Annual Evaluation Data
Standard
2013 Sales* CA Sales Source

Auto/Marine/RV 200,000 60,891 TSD SNOPRx12%
Cell phones (including smart phones) 29 41,650,000 20,985,140 = TSD SNOPRx12%
Cordless phones 29 2,150,000 1,553,200 ' NPD
Personal audio electronics 29 13,730,000 4,883,603 = TSD SNOPRx12%
Emergency systems (e.g.,

. gency .y le.g . 29 1,300,000 153,200 NPD
Uninterruptible Power Supplies [UPS])
Laptops 29 9,540,000 3,232,700 | NPD
Personal care 29 2,110,000 1,812,000 = TSD SNOPRx12%
Personal electric vehicles 29 90,000 977,981 TSD SNOPRx12%
Portable electronics 29 3,310,000 6,330,999  TSD SNOPRx12%

N CASE Report plus
Portable lighting 29 10,000 10,406
CAGR**

Power tools 29 3,490,000 3,615,537 | TSD SNOPRx12%

. CASE Report plus
Universal battery charger 29 120,000 123,806

CAGR**

Golf cart/ electric carts 29 30,000 27,442 TSD SNOPRx12%
Tablets 30 N/A 5,197,800 = NPD

*CASE Report Table 11 and Table 12.
**Values for these product categories were unavailable from data sources we examined.

Unit Energy and Demand Savings

Cadmus considered multiple approaches to assess energy and demand savings. Since the DOE is
pursuing regulations for battery chargers, we initially attempted to utilize data from the DOE TSD as an
additional data source on battery charger performance. However, we encountered a number of issues in
attempting the comparison:

1. DOE indicates its standard is not comparable to the CEC standard. Indeed, Cadmus found the
CEC standard covers battery charger systems, which include batteries, while DOE only regulates
battery chargers. The energy consumption calculations reflect this difference.

2. Inresponse to comments received during the rulemaking, DOE provided mapping?® of its
candidate standard levels to the CEC standard for each DOE product class. When Cadmus
attempted to recreate the mapping based on product class typical energy performance, the
results did not agree with DOE’s mapping.

3. DOF’s battery charger rulemaking does not include uninterruptible power supplies, which is
covered in a separate rulemaking.

8  See TSD NOPR. 2012.
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Ultimately, Cadmus used an approach employed in previous evaluations of codes and standards:
examining the CASE report for reasonableness. We recognize the CEC staff report is more recent than
the CASE report, but because it was largely based on the CASE report and because it incorporates CEC
staff adjustments to CASE report values, we decided to focus on the CASE report for the majority of our
analysis.

Standard 29

CASE report calculations for baseline and compliant energy consumption are segmented into the 13
product categories previously discussed. A key calculation input is the duty cycle, which is the amount of
time spent in active charging mode, maintenance mode, no battery mode, and unplugged. Table 7
shows the CASE report’s duty cycles for each product category. Cadmus verified that each profile totals
to 100% (allowing for rounding errors). We also examined profiles for reasonableness and found all to
be feasible. For example, we would expect UPS charger systems (an emergency systems product
category) to be in maintenance mode nearly all of the time, and we see that reflected in the table
below. One can reasonably assume personal electric vehicle chargers would not be unplugged very
often due to inconvenience, but cell phones and portable electronic chargers are often unplugged and
carried around.

Table 7. Duty Cycle from CASE Report Table 6

Auto/Marine/RV 1% 42% 46% 10% 99%
Cell Phones 3% 30% 19% 48% @ 100%
Cordless Phones 35% 56% 9% 0% | 100%
Personal Audio Electronics 2% 25% 35% 38% @ 100%
Emergency Systems 0% 100% 0% 0% | 100%
Laptops 4% 56% 30% 10% @ 100%
Personal Care 3% 86% 3% 9% @ 101%
Personal Electric Vehicles 36% 28% 35% 1% @ 100%
Portable Electronics 1% 11% 1% 87% | 100%
Portable Lighting 0% 99% 0% 1%  100%
Power Tools 2% 48% 13% 37% @ 100%
Universal Battery Charger 0% 66% 17% 17% @ 100%
Golf Cart/Electric Carts 20% 47% 13% 19% 99%

Cadmus next examined the reasonableness of baseline and compliant wattages from the CASE report.
Table 8 shows the baseline wattage in each operating mode, accompanied by Cadmus’ assessment of
reasonableness.

In two instances (highlighted in red), maintenance and no battery mode wattage appeared high.
Products shown in green were considered reasonable (including, where available, a reference to support
the assessment). Cadmus also obtained battery charger test results from PG&E—one of multiple inputs
to the CASE report (shown in the rightmost column). The PG&E tests, conducted in 2007-2008, also
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suggested the CASE report contained unrealistically high maintenance mode wattages for
auto/marine/RV and for personal electric vehicles. For most other products, PG&E’s data agreed with
the CASE report’s maintenance mode power.

Table 8. Baseline Wattage from CASE Report Table 7 and PG&E 2009

. PG&E 2009
Baseline Wattage Cadmus Judgement/Reference P—

Average
X [\ [o) % at :
Maintenance Reasonable? Maintenance
Battery Peak
Wattage

Maintenance and no batter
Auto/Marine/RV 200.0 41.9 49.3 21% o v 9.7
wattage is high

http://www.lodielectric.com/p

Cell Phones 5.8 0.5 0.3 28% | df/residential/Appliance%20us 0.4
age-cost%20chart.pdf
Cordless Phones 2.7 2.2 1.7 95% 1.6
Personal Audio
i 6.1 0.5 0.1 16% 0.32
Electronics
Emergency Systems 1.8 2.9 2.5 100% 13.4*
http://www.lodielectric.com/p
Laptops 49.4 3.0 1.9 32% df/residential/Appliance%20us N/A
age-cost%20chart.pdf
http://www.lodielectric.com/p
Personal Care 4.3 1.0 09 80% df/residential/Appliance%20us 1.1
age-cost%20chart.pdf
Personal Electric Maintenance and no battery
. 261.4 34.1 33.9 31% L 3.6
Vehicles wattage is high
http://www.lodielectric.com/p
Portable Electronics 20.0 2.5 0.9 6% df/residential/Appliance%20us N/A
age-cost%20chart.pdf
Portable Lighting 5.0 1.6 0.4 70% 3.4
http://www.treehugger.com/g
Power Tools 20.0 3.5 1.8 30% | adgets/is-it-greener-to-use-a- 2.4

roomba-or-an-upright.html

Universal Battery

10.0 1.1 0.9 26% 1.0
Charger
Golf Cart/Electric http://www.ziparoundcarts.co
581.0 103.0 1.6 14% . N/A
Carts m/Energy-Savings.html

* Average wattage across 4 products tested. Two of the UPS systems had maintenance wattages under 3 W, while the
other two had maintenance wattages over 20 W.

When Cadmus examined compliant wattages from the CASE report (Table 9), we found two products
where the maintenance/no battery mode power appeared unrealistic, based on the battery system’s
large size: golf carts and auto/marine/RV. For the universal battery charger product, we found the
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compliant wattage in the charge mode greater than the baseline, which appeared erroneous. For
emergency systems (namely UPS), the 0.5 watts maintenance power appeared more stringent than the

standard required.

Table 9. Compliant Wattage from CASE Report Table 8

Compliant Wattage
. No % at Reasonable?
Charge Maintenance
Battery Peak
0.5 0.3 21%

. Maint/No Battery Mode is not realistic
Auto/Marine/RV 142.9

given the battery energy capacity (Eb)

Cell Phones 3.9 0.5 0.3 28%
Cordless Phones 0.9 0.5 0.3 95%
Personal Audio
. 2.7 0.5 0.1 16%
Electronics
Emergency Systems 1.8 0.5 0.3 100% = Appears low
Laptops 47 0.5 0.3 32%
Personal Care 1.6 0.5 0.3 80%
Personal Electric Vehicles 186.8 0.5 0.3 31%
Portable Electronics 14.3 0.5 0.3 6%
Portable Lighting 3.6 0.5 0.3 70%
Power Tools 14.3 0.5 0.3 30%
Active mode consumption greater than
Universal Battery Charger 47.7 0.5 0.3 26% . P &
baseline
Golf Cart/Electric Carts 523 0.5 0.3 14% MEIN LS LB ICE T

given Eb

Cadmus also examined the CASE report calculations of annual energy consumption (AEC) and, using the
following calculation, could not reproduce baseline and compliant AEC values for certain product
categories:

8760 hours/yr
1000 W/kWh

Eannual = [(Pcharge X Dcharge) + (Pmaint X Dmaint) + (Pno bat X Dno bat)] X

Where:

P = power consumption in watts

D = duty cycle

The battery charger system is not consuming any energy while unplugged, so that mode does not
appear in the calculation of AEC. Given Cadmus could not, in certain cases, reconcile the results with the
CASE report AEC values, we calculated energy savings using the duty cycle shown in Table 7 and with
updated wattages (in instances where we found concerns with the original CASE report values), which
we highlighted in green in Table 10.
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Table 10. Cadmus Unit Savings Calculation Inputs

Baselme Wattage Compliant Wattage Unlt Savmgs
Charge Charge
Battery Battery

Auto/Marine/RV 5.4° 142.9 0.3° 40.9 0.0010
Cell Phones 5.8 0.5 0.3 3.9 0.5 0.3 0.5 = 0.0000
Cordless Phones 2.7 2.2 1.7 0.9 0.5 0.3 15.0 0.0016
Personal Audio Electronics 6.1 0.5 0.1 2.7 0.5 0.1 0.6 = 0.0000
Emergency Systems 1.8 2.9 25 1.8 0.95° 0.3 17.1 | 0.0020
Laptops 49.4 3 1.9 47 0.5 0.3 17.3 | 0.0006
Personal Care 4.3 1 0.9 1.6 0.5 0.3 4.6 0.0004
Personal Electric Vehicles 261.4 43 2° 186.8 0.5 0.3 249.1 | 0.0088
Portable Electronics 20 2.5 0.9 14.3 0.5 0.3 2.5 | 0.0000
Portable Lighting 5 1.6 0.4 3.6 0.5 0.3 9.5 0.0008
Power Tools 20 3.5 1.8 14.3 0.5 0.3 15.3 | 0.0005
Universal Battery Charger 10 1.1 0.9 3.9¢ 0.5 0.3 4.4 | 0.0001
Golf Cart/Electric Carts 581 103 1.6 523 23.2° 0.6° 431.3 0.0069

@ Value from PG&E test data averages.
b Calculated based on Eb of CEC database products.
¢From CEC staff report Table A-6.

Baseline wattage updates were derived from PG&E test data, while updates to the compliant
maintenance and no battery wattages were calculated based on the battery energy (Eb), in watt hours,
of products listed in the CEC database, and then assigned a share to the maintenance mode and no
battery modes based on actual product performance.

The standard requires the sum of maintenance mode power and no battery mode power to be equal to
or less than:

(1 x N +0.0021 x Eb)
N equals the number of charger ports.

Cadmus also examined the CEC database for product categories that we did not ultimately update. We
found the CASE report compliant wattages generally agreed with the minimum compliant performance
for products such as cell phones, power tools, and laptops.

From these values, Cadmus calculated sales-weighted unit energy and demand savings of 9.9 kWh and
0.00039 kW, respectively.

Standard 30

Cadmus could identify only one product class meeting this standard’s definition (consumer products
with USB charger greater or equal to 20 watt-hours): media tablets. This product was not a large part of
the market when the CASE report was developed, and as such, no savings were attributed to tablets in
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the CASE report. In fact, the CASE report does not differentiate between USB and non-USB chargers. In
our professional judgement, as the market did not exist when the standard was being developed, there
are no savings.

Compliance

Cadmus determined sales-weighted compliance rates for battery charger products using California sales
data purchased from the NPD Group and from checking whether product models appeared on the CEC
qualified-products list. Products not found in the CEC list were categorized as noncompliant unless we
could find performance specifications that indicated the model met the minimum standard
requirements.

For most products, Cadmus could not find the required information (e.g., 24-hour charge and
maintenance energy) to assess compliance solely using published product specifications (excepting UPS,
where product specifications sometimes included the maintenance mode power). Even basic battery
specifications, such as the energy capacity in watt-hours, proved unavailable for many tablets and
notebook computers examined.® To increase the rigor of the compliance analysis, we recommend
conducting additional independent testing of a sample of high-impact products, such as personal
electric vehicles.

Data Sources and Sampling Plan

NPD Flat File (provided September 2015). Cadmus obtained California point-of-sale (POS) data for
products using consumer battery charger systems (e.g., cordless phones, notebook computers, tablets,
uninterruptible power supplies). This file provided Cadmus with 2013 and 2014 unit sales,
manufacturers, product model numbers, product descriptions, and dollar sales. For some unit sales, the
model number is suppressed to protect retailer confidentiality, as some retailers carry exclusive models.
Table 11 shows the proportion of suppressed units for each product type.

Table 11. NPD Suppressed Unit Summary

Total CA Units in Total Suppressed Proportion of
NPD POS Database Units Suppressed Units

Cordless Phones 896,255 6,996 1%
Cordless Phones w/Answering Device 1,402,537 1,660 0%
Notebook Computers 4,784,433 526 0%
Uninterruptible Power Supply 226,791 2,471 1%
Tablets 7,692,769 362,609 5%
Total 15,002,785 374,262 2%

9 One exception to note is that Apple provides battery energy in watt-hours for products such as the iPad and

Macbook. Other manufacturers often provide battery capacity in terms of mAh or play time, which are not
comparable units of energy.
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e CEC Qualified Products List: Battery chargers. June 15, 2015. Available at
http://www.appliances.energy.ca.gov/ Cadmus largely relied on the CEC’s compliant product list

to determine compliance. This list provides Manufacturer, Model number and Consumer
product number, Product descriptions, Product type, and Battery type. The model numbers are
reported by manufacturers; some manufacturers provide consumer end-use product models
while others report the battery charger component model information.

The following section describes the sampling approach Cadmus used to determine compliance for each
standard. We assumed most tablets met the definition for Standard 30 (USB chargers over 20 watt-
hours); so that product category was assigned to Standard 30 while other categories (e.g., cordless
phone, cordless phone with answering machine, notebook computer, UPS) counted towards

Standard 29.

Determine Sample Size
For Standard 29 and Standard 30, Cadmus developed a sample to achieve at least 90% confidence and
10% precision for the overall compliance rate. For Standard 29, Cadmus sampled in a manner ensuring a
minimum of 80% confidence and 15% precision were achieved for each product category. Additionally,
as laptop computers make up a majority of products and expected savings for battery chargers, we
chose to sample more data points to achieve higher confidence and precision levels. Cadmus
determined sample size at the product level using the following equation:
72

no=(2) p1-5)
Cadmus used P to represent the proportion of compliant batteries. For the proposed sample design, we
assumed p = 0.5, maximizing variance and providing a conservative estimate of the sample size
required to meet the confidence and precision targets. We determine the z value according to the
desired level of confidence (e.g., for 80%, z=1.282) and e according to the desired level of precision
(e.g., e=15%).

Table 12 presents sample size targets for each Standard 29 product as well as an estimate of overall
confidence and precision. Table 13 shows the target sample size for Standard 30.

Table 12. Sample Size and Confidence/Precision for Standard 29 Products

. Confidence Relative
Product Type Target Sample Size .
Level Precision
UPS 19

80% +14.7%

Notebook Computers 64 90% +10.3%
Cordless Phones 19 80% +14.7%
Cordless Phones with Answering Machines 19 80% +14.7%
Total 121 90% +7.5%
CADMUS
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Table 13. Sample Size and Confidence/Precision for Standard 30

Relative
Product Type Target Sample Size Confidence Level
Precision

Tablets 90% +10.3%
Total 64 90% +10.3%

Standard 29 Compliance Results
Table 14 shows sales-weighted compliance results for each product category, with the overall
compliance rate for Standard 29 weighted by the relative sales in each product category.

Table 14. Compliance Rates for Small Battery Chargers Standard 29

. Listed Unlisted Total
Achieved . . .
Product Type . Compliance Compliance Compliance
Sample Size

Rate Rate Rate
UPS 19 22% 9% 31%
Notebook Computers 64 88% N/A 88%
Cordless Phones 19 100% N/A 100%
Cordless Phones with Answering Machines 19 100% N/A 100%
Overall 121 89% 90%

Table 15 presents the weights applied to each product category to determine the total compliance rate.

Table 15. Proportion of Standard 29 Sales by Product Category

Battery Type Proportion of Sales

UPS 3%
Notebook Computers 65%
Cordless Phones 12%
Cordless Phones with Answering Machines 19%

Cadmus found cordless phones and cordless phones with answering machines exhibited the highest
compliance rates for battery charger products, and uninterruptible power supplies exhibited the lowest
compliance rates of all product categories. This primarily resulted from a relatively small CEC product list
for UPS, making compliance verification difficult.

Verifying compliance for notebook computers proved difficult because some models in the CEC
database were that of the battery charger component and not the consumer-facing model of the
notebook computer, while the NPD database only provided consumer-facing product model numbers.

The CEC database manager told Cadmus that vendors supplied the model numbers. The model numbers
in the CEC database were not reported consistently among manufacturers; in some cases, the model
number did not align with consumer-facing product model numbers as some brands reported the
component (battery charger) model information, which may apply to multiple notebook computer
models.
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From a compliance measurement standpoint, this proves problematic as some products cannot be
verified using laptop computer model numbers and there is no known database tracking battery charger
sales volume by component number. Additionally, to assess and enforce compliance for these brands,
evaluators would need to verify that the battery charger supplied for a particular laptop actually was the
component listed by manufacturers.

Standard 30 Compliance Results

Cadmus analyzed media tablets to assess compliance with Standard 30. If the CEC database did not list
the product, Cadmus considered the product noncompliant with Title 20 regulations. We could not find
the required product performance specifications online and subsequently could not assess unlisted
compliance. Table 16 lists sales-weighted compliance rates for Standard 30 battery chargers.

Table 16. Compliance Rates for Standard 30
Tablets 64 88%
Total 64 88%

Cadmus found 88% of tablets sold in California complied with Standard 30, though many low-volume
manufactures did not comply with the standard. The NPD database included over 76 unique tablet
manufacturers, but only eight brands had sales greater than 1% of the CA tablet market.

As shown in Table 17, Apple, Inc., accounted for 57% of the CA tablet market, and all but one iPad model
was found to be compliant (i.e., not listed in the CEC database). Additionally, Cadmus found that the CEC
product database did not list a single product for some of the smaller manufacturers. For example, the
CEC database did not contain Mach Speed or Visual Land products.

Table 17. Tablet Manufacturers with CA Market Share >1%

Manufacturer/Brand CA Market Share

Apple, Inc. 57%
Samsung 18%
RCA 3%
Microsoft 3%
Google Nexus 3%
Nextbook 2%
Mach Speed 1%
ASUS 1%
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A.3 Standard 32 - Large Battery Chargers

This section covers the evaluation of the Title 20 standards regulating large battery charger systems,
which have a rated input power of more than 2 kW, such as for lift trucks.'® Table 18 summarizes the
potential and compliance evaluation results for Standard 32.

Table 18. Evaluated Results

Description Large Battery Chargers
Effective Date January 1, 2014
California Unit Sales/Yr 7,334

Unit Savings kWh 1,782

Unit Demand Savings kW 0.08

First Year Potential Savings GWh 13

First Year Potential Demand Savings MW 0.58
2013-2015 Cycle Compliance Rate 78%

First-Year Potential Savings

List of Sources
e Industrial Truck Association Market Intelligence: U.S. Factory Shipments 2014. Accessed July 1,
2015: http://www.indtrk.org/download/1407/

e Michel, Roberto. “Elevating the fuel cell lift truck market.” Modern Materials Handling, 2014.
Accessed July 1, 2015: http://www.mmh.com/article/elevating the fuel cell lift truck market

e U.S. Energy Information Administration (EIA) 2013 Table C.10. Accessed July 1, 2015:
http://www.eia.gov/state/seds/data.cfm?incfile=/state/seds/sep sum/html/rank use.html&sid
=Us

e Ecos Consulting. CASE Report: Analysis of Standards Options for Battery Charger Systems.
October 2010.

e (California Energy Commission. “Staff Report: Staff Analysis of Battery Chargers and Self-
Contained Lighting Controls." October 2011. Available online:
http://www.energy.ca.gov/2011publications/CEC-400-2011-001/CEC-400-2011-001-SF.pdf

e Interviews with battery charger manufacturers/vendors.

e (California Energy Commission. 2014 Regulations. Available online:
http://www.energy.ca.gov/2014publications/CEC-400-2014-009/CEC-400-2014-009-
CMF.pdfMarket Size Analysis

10 Electric vehicles are not covered by this standard; golf carts are covered under the consumer battery charger
standard; standards regulating non-consumer UPS chargers do not take effect until 2017.

CADMUS

DNV-GL 17


http://www.indtrk.org/download/1407/
http://www.mmh.com/article/elevating_the_fuel_cell_lift_truck_market
http://www.eia.gov/state/seds/data.cfm?incfile=/state/seds/sep_sum/html/rank_use.html&sid=US
http://www.eia.gov/state/seds/data.cfm?incfile=/state/seds/sep_sum/html/rank_use.html&sid=US
http://www.energy.ca.gov/2011publications/CEC-400-2011-001/CEC-400-2011-001-SF.pdf

Large battery charger systems are those with a rated input power of more than 2 kW. According to the
Battery Charger CASE Report, lift trucks are the primary application of large battery charger systems.
Therefore, we based our estimate of annual units per year of large battery chargers on the lift truck
market.

According to personal communication with staff at the Industrial Truck Association (ITA), lift trucks are
often sold without batteries; but batteries and their charger systems are also sold by lift truck
equipment dealers. In our analysis of the market size (Table 19), we assumed that one battery charger
system is sold for each lift truck. From ITA-reported shipments of lift trucks in 2014, we determined the
number of battery-powered trucks at the national level. Then, we estimated California’s share of
shipments based on the percentage of commercial and industrial electricity sales in California versus the
nation. By applying this share (6.6%) to the national sales estimate of electric lift trucks, we estimated
that 7,334 lift truck battery charger systems were sold in California in 2014. This is comparable to the
estimate in Table 11 of Ecos Consulting’s CASE report, which shows 7,000 (2,000 single-phase and 5,000
three-phase) lift truck chargers were sold in California during 2009.

Table 19. Large Battery Charger Market Size Analysis

Market Parameter Value [Source]

U.S. Factory Shipments in 2014 of Lift Trucks (All Classes) 184,979 [ITA]
Electric Lift Trucks (Electric Rider and Hand Trucks, Classes 1-3)* 109,939 [ITA]
Percentage of California C&I Electricity Sales to National C&I Sales 6.6% [EIA]
California Shipments 7,334 [Calculated]

* Fuel cell lift trucks are a small fraction (~1%) of the market and ignored in this analysis. (Source: Modern
Materials Handling)

Unit Energy and Demand Savings

The evaluation team reviewed the unit energy savings estimates in the California Energy Commission
(CEC) staff report, which drew heavily from the CASE report. The analysis in the CEC staff report is based
on the promulgated standard, which we summarized in Table 20.

Table 20. Large Battery Charger Performance Standards

Performance Parameter Standard

100%, 80%, depth of discharge CRF<1.10
Charge Return Factor (CRF) -

40%, depth of discharge CRF<1.15
Power Conversion Efficiency Greater than or equal to: 89%
Power Factor Greater than or equal to: 0.90

Maintenance Mode Power (Eb = battery capacity of tested battery) Less than or equal to: 10 + 0.0012Eb W
No Battery Mode Power Less than or equal to: 10 W

The CEC staff report describes user behavior for battery chargers in terms of duty cycle and percentage
on at peak (Tables A-4 and A-5 of the CEC report). During charge mode, a battery at less than full
capacity is actively being charged. During maintenance, the battery is fully charged and plugged into the
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charger to maintain the full charge. During no battery/unplugged mode, the battery charger is
disconnected from the battery or unplugged. This information is used to calculate energy and demand
savings. We attempted to independently verify the duty cycles for single- and three-phase lift truck
battery chargers through interviews with vendors (described in next section). However, we received
only two responses for three-phase lift trucks and one for single-phase lift trucks. Furthermore, the
information obtained from the vendors did not match the duty cycles from the CEC/CASE reports.

The CEC report (Table A-5, A-6, and A-7) also provides unit power consumption in each mode based on
product testing by Ecos Consulting. Table 21 shows the duty cycles and wattages Cadmus used to
calculate savings. Cadmus staff set the three-phase lift truck duty cycle equal to the single-phase lift
truck cycle because the original values (98% charge mode, 2% no battery mode) appeared to be
unreasonable (2% translates to half an hour out of a 24 hour day). Cadmus did not alter the wattages.

Table 21. Battery Charger Duty Cycle and Watts

Maintenance | No Battery/ % at
Battery Type Charge
% Unplugged Peak

Single-Phase Lift Trucks Duty Cycle 45% 32% 24% 19%
Single-Phase Lift Trucks Baseline Wattage 2,000 W 50 W 50 W
Single-Phase Lift Trucks Compliant Wattage 1,770 W 36 W 10w
Three-Phase Lift Trucks Duty Cycle 45% 32% 24% 19%
Three-Phase Lift Trucks Baseline Wattage 5,600 W 88.5W 335W
Three-Phase Lift Trucks Compliant Wattage 5111 W 51 W W 10

Using these data, Cadmus calculated the annual baseline and efficient energy consumption (AEC) for
single- and three-phase lift truck chargers as shown in Table 22.

Table 22. Baseline and Compliant Unit Energy Use

Unit Demand

Baseline AEC Efficient AEC Unit Energy Savings .
Battery Type Savings
(kwh) (kwh) (calculated)
(calculated)*
Single-Phase Lift Trucks 8,129 7,100 1,029 kWh 0.044 kW
Three-Phase Lift Trucks 22,394 20,311 2,083 kWh 0.093 kW

* Calculated by multiplying the wattage difference in active charge mode by percentage of time at peak.

To verify the reasonableness of these values, we back-calculated the power conversion efficiency of the
CEC and CASE report baseline case (Table 23), assuming the charge mode wattage of the compliant case
corresponded to a conversion efficiency of 0.89, the minimum required by the standard. We found that
the implied baseline conversion efficiency is approximately 80%. This is consistent with interview results
(next section) on the historic efficiency of charger systems, where one vendor said the typical efficiency
was 80%, and another said the efficiency was 88%. We acknowledge that the interview results are not
statistically significant due to the small sample size, but it does support the reasonableness of the unit
AEC values.
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Table 23. Calculation of Baseline Conversion Efficiency

Conversion Efficiency Conversion
Type Charge Wattage . Charge Wattage .
Al (standard minimum) [l Efficiency
[B] (IAT*[B]/IC])
Single-Phase Lift Trucks 1,770* 89% 2,000* 78.8%
Three-Phase Lift Trucks 5,111* 89% 5,600%* 81.2%

* Table B-6 of CEC Staff Report

Applying the relative market shares of each type of charger results in a weighted average unit energy
savings of 1,782 kWh and a demand savings 0.08 kW.

Vendor and Manufacturer Interviews

Cadmus asked equipment vendors how customers typically operate lift truck battery chargers. We
initially contacted eight large Californian lift truck dealers but did not receive a response. Therefore, we
compiled a list of seven lift truck battery charger manufacturers from a review of the ITA member
directory.'!

Of the seven charger manufacturers we contacted, one said the firm did not sell battery chargers, and
four did not respond to messages. We interviewed representatives from the remaining two
manufacturers, and our questions and their responses are presented in Table 24. Both vendors were
familiar with CEC standards for lift truck battery chargers.

Table 24. Standard 32 Manufacturer Interview Results

Question
Number Response 1 Response 2*
u

1. Deployment of Single-Phase Lift Truck Chargers

. Approximately four
In a typical 24-hour day, how many hours
hours on average,

la and during what time of the day is the . N/A
. . sometime between 12
battery charger in active charge mode?
and 6 p.m.

In a typical 24-hour day, how many hours
and during what time of the day is the

1b ) . None N/A
battery charger in maintenance charge

mode?
In a typical 24-hour day, how many hours Approximately five
and during what time of the day is the hours on average,
1c N/A

battery charger not connected to a battery between 8 a.m.and 1
(e.g., lift truck off doing work)? p.m.

11 Industrial Truck Association. Associate Member Directory. Accessed September 4, 2015. Available online:

http://www.indtrk.org/associate-members?products=chargers.
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Question
Number Response 1 Response 2*

2. Deployment of Three-Phase Lift Truck Chargers

2a

2b

2c

In a typical 24-hour day, how many hours
and during what time of the day is the
battery charger in active charge mode?

In a typical 24-hour day, how many hours
and during what time of the day is the
battery charger in maintenance charge
mode?

In a typical 24-hour day, how many hours
and during what time of the day is the
battery charger not connected to a battery
(e.g., lift truck off doing work)?

3. Power Conversion Efficiency

3a

3b

What is the typical power conversion
efficiency of these chargers?

What was the conversion efficiency five
years ago?

4. Awareness of Standards

4a

4b

Are you aware of any energy efficiency
regulations in California that are specific to
large battery chargers?

What is the regulation? Do you know when
those regulations took effect?

Approximately six hours
in aggregate; expected
to charge for many
shorter periods
throughout the day

None

Approximately 18 hours
in aggregate throughout
the day

91%

80%

Yes

CEC regulations effective
at the end of January
2014

* This manufacturer produces only three-phase fast chargers for lift trucks.

Compliance

To evaluate compliance with Standard 32, the evaluation team conducted a website review of 20 lift

Approximately 10 hours
in aggregate; expected
to charge for many
shorter periods
throughout two shifts
(two hours total), and
for the entirety of an
eight-hour shift from
10 p.m.to 6 a.m.

Six hours in “trickle
charge” mode expected
between 12 and 6 a.m.,
bringing battery from
80% to 100% of charge

Approximately 14 hours
in aggregate between
6 a.m. and 10 p.m.

92%

88.5%

Yes

CEC regulations effective
starting in January 2014

truck dealers across California. We researched the battery charger models sold by each vendor and

compared these models against the CEC database of approved, compliant models to determine the

proportion of models sold that met Title 20 standards. We considered evaluating compliance based on

product technical specifications, but we found the technical specifications lacked the level of detail

required to do this.
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Model Compliance Review

We examined the websites of 20 lift truck retailers in the Northern, Central, and Southern California
regions. We chose retailers that had the highest-rated matches through an Internet search of vendors
across California. Upon reviewing the websites of each retailer, we found that battery charger model
information was available online for just four companies.

We called each of the remaining 16 dealers, but received a response from only three. Of these, two did
not maintain an inventory of new battery chargers but instead either ordered equipment at customer
request or sold used chargers through a third-party vendor.

Table 25. Standard 32 Compliance Research Sample Size

Sample Group Number of Vendors

Initial Sample (CA retailers with websites) 20
Sample with Model Data on Website [A] 4
Sample with Model Data Offered over Phone [B]

Total Sample [A+B] 5

As shown in Table 25, for the five vendors for which battery charger model data were available, we
compared the available models against the CEC database.'? Our findings, presented in Table 26, indicate
that 78% of the models were compliant with Standard 32 based on being listed on the CEC’s approved
list.

Table 26. Standard 32 Rate of Compliance

Number of Models Sold )
Vendor # Number of Models Sold . Percentage Compliance
on CEC List

1 2 1 50%
2 4 57%
3 14 8 57%
4 3 1 33%
5 28 28 100%
Total 54 42 78%

A.4 Federal 8/18/24/25 —Clothes Washers and Dryers Potential

This section covers the evaluation of the federal standards that regulate clothes washers and dryers,
taking effect between 2013 and 2015: Fed 8, Commercial Clothes Washers; Fed 18, Residential Clothes
Dryers; Fed 24, Residential Clothes Washers (Front Load); and Fed 25, Residential Clothes Washers
(Top Load).

12 california Energy Commission. Accessed August 26, 2015.
https://cacertappliances.energy.ca.gov/Pages/ApplianceSearch.aspx.
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Table 27 summarizes the evaluation results for each standard.

Table 27. Evaluated Results

" Sandard | feds | redis | fedzs | redss |

5 inti Commercial Res. Clothes Dryer Res. Clothes Washer Res. Clothes
escription
= Clothes Washers (Electric and Gas) (Front Load) Washer (Top Load)
Effective Date 1/8/2013 1/1/2015 3/7/2015 3/7/2015

Electric 394,326

California Unit

40,779 Gas 354,695 442,549 746,761
Sales/year
Total 749,021
Unit Savings (kWh) 90 10.3 (-16) 70
Unit Demand
_ 12 1.3 (-2) 9.1
Savings (watts)
Unit Gas Savings
20 0.35 4.3 10.2
(Therms)
First Year Potential
_ 3.7 7.7 (-7) 52
Savings (GWh)
First Year
Potential Demand 0.48 1 (-1) 7
Savings (MW)
First Year Potential
Gas Savings 829,042 259,000 1,911,631 7,613,270
(Therms)
Water Savings
337,448 N/A 1,150,627 440,589
(1,000 gal/year)

Fed 8—Commercial Clothes Washers

List of Data Sources

e U.S. DOE TSD: Commercial Clothes Washers, March 2011 (Accessed 8/7/2015).
http://www.regulations.gov/#!documentDetail;D=EERE-2006-STD-0127-0118

e Work Paper PGECOAPP115: High Efficiency Clothes Washers Nonresidential Revision 3. PG&E.
August 24, 2012

e ENERGY STAR Shipment Data (Accessed 8/7/2015).
http://www.energystar.gov/ia/partners/downloads/unit_shipment data/2013 USD Summary
Report.pdf?4b19-a0b8

e U.S. Census: Statistics of U.S. Businesses 2012 States and NAICS sectors (Accessed 8/7/2015).
http://www?2.census.gov/econ/susb/data/2012/state naicssector 2012.xls

e Coin Laundry Association: About the Industry (Accessed 8/7/2015).
http://www.coinlaundry.org/about/about-industry
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e Coin-Operated Clothes Washers in Laundromats and Multifamily Buildings: Assessment of Water
Conservation Potential.
https://cuwcc.org/Portals/0/PBMP%20Coin_Operated%20Clothes%20Washers%20final%20repo
rt%20(21August2012).pdf.pdf

e Partnership for Resource Conservation. Personal communications with Paul Reeves, Database
for Energy Efficient Resources Team. December 2015.

Market Size Analysis

DOE’s TSD estimates there are four major commercial clothes washer manufacturers and five other
manufacturers. ENERGY STAR collects data from its partners to understand shipments and penetration
of ENERGY STAR products. For the 2013 survey, 19 clothes washer manufacturers responded to the
survey (residential and commercial), suggesting the ENERGY STAR data represent all major
manufacturers. ENERGY STAR data indicate 60,000 commercial use washers were shipped in 2013.

To determine the share of commercial washers in California, we used U.S. Census data. The 2012 U.S.
Business statistics allowed us to determine that for NAICS code 81 (other services except public
administration)—the two-digit code for laundry services industry, 11% of the 2012 business receipts
went to California. Thus, using this source, we estimate sales of 6,600 commercial washers in California
in 2013.

In another study, published in 2012, that analyzed the water conservation potential for coin-operated
clothes washers, the authors determined there were roughly 480,000 coin-operated washers in
California across multifamily buildings and laundromats. Table 28 shows the distribution of units, based
on top or front access from the study. In the right columns of the table, we estimate the number of units
that must be replaced each year, based on an 11-year equipment life, is 40,779 washers across all
market categories. This estimate is much higher than the value obtained using ENERGY STAR shipment
data. We prefer to use this value as we believe it provides a more comprehensive measure of the
market. This data indicate the majority (82%) of commercial clothes washers go to multifamily
applications.

Table 28. Market Size of Coin-Operated Clothes Washers

L. X . Annual Turnover (Calculated with 11-
Building Number of Units in California* . .
Year Equipment Life)

Type
yp Top Loading Front Loading Top Loading Front Loading

Laundromat 39,158 42,903** 82,061 3,560 3,900
Multifamily 74% of stock 26% of stock is
. . . 366,508 24,656 8,663
is top loading front loading

*Data sourced from Coin-Operated Clothes Washers in Laundromats and Multifamily Buildings: Assessment of
Water Conservation Potential. Data for multifamily are given in percentages in the report.
**Front loading units with capacity under 25 lbs; larger capacity models are not subject to the regulation

13 PG&E Work Paper PGECOAPP115

CADMUS

DNV-GL 24


https://cuwcc.org/Portals/0/PBMP%20Coin_Operated%20Clothes%20Washers%20final%20report%20(21August2012).pdf.pdf
https://cuwcc.org/Portals/0/PBMP%20Coin_Operated%20Clothes%20Washers%20final%20report%20(21August2012).pdf.pdf

Unit Energy and Demand Savings

Table 29 summarizes the 2013 federal standard and baseline efficiencies. The current standard has
different requirements for top-loading and front-loading washers, while the previous standard made no
distinction between the categories. As such, DOE in its TSD (Chapter 5) determined the baseline for
front-loading machines should be adjusted.

Table 29. Commercial Clothes Washer Standards (Current and Previous)

Equipment Type Effective Date Effective Date
January 8, 2013 January 1, 2007

Top-Loading Modified Energy Factor (minimum) 1.60 ft3/kWh/cycle 1.26 (previous standard)
Water Factor (maximum) 8.5 gal/ft3/cycle 9.5 (previous standard)
Front-Loading | Modified Energy Factor (minimum) 2.00 ft3/kWh/cycle 1.72
Water Factor (maximum) 5.5 gal/ft3/cycle 8.0

Chapter Six of the TSD contains data on annual energy and water use at various efficiency levels for
multifamily and laundromat applications. Table 30 provides a summary of this information for the
baseline and standard efficiency levels shown in Table 29.

We use these data to derive unit savings for two fuel scenarios: gas water heating and electric dryers,
and gas water heating and gas dryers in Table 31. In the rightmost columns of Table 31, we provide fuel-
weighted unit savings for top-load and front-load access in laundromats and multifamily applications.
Based on the PG&E workpaper, 60% of California residences have a gas water heater and gas dryer, and
nearly 40% have a gas water heater and electric dryer. The DEER support team provided Cadmus with a
peak watts/kwh factor of 0.13, which we used to calculate demand savings.'* Although the value is
specific to residential washers and dryers, we felt it was appropriate to use because (1) the majority of
commercial washers are used in multifamily applications and (2) we did not have a separate commercial
sector specific value to apply.

¥ The DEER support team indicates the peak watts/kwh factor is applicable to the 2013-2014 time period
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Table 30. Commercial Clothes Washer Annual Energy and Water Use*

Laundromat

Annual Energy Use for Laundromat
Efficiency Level

cu R o Wy 1000 i/

Top Load Baseline 1.26 9.5 1793 8.16 2782 10.63 291 58.3
Top Load Standard 1.6 8.5 1098 4.99 2485 9.5 250 25.1
Front Load Baseline 1.72 8 935 4.25 2380 9.1 250 49.1
Front Load Standard 2 5.5 680 31 2136 8.16 250 33.7

Multifamily
Annual Energy Use for Multifamily

Efficiency Level

T wh/or 1000 g/

Top Load Baseline 1.26 9.5 1020 4.64 1583 6.05 166 33.1
Top Load Standard 1.6 8.5 625 2.84 1414 5.4 142 29.7
Front Load Baseline 1.72 8 532 2.42 1354 5.18 142 27.9
Front Load Standard 2 5.5 387 1.76 1215 4.64 142 19.2

*U.S. DOE. Commercial Clothes Washer Final Rule TSD, Chapter 6.
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Table 31. Unit Energy and Water Savings by Fuel Type

Gas Water Heat and Electric Dryer Gas Water Heat and Gas Dryer Fuel Weighted

Unit Unit
Unit . . Unit . . Unit Unit Demand . . Water
X Demand Unit Savings k Demand | Unit Savings k : Unit Savings .
Savings . Savings . Savings Savings Savings
Savings Savings
1000
Kwh/yr Mmbtu/yr Kwh/yr Mmbtu/yr Kwh/yr Mmbtu/yr Gal/
al/yr
338 141 3.17 41 17 4 160 21 3.85 33

2 98 13 1.71 15

Laundromat

Top Load

Front
244 102 1.15
Load

Gas Water Heat and Electric Dryer Gas Water Heat and Gas Dryer Fuel Weighted

Unit Unit
Unit . . Unit . . Unit Unit Demand . . Water
: Demand Unit Savings k Demand Unit Savings : . Unit Savings .
Savings X Savings X Savings Savings Savings
Savings Savings
1000
Kwh/yr Mmbtu/yr Kwh/yr Mmbtu/yr Kwh/yr Mmbtu/yr Gal/
al/yr
93 80 1.8 24 10 2 92 12 2.19 3

Multifamily

Top Load 1
Front
139 58 0.66 - - 1 56 7 0.98 9
Load
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Next, we estimate the unit and potential savings across all applications and the axis of access by
applying fuel-weighted unit savings to the number of annual California units (shown in Table 28). Table
32 provides the results.

Table 32. Commercial Clothes Washer Results Across All Applications and Axis of Access

California Unit Sales/yr 40,779
Unit Savings (kWh) 90
Unit Demand Savings (watts) 12
Unit Gas Savings (therms) 20
First Year Potential Savings (GWh) 3.69
Potential Demand Savings (MW) 0.48
First Year Potential Gas Savings (therms) 829,042
Water Savings (1,000 gal/yr) 337,448

Fed 18—Residential Clothes Dryer

List of Data Sources
e AHAM 2014 Distributor Sales by State (Purchased).
e ENERGY STAR Market and Industry Scoping Report, November 2011.

https://www.energystar.gov/ia/products/downloads/ENERGY STAR Scoping Report Residenti
al Clothes Dryers.pdf

e TSD: Residential Clothes Dryers April, 2011.
http://www.regulations.gov/#!documentDetail;D=EERE-2007-BT-STD-0010-0053

e Email and phone correspondence with DEER Support Team. December 2015.

Market Size Analysis

Data from the Association of Home Appliance Manufacturers (AHAM) on unit sales of major appliances
sold through distributors in each U.S. state indicates nearly 750,000 dryers were sold in California during
2014, as shown in Table 33.

Table 33. 2014 U.S. and California Clothes Dryer Sales

California 394,326 354,695 749,021
U.S. Total 5,489,543 1,277,545 6,767,088

California distributors sold approximately 11% of all dryers in the United States. In California, 53% of
dryers sold were electric. By contrast, 81% of dryers in the United States were electric. Values in Table
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33 appear reasonable, given 6.5 million clothes dryers were sold in the United States during 2010 and
California’s population represents 12% of the United States>®

Unit Energy and Demand Savings

Fed 18 applies to products manufactured on or after January 1, 2015. Table 34 shows the current and
previous standards for standard electric and gas residential clothes dryers. The Energy Policy and
Conservation Act requires that test procedures for clothes dryers be amended to include measurement
of standby-mode/off-mode power, and DOE amended the test procedure concerning the active mode.
As a result, the baseline will be based on energy factors determined by the amended test procedure
rather than the original dryer test procedure.

Table 34. Energy Conservation Standards for Residential Clothes Dryers

Minimum Energy Factor (lbs/kWh)

Effective Date Effective Date

Appliance Effective Date
- 5/14/1994 - 12/31/2014 5/14/1994-12/31/2014

1/1/2015

(original test procedure) (amended test procedure)

Electric, standard clothes dryer
. 3.73 3.01 3.62
(4.4 ft3 or greater capacity)

Gas clothes dryers 3.30 2.67 3.20

Table 35 shows unit energy savings for standard electric and gas dryers. The U.S. DOE test procedure
uses 283 cycles per year and 8.45 pounds per load.'” The peak watt/kwh factor of 0.13 was provided by
the DEER support team for residential dryers. For gas dryers, we allocated the energy consumed into
two categories: mechanical tumbling (5%) and heating (95%).

Table 35. Unit Energy Savings for Clothes Dryers

Dryer Base Energy . Unit Energy Coincidence Unit Demand
X EE Energy Consumption . .
Type Consumption Savings Factor Savings (Watts)
8.45 x 283 8.45 x 283
Electri - = - = 19.5 x 0.130
et 3.62 661 kWh 3.73 641 kWh 19.5 kWh 0.130
Dryer = 2.5 watts
/yr /yr
8.45 x 283 0,95 8.45 x 283 0.95
———F— X% 0. ———F— X 0.
Gas 3.2 3.3
Dryer* X 0.03412 X 0.03412 0.73 therms N/A N/A
= 24.2 therms = 23.5 therms

*Conversion factor: 0.03412 therms per kWh

15 Appliance Magazine. “2010 U.S. Appliance Shipment Statistics.” April 2010.

16 U.S. Census American FactFinder; Population for 2014: 318,857,056 (U.S.) and 38,802,500 (CA).

17 The DOE final rule is available at the regulations.gov website

https://www.regulations.gov/document?D=EERE-2011-BT-TP-0054-0024
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Table 36 shows the fuel-weighted unit savings and the statewide potential savings (e.g., electricity,
demand, and gas).

Table 36. Fuel Weighted Unit and Potential Savings

5 Unit X X Potential Potential
Unit Unit Gas . Potential
. Demand . Units/ . Demand Gas
Dryer Type Savings . Savings Savings . .
Savings Year Savings Savings
(kwh) (therms) (GWh)
(Watts) (MW) (Therms)
Electric Dryer 19.5 2.5 394,326 7.68 1
Gas Dryer 0.73 354,695 285,927
Fuel Weighted 10.3 13 0.35 749,021 7.68 1 285,927

Fed 24 and Fed 25—Residential Clothes Washer

List of Data Sources
e AHAM 2014 Distributor Sales by State (Purchased).
e TSD: Residential Clothes Washers. April 2012.
http://www.regulations.gov/#!documentDetail; D=EERE-2008-BT-STD-0019-0047

e Work Paper PGECOAPP114: High Efficiency Clothes Washers Residential Revision 3. PG&E.
August 24, 2012

e Email and phone correspondence with DEER Support Team. December 2015.

Market Size Analysis

A report from the AHAM, containing unit sales of major appliances sold through distributors in each U.S.
state, indicates nearly 1.2 million clothes washers were sold in California during 2014, as shown in

Table 37.

Table 37. 2014 California Clothes Washer Sales

California 442,549 746,761 1,189,310
U.S. Total 2,116,269 6,582,440 8,698,709

In California, 63% of washers sold in 2014 were top load, while 75% of clothes washers sold nationwide
were top load. Sales in California represented 14% of national sales.

Unit Energy and Demand Savings

Standard Efficiency Requirements

Fed 24 and Fed 25 apply to products manufactured after March 7, 2015, and before January 1, 2018.
Table 38 shows standards for standard-sized residential clothes washers. After January 1, 2018, the
standards become more stringent.
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Table 38. Energy Conservation Standards for Residential Clothes Washers

Integrated Modified
Energy Factor
(ft3/kWh/cycle)

Integrated Water Factor
(gal/cycle/ft3)
(maximum values)

Product Class

(minimum values)

Top-loading, Standard (1.6 ft3 or greater capacity) 1.29 8.4
Front-loading, Standard (1.6 ft> or greater capacity) 1.84 4.7

Clothes washers manufactured before March 7, 2015, are regulated by a different set of standards, as
shown in Table 39 for standard-sized washers. These standards use the modified energy factor (MEF)
and water factor (WF). Fed 24 and Fed 25 use new metrics, called the integrated modified energy factor
(IMEF) and the integrated water factor (IWF). The IMEF includes standby and off-mode consumption;
IWF incorporates water usage from all cycles included in the energy test cycle rather than just the cold
wash cycle. The new metrics can be correlated to the previously used MEF and WF.*8 19

Table 39. Previous Standards for Standard-Sized Residential Clothes Washers

Minimum Modified Energy Maximum Water Factor
Product Class . .
Factor (Effective January 1, 2007) (Effective January 1, 2011)

Top-loading standard clothes washer 1.26 9.5
Front-loading clothes washers 1.26 -
Baseline

For the top-loading standard clothes washer, DOE defined the baseline efficiency level as the previous
standard. For front-loading standard models, DOE applied the previous ENERGY STAR level, effective
prior to July 2009, as all models on the market exceeded the previous standard and the former ENERGY
STAR level of 1.72 MEF and 8.0 WF.*°

18 Appliance Standard Awareness Project. “Clothes Washers.” Available online: http://www.appliance-

standards.org/product/clothes-washers

1% DOE TSD. Clothes Washers.

0 bid
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Table 40. Standard Sized Clothes Washer Baseline Unit Efficiency Level

ope Integrated
. Modified . Integrated
Baseline Water Factor | Modified Energy
Effici Level Energy Factor (2al/ft?) Fact Water Factor
iciency Leve a actor
Product Class g (ft3/kWh/cycle) 2 . 3 (gal/cycle/ft3)
Reference L. (maximum (ft3/kWh/cycle) .
(minimum . (maximum
Source values) (minimum
values) values)
values)
Top-loading, DOE Standard
. 1.26 9.5 0.84 9.9
Standard (effective 2011)
Front-loading, Former ENERGY
1.72 8.0 1.37 8.3
Standard STAR
Calculation

Chapter Seven of the residential clothes washer TSD contains data on annual energy and water use at
various efficiency levels for top- and front-loading, standard-size clothes washers. Table 41 shows usage
for the baseline and standard efficiency levels for top- and front-loading washers. The TSD and PG&E
workpaper savings are based on 295 wash cycles per year. The TSD assumes 100% efficiency for electric
water heaters and on 75% efficiency for gas water heaters. We used these data to derive savings for two
fuel configurations: gas water heating and electric dryers; and gas water heating and gas dryers, as
shown in Table 42.

Table 41. Residential Clothes Washer Annual Energy and Water Use

I Energy Use (kWh/year)
Product Class IWF Machine | Dryer | Water Heat | Water Use
cu.ft/kWh/cyc

gal/cyc/cu.ft | kWh/yr | kWh/yr kWh/yr 1000 gal/yr

Top Load Base 0.84 9.9 82 637 366 9
Top Load Energy Efficient 1.29 8.4 67 499 204 8.41
Front Load Base 1.37 8.3 33 386 205 7.36
Front Load Energy Efficient 1.84 4.7 45 395 106 4.76

Table 42. Unit Energy and Water Savings by Fuel Type

Gas Water Heat and Electric .
Gas Water Heat and Dryer Fuel Weighted
Dryer
Axis of
Access
Top

Unit Unit Unit Unit Unit Water
ni
Demand . Demand Demand Savings
Savings
(1,000
(therms)
gal/yr)
0.59
2.6

Unit
Savings
Kwh/yr

Unit
Savings
(therms)

Unit
Savings
(Kwh/yr)

Unit
Savings
(therms)

Savings
(Kwh/yr

Savings
(watts)

Savings
(watts)

Savings
(watts)

15
-12

12 70

-16

10
Front

According to the PG&E Clothes Washer Workpaper, for PG&E and SCE customers, 60% have gas water
heating and gas dryers and 38% have gas water heating and electric dryers. As a simplification, we
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weighted the unit savings using 60% for gas water heating and drying and 40% for gas water heating and
electric drying.

The DEER support team provided the 2013-2014 applicable peak watt/kwh factor for residential clothes
washers of 0.13 peak watts/kWh, which we applied to derive demand savings. Electric savings for front
loading washers are negative due to the higher machine energy consumption by the efficient model.

A.5 Federal 9/10/19/20/21 - Residential Water Heating, Direct Heating,

and Pool Heater Potential

This section covers the evaluation of potential savings for federal standards regulating residential water
heaters, pool heaters, and direct heating equipment (DHE) (e.g., space heaters, wall heaters, floor
heaters, room heaters). These standards took effect in 2013 and 2015. Table 43 summarizes the
evaluation results for each standard.

Table 43. Evaluated Potential Savings Results

Res. Gas-Fired Res. Electric Res. Gas-Fired Direct

Standard Description Storage Storage Inst. Water Pool Heater Heating
Water Heater | Water Heater Heater Equipment
Effective Date | Effective Date | Effective Date | Effective Date | Effective Date
4/16/2015 4/16/2015 4/16/2015 4/16/2013 4/16/2013
California Unit Sales/Yr. 1,042,067 87,628 54,846 16,246 60,610
Unit Savings (kWh) 0 173 -29 0 0
Unit Demand Savings
0 17 -3 0 0
(watts)
Unit Gas Savings
9 0 58 18 13
(Therms)
First Year Potential
. 0 15 -2 0 0
Savings (GWh)
First Year Potential
. 0 2 0 0 0
Demand Savings (MW)
First Year Potential Gas
. 9,378,603 0 3,181,047 292,428 791,194
Savings (Therms)
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Fed 19-21—Residential Water Heaters

List of Sources
e U.S. DOE TSD for Consumer Products—Residential Water Heaters, Direct-Heating Equipment,
and Pool Heaters: http://www.regulations.gov/#!documentDetail:D=EERE-2006-STD-0129-0170

e Air-Conditioning, Heating, & Refrigeration Institute (AHRI) Monthly Shipment Statistics July 2015
and December 2014 (Accessed 9/23/2015):
http://www.ahrinet.org/App Content/ahri/files/Statistics/Monthly%20Shipments/2015/July 20
15.pdf

e U.S. Census Bureau Quickfacts for California (Accessed 9/23/2015):
https://www.census.gov/quickfacts/table/PST045216/00

e 2012 Residential Heater, Water Heating, and Cooling Equipment Evaluation, Volume 1. Cadmus.
June 2013 (Page 28)
http://www.rieermc.ri.gov/documents/2013%20Evaluation%20Studies/CADMUS 2013 HEHE C
001%20Smart NTG Evaluation Report.pdf

e Partnership for Resource Conservation. Personal communications with Paul Reeves, Database
for Energy Efficient Resources Team. December 2015.

e CLASS Web Tool Search Results for Water Heater Fuel Type. DNV GL. Accessed 11/12/2015
https://webtools.dnvgl.com/susc/CPUC CLASS 2012/SUSc CPUC CLASS 2012.aspx

Market Size Analysis

Table 44 shows the number of U.S. storage water heater shipments reported by AHRI for January
through July 2015. The last four columns present Cadmus’ calculations to project sales for 2015 for
California. First we projected the number of 2015 shipments for the United States by applying the
percent change in year-to-date (YTD) shipments in July 2015 over July 2014 to the total number of
shipments in 2014. We then used California’s population share to determine California’s 2015 projected
shipments. Using the water heater fuel shares from the most recent California Lighting and Appliance
Saturation Study (88% Gas, 7.4% Electric), we estimated the number of each type of water heater.

Table 44. AHRI U.S. Shipments of Storage Water Heaters, January to July 2015

s G

Res. July YTD

California California . .
Storage % U.S. 2015 . California 2015
July 2015 2014 . Population % 2015 .
Water Change . Projected . . Projected
YTD Shipments of Nation Projected
Heater from (Calculated) (Calculated)
(Calculated) (Calculated)
2014
Gas 2,783,727 7.4% 4,471,903 38,802,500 + 1,042,067
. 9,259,799 = 318,857,056 = 1,129,695
Electric 2,579,986 4.2% 4,277,329 12.9% 87,628
. (]
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As the AHRI shipment report did not include tankless water heaters, we estimated the 2015 shipments
based on a Cadmus evaluation report, which indicated tankless water heaters made up 5% of the gas
water heater market. Assuming there are a total of 1,042,067 storage type gas water heaters that make
up 95% of the market, then the annual gas water heater market (tankless plus storage) is 1,096,913
units. This results in 54,846 tankless water heater shipments to California for 2015.

Unit Energy and Demand Savings

Table 45 shows current and previous (baseline) water heater standard requirements for minimum
energy factor (EF) by product class. Using the EF equations provided in the table, Cadmus calculated the
baseline and standard efficiency levels using the most common rated volumes (provided by the DOE TSD
in Table 7.2.2).

Table 45. Current and Previous Water Heater Standards

Storage EF as of .
Product Class EF as of April 16, 2015
Volume (V) | January 20, 2004

Rated Storage Volume at or below 55 gallons:

. = 20 gallons
Gas-fired Storage EF = 0.675-(0.0015 x V)
and = 100 0.67-(0.0019 x V)
Water Heater I Rated Storage Volume above 55 gallons:
allons
g EF = 0.8012-(0.00078 x V)
Rated Storage Volume at or below 55 gallons:
. = 20 gallons
Electric Storage Water EF = 0.960-(0.0003 x V)
and = 120 0.97-(0.00132 x V)
Heater allons Rated Storage Volume above 55 gallons:
g

EF = 2.057-(0.00113 x V)
Instantaneous Gas-

. < 2 gallons 0.62-(0.0019 x V) EF=0.82-(0.0019 x V).
fired Water Heater

Based on the representative EF for each product class, Cadmus looked up annual energy consumption,
as calculated by DOE in its TSD, Chapter 7. The middle columns of Table 46 show annual consumption
for the base and standard compliant units. From these values, we calculated unit energy savings. We
then derived unit demand savings by applying the DEER energy/peak factor of 0.10 watts/kWh (provided
by the DEER support team) to unit energy savings. DOE notes in its TSD that tankless (“instantaneous”)
gas-fired units at 0.78 EF and above use more electricity than less-efficient units, thus explaining the
negative electric savings.
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Table 46. Water Heater Unit Energy Consumption and Savings

Unit Demand
Common Standard

Product Class Savings

Rated Standard | Consumption* | Consumption® Savings
(Watts)
Volume*

Gas-fired Storage

40 0.594 0.615 16.6 MMBtu 15.7 MMBtu 0.9 MMBtu 0

Water Heater
Electric St

ectric >torage 50 0904 0.945 2,618 kWh 2,445kWh | 173 kWh 17
Water Heater
Instantaneous

. 11MMBtu 5.8 MMBtu

Gas-fired Water N/A 0.62 0.82 16.8 MMBtu -3
Heat 29 kWh -29 kWh

eater

* Department of Energy. TSD, Chapter 7, Tables 7.2.2 and 7.2.14

Fed 9—Residential Pool Heater

List of Sources
e TSD for Consumer Products—Residential Water Heaters, Direct Heating Equipment, and Pool
Heaters: http://www.regulations.gov/#!documentDetail;D=EERE-2006-STD-0129-0170

e Association of Pool and Spa Professional Industry Statistics. P.K. Data, Inc., 2013. Accessed
9/25/2015: http://apsp.org/portals/0/images/APSP%20statistics%202013.jpg

e Codes and Standards Enhancement Initiative: Analysis of Standards Proposal for Residential Gas
Fired Pool Heaters. Davis Energy Group. July 29, 2013. Accessed 9/25/2015:
http://www.energy.ca.gov/appliances/2013rulemaking/documents/proposals/12-AAER-
2F Residential Pool Pumps and Replacement Motors/California I0Us Response to the Invi
tation for Standards Proposals for Pool Heaters 2013-07-29 TN-71754.pdf

e  Custom Analysis for Cadmus from Pkdata. October 2015.

Market Size Analysis

Cadmus commissioned a custom report from Pkdata (a market research firm specializing in the pool and
spa industry; they are also cited in the TSD), estimating 2014 sales of gas-fired pool heaters for
California. PKdata started with national aggregated sales figures for gas heaters (based on 2014
shipments including all major pool heater manufacturers) and used California pool permitting and
construction data to provide a state-level sales estimate. Its report indicates 16,246 heaters were sold in
California.

Unit Energy and Demand Savings

The previous standard (baseline) requires pool heaters to have a 78% or greater thermal efficiency. The
current standard requires an 82% minimum efficiency. Based on Table 7.4.2 of Chapter 7 of the TSD, a
standard-compliant gas-fired pool heater achieves average energy savings of 1.8 MMBtu/year.
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Multiplying unit energy savings and annual sales, Cadmus estimated first-year potential savings of
290,000 therms.

Fed 10—Residential Direct-Heating Equipment

List of Sources

e TSD for Consumer Products: Residential Water Heaters, Direct Heating Equipment, and Pool
Heaters: http://www.regulations.gov/#!documentDetail;D=EERE-2006-STD-0129-0170

e Hearth Industry Unit Shipments 1998-2013. Hearth, Patio & Barbecue Association (HPBA).
http://www.hpba.org/Resources/Annual-Historical-Hearth-Shipments

Market Size Analysis

Residential DHE equipment includes vented gas space heaters, wall and floor heaters, and room heaters.
Chapter 9 of the TSD forecasts residential DHE shipments for the United States through 2040, estimating
nearly 1 million DHE shipments nationally in 2015. Cadmus applied the 12.2% proportion (by population)
to national shipments to determine California estimates for 2015. As shown in Table 47, we estimate
116,510 DHE shipments to California in 2015.

Table 47. 2015 DHE Shipments for Nation and California

Gas Wall Gas Hearth/ Gas
Gas Room . . Total
Gravity Appliances

National Forecast* 20,000 105,000 40,000 @ negligible 790,000** | 955,000
California Forecast 2,440 12,810 4,880 @ negligible 96,380** 116,510
Adjusted CA Forecast 2,440 12,810 4,880 0 40,480 60,610

*Values from Chapter 9 of TSD.
**Includes appliances not regulated by the standard.

The HPBA'’S website provides industry shipment statistics through 2013. In 2013, 784,633 gas hearth/gas
appliances shipped. This suggests DOE’s forecast for 2015 of 790,000 units is the right order of
magnitude. Notably, Chapter 9 of the DOE TSD indicates 42% of gas appliance shipments provided by
HPBA are regulated DHE. Applying this number to California’s forecast produced final adjusted DHE
shipments of 60,610 units for California.

Unit Energy and Demand Savings

Table 48 shows the baseline and standard annual fuel utilization efficiency (AFUE) for each DHE product
category. It also presents average unit energy savings, as provided in the TSD, along with Cadmus’
estimate of first-year potential gas savings by product category. AFUE ratings are based on the most
prevalent product capacity in kbtu/h, as provided in Table 7.3.2 of the DOE TSD.
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Table 48. Baseline and Standard AFUE and Consumption by DHE Category
Gas Hearth/ Gas

Gas Room (35 Gas Wall Gravity Gas Wall Fan

Appliances
kbtu/h* 34 kbtu/h* 57 kbtu/h*
/h*) ( /h*) ( /h*) (34 kbtu/h*)
Baseline AFUE* 64 64 74 64
Current minimum AFUE 67 66 76 67
A Unit E
verage Unit tnergy 1.2 0.8 1.9 1.4
Savings* (MMBtu/yr.)
First Year Potential Gas
29,280 102,480 92,720 566,714 | 791,194

Savings (therms)
* Department of Energy. TSD, Chapter 7.

Cadmus’ analysis indicates first-year potential savings of 791,194 therms, resulting in average unit
energy savings of 13 therms for DHE.

A.6 Federal 11/12/17 - Residential Refrigerators, Room AC, and
Dishwashers Potential

This section covers the evaluation of potential savings for federal standards that regulate: refrigerators
and freezers, room air conditioners (AC), and dishwashers. These standards took effect in 2013 and
2014. Table 49 summarizes the evaluation results for each standard.

Table 49. Evaluated Potential Savings Results

o Residential Refrigerators | Residential Room Residential
Description .
and Freezers AC Dishwashers
Effective Date 9/15/2014 6/1/2014 5/30/2013
California Unit Sales/Year 1,328,654 290,397 787,790
Unit Savings (kWh) 58 73 -6.2

Unit Demand Savings (watts) 7 103 -0.7
Unit Gas Savings (Therms) _— 2.5
First Year Potential Savings (GWh) 77 21 -4.9
First Year Potential Demand Savings (MW) -0.5

9 30
First Year Potential Gas Savings (Therms) _— 1,937,963
First Year Potential Water Savings (Gallons) _— 254,062,275
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Fed 11—Residential Refrigerators & Freezers

List of Sources
e Association of Home Appliance Manufacturers (AHAM) 2014 Distributor Sales by State
(Purchased).

e U.S. DOE Appliance Standards TSD (Accessed September 8, 2015).
http://www.regulations.gov/#!documentDetail;D=EERE-2008-BT-STD-0012-0128

e Partnership for Resource Conservation. Personal communications with Paul Reeves, Database
for Energy Efficient Resources Team. December 2015.

Market Size Analysis

Cadmus purchased a report from AHAM containing unit sales of major appliances sold through
distributors in each U.S. state during 2014. The report indicated sales of 1,328,654 freezers and
refrigerators in California. Table 50 shows the distribution of sales by appliance category.

Table 50. 2014 California Distributor Sales of Freezers and Refrigerators

. Refrigerators: . Total 2014
Freezers: Freezers: Refrigerators: Refrigerators: All . i
Bottom Mount California

Upright Chest Side by Side Other (6.5 & Over)
Freezer Sales

43,434%* 78,311 242,010 448,366 516,533 1,328,654
*Cadmus assumes one-half of upright freezers have manual defrost and one-half have automatic defrost.

Unit Energy and Demand Savings

The first two rows of Table 51 show the previous standard (baseline) and the amended (current)
standard (efficient case) equations for maximum energy use in kWh per year, based on the adjusted
volume (AV) in cubic feet.
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Table 51. Energy Savings of Amended Federal Standards

Refrigerators: Refrigerators:
F Freezers: Upright Refrigerators: Bottom Mount Automatic
reezers:
Standard/ X . with Automatic Side By Side Freezer defrost with
. Upright with k Freezers: : .
Unit of Defrost (Without (with Through- (Without top-mounted
. W ELIE] . Chest .
Savings Do Automatic the-Door Ice Through-the- freezer without
Icemaker) Service) Door Ice automatic
Service) icemaker
Previous
Standard 7.55AV+258.3 12.43AV+326.1 | 9.88AV+143.7 10.10AV+406.0 4.60AV+459.0 9.80AV+276.0
andar
Amended 5.57AV + 7.29AV +
8.62AV +228.3 8.54AV +432.8 = 8.85AV +317.0 8.07AV +233.7
Standard 193.7 107.8
AV* 30 30 30 30 25 20
kWh
. 124 212 114 20 36 77
savings
Watts 15 25 14 2 4 9

*Average AV from figures in TSD Chapter 3

Below the rows describing the standards, we provide the AV used to calculate energy savings for each
product category and the associated energy and demand savings. Cadmus derived AVs from figures in
DOE’s TSD, Chapter 3, showing consumption as a function of AV. Cadmus selected what appeared to be
the most common AV for each type of appliance. We used the demand/energy factor of 0.12W/kWh as
provided by the DEER Resource Team for this application.

Based on the data in Table 50 and Table 51, we calculate first year potential energy and demand savings
of 77 GWh and 9 MW. Back-calculating the unit savings results in an average refrigerator/freezer with
savings of 58 kWh and 7 watts of demand.

Fed 12—Residential Room AC

List of Sources
e AHAM 2014 Distributor Sales by State (Purchased).
e U.S. DOE Appliance Standards TSD (Accessed September 16, 2015).
http://www.regulations.gov/#!documentDetail;D=EERE-2007-BT-STD-0010-0053

e  Work Paper SCE13HCO027, Revision 0: Portable Room Air Conditioners. SCE.
March 29, 2012.

Market Size Analysis
Cadmus purchased a report from AHAM containing unit sales of major appliances sold through
distributors in each U.S. state during 2014. The report indicated sales of 290,397 room ACs in California.

CADMUS

DNV-GL 40


http://www.regulations.gov/#!documentDetail;D=EERE-2007-BT-STD-0010-0053

According to the TSD, there are 16 room AC product classes, based on capacity, reverse cycle, louvered
sides, and casement options.?! The TSD also indicated 12% of room ACs were used in commercial
applications. Table 9.3.2 in Chapter 9 of the TSD indicated the first three classes (without reverse cycle,
with louvered sides, between 1 to 13,999 BTUH) represented over 80% of the market share, as shown in
Table 52. As such, we limited our savings analysis to these three categories.

Table 52. TSD Chapter 9, Room AC Product Class Market Shares

Product Class Market Share Cumulative Share

1 30.7% 30.7%
2 18% 48.7%
3 33.4% 82.1%
4 4.8% 86.9%
5 2.8% 89.7%
6 0.1% 89.8%
7 0.4% 90.2%
8 8% 98.2%
9 0.3% 98.5%
10 0.0% 98.5%
11 0.8% 99.3%
12 0.1% 99.4%
13 0.3% 99.7%
14 0.0% 99.7%
15 0.1% 99.8%
16 0.3% 100.10%
. (o]

(error due to rounding)

Unit Energy and Demand Savings

The previous energy conservation standard for residential room ACs (effective from October 1, 2000,
through May 31, 2014) set minimum energy efficiency requirements using the energy efficiency ratio
(EER). In its 2011 test procedure final rule, DOE determined a more comprehensive measure of
efficiency should be used, incorporating standby and off-mode energy consumption. Called the
combined energy efficiency ratio (CEER), the new measure uses units of btu/hr/watt.

Table 53 shows amended and previous (baseline) standards in CEER units. Below the efficiencies, we list
other parameters used to derive unit energy savings by product class, such as the assumed capacity and
hours of use, by sector. The following equation calculates energy consumption of a room AC unit:

capacity (%) X hours of use 1kW
kWh = X
CEER (hB-tII/Il/) 1,000 W

21 DOE TSD. Chapter 3, Table 3.3.2.
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Table 53. Room AC Standards and Unit Savings Calculation by Product Class

Class 1: Without Class 2: Without Class 3: Without
reverse cycle, with reverse cycle, with reverse cycle, with

louvered sides, and | louvered sides, and 6 | louvered sides, and 8
less than 6 kBtu/h | kBtu/h to 7.9 kBtu/h | kBtu/h to 13.9 kBtu/h

Previous Standard (CEER) 9.52 9.52 9.52
Amended Standard (CEER) 11 11 10.9
Representative Capacity (Btu/h) 5,000 7,000 12,000
Hours of use* 756 684** 611

—  Baseline consumption (kWh) 397 503 755

2 Amended standard consumption

3 (Wh) 344 435 673

3

& | Annual savings (kWh) 53 68 83
Demand savings (watts) 71 99 136
Hours of use* 1,142 1,098 1,054

< Baseline consumption (kwh) 600 807 1,303

5 Amended standard consumption

E (KWh) 519 699 1,160

8 Annual savings (kWh) 81 109 143
Demand savings (watts) 71 99 136

* Hours of use from the TSD Chapter 7
**Hours of use average of Class 1 and Class 3 values

Based on the SCE workpaper, we believe the TSD hours of use values for the residential sector are
reasonable for California. The workpaper support workbook provides hours of operation for various CA
climate zones (CZ) ranging from 225 hours for CZ 6 up to 851 hours for CZ 14. The calculations in the
workpaper are for 12,000 btu/h portable room AC systems, which would correspond to Class 3 in Table
53.

To remain consistent with the demand calculation used in the SCE Room AC workpaper, Cadmus used a
100% coincidence factor. From the results shown in Table 53, we calculated the product class weighted
savings (using 37% for class 1, 22% for class 2, and 41% for class 3), and then weighted by sector (12%
commercial) to determine average unit energy and demand savings of 73 kWh and

103 watts, respectively as shown in Table 54.

Table 54. Room AC Standards and Unit Savings Calculation by Product Class Detail

Weighted Sector
Description Class 1 Class 2 Class 3 Average Weights

Class Weights 37% 22% 41%

Residential kWh Savings 53 68 83 68 88%
Commercial kWh Savings 81 109 143 112 12%
Weighted Average kWh Savings 73

Weighted Average kW Savings 71 99 136 103
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Fed 17—Residential Dishwashers

List of Sources
e AHAM 2014 Distributor Sales by State (Purchased).

e 2009 Residential Appliance Saturation Survey (RASS). KEMA, Inc. October 2010.

e Partnership for Resource Conservation. Personal communications with Paul Reeves, Database
for Energy Efficient Resources Team. December 2015.

e Technical Support Document: Residential Dishwashers. U.S. DOE. May 2012.
http://www.regulations.gov/#!documentDetail;D=EERE-2011-BT-STD-0060-0007

Market Size Analysis

Cadmus purchased a report from AHAM that contained unit sales of major appliances sold through
distributors in each U.S. state during 2014. This report indicated sales of 787,790 dishwashers in
California. Of these, 784,687 (or over 99%) were built-in dishwashers; the remaining were portable
dishwashers. The AHAM report did not differentiate between standard-sized and compact-sized
dishwashers. Information from DOE’s TSD Chapter 9 indicates 0.1% of dishwasher shipments are
compact-sized.

Unit Energy and Demand Savings

As the majority of appliances shipped are standard-sized, built-in dishwashers, Cadmus derived savings
only for this category. Shaded cells in Table 55 show previous and current standard requirements for
total annual energy use and water consumption per cycle. Table 7.3.1 of the TSD provides additional
breakdowns of annual energy use into water heating, machine/drying, and standby power consumption
(also shown in Table 55) for 215 cycles per year. Further down, we provide unit energy savings for a
dishwasher with a gas water heater. The 2009 RASS indicates the majority (>98%) of PG&E and SCE
customers had gas water heating. To get the demand savings, we applied the peak watts/annual kWh
factor (0.12) provided from the DEER support team.
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Table 55. Standard Capacity Dishwasher Standards and Unit Savings

Annual Energy Use Components

Total Annual Water (DOE TSD Chapter 7)
Standard/ E 0 . .
. . nergy Use onsumption :
Unit of Savings . Machine/
g (kWh/yr) (gallons/cycle) Water Heating Drying Standby
MMBtu/yr kWh/yr
( /yr) (kWh/yr) (kWh/yr)
Previous Standard
. 355 6.5 1.068 120.2 0
(Effective January 1, 2010)
Current Standard (Effective
307 5.0 0.822 111.9 14.5
May 30, 2013)
Energy Savings (kWh) (Machine+Standby) -6.2
Demand Savings (W) (Machine+Standby) -0.7
Gas Savings (therms) (WaterHeating) 2.5
Water savings (gallons/yr) (215cycles/year) 323

A.7 Federal 13 - Fluorescent Ballasts Potential and Compliance

This section describes the evaluation of Fed. 13, the federal standard that regulates fluorescent ballasts,
which took effect on November 14, 2014. Table 56 summarizes the evaluation results for the Fed. 13
standard.

Table 56. Evaluated Results

Fuorescent Ballass
Effective Date 11/14/2014

California Unit Sales/Year 1,995,941
Unit Savings (kWh) 15.31
Unit Demand Savings (kW) 0.0029
First Year Potential Savings (GWh) 31
First Year c 7
Potential Demand Savings (MW)

Compliance Rate 80%

Potential

Data Sources
e Technical Support Document: Fluorescent Lamp Ballasts. U.S. DOE. November 2011.

http://www.regulations.gov/contentStreamer?documentld=EERE-2007-BT-STD-0016-
0067&disposition=attachment&contentType=pdf

e 2010 U.S. lighting Market Characterization. U.S. DOE. January 2012.
http://www1.eere.energy.gov/buildings/publications/pdfs/ssl/2010-Imc-final-jan-2012.pdf

CADMUS

DNV-GL 44


http://www.regulations.gov/contentStreamer?documentId=EERE-2007-BT-STD-0016-0067&disposition=attachment&contentType=pdf
http://www.regulations.gov/contentStreamer?documentId=EERE-2007-BT-STD-0016-0067&disposition=attachment&contentType=pdf
http://www1.eere.energy.gov/buildings/publications/pdfs/ssl/2010-lmc-final-jan-2012.pdf

Market Size Analysis
To determine the size of the market for fluorescent ballasts (FB) in California, we performed
the following:

1. Estimated the total number of linear fluorescent (LF) lamps sold annually in all sectors
(commercial and residential);

2. Calculated ballast sales as a fraction of linear fluorescent lamp sales using available market data
combined with insights from ballast manufacturers;

3. Adjusted ballast sales to account for the dramatic increase in market share of LED technology;
and

4. Calculated ballast sales for only the covered ballast types under the Fed. 13 standard.

This four-step process allowed us to determine the total number of annual fluorescent ballast unit sales
in California, as expressed in the following formula:

Total FB = (Total LF lamp sales) X (ratio of FB:LF sales) X (ratio of LF:LED sales)
— (noncovered FBs)

Linear Fluorescent Lamp Unit Sales: We assessed the number of linear fluorescent lamps installed in
California by applying census data to the total number of linear fluorescent lamps installed in the U.S.
across all sectors, as shown in Table 57. Using a measure life of 12.34 years for installed linear
fluorescent fixtures in the commercial and industrial?? (C&I) sector and 15 years for residential,® we
calculate 22,794,928 linear fluorescent lamps will be sold annually in California.

22 Measure life of 12.34 years for C&I determined using weighted average of 11% install for industrial and 88%
install for commercial using data from DOE TSD (page 8.2.4).

23 Measure life of 15 years for residential installations based on data from DOE TSD (page 8.2.4).
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Table 57. Total Linear Fluorescent Lamps Installed in the US and California

X Total Linear X X Total Linear
Types of Linear . Total Linear Fluorescents in i
Fluorescents installed " Fluorescents in CA
Fluorescents CA (C&I Sectors) . .

U.S. base? (Residential)*
T5 120,947,000 14,618,800 455,576
T8 U-Shaped 47,598,000 5,787,530 144,717
T12 U-Shaped 12,165,000 1,476,572 39,594
T8 Less than 4ft 17,818,000 1,844,064 378,394
T12 Less than 4ft 14,333,000 910,692 880,204
T8 4ft 1,050,174,000 122,890,089 8,021,698
T12 4ft 766,256,000 54,141,314 41,571,949
T8 Greater than 4ft 32,632,000 3,895,863 171,530
T12 Greater than 4ft 148,581,000 14,940,932 3,594,115
Miscellaneous 145,771,000 1,731,162 16,523,907
Total 2,356,275,000 222,237,019 71,781,683

@ U.S. Department of Energy, Office of Energy Efficiency & Renewable Energy. “2010 U.S. Lighting Market
Characterization, Table 4-1.” Published January 2012.

® Adjusted to CA based on EIA data on 2012 Commercial Building Energy Consumption

¢ Adjusted to CA based on CA household population (39,144,818) divided by total U.S. household population
(312,418,820) using 2015 census data; Table 1. Annual Estimates of the Resident Population for the United
States, Regions, States, and Puerto Rico: April 1, 2010 to July 1, 2015.

Ratio of Ballast to Lamp Sales: Cadmus interviewed two lighting ballast manufacturers®* and assessed
available market data to understand the relationship between linear fluorescent lamp and fluorescent
ballast sales. We concluded that based on the penetration,? and replacement rate,® of linear
fluorescent lamps to ballasts, that for every 4.72 linear fluorescent lamps sold, 1 fluorescent ballast is
sold. This figure includes the sales of new fixtures (lamp plus ballast) and replacement components.

24 Cadmus arrived at this conclusion based on available data on ballast performance included in the TSD (page
8.2.4) and by interviewing two leading ballast manufacturers for purposes of collecting market data not readily
available online or for purchase.

25 Cadmus determined the penetration of linear fluorescent lamps to fluorescent ballasts is 2.5 to 1 based on
data from the TSD.

%6 Cadmus determined the replacement rate of linear fluorescent lamps to fluorescent ballast is 1.88 to 1 that
was determined by comparing the average lifetime of a linear fluorescent lamp (6.87 years) by the average
lifetime of a fluorescent ballast (12.98 years).
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Market Adjustment for LED Sales: The market for fluorescent ballasts and lamps consists of two primary
sales channels: new construction and existing retrofit:

e New construction is serviced by original equipment manufacturers (OEM), such as Eaton Cooper
or Acuity Brands, which produce and sell fluorescent ballasts that can be usedin 1, 2, 3, and 4
lamp configurations. OEMs sell directly to developers in C&l market segments (e.g., hospitality,
institutional).

o The retrofit market is serviced by wholesalers, such as Grainger or Graybar, that source
fluorescent ballasts from suppliers and sell directly on account to their customers (e.g., building
owners and facility managers).

These two sales channels operate independently, but were similarly affected in 2015 by LED technology.
Prior to 2015, linear LED lamps cast poor-quality light and were cost prohibitive compared to linear
fluorescent lamps. In 2015, linear LED lamp technology improved while its cost decreased, which led to
the first occurrence of a 1 to 1 ratio of sales between linear LED lamps and linear fluorescents. Thus, out
of the total number of ballasts sold in 2015, fluorescent ballasts accounted for 50% of the market share.

Covered Ballasts: Fed. 13 does not cover dimmable ballasts, which we determined accounted for
12.58% of the market.?” We reviewed available data on linear fluorescent lamp types and concluded
that we should not account for the miscellaneous lamps (Table 57) in our calculation of total annual
sales of fluorescent ballasts because it is uncertain whether or not the Fed. 13 standard affects them.
The impact of removing dimmable ballasts and miscellaneous fluorescent lamps was a decrease of
418,776 fluorescent ballasts.

Using the analysis described above, we calculated the total annual fluorescent ballast sales for all
sectors in California that the Fed. 13 standard could affect, as shown in the following equation:

1 1
Total FB = (22,794,928) X (m)x (E) — (418,776)

Total FB = 1,995,941

Unit Savings Analysis

Fed. 13 led to a change in the method of calculating the efficiency of fluorescent ballasts. The DOE
developed a new metric, ballast luminous efficiency (BLE), which has replaced the commonly used
ballast efficacy factor (BEF) that was the primary metric in calculating and comparing efficiency. The DOE
developed the new metric because BEF relies on the full system of the ballast and the installed linear
fluorescent lamp, and therefore cannot be used to calculate the efficiency of the ballast only, whereas
BLE can be used for this purpose.

27 Cadmus analyzed the NEMA Premium Ballast list and determined that of the three predominant ballast types,

the market consists of 69.08% rapid/instant start ballasts, 18.34% programmed start ballasts, and 12.58%
dimmable ballasts.
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Although BLE is a better metric for assessing fluorescent ballast energy savings, a baseline did not exist,
which makes it difficult to calculate per-unit fluorescent ballast savings using BLE because a comparison
cannot be made to the previous standard. As a result, we determined that using data from DOE’s TSD
and final ruling to assess potential energy savings was the best approach, and we used these data to
determine the baseline and the energy saving level (ESL) that new ballasts must meet to be sold in the
U.S. after Fed. 13 took effect. We then multiplied the savings by the market share to get the weighted
average unit savings. Table 58 shows the results of our analysis.

Table 58. Fluorescent Ballast Unit Savings

c dli - t Ballast Type; Market Ruling ESL Baseline Unit Savings
overed Linear Fluorescents
Sector Share (kwh)* (kWh)** (kwh)

4-foot medium bipin (T8) IR; C&I 42.550% 206.4 218.8 124
4-foot medium bipin (T12) IR; C&I 18.746% 206.4 236.0 29.6
8-foot slimline IR; C&I + Res 7.440% 422 441.1 19.1
4-foot medium bipin (T8 & T12) IR; Res 14.126% 44.8 49.4 4.6
4-foot medium bipin (T8 & T12) P; C&I & + Res 17.1340% 149.1 163.1 14.0
8-foot RDC HO IR; C&l 0.004% 1251.7 1516.8 256.1

Weighted Average 15.31

*Ruling ESL corresponds to TSL 3A; source: “Rules and Regulations 70621.” Federal Register. Vol. 76, No. 219.
Monday, November 14, 2011.

**Baseline kWh savings derived from U.S. DOE. “Final Rule: Technical Support Document for Fluorescent Lamp
Ballasts.” November 2011. Table 6-3.

Demand Savings Analysis

To calculate demand, we used the IOU-weighted average coincidence factor from DEER 2014’s Lighting
Summary Table (CDF: 0.689). We also used a weighted average hours of use for fluorescent ballasts with
the understanding that commercial installations accounted for 80% of the market; residential and
industrial accounted for 10% each.?® Our calculation and inputs are shown in the following equation:

kWh

kW = (HOU

) X Concidence Factor

_ ( 15.31

xX 0.
3662.4) 0689

kW =0.0029

Our analysis determined annual peak demand savings of 0.0029 kWh and potential annual peak demand
savings of 6.8 MW.

2 Hours of use derived from DOE. “Final Rule: Technical Support Document for Fluorescent Lamp Ballasts.”

November 2011. Table 6-3.
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Compliance

Initially, we attempted to assess compliance through lighting distributor interviews. However, the four
distributor representatives who agreed to participate were unable or unwilling to answer our questions
about their company’s product offerings, specifically what types of ballast models they were selling in
California. As a result, we changed our approach to reviewing lighting distributors’/manufacturer’s
product catalogs for fluorescent ballasts. We acquired the catalogs from six distributor/manufacturer
websites and reviewed all of the ballast models against the CEC product list to determine the
compliance rate.

Sampling

To achieve 90% confidence at £10% precision for the compliance research, we needed to verify the
compliance of at least 72 fluorescent ballasts, assuming that fluorescent ballasts were 80% compliant in
California. We ended up reviewing 200 fluorescent ballasts in six lighting distributor/manufacturer
product catalogs. We were unable to vet the compliance of fluorescent ballasts using the DOE’s BLE
metric because those specifications were not available in product catalogs for fluorescent ballasts.
Compliance was based on whether the ballast model was listed in the CEC database.

Fluorescent Ballast Compliance Results
After inspecting 200 fluorescent ballasts, Cadmus found 161 to be compliant. Table 59 shows the results
of the compliance assessment.

Table 59. Fluorescent Ballast Compliance Rate

Standard Number of Compliant Models | Number of Models Examined | Compliance Rate

Fluorescent Ballasts 80%

The compliance rate for fluorescent ballasts is at 80% based on the CEC list. The lack of BLE specification
data makes it difficult to determine compliance for products not listed on the CEC list.

As previously mentioned, we interviewed two ballast manufacturers and learned customers still utilize
the old metric, BEF, to purchase and specify projects, and that interest is limited for the BLE metric
because it is new and unfamiliar to customers. Both manufacturers interviewed say they list the BEF in
their product catalogs. One manufacturer said they plan to update their catalogs with the BLE in 2016,
and the other said they were assessing whether adding the BLE to their product catalogs would be
necessary or practical. Both manufacturers noted that BLE is a DOE created metric that currently has
little meaning in the industry, which is why this information is not often disclosed in customer facing
materials.
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A.8 Federal 14/15/16 — Package AC and Computer Room AC Potential and

Compliance

This section covers the evaluation of potential savings and compliance for the federal standards that
regulate commercial package air conditioners (CPACs) and computer room air conditioners (CRACs) that
came into effect in between 2013 and 2014. These include:

e Fed 14, Small CPACs (=65 and <135 kBtu/h)
e Fed 15, Large and Very Large CPACs ( 2135 kBtu/h)
e Fed 16, CRACs ( >=65,000 Btu/h and < 760,000 Btu/h)

Table 60 summarizes the evaluation results for each standard.

Table 60. Evaluated Results

| sndard | Fed4 | Fed15 | Fedl6 |

b inti Small Commercial Package @ Large and Very Large Commercial Computer
escription
P Air-Conditioners Package Air-Conditioners Room ACs
Effective Date 6/1/2013 6/1/2014 10/29/2013
California Unit Sales/Yr
16 166 2,723
(2015 forecast)
Unit Annual Savings (kWh) 23 688 76
Unit Demand Savings (kW) 0.006 0.273 0.009
First Year Potential Savings
370 114,196 207,812
(kWh)
First Year Potential
. 0 45 24
Demand Savings (kW)
Compliance 100% 100% 100%

Potential Savings

Fed 14, Small Commercial Package Air-Conditioners ( 265 and <135 kBtu/h)

List of Data Sources
e U.S. DOE Commercial Heating, Air Conditioning, and Water Heating Equipment (i.e., ASHRAE
Equipment) Final Rule Rulemaking TSD, July 20, 2012 (Accessed 9/15/2015).
http://www.regulations.gov/#!documentDetail;D=EERE-2011-BT-STD-0029-0039

e U.S. Department of Commerce (DOC) Bureau of Economic Analysis, “Broad Growth Across States
in 2014: Advance 2014 and Revised 1997-2013 Statisitics on GDP by State”.
http://www.bea.gov/newsreleases/regional/gdp state/gsp newsrelease.htm
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http://www.regulations.gov/#!documentDetail;D=EERE-2011-BT-STD-0029-0039
http://www.bea.gov/newsreleases/regional/gdp_state/gsp_newsrelease.htm

e U.S. Census Bureau: State and County Quick Facts (Accessed 9/15/2015).
https://www.census.gov/quickfacts/table/PST045216/00

e Partnership for Resource Conservation. Personal communications with Paul Reeves, Database
for Energy Efficient Resources Team. December 2015.

Market Size Analysis
The federal standard distinguishes four types of 