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Purpose

This document is a report template to be used by researchers who are evaluating proposed
changes to the California Energy Commission’s (Commission) appliance efficiency
regulations (Title 20, Cal. Code Regulations, §§ 1601 — 1608) This report specifically covers
Computers.

Background

Desktop and notebook (laptop) computers, also known as Personal Computers (PC’s) are
ubiquitous (see Appendix A for definitions). With approximately one per capita in the U.S.,
they play a prominent role in society, and have a wide-range of applications and
performance capabilities for both business and personal use. For example, engineering,
architecture, video editing and gaming software require higher performing hardware, i.e.
faster graphics cards, memory, etc., while more universal functions e.g., internet browsing
and word-processing, require lower performing equipment .

As the technology advances, so are consumer preferences. For example, desktops used
with display monitors, are projected to reach a plateau in annual sales volume, while
notebooks are growing both in professional and personal usage, due to their smaller size
and greater mobility. Notebooks consume less electricity than desktops when comparing the
same performance levels because they generally have greater component efficiencies due
to a design focus on reducing waste energy for increased battery life. In addition, notebooks
use external power supplies, which are currently covered by Federal standards (DOE 2008)
and therefore not covered in this proposal.

Despite this shift towards less energy consumptive form factors and assistance from
voluntary programs in improving efficiencies such as ENERGY STAR and 80 PLUS (a third-
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party certification power supplies 80% efficient and greater), there is still a significant
amount of energy savings to gain on a per unit basis for both form factors.

Figure 1: Comparison of Annual Energy Use of Tablet, Notebook, Desktop Computers1
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with Display
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The above chart illustrates the magnitude of the differences in energy use between the 3
form factors. These differences are out of proportion of the capability differences between
these platforms, and demonstrate that desktops and to some extent even notebooks use
less efficient components and system architectures than tablets. Tablets demonstrate that
computing devices of comparable capabilities and prices can use radically less energy.

PC’s are a substantial electronic plug-load and in aggregate are a growing fraction of all
energy consumed in California (EIA 2008), currently at an estimated 10,000 GWh/yr, or over
3% of California (excluding the energy consumption of monitors both in desktop and
notebooks).

There are several design changes that can improve a PC’s overall efficiency, including
modifications to the platform (motherboard and CPU combinations), power supply units
(PSUs),) hard drives, memory modules and case fans (EPRI & Ecos 2008), as illustrated
below:

! Based on product samples, not necessarily exact representation of market average. Tablet is iPad, Notebook and Desktop are ENERGY STAR category
B devices with integrated graphics. Monitor is 20-in model. Duty cycle include mix of ENERGY STAR and non-power managed computers.

2011 California Appliance Efficiency Standards Last Modified: September 30, 2011
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Table 1: Computer Energy Use Breakdown and Efficiency Opportunities

Component Shareof Savings opportunities
energy use

Power Supply 15-35% + 80-Plus Bronze: <70% to 82% efficiency

Display 15-30%  +LED backlighting, more efficient panel technology

Motherboard 15-20%  +More efficient chipsets, voltage regulators and
other components, mobile-on-desktop design

GPU 0-50% * Higher power proportionality: low powerin idle

CPU 5-15% * Low power CPUs, voltage and frequency scaling

Disks 5-10% +“Green” drives, solid state drives (SSD)

Memory 5-10% +“Green” memory

Networking 2-8%

System-level strategies
* Advanced power management * Graphics switching

Of the energy savings opportunities available, we recommend both a system-based energy
use approach and a few, simple, low-cost, cost-effective measures of power supply
efficiency and power management enablement requirements that would increase the
efficiency of computers without impeding the development of the technology.

2011 California Appliance Efficiency Standards Last Modified: September 30, 2011
Computers
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Overview

Description of
Standards
Proposal

We recommend that California adopt a two-tier, 2014 (Tier 1) and 2016
(Tier 2), standard for Computers based on the typical electricity
consumption (TEC), in units of kWh/year, for an individual device, with
additional power supply efficiency and power management enablement
requirements. The TEC limit will be determined by the class of the device
and with allowances for advanced features. Recommendations for specific
base TEC levels and allowances will be developed upon the incorporation
of updated market energy use data.

Power management enablement requirements are based on ENERGY
STAR 5.0 specifications. Device classifications and testing procedures
should also follow current ENERGY STAR 5.0 specification.

Power supply efficiency requirements are based on 80 PLUS levels (See
Appendix B), with an additional requirement for 10% load (level TBD).

Tier 1 - Effective

January 1, 2014

Minimum Efficiency
TBD

Tier 2 - Effective

January 1, 2016

Minimum Efficiency
TBD

Maximum Power
Rating

Loading
Condition

= 50W and <
300W

10%

20%
50%
100%
10%
20%
50%
100%

82%
85%
82%
TBD
85%
88%
85%

87%
90%
87%
TBD
90%
92%
90%

> 300W

California
Stock and
Sales

Based on sales data from IDC (2011) and RASS (2009), we estimate there
to be 6.5 million desktops and 8.6 million notebooks in homes, and 9.4
million desktops and 12.4 million notebooks in the commercial sector by
2014. We estimate annual sales for desktops at 4 million and notebooks at
8 million in California, with no future growth for desktops and an average
8% increase of notebooks through 2017.

2011 California Appliance Efficiency Standards
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Energy
Savings and
Demand
Reduction

We estimate there to be a per unit lifetime energy savings of 320 kWh and
60 kWh by stock turnover for Tier 2 (assuming TEC levels set to reduce
average energy use by 25% compared to the current market), for desktops
and notebooks, respectively. Collectively, this standard would result in
2,500 GWh of energy savings and 440 MW of peak demand (equal to
about one power plant) after stock turnover, using peak demand ratio from
Koomey and Brown (2002).

Economic
Analysis

The full life-cycle costs, benefits and ratios for the TEC component of the
standard are still to be determined. Power supply unit efficiency and power
management enablement components have shown cost-effectiveness over
the life-cycle of the product, however.

Preliminary material cost analysis indicates that power supply efficiency
improvements are approximately $.80 per 1% increase in efficiency for the
manufacturer (iSuppli 2011). Assuming a price-mark up range for the end
consumer of 1.6 -2 times, this is $2.0 - $2.40 per 1% increase in efficiency
for the consumer.

In a separate study, Navigant (2011) concludes a cost range of
approximately $7-$23 for an average efficiency improvement to 80 PLUS,
depending on the starting efficiency.

With no additional cost for power management enablement, given that the
computers are already configured before they ship, we estimate the
resulting energy cost savings for these two components of the standards
would range between $25-$45 for Tier 2 for the average computer on the
market. This results in a benefit cost ratio range between a 2.20 to 1 and
1.10 to 1.. Again, this does not include additional savings (or costs) from
other approaches to meet the TEC limits.

Non-Energy
Benefits

This proposal will increase greenhouse gas reduction at the power
generation source, helping California to meet its AB 32 goals (1990 levels
by 2020).

One benefit from both increasing the power supply efficiency and
implementation of power management settings is the reduction in cooling
needs at peak electricity demand in summer months, due to a reduction in
waste heat in office and to a lesser extent residential buildings. While the
waste heat may increase natural gas demand in winter months, this
tradeoff is a net environmental benefit.

Another potential external benefit to increasing power supply efficiency is
the effect on the efficiencies of other products, for example, of internal
power supplies for other consumer electronics and external power supplies
for notebooks.

2011 California Appliance Efficiency Standards Last Modified: September 30, 2011
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Environmental
Impacts

We are not aware of any adverse environmental impacts that will be
created by the proposed standard, but further research will be performed
regarding the toxicity of computer components.

Acceptance
Issues

Using ENERGY STAR'’s definitions and test procedure and energy
consumption calculation should help to minimize any acceptance issues.
We will further analyze the interaction and potential coordination between
this proposed standard and forthcoming update to the ENERGY STAR
specifications (to 6.0) as they are published.

TEC requirements in this proposal have no effect on active mode power
consumption, only on idle, sleep and off modes. There is therefore no
adverse consequence on computer performance.

For ENERGY STAR, the TEC approach requires testing of the highest
energy consuming configuration in each ENERGY STAR category per
model. We propose adopting a similar approach for the registration of
models complying with this California standard.

Federal
Preemption or
other
Regulatory or
Legislative
Considerations

There are no known interactions with other existing laws for this standard.

There is currently no federal mandatory standard, and there is significant
potential California to influence the direction of national adoption.

The Department of Energy is scheduled to begin a rulemaking for
‘Computers, Computer Equipment and Certain Computer Components,’
however, given that this rulemaking is in its very early stages, there is
significant uncertainty in the schedule. At the very earliest, the effective
date would be in 2018, when California’s standard would have already
reached full stock turnover.

Methodology and Modeling used in the Development of the Proposal

We developed savings estimates using the best available data from a number of sources.
Given ongoing developments in the marketplace, we are planning to update these estimates
upon obtaining new data, particularly for energy usage data from ENERGY STAR 6.0, and
costs of compliance to meet the determined TEC levels.

Key assumptions for the base case energy consumption are below (more detailed
assumptions will be provided upon the submission of a full CASE report). We used these
estimates to calculate stock turnover energy consumption reduction from the base case of
12.5% for Tier 1 and 25% for Tier 2. Savings from power supply efficiency improvements
and power management enablement would contribute to these tiered requirements, not be
additional, and were calculated as such to demonstrate the feasibility of these levels.

Per Unit Assumptions for Base Case PC’s:

2011 California Appliance Efficiency Standards
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Power use by mode (ENERGY STAR 5.0). Since this data reflects the top tier of the
market, rather than the market average, these numbers were adjusted accordingly.
Again, this data reflects past market values and will be updated with current market
data and projected into the future for the base case.

Duty cycle and Power management enablement differing by notebooks, desktops and
by sector (Barr et al 2010, Pigg & Bensch 2010 and, TIAX 2007).

Power supply efficiency market saturation and costs (iSuppli 2011, Navigant 2011).
Design life: Desktops is 4-5 years; ENERGY STAR reports 4 years (EPA 2010a).
Notebooks is estimated to be 2-3 years (Toshiba 2008).

Electricity pricing: currently $.14/kwh CEC (2011), and future prices projected using
CEC 2004 methodology, weighting commercial and residential (Energy Solutions
2011).

Residential to Commercial market saturation = 60/40 (Hamm and Greene 2008)

State-wide

US Sales (IDC 2010, 11) * 12%, a CA / US factor

Data, Analysis, and Results

llustrative TEC Limits

The chart below illustrates how the proposed TEC standard would work for computers. This

is illustrative only since actual limits will be determined later based on Energy Star 6 and
cost-effectiveness data.

Figure 2: lllustration of TEC Standard on One Computer Category

Desktop Cat B (Energy Star 5 dataset, 2008, kWh/yr)
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The TEC standard proposal works in a similar manner as ENERGY STAR, but instead of
recognizing the most efficient computers with a label, a TEC standard sets system-level

2011 California Appliance Efficiency Standards
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limits requiring the worst energy performers in the market to meet minimum efficiency
standards. This flexible, performance-based approach enables manufacturers to find the
most cost-effective way to meet the standard.

Capability Adjustments (aka adders) provide extra allowances for specific capabilities,
ensuring that the standard is performance and functionality neutral.

The standard is inspired from ENERGY STAR, however it uses adjusted limit and adder
values in order to ensure that specific applications are unduly impacted.

Power Use by Mode

The power draw of each mode for both desktops and servers is determined by a number of
factors, including but not limited to the processing capabilities, the power supply efficiency
and if the power supply is redundant capable. The wattage for each mode used in this
analysis and in the model was developed with inputs and definitions based on ENERGY
STARS.0.

Duty Cycle & Power Management

The duty cycle for PC’s varies considerably by ownership, though general usage trends
have been documented. There are several studies which sample PC user behavior in both
residential and commercial settings to capture an estimation of daily duty cycles (Barr et al
2010; Pigg & Bensch 2010; TIAX 2007). The duty cycle is determined both by the extent of
the PC’s power management settings (see Appendix C for definitions) and by the extent the
user manually switches the modes. The power management settings determine the length of
time before the operating system automatically switches off the hard disk and the display in
non-active modes from idle to sleep, with an optional Wake on LAN (WOL). This function
allows the hard disk and display to wake from sleep or off when directed by a network
request via Ethernet.

Power management settings of each PC model are determined by the PC manufacturer at
shipment, and then can be further adjusted by the user, or administrators in the commercial
settings, throughout the life of the unit. Power management capabilities vary slightly across
operating systems, of which currently four main ones share the majority of the market:
Windows XP, Windows 7, Windows Vista, MacOS X, with Linux representing a small
percentage. If 2011 is an indicator of the near future, Windows 7 is likely to further replace
Windows XP and Vista and be the dominant operating system until Microsoft’s next version,
Windows 8. MacOS X has risen in market share, but is still about 10% of new shipments.

Based on a preliminary assessment of current market saturation, we determined that
approximately 70% of desktops and 90% of notebooks have power management enabled at
shipment. This data highlights a higher saturation than previous research suggests for
existing stock in both residential and commercial sectors (Pigg & Bensch 2010; Chetty et. al
2009, Barr et al. 2010) but that there is still opportunity for industry implementation and
continuity, both in enablement rate and the length of time before sleep.

2011 California Appliance Efficiency Standards Last Modified: September 30, 2011
Computers
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Both the user adjustment rates from the default set by the manufacturer upon shipment and
the manual switching of modes were also included in the estimation of duty cycle using the
previous research (Pigg & Bensch 2010; Chetty et. al 2009, Barr et al. 2010). Reasons for
disabling power management are not well understood, however it appears that this is
caused both by user behavior due to perception of inconvenience and by software and
hardware incompatibilities with power management functionality of the system.

PSU Efficiency:

A range of PSU efficiencies currently exist in the marketplace, with higher power ratings
having higher efficiencies. The vast majority of desktop PSUs have name plate power
ratings of 300 - 350W (see Figure 3) and will continue to increase as percentage of the
whole (iSuppli 2011).

Figure 4 shows one estimate of the current efficiencies at 50% load, with nearly half of
desktop PSUs below 80%, an important threshold for efficiency. Navigant reports that more
than half, approximately 63% are non-80 PLUS certified.

Preliminary findings suggest that computers are idling in the 10%-20% range, but that these
Loads, which are currently not included in 80 PLUS for computers (though is for servers)
have disproportional efficiencies relative to the other three load efficiencies that are
addressed by 80 Plus (20%, 50% and 100%).

2011 California Appliance Efficiency Standards Last Modified: September 30, 2011
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Figure 3: Desktop Power Supply Unit Market Shares in 2010 by Maximum Power Rating

H PSU Ratings 250W-300W
m PSU Ratings 300W-350W
M PSU Ratings 350W-400W

Source: iSuppli, Cost of Efficiency, prepared by iSuppli for Energy Solutions. 2011

Figure 4: Desktop Power Supply Market Share in 2010 by Efficiency @ 50% Load

mBellow 80%
m80% -90%
mAbove 90%

Costs of Efficiency

The incremental materials cost for manufacturers would be $.80 per one percent efficiency
improvement for desktop PSUs. In practical terms, this means that a manufacturer
producing a PSU with a name plate wattage of 375 and an estimated 2014 market average
of 83% efficiency (at 50% load) would need to spend less than $7 to meet Tier 2. A mark-up
of 1.6 - 2 times the cost from manufacturer to PSU consumer results in a cost premium
range of $18-$23 cost premium. Power management enablement is estimated to have little
to no cost associated with it. With the energy savings from this efficiency improvement and
power management enablement of $35, the resulting NPV life cycle cost of the standard
would be $17-12 for desktops for Tier 2. Again, notebooks would only be required to comply
with the power management enablement requirement and would not endure these costs, but
would gain all of the energy savings benefits, between $.75 and $2.00.

2011 California Appliance Efficiency Standards Last Modified: September 30, 2011
Computers
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If the distribution of nameplate power rating for the desktop PSU market remained roughly
the same over the next four years, 23% would be required to meet the 80 Plus® Bronze
standard of Tier 1 (85% efficiency at 50% load) and then the Gold standard of Tier 2 (90%
efficiency at 50% load). The remaining 77% would be required to meet the Silver standard in
Tier 1 (88% efficiency at 50% load) and the Platinum standard of Tier 2 (92% efficiency at
50% load).

As discussed above, the life cycle costs and benefit cost ratios for system-wide TEC limit is
not yet complete, however, the analysis for PSU efficiencies and power management
enablement demonstrates significant efficiency improvement opportunities that are cost-
effective.

Statewide Stock & Sales, Energy Use and Savings

Table 2: California PC Stock and Sales in 2014

California California Annual Sales
Stock
'12-17
Estimated
Average
Units Units Annual Growth
Design Options (millions) (millions) Rate
Desktops 15 3.8 -0.8%
Notebooks 21 8.8 8%

Source: Energy Solutions and NRDC 2011

Table 3: California Statewide Baseline Energy Use 2014

For First-Year Sales For Entire Stock
Coincident Annual Energy Coincident Annual Energy
Peak Demand Consumption Peak Demand Consumption
Design Options (MW) (GWh/yr) (MW) (GWh/yr)
Desktops 300 1,760 1,285 7,550
Notebooks 180 1,050 440 2,570

Source: Energy Solutions and NRDC 2011

2011 California Appliance Efficiency Standards
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Table 4: Estimated California Statewide Energy Savings for Proposed Standards

For First-Year Sales After Entire Stock Turnover
Design Coincident Annual Coincident Annual
Options Peak Demand Energy Peak Demand Energy

Reduction Savings Reduction Savings

(MW) (GWhlyr) (MW) (GWhlyr)
Tier 1 60 350 215 1,265
Tier 2
(relative to 120 710 440 2,600
BAU)

Source: Energy Solutions and NRDC 2011

Proposed Standards and Recommendations

We recommend that California adopt a two-tier, 2014 (Tier 1) and 2016 (Tier 2), standard for
Computers based on the typical electricity consumption (TEC, kWh/year) for an individual
device, with addition of power supply efficiency and power management enablement
requirements. The TEC limit is determined by the class of the device with allowances for
advanced features. Recommendations for specific base TEC levels and allowances will be
developed upon the incorporation of updated market data.

We also recommend a two-tier, 2014 and 2016, based on 80 PLUS levels, with an additional
requirement for 10% load (efficiency to be determined).

Finally, we recommend a power management enablement requirement based on ENERGY
STAR 5.0 specifications. Device classifications and testing procedures should also follow
current ENERGY STAR 5.0.

To the Title 20 Code language, we recommend the following changes and additions:
Section 1604. Test Method for Specific Appliances.

(u) Power Supplies.

The test method for Class A federally requlated and state-requlated external power supplies
is US EPA “Test Method for Calculating the Energy Efficiency of Single-Voltage External

AC-DC and AC-AC Power Supplies” dated Auqust 11, 2004, except that the test voltage
specified in Section 4(d) of the test method shall be only 115 volts, 60 Hz.

The test method for Class XX state-requlated internal power supplies is EPRI & ECOS
“Generalized Test Protocol for Calculating the Enerqy Efficiency of Internal Ac-Dc and Dc-Dc
Power Supplies Rev 6.5 dated” dated July 7" 2010.

(__) Personal Computers.
The test method for Typical Enerqgy Consumption for Personal Computers is ENERGY
STAR Computer Test Method (Version 5.0) Section lll.

2011 California Appliance Efficiency Standards
Computers
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NOTE: There is no test procedure for enabled power management settings, as power
management is a configuration, not a performance requirement.

Section 1605.1
(u) Power Supplies.

1. Multi-output State-regulated Internal Power Supplies. The efficiency of a multi-output
state regqulated internal power supply manufactured shall not be less than the
applicable values shown in Table U-1 at each loading condition.

Table U-1: Standards for Multi-Output Internal Power Supplies with Maximum Power Ratings
greater than 50W

Maximum Power Loading Tier 1 - Effective Tier 2 - Effective January 1,
Rating Condition | January 1, 2014 2016
Minimum Efficiency | Minimum Efficiency

= 50W and < 300W 10% TBD TBD
20% 82% 87%
50% 85% 90%
100% 82% 87%

> 300W 10% TBD TBD
20% 85% 90%
50% 88% 92%
100% 85% 90%

(__) Personal Computers.

1. Typical Energy Consumption: Personal Computers manufactured on or after XXXX
shall have no more than the following values: (TABLE TBD)

2. Power Management Settings. Personal Computers manufactured on or after XXXX
shall have upon shipment Power Management Settings enabled with Sleep Mode set
to activate within 30 minutes of user inactivity. Computers shall reduce the speed of
any active 1 Gb/s Ethernet network links when transitioning to Sleep or Off. Display
Sleep Mode shall be set to activate within 15 minutes of user inactivity.

2011 California Appliance Efficiency Standards
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Reference and Appendices

Appendix A:

Hardware Definitions

Computers:
For purposes of this specification, we define computers as follows, based on ENERGY

STAR Program Requirements for Computers v5.0.

A device which performs logical operations and processes data. Computers are composed
of, at a minimum: (1) a central processing unit (CPU) to perform operations; (2) user input
devices such as a keyboard, mouse, digitizer or game controller; and (3) a computer display
screen to output information. For the purposes of this specification, computers include both
stationary and portable units, including desktop computers, integrated desktop computers,
notebook computers, thin clients, and workstations. Although computers must be capable of
using input devices and computer displays, as noted in numbers 2 and 3 above, computer
systems do not need to include these devices on shipment to meet this definition.

Internal Power Supply:
For purposes of this specification, per the scope of ENERGY STAR Program Requirements
for Computers v.5.0:

A component internal to the computer casing and designed to convert AC or DC voltage
from the mains to DC voltage(s) for the purpose of powering the computer components. For
the purposes of this specification, an internal power supply must be contained within the
computer casing but be separate from the main computer board. The power supply must
connect to the mains through a single cable with no intermediate circuitry between the power
supply and the mains power. In addition, all power connections from the power supply to the
computer components, with the exception of a DC connection to a computer display in an
Integrated Desktop Computer, must be internal to the computer casing (i.e., no external
cables running from the power supply to the computer or individual components). Internal
dc-to-dc converters used to convert a single dc voltage from an external power supply into
multiple voltages for use by the computer are not considered internal power supplies.
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Image of Internal Power Supply

Source: Electric Power Research Institute accessed http.//www.efficientpowersupplies.org/efficiency _opportunities.html

Single Output vs. Multi-Output Power Supplies

For the purposes of this specification, per the scope of Climate Savers Computing
(http://www.climatesaverscomputing.org/tech-specs):

A Multi-output PSU refers to desktop and server application power supplies in non-
redundant applications. A Single-output PSU typically refers to volume servers power
supplies in redundant configurations (1U/2U single, dual, four-socket and blade servers).

2011 California Appliance Efficiency Standards Last Modified: September 30, 2011
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Appendix B:

Power Supply Efficiency Level Definitions:

The following represent definitions of various “levels” of power supply efficiency
performance. These are consistent with the Climate Savers Computer Initiative and 80 Plus
power supply definitions.

Multi-output Power Supply Unit:

Desktop and server application power supplies in non-redundant applications:

Loading Bronze Silver Gold Platinum

Condition  ["Eeficiency | Power | Ef. X3 Ef. X3 Eff. p.f.
Factor

20% 82% 0.8 85% 0.8 87% 0.8 90% 0.8

50% 85% 0.9 88% 0.9 90% 0.9 92% 0.9

100% 82% 0.95 85% 0.95 87% 0.95 89% 0.95
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Appendix C: Duty Cycle Mode Definitions

The definitions for each mode used in this analysis and in the model developed by Energy
Solutions and NRDC (2011) are as follows, based on ENERGY STAR Program
Requirements for Computers Version 5.0%

Active: The state in which the computer is carrying out useful work in response to a)
prior or concurrent user input or b) prior or concurrent instruction over the network.
This state includes active processing, seeking data from storage, memory, or cache,
including idle state time while awaiting further user input and before entering low
power modes..

Idle: The electrical power consumed by a device when it is powered on, operating
system and software are loaded, and the system is not processing any user data, but
is ready to process new data or requests with no or minimal delay due to power
management.

Sleep: A low-power state that the IT equipment is capable of entering automatically
after a period of inactivity or by manual selection. A system with sleep capability can
quickly “wake” in response to network connections or user interface devices, like
hibernate with a latency of < 5 seconds from initiation of wake event to system
becoming fully usable.

Off: The power consumption level in the lowest power mode which cannot be
switched off (influenced) by the user and that may persist for an indefinite time when
the appliance is connected to the main electricity supply and used in accordance with
the manufacturer’s instructions.

Other Duty Cycle Definitions:

Barr et al. (2010) defines duty cycle modes as “ON,” “SLEEP,” and “OFF.”

TIAX (2007) defines duty cycle modes as “ACTIVE,” “SLEEP,” and “OFF.”

Pigg & Bensch (2010) define duty cycle modes as “ACTIVE,” “SLEEP,” and “OFF.”
Chetty (2009) defines duty cycle modes as “ACTIVE,” “ON (but not ACTIVE),” and
“LOW POWER and OFF.”

2 The naming convention of duty cycle modes and estimation of length of time in each duty
cycle mode vary throughout the research (e.g. Windows XP refers to “sleep” as “standby”)
based on surveying and data collection methods (Barr et al. 2010; TIAX 2007; Pigg &
Bensch 2010; Chetty 2009). We use ENERGY STAR version because it is the most
universal. See Appendix D for a more detail description of these other duty cycles.
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Appendix D: ENERGY STAR Power Use Test Procedure

APPENDIX A:
ENERGY STAR Test Procedure for Determining the
Power Use of Computers/Game Consoles in Off, Sleep, and Idle

The following protocol should be followed when measuring power consumption levels of computers/game
consoles for compliance with the Off, Sleep, and Idle levels provided in the ENERGY STAR Version 5.0
Computer Specification. Partners must measure a representative sample of the configuration as shipped
to the customer. However, the Partner does not need to consider power consumption changes that may
result from component additions, BIOS and/or software settings made by the computer user after sale of
product, This procedure is intended fo be followed in order and the mode being tested is labeled where
appropriate.

Computers must be tested with configuration and seftings as shipped, unless otherwise specified in the
test procedure in this Appendix A, Steps requinng alternative setup are marked with an asterisk ( “* ).

Definitions

Unless ctherwise specified, all terms used in this document are consistent with the definitions
contained in the Version 5.0 ENERGY STAR Eligibility Criteria for Computers,

uuT
UUT is an acronym for “unit under test," which in this case refers to the computer being tested.

UPs

UPS is an acronym for “Uninterruptible Power Supply,” which refers to a combination of converters,
switches and energy storage means, for example batteries, constituting a power supply far
maintaining continuity of load power in case of input power failure.

Testing Requirements

Approved Meter
Approved meters will include the following attributes’:

= Power resolution of 1 mW or better;
* An available current crest factor of 3 or maore at its rated range value; and
« Lower bound on the current range of 10mA or less,

The following attributes in addition to those above are suggested:

+« Frequency response of at least 3 kHz; and
e Calibration with a standard that is traceable to the U.S. National Institute of Standards and
Technology (NIST).

It is also desirable for measurement instruments to be able to average power accurately over any user
selected time interval (this is usually done with an internal math's calculation dividing accumulated
energy by time within the meter, which is the most accurate approach). As an alternative, the
measurement instrument would have to be capable of integrating energy over any user selected time
interval with an energy resolution of less than or equal to 0.1 mWh and integrating time displayed with
a resolution of 1 second or less.

" Charactenstics of approved meters taken from |EC 62301 Ed 1.0; Measurement of Standby Power

EMERGY STAR Program Requirements for Computers: Version 5.0
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Accuracy

Measurements of power of 0.5 W or greater shall be made with an uncertainty of less than or equal to
2% at the 95% confidence level. Measurements of power of less than 0.5 W shall be made with an
uncertainty of less than or equal to 0.01 W at the 95% confidence level. The power measurement
instrument shall have a resolution of:

« 0.01 W or better for power measurements of 10 W or less;
« 0.1 Wor better for power measurements of greater than 10 Wup to 100 W, and
« 1W or better for power measurements of greater than 100 W,

All power figures should be in watts and rounded to the second decimal place. For loads greater than
or equalto 10 W, three significant figures shall be reported.

Test Conditions

Supply Voltage: North America/Taiwan: (115 (£ 1%) Volts AC, 60 Hz (£ 1%)
Europe/AustraliaMew (230 (+ 1%) Volts AC, 50 Hz (¢ 1%)
Zealand:
Japan: 100 (+ 1%) Volts AC, 50 Hz (+ 1% )}/60 Hz (+ 1%)

Note: For products rated for = 1.5 kW maximum
power, the voltage range is £ 4%

Total Harmonic Distortion (< 2% THD (< 5% for products which are rated for = 1.5 kW maximum

(THD) (Voltage): power)

Ambient Temperature: 23°C £ 5°C

Relative Humidity: 10-80 %

(Reference IEC 62301: Household Electrical Appliances — Measurement of Standby Power, Sections 4.2, 4.3,
4.4)

Test Configuration
Power consumption of a computer shall be measured and tested from an ac source to the UUT.

If the UUT supports Ethemnet, it must be connected to an Ethemet network switch capable of the
UUT's highest and lowest network speeds. The network connection must be live during all tests.

lll. TestProcedure for Off, Sleep and Idle for All Computer Products

Measurement of ac power consumption of a computer should be conducted as follows:

UUT Preparation

1. Record the manufacturer and model name of the UUT.,

2. Ensure that the UUT is connected to network resources as detailed below, and that the UUT
maintains this live connection for the duration of testing, disregarding brief lapses when
transitioning between link speeds.

a.  Desktops Integrated Deskiops, and Notebooks shall be connected to a live Ethernet
(IEEE 802.3) network switch as specified in Section Il., “Test Configuration,” above. The
computer must maintain this live connection to the switch for the duration of testing,
disregarding brief lapses when transitioning between link speeds. Computers without
Ethemet capability must maintain a live wireless connection to a wireless router or
network access point for the duration of testing.

b. Small-Scale Servers shall be connected to a live Ethernet (IEEE 802.3) network switch as
specified in Section 11, “Test Configuration,” above, and that the connection is live.

ENERGY STAR Program Reguirements for Computers: Version 5.0 2
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¢. Thin Clients shall be connected to a live server via a live Ethernet (IEEE 802.3) network
switch and shall run intended terminal/remote connection software,

3. Connect an approved meter capable of measuring frue power to an ac line voltage source set to
the appropriate voltagefrequency combination for the test.

4. Plug the UUT into the measurement power outlet on the meter. No power strips or UPS units
should be connected between the meter and the UUT. For a valid test to take place the meter
should remain in place until all Off, Sleep, and Idle power data is recorded.

5. Record the ac voltage and frequency.

6. Boot computer and wait until the operating system has fully loaded. If necessary, run the initial
operating system setup and allow all preliminary file indexing and other one-time/periodic
processes to complete.

7. Record basic information about the computer's configuration — computer type, operating system
name and version, processor type and speed, and total and available physical memory, etc.

8. Record basic infformation about the video card or graphics chipset (if applicable) - video
card/chipset name, frame buffer width, resolution, amount of onboard memary, and bits per pixel.

9. * Ensure that the UUT is configured as shipped including all accessories, WOL enabling, and
software shipped by default. UUT should also be configured using the following requirements for
all tests:

a. Desklop systems shipped without accessories should be configured with a standard
mouse, keyboard and external computer display.

b. Notebooks should include all accessories shipped with the system, and need not include
a separate keyboard or mouse when equipped with an integrated pointing device or
digitizer.

¢. Nolebooks should have the battery pack(s) removed for all tests. For systems where
operation without a battery pack is not a supported configuration, the test may be
performed with fully charged battery pack(s) installed, making sure to report this
configuration in the test results.

d.  Small-Scale Servers and Thin Clienis shipped without accessories should be configured
with a standard mouse, keyboard and external computer display (if server has display
output functionality).

e. For Computers with Ethermnet capability, power to wireless radios should be turned off for
all tests. This applies to wireless network adapters (e.g., 802.11) or device-to-device
wireless protocols. For Computers without Ethemet capability, power to awireless LAN
radio (e.g. IEEE 802 .11) should remain on during testing and must maintain a live
wireless connection to a wireless router or network access point, which supports the
highest and lowest data speeds of the client radio, for the duration of testing.

f. Prmary hard drives may not be power managed ("spun-down") during Idle testing unless
containing non-volatile cache integral to the drive (e.g. “hybrid" hard drives). If more than
one internal hard drive is installed as shipped, the non-primary, intemal hard drive(s) may
be tested with hard drive power management enabled as shipped. If these additional
drives are not power managed when shipped to customers, they must be tested without
such features implemented.

10. * The following guidelines should be followed to configure power settings for computer displays
(adjusting no other power management settings):

a. For computers with external computer displays (most desktops): use the computer display
power management settings to prevent the display from powering down to ensure it stays
on for the full length of the Idle test as described below.

b. For computers with integrated computer displays (notebooks and integrated systems): use
the power management settings to set the display to power down after 1 minute.

11. Shut down the UUT.
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Off Mode Testing

12. With the UUT shut down and in Off, set the meter to begin accumulating true power values at an
interval of less than or equal to 1 reading per second. Accumulate power values for 5 additional
minutes and record the average (arithmetic mean) value observed during that 5 minute period.’

Idle Mode Testing

13. Switch on the computer and begin recording elapsed time, starting either when the computer is
initially switched on, or immediately after completing any log in activity necessary to fully boot the
system. Once logged in with the operating system fully loaded and ready, close any open windows
so that the standard operational desktop screen or equivalent ready screen is displayed. Between
5 and 15 minutes after the initial boot or log in, set the meter to begin accumulating true power
values at an interval of greater than or equal to 1 reading per second. Accumulate power values
for 5 additional minutes and record the average (arithmetic mean) value observed during that 5
minute period.

Sleep Mode Testing

14. After completing the Idle measurements, place the computer in Sleep mode. Reset the meter (if
necessary) and begin accumulating true power values at an interval of greater than or equal to 1
reading per second. Accumulate power values for 5 additional minutes and record the average
(arithmetic mean) value observed during that 5 minute period.

15. Iftesting both WOL enabled and WOL disabled for Sleep, wake the computer and change the
WOL from Sleep setting through the operating system settings or by other means. Place the
computer back in Sleep mode and repeat step 14, recording Sleep power necessary for this
alternate configuration.

Reporting Test Results

16. The test results must be reported to EPA or the European Commission, as appropriate, taking
care to ensure that all required information has been included, including modal power values and
eligible capability adjustments for Desktops, Integrated Desktops, and Notebooks,

V. Maximum Power Test for Workstations

The maximum power for workstations is found by the simultaneous operation of two industry standard
benchmarks: Linpack to stress the core system (e.g., processor, memory, etc.) and SPE Cviewperf®
(latest available version for the UUT) to stress the system's GPU. Additional information on these
benchmarks, including free downloads, can be found at the URLs found below:

Linpack hitp:/fwww. netlib.orgflinpack!
SPECviewper®™ http://www.spec.org/benchmarks.html#gpc

This test must be repeated three times on the same UUT, and all three measurements must fall within
a + 2% tolerance relative to the average of the three measured maximum power values.

Measurement of the maximum ac power consumption of a workstation should be conducted as
follows:

UUT Preparation
1. Connect an approved meter capable of measuring frue power to an ac line voltage source set to
the appropriate voltageffrequency combination for the test. The meter should be able to store and

e Labaratory-grade, ful-function meters can integrate values over time and report the average value automatically.
Other meters would require the user to capture a senes of changing values every 5 seconds for a five minute period
and then compute the average manually,
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6.

output the maximum power measurement reached during the test or be capable of another
method of determining maximum power.

Flug the UUT into the measurement power outlet on the meter. Mo power sfrips or UPS units
should be connected between the meter and the UUT.

Record the ac voltage.

* Boot the computer and, if not already installed, install Linpack and SPECviewperf as indicated
on the above Websites.

Set Linpack with all the defaults for the given architecture of the UUT and set the appropriate array
size “n" for maximizing power draw during the test

Ensure all guidelines set by the SPEC organization for running SPECviewperf are being met.

Maximum Power Testing

7.

Set the meter to begin accumulating true power values at an interval of less than or egual to 1
reading per second, and begin taking measurements. Run SPECviewperf and as many
simultaneous instances of Linpack as needed to fully stress the system.

Accumulate power values until SPECviewperf and all instances have completed running. Record
the maximum power value attained during the test,

Reporting Test Results

8.

10.

The test results must be reported to EPA or the European Commission, taking care to ensure that
all required information has been included.

Upon submittal of data, manufacturers must also include the following data:

Walue of the n (the array size) used for Linpack,

Number of simultaneous copies of Linpack run during the test,

Wersion of SPECviewperf run for test,

All compiler optimizations used in compiling Linpack and SPECviewperf, and

A precompiled binary for end users to download and run of both SPECviewperf and
Linpack. These can be distributed either through a centralized standards body such as
SPEC, by the OEM or by a related third party.

LU =S e = g

V. Test Procedure for All Modes for Game Consoles

Measurement of ac power consumption of a computer should be conducted as follows:

UUT Preparation

1.

Record the manufacturer and model name of the UUT.

2. Record basic information about the computer's configuration — computer type, operating system
name and version, processar type and speed, total and available physical memory, etc.

3. Ensure that the UUT is connected to a TW(s) which suppor all of the output types supported by
the UUT.

a. For each output thal supports APD, repeal step 10 of this procedure.

4. Connect an approved meter capable of measuring true power to an ac line voltage source set to
the appropriate voltageffrequency combination for the test.

5. Plug the UUT into the measurement power outlet on the meter. No power strips or UPS units
should be connected between the meter and the UUT. For a valid test to take place the meter
should remain in place until all power data is recorded.

6. Record the ac voltage and frequency.

7. Tum on the console and wait until the operating system has fully loaded.

8. If necessary, run the initial system setup and allow all preliminary tasks and other one-
time/periodic processes to complete.

9. Ensure that the UUT is configured as shipped including all accessories, power management
settings and software shipped by default.

10. For each applicable output, wait for 15 minutes and ensure the output drops after the prescribed
time.

11. Place the system in a state without the game loaded.
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Purpose

This document is a report template to be used by researchers who are evaluating proposed
changes to the California Energy Commission’s (Commission) appliance efficiency
regulations (Title 20, Cal. Code Regulations, §§ 1601 — 1608) This report specifically covers
Computers.

Background

Desktop and notebook (laptop) computers, also known as Personal Computers (PC’s) are
ubiquitous (see Appendix A for definitions). With approximately one per capita in the U.S.,
they play a prominent role in society, and have a wide-range of applications and
performance capabilities for both business and personal use. For example, engineering,
architecture, video editing and gaming software require higher performing hardware, i.e.
faster graphics cards, memory, etc., while more universal functions e.g., internet browsing
and word-processing, require lower performing equipment .

As the technology advances, so are consumer preferences. For example, desktops used
with display monitors, are projected to reach a plateau in annual sales volume, while
notebooks are growing both in professional and personal usage, due to their smaller size
and greater mobility. Notebooks consume less electricity than desktops when comparing the
same performance levels because they generally have greater component efficiencies due
to a design focus on reducing waste energy for increased battery life. In addition, notebooks
use external power supplies, which are currently covered by Federal standards (DOE 2008)
and therefore not covered in this proposal.

Despite this shift towards less energy consumptive form factors and assistance from
voluntary programs in improving efficiencies such as ENERGY STAR and 80 PLUS (a third-
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party certification power supplies 80% efficient and greater), there is still a significant
amount of energy savings to gain on a per unit basis for both form factors.

Figure 1: Comparison of Annual Energy Use of Tablet, Notebook, Desktop Computers1

Annual Energy Use !

Tablet 10

Notebook [ 30

Desktop | 300
with Display

0 100 200 300 400

The above chart illustrates the magnitude of the differences in energy use between the 3
form factors. These differences are out of proportion of the capability differences between
these platforms, and demonstrate that desktops and to some extent even notebooks use
less efficient components and system architectures than tablets. Tablets demonstrate that
computing devices of comparable capabilities and prices can use radically less energy.

PC’s are a substantial electronic plug-load and in aggregate are a growing fraction of all
energy consumed in California (EIA 2008), currently at an estimated 10,000 GWh/yr, or over
3% of California (excluding the energy consumption of monitors both in desktop and
notebooks).

There are several design changes that can improve a PC’s overall efficiency, including
modifications to the platform (motherboard and CPU combinations), power supply units
(PSUs),) hard drives, memory modules and case fans (EPRI & Ecos 2008), as illustrated
below:

! Based on product samples, not necessarily exact representation of market average. Tablet is iPad, Notebook and Desktop are ENERGY STAR category
B devices with integrated graphics. Monitor is 20-in model. Duty cycle include mix of ENERGY STAR and non-power managed computers.

2011 California Appliance Efficiency Standards Last Modified: September 30, 2011
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Table 1: Computer Energy Use Breakdown and Efficiency Opportunities

Component Shareof Savings opportunities
energy use

Power Supply 15-35% + 80-Plus Bronze: <70% to 82% efficiency

Display 15-30%  +LED backlighting, more efficient panel technology

Motherboard 15-20%  +More efficient chipsets, voltage regulators and
other components, mobile-on-desktop design

GPU 0-50% * Higher power proportionality: low powerin idle

CPU 5-15% * Low power CPUs, voltage and frequency scaling

Disks 5-10% +“Green” drives, solid state drives (SSD)

Memory 5-10% +“Green” memory

Networking 2-8%

System-level strategies
* Advanced power management * Graphics switching

Of the energy savings opportunities available, we recommend both a system-based energy
use approach and a few, simple, low-cost, cost-effective measures of power supply
efficiency and power management enablement requirements that would increase the
efficiency of computers without impeding the development of the technology.

2011 California Appliance Efficiency Standards Last Modified: September 30, 2011
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Overview

Description of
Standards
Proposal

We recommend that California adopt a two-tier, 2014 (Tier 1) and 2016
(Tier 2), standard for Computers based on the typical electricity
consumption (TEC), in units of kWh/year, for an individual device, with
additional power supply efficiency and power management enablement
requirements. The TEC limit will be determined by the class of the device
and with allowances for advanced features. Recommendations for specific
base TEC levels and allowances will be developed upon the incorporation
of updated market energy use data.

Power management enablement requirements are based on ENERGY
STAR 5.0 specifications. Device classifications and testing procedures
should also follow current ENERGY STAR 5.0 specification.

Power supply efficiency requirements are based on 80 PLUS levels (See
Appendix B), with an additional requirement for 10% load (level TBD).

Tier 1 - Effective

January 1, 2014

Minimum Efficiency
TBD

Tier 2 - Effective

January 1, 2016

Minimum Efficiency
TBD

Maximum Power
Rating

Loading
Condition

= 50W and <
300W

10%

20%
50%
100%
10%
20%
50%
100%

82%
85%
82%
TBD
85%
88%
85%

87%
90%
87%
TBD
90%
92%
90%

> 300W

California
Stock and
Sales

Based on sales data from IDC (2011) and RASS (2009), we estimate there
to be 6.5 million desktops and 8.6 million notebooks in homes, and 9.4
million desktops and 12.4 million notebooks in the commercial sector by
2014. We estimate annual sales for desktops at 4 million and notebooks at
8 million in California, with no future growth for desktops and an average
8% increase of notebooks through 2017.
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Energy
Savings and
Demand
Reduction

We estimate there to be a per unit lifetime energy savings of 320 kWh and
60 kWh by stock turnover for Tier 2 (assuming TEC levels set to reduce
average energy use by 25% compared to the current market), for desktops
and notebooks, respectively. Collectively, this standard would result in
2,500 GWh of energy savings and 440 MW of peak demand (equal to
about one power plant) after stock turnover, using peak demand ratio from
Koomey and Brown (2002).

Economic
Analysis

The full life-cycle costs, benefits and ratios for the TEC component of the
standard are still to be determined. Power supply unit efficiency and power
management enablement components have shown cost-effectiveness over
the life-cycle of the product, however.

Preliminary material cost analysis indicates that power supply efficiency
improvements are approximately $.80 per 1% increase in efficiency for the
manufacturer (iSuppli 2011). Assuming a price-mark up range for the end
consumer of 1.6 -2 times, this is $2.0 - $2.40 per 1% increase in efficiency
for the consumer.

In a separate study, Navigant (2011) concludes a cost range of
approximately $7-$23 for an average efficiency improvement to 80 PLUS,
depending on the starting efficiency.

With no additional cost for power management enablement, given that the
computers are already configured before they ship, we estimate the
resulting energy cost savings for these two components of the standards
would range between $25-$45 for Tier 2 for the average computer on the
market. This results in a benefit cost ratio range between a 2.20 to 1 and
1.10 to 1.. Again, this does not include additional savings (or costs) from
other approaches to meet the TEC limits.

Non-Energy
Benefits

This proposal will increase greenhouse gas reduction at the power
generation source, helping California to meet its AB 32 goals (1990 levels
by 2020).

One benefit from both increasing the power supply efficiency and
implementation of power management settings is the reduction in cooling
needs at peak electricity demand in summer months, due to a reduction in
waste heat in office and to a lesser extent residential buildings. While the
waste heat may increase natural gas demand in winter months, this
tradeoff is a net environmental benefit.

Another potential external benefit to increasing power supply efficiency is
the effect on the efficiencies of other products, for example, of internal
power supplies for other consumer electronics and external power supplies
for notebooks.
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Environmental
Impacts

We are not aware of any adverse environmental impacts that will be
created by the proposed standard, but further research will be performed
regarding the toxicity of computer components.

Acceptance
Issues

Using ENERGY STAR'’s definitions and test procedure and energy
consumption calculation should help to minimize any acceptance issues.
We will further analyze the interaction and potential coordination between
this proposed standard and forthcoming update to the ENERGY STAR
specifications (to 6.0) as they are published.

TEC requirements in this proposal have no effect on active mode power
consumption, only on idle, sleep and off modes. There is therefore no
adverse consequence on computer performance.

For ENERGY STAR, the TEC approach requires testing of the highest
energy consuming configuration in each ENERGY STAR category per
model. We propose adopting a similar approach for the registration of
models complying with this California standard.

Federal
Preemption or
other
Regulatory or
Legislative
Considerations

There are no known interactions with other existing laws for this standard.

There is currently no federal mandatory standard, and there is significant
potential California to influence the direction of national adoption.

The Department of Energy is scheduled to begin a rulemaking for
‘Computers, Computer Equipment and Certain Computer Components,’
however, given that this rulemaking is in its very early stages, there is
significant uncertainty in the schedule. At the very earliest, the effective
date would be in 2018, when California’s standard would have already
reached full stock turnover.

Methodology and Modeling used in the Development of the Proposal

We developed savings estimates using the best available data from a number of sources.
Given ongoing developments in the marketplace, we are planning to update these estimates
upon obtaining new data, particularly for energy usage data from ENERGY STAR 6.0, and
costs of compliance to meet the determined TEC levels.

Key assumptions for the base case energy consumption are below (more detailed
assumptions will be provided upon the submission of a full CASE report). We used these
estimates to calculate stock turnover energy consumption reduction from the base case of
12.5% for Tier 1 and 25% for Tier 2. Savings from power supply efficiency improvements
and power management enablement would contribute to these tiered requirements, not be
additional, and were calculated as such to demonstrate the feasibility of these levels.

Per Unit Assumptions for Base Case PC’s:
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Power use by mode (ENERGY STAR 5.0). Since this data reflects the top tier of the
market, rather than the market average, these numbers were adjusted accordingly.
Again, this data reflects past market values and will be updated with current market
data and projected into the future for the base case.

Duty cycle and Power management enablement differing by notebooks, desktops and
by sector (Barr et al 2010, Pigg & Bensch 2010 and, TIAX 2007).

Power supply efficiency market saturation and costs (iSuppli 2011, Navigant 2011).
Design life: Desktops is 4-5 years; ENERGY STAR reports 4 years (EPA 2010a).
Notebooks is estimated to be 2-3 years (Toshiba 2008).

Electricity pricing: currently $.14/kwh CEC (2011), and future prices projected using
CEC 2004 methodology, weighting commercial and residential (Energy Solutions
2011).

Residential to Commercial market saturation = 60/40 (Hamm and Greene 2008)

State-wide

US Sales (IDC 2010, 11) * 12%, a CA / US factor

Data, Analysis, and Results

llustrative TEC Limits

The chart below illustrates how the proposed TEC standard would work for computers. This

is illustrative only since actual limits will be determined later based on Energy Star 6 and
cost-effectiveness data.

Figure 2: lllustration of TEC Standard on One Computer Category

Desktop Cat B (Energy Star 5 dataset, 2008, kWh/yr)
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The TEC standard proposal works in a similar manner as ENERGY STAR, but instead of
recognizing the most efficient computers with a label, a TEC standard sets system-level
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limits requiring the worst energy performers in the market to meet minimum efficiency
standards. This flexible, performance-based approach enables manufacturers to find the
most cost-effective way to meet the standard.

Capability Adjustments (aka adders) provide extra allowances for specific capabilities,
ensuring that the standard is performance and functionality neutral.

The standard is inspired from ENERGY STAR, however it uses adjusted limit and adder
values in order to ensure that specific applications are unduly impacted.

Power Use by Mode

The power draw of each mode for both desktops and servers is determined by a number of
factors, including but not limited to the processing capabilities, the power supply efficiency
and if the power supply is redundant capable. The wattage for each mode used in this
analysis and in the model was developed with inputs and definitions based on ENERGY
STARS.0.

Duty Cycle & Power Management

The duty cycle for PC’s varies considerably by ownership, though general usage trends
have been documented. There are several studies which sample PC user behavior in both
residential and commercial settings to capture an estimation of daily duty cycles (Barr et al
2010; Pigg & Bensch 2010; TIAX 2007). The duty cycle is determined both by the extent of
the PC’s power management settings (see Appendix C for definitions) and by the extent the
user manually switches the modes. The power management settings determine the length of
time before the operating system automatically switches off the hard disk and the display in
non-active modes from idle to sleep, with an optional Wake on LAN (WOL). This function
allows the hard disk and display to wake from sleep or off when directed by a network
request via Ethernet.

Power management settings of each PC model are determined by the PC manufacturer at
shipment, and then can be further adjusted by the user, or administrators in the commercial
settings, throughout the life of the unit. Power management capabilities vary slightly across
operating systems, of which currently four main ones share the majority of the market:
Windows XP, Windows 7, Windows Vista, MacOS X, with Linux representing a small
percentage. If 2011 is an indicator of the near future, Windows 7 is likely to further replace
Windows XP and Vista and be the dominant operating system until Microsoft’s next version,
Windows 8. MacOS X has risen in market share, but is still about 10% of new shipments.

Based on a preliminary assessment of current market saturation, we determined that
approximately 70% of desktops and 90% of notebooks have power management enabled at
shipment. This data highlights a higher saturation than previous research suggests for
existing stock in both residential and commercial sectors (Pigg & Bensch 2010; Chetty et. al
2009, Barr et al. 2010) but that there is still opportunity for industry implementation and
continuity, both in enablement rate and the length of time before sleep.

2011 California Appliance Efficiency Standards Last Modified: September 30, 2011
Computers



Measure Information Template Page 10

Both the user adjustment rates from the default set by the manufacturer upon shipment and
the manual switching of modes were also included in the estimation of duty cycle using the
previous research (Pigg & Bensch 2010; Chetty et. al 2009, Barr et al. 2010). Reasons for
disabling power management are not well understood, however it appears that this is
caused both by user behavior due to perception of inconvenience and by software and
hardware incompatibilities with power management functionality of the system.

PSU Efficiency:

A range of PSU efficiencies currently exist in the marketplace, with higher power ratings
having higher efficiencies. The vast majority of desktop PSUs have name plate power
ratings of 300 - 350W (see Figure 3) and will continue to increase as percentage of the
whole (iSuppli 2011).

Figure 4 shows one estimate of the current efficiencies at 50% load, with nearly half of
desktop PSUs below 80%, an important threshold for efficiency. Navigant reports that more
than half, approximately 63% are non-80 PLUS certified.

Preliminary findings suggest that computers are idling in the 10%-20% range, but that these
Loads, which are currently not included in 80 PLUS for computers (though is for servers)
have disproportional efficiencies relative to the other three load efficiencies that are
addressed by 80 Plus (20%, 50% and 100%).
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Figure 3: Desktop Power Supply Unit Market Shares in 2010 by Maximum Power Rating

H PSU Ratings 250W-300W
m PSU Ratings 300W-350W
M PSU Ratings 350W-400W

Source: iSuppli, Cost of Efficiency, prepared by iSuppli for Energy Solutions. 2011

Figure 4: Desktop Power Supply Market Share in 2010 by Efficiency @ 50% Load

mBellow 80%
m80% -90%
mAbove 90%

Costs of Efficiency

The incremental materials cost for manufacturers would be $.80 per one percent efficiency
improvement for desktop PSUs. In practical terms, this means that a manufacturer
producing a PSU with a name plate wattage of 375 and an estimated 2014 market average
of 83% efficiency (at 50% load) would need to spend less than $7 to meet Tier 2. A mark-up
of 1.6 - 2 times the cost from manufacturer to PSU consumer results in a cost premium
range of $18-$23 cost premium. Power management enablement is estimated to have little
to no cost associated with it. With the energy savings from this efficiency improvement and
power management enablement of $35, the resulting NPV life cycle cost of the standard
would be $17-12 for desktops for Tier 2. Again, notebooks would only be required to comply
with the power management enablement requirement and would not endure these costs, but
would gain all of the energy savings benefits, between $.75 and $2.00.
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If the distribution of nameplate power rating for the desktop PSU market remained roughly
the same over the next four years, 23% would be required to meet the 80 Plus® Bronze
standard of Tier 1 (85% efficiency at 50% load) and then the Gold standard of Tier 2 (90%
efficiency at 50% load). The remaining 77% would be required to meet the Silver standard in
Tier 1 (88% efficiency at 50% load) and the Platinum standard of Tier 2 (92% efficiency at
50% load).

As discussed above, the life cycle costs and benefit cost ratios for system-wide TEC limit is
not yet complete, however, the analysis for PSU efficiencies and power management
enablement demonstrates significant efficiency improvement opportunities that are cost-
effective.

Statewide Stock & Sales, Energy Use and Savings

Table 2: California PC Stock and Sales in 2014

California California Annual Sales
Stock
'12-17
Estimated
Average
Units Units Annual Growth
Design Options (millions) (millions) Rate
Desktops 15 3.8 -0.8%
Notebooks 21 8.8 8%

Source: Energy Solutions and NRDC 2011

Table 3: California Statewide Baseline Energy Use 2014

For First-Year Sales For Entire Stock
Coincident Annual Energy Coincident Annual Energy
Peak Demand Consumption Peak Demand Consumption
Design Options (MW) (GWh/yr) (MW) (GWh/yr)
Desktops 300 1,760 1,285 7,550
Notebooks 180 1,050 440 2,570

Source: Energy Solutions and NRDC 2011
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Table 4: Estimated California Statewide Energy Savings for Proposed Standards

For First-Year Sales After Entire Stock Turnover
Design Coincident Annual Coincident Annual
Options Peak Demand Energy Peak Demand Energy

Reduction Savings Reduction Savings

(MW) (GWhlyr) (MW) (GWhlyr)
Tier 1 60 350 215 1,265
Tier 2
(relative to 120 710 440 2,600
BAU)

Source: Energy Solutions and NRDC 2011

Proposed Standards and Recommendations

We recommend that California adopt a two-tier, 2014 (Tier 1) and 2016 (Tier 2), standard for
Computers based on the typical electricity consumption (TEC, kWh/year) for an individual
device, with addition of power supply efficiency and power management enablement
requirements. The TEC limit is determined by the class of the device with allowances for
advanced features. Recommendations for specific base TEC levels and allowances will be
developed upon the incorporation of updated market data.

We also recommend a two-tier, 2014 and 2016, based on 80 PLUS levels, with an additional
requirement for 10% load (efficiency to be determined).

Finally, we recommend a power management enablement requirement based on ENERGY
STAR 5.0 specifications. Device classifications and testing procedures should also follow
current ENERGY STAR 5.0.

To the Title 20 Code language, we recommend the following changes and additions:
Section 1604. Test Method for Specific Appliances.

(u) Power Supplies.

The test method for Class A federally requlated and state-requlated external power supplies
is US EPA “Test Method for Calculating the Energy Efficiency of Single-Voltage External

AC-DC and AC-AC Power Supplies” dated Auqust 11, 2004, except that the test voltage
specified in Section 4(d) of the test method shall be only 115 volts, 60 Hz.

The test method for Class XX state-requlated internal power supplies is EPRI & ECOS
“Generalized Test Protocol for Calculating the Enerqy Efficiency of Internal Ac-Dc and Dc-Dc
Power Supplies Rev 6.5 dated” dated July 7" 2010.

(__) Personal Computers.
The test method for Typical Enerqgy Consumption for Personal Computers is ENERGY
STAR Computer Test Method (Version 5.0) Section lll.

2011 California Appliance Efficiency Standards
Computers

Last Modified: September 30, 2011



Measure Information Template Page 14

NOTE: There is no test procedure for enabled power management settings, as power
management is a configuration, not a performance requirement.

Section 1605.1
(u) Power Supplies.

1. Multi-output State-regulated Internal Power Supplies. The efficiency of a multi-output
state regqulated internal power supply manufactured shall not be less than the
applicable values shown in Table U-1 at each loading condition.

Table U-1: Standards for Multi-Output Internal Power Supplies with Maximum Power Ratings
greater than 50W

Maximum Power Loading Tier 1 - Effective Tier 2 - Effective January 1,
Rating Condition | January 1, 2014 2016
Minimum Efficiency | Minimum Efficiency

= 50W and < 300W 10% TBD TBD
20% 82% 87%
50% 85% 90%
100% 82% 87%

> 300W 10% TBD TBD
20% 85% 90%
50% 88% 92%
100% 85% 90%

(__) Personal Computers.

1. Typical Energy Consumption: Personal Computers manufactured on or after XXXX
shall have no more than the following values: (TABLE TBD)

2. Power Management Settings. Personal Computers manufactured on or after XXXX
shall have upon shipment Power Management Settings enabled with Sleep Mode set
to activate within 30 minutes of user inactivity. Computers shall reduce the speed of
any active 1 Gb/s Ethernet network links when transitioning to Sleep or Off. Display
Sleep Mode shall be set to activate within 15 minutes of user inactivity.
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Reference and Appendices

Appendix A:

Hardware Definitions

Computers:
For purposes of this specification, we define computers as follows, based on ENERGY

STAR Program Requirements for Computers v5.0.

A device which performs logical operations and processes data. Computers are composed
of, at a minimum: (1) a central processing unit (CPU) to perform operations; (2) user input
devices such as a keyboard, mouse, digitizer or game controller; and (3) a computer display
screen to output information. For the purposes of this specification, computers include both
stationary and portable units, including desktop computers, integrated desktop computers,
notebook computers, thin clients, and workstations. Although computers must be capable of
using input devices and computer displays, as noted in numbers 2 and 3 above, computer
systems do not need to include these devices on shipment to meet this definition.

Internal Power Supply:
For purposes of this specification, per the scope of ENERGY STAR Program Requirements
for Computers v.5.0:

A component internal to the computer casing and designed to convert AC or DC voltage
from the mains to DC voltage(s) for the purpose of powering the computer components. For
the purposes of this specification, an internal power supply must be contained within the
computer casing but be separate from the main computer board. The power supply must
connect to the mains through a single cable with no intermediate circuitry between the power
supply and the mains power. In addition, all power connections from the power supply to the
computer components, with the exception of a DC connection to a computer display in an
Integrated Desktop Computer, must be internal to the computer casing (i.e., no external
cables running from the power supply to the computer or individual components). Internal
dc-to-dc converters used to convert a single dc voltage from an external power supply into
multiple voltages for use by the computer are not considered internal power supplies.
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Image of Internal Power Supply

Source: Electric Power Research Institute accessed http.//www.efficientpowersupplies.org/efficiency _opportunities.html

Single Output vs. Multi-Output Power Supplies

For the purposes of this specification, per the scope of Climate Savers Computing
(http://www.climatesaverscomputing.org/tech-specs):

A Multi-output PSU refers to desktop and server application power supplies in non-
redundant applications. A Single-output PSU typically refers to volume servers power
supplies in redundant configurations (1U/2U single, dual, four-socket and blade servers).
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Appendix B:

Power Supply Efficiency Level Definitions:

The following represent definitions of various “levels” of power supply efficiency
performance. These are consistent with the Climate Savers Computer Initiative and 80 Plus
power supply definitions.

Multi-output Power Supply Unit:

Desktop and server application power supplies in non-redundant applications:

Loading Bronze Silver Gold Platinum

Condition  ["Eeficiency | Power | Ef. X3 Ef. X3 Eff. p.f.
Factor

20% 82% 0.8 85% 0.8 87% 0.8 90% 0.8

50% 85% 0.9 88% 0.9 90% 0.9 92% 0.9

100% 82% 0.95 85% 0.95 87% 0.95 89% 0.95
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Appendix C: Duty Cycle Mode Definitions

The definitions for each mode used in this analysis and in the model developed by Energy
Solutions and NRDC (2011) are as follows, based on ENERGY STAR Program
Requirements for Computers Version 5.0%

Active: The state in which the computer is carrying out useful work in response to a)
prior or concurrent user input or b) prior or concurrent instruction over the network.
This state includes active processing, seeking data from storage, memory, or cache,
including idle state time while awaiting further user input and before entering low
power modes..

Idle: The electrical power consumed by a device when it is powered on, operating
system and software are loaded, and the system is not processing any user data, but
is ready to process new data or requests with no or minimal delay due to power
management.

Sleep: A low-power state that the IT equipment is capable of entering automatically
after a period of inactivity or by manual selection. A system with sleep capability can
quickly “wake” in response to network connections or user interface devices, like
hibernate with a latency of < 5 seconds from initiation of wake event to system
becoming fully usable.

Off: The power consumption level in the lowest power mode which cannot be
switched off (influenced) by the user and that may persist for an indefinite time when
the appliance is connected to the main electricity supply and used in accordance with
the manufacturer’s instructions.

Other Duty Cycle Definitions:

Barr et al. (2010) defines duty cycle modes as “ON,” “SLEEP,” and “OFF.”

TIAX (2007) defines duty cycle modes as “ACTIVE,” “SLEEP,” and “OFF.”

Pigg & Bensch (2010) define duty cycle modes as “ACTIVE,” “SLEEP,” and “OFF.”
Chetty (2009) defines duty cycle modes as “ACTIVE,” “ON (but not ACTIVE),” and
“LOW POWER and OFF.”

2 The naming convention of duty cycle modes and estimation of length of time in each duty
cycle mode vary throughout the research (e.g. Windows XP refers to “sleep” as “standby”)
based on surveying and data collection methods (Barr et al. 2010; TIAX 2007; Pigg &
Bensch 2010; Chetty 2009). We use ENERGY STAR version because it is the most
universal. See Appendix D for a more detail description of these other duty cycles.
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Appendix D: ENERGY STAR Power Use Test Procedure

APPENDIX A:
ENERGY STAR Test Procedure for Determining the
Power Use of Computers/Game Consoles in Off, Sleep, and Idle

The following protocol should be followed when measuring power consumption levels of computers/game
consoles for compliance with the Off, Sleep, and Idle levels provided in the ENERGY STAR Version 5.0
Computer Specification. Partners must measure a representative sample of the configuration as shipped
to the customer. However, the Partner does not need to consider power consumption changes that may
result from component additions, BIOS and/or software settings made by the computer user after sale of
product, This procedure is intended fo be followed in order and the mode being tested is labeled where
appropriate.

Computers must be tested with configuration and seftings as shipped, unless otherwise specified in the
test procedure in this Appendix A, Steps requinng alternative setup are marked with an asterisk ( “* ).

Definitions

Unless ctherwise specified, all terms used in this document are consistent with the definitions
contained in the Version 5.0 ENERGY STAR Eligibility Criteria for Computers,

uuT
UUT is an acronym for “unit under test," which in this case refers to the computer being tested.

UPs

UPS is an acronym for “Uninterruptible Power Supply,” which refers to a combination of converters,
switches and energy storage means, for example batteries, constituting a power supply far
maintaining continuity of load power in case of input power failure.

Testing Requirements

Approved Meter
Approved meters will include the following attributes’:

= Power resolution of 1 mW or better;
* An available current crest factor of 3 or maore at its rated range value; and
« Lower bound on the current range of 10mA or less,

The following attributes in addition to those above are suggested:

+« Frequency response of at least 3 kHz; and
e Calibration with a standard that is traceable to the U.S. National Institute of Standards and
Technology (NIST).

It is also desirable for measurement instruments to be able to average power accurately over any user
selected time interval (this is usually done with an internal math's calculation dividing accumulated
energy by time within the meter, which is the most accurate approach). As an alternative, the
measurement instrument would have to be capable of integrating energy over any user selected time
interval with an energy resolution of less than or equal to 0.1 mWh and integrating time displayed with
a resolution of 1 second or less.

" Charactenstics of approved meters taken from |EC 62301 Ed 1.0; Measurement of Standby Power

EMERGY STAR Program Requirements for Computers: Version 5.0
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Accuracy

Measurements of power of 0.5 W or greater shall be made with an uncertainty of less than or equal to
2% at the 95% confidence level. Measurements of power of less than 0.5 W shall be made with an
uncertainty of less than or equal to 0.01 W at the 95% confidence level. The power measurement
instrument shall have a resolution of:

« 0.01 W or better for power measurements of 10 W or less;
« 0.1 Wor better for power measurements of greater than 10 Wup to 100 W, and
« 1W or better for power measurements of greater than 100 W,

All power figures should be in watts and rounded to the second decimal place. For loads greater than
or equalto 10 W, three significant figures shall be reported.

Test Conditions

Supply Voltage: North America/Taiwan: (115 (£ 1%) Volts AC, 60 Hz (£ 1%)
Europe/AustraliaMew (230 (+ 1%) Volts AC, 50 Hz (¢ 1%)
Zealand:
Japan: 100 (+ 1%) Volts AC, 50 Hz (+ 1% )}/60 Hz (+ 1%)

Note: For products rated for = 1.5 kW maximum
power, the voltage range is £ 4%

Total Harmonic Distortion (< 2% THD (< 5% for products which are rated for = 1.5 kW maximum

(THD) (Voltage): power)

Ambient Temperature: 23°C £ 5°C

Relative Humidity: 10-80 %

(Reference IEC 62301: Household Electrical Appliances — Measurement of Standby Power, Sections 4.2, 4.3,
4.4)

Test Configuration
Power consumption of a computer shall be measured and tested from an ac source to the UUT.

If the UUT supports Ethemnet, it must be connected to an Ethemet network switch capable of the
UUT's highest and lowest network speeds. The network connection must be live during all tests.

lll. TestProcedure for Off, Sleep and Idle for All Computer Products

Measurement of ac power consumption of a computer should be conducted as follows:

UUT Preparation

1. Record the manufacturer and model name of the UUT.,

2. Ensure that the UUT is connected to network resources as detailed below, and that the UUT
maintains this live connection for the duration of testing, disregarding brief lapses when
transitioning between link speeds.

a.  Desktops Integrated Deskiops, and Notebooks shall be connected to a live Ethernet
(IEEE 802.3) network switch as specified in Section Il., “Test Configuration,” above. The
computer must maintain this live connection to the switch for the duration of testing,
disregarding brief lapses when transitioning between link speeds. Computers without
Ethemet capability must maintain a live wireless connection to a wireless router or
network access point for the duration of testing.

b. Small-Scale Servers shall be connected to a live Ethernet (IEEE 802.3) network switch as
specified in Section 11, “Test Configuration,” above, and that the connection is live.
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¢. Thin Clients shall be connected to a live server via a live Ethernet (IEEE 802.3) network
switch and shall run intended terminal/remote connection software,

3. Connect an approved meter capable of measuring frue power to an ac line voltage source set to
the appropriate voltagefrequency combination for the test.

4. Plug the UUT into the measurement power outlet on the meter. No power strips or UPS units
should be connected between the meter and the UUT. For a valid test to take place the meter
should remain in place until all Off, Sleep, and Idle power data is recorded.

5. Record the ac voltage and frequency.

6. Boot computer and wait until the operating system has fully loaded. If necessary, run the initial
operating system setup and allow all preliminary file indexing and other one-time/periodic
processes to complete.

7. Record basic information about the computer's configuration — computer type, operating system
name and version, processor type and speed, and total and available physical memory, etc.

8. Record basic infformation about the video card or graphics chipset (if applicable) - video
card/chipset name, frame buffer width, resolution, amount of onboard memary, and bits per pixel.

9. * Ensure that the UUT is configured as shipped including all accessories, WOL enabling, and
software shipped by default. UUT should also be configured using the following requirements for
all tests:

a. Desklop systems shipped without accessories should be configured with a standard
mouse, keyboard and external computer display.

b. Notebooks should include all accessories shipped with the system, and need not include
a separate keyboard or mouse when equipped with an integrated pointing device or
digitizer.

¢. Nolebooks should have the battery pack(s) removed for all tests. For systems where
operation without a battery pack is not a supported configuration, the test may be
performed with fully charged battery pack(s) installed, making sure to report this
configuration in the test results.

d.  Small-Scale Servers and Thin Clienis shipped without accessories should be configured
with a standard mouse, keyboard and external computer display (if server has display
output functionality).

e. For Computers with Ethermnet capability, power to wireless radios should be turned off for
all tests. This applies to wireless network adapters (e.g., 802.11) or device-to-device
wireless protocols. For Computers without Ethemet capability, power to awireless LAN
radio (e.g. IEEE 802 .11) should remain on during testing and must maintain a live
wireless connection to a wireless router or network access point, which supports the
highest and lowest data speeds of the client radio, for the duration of testing.

f. Prmary hard drives may not be power managed ("spun-down") during Idle testing unless
containing non-volatile cache integral to the drive (e.g. “hybrid" hard drives). If more than
one internal hard drive is installed as shipped, the non-primary, intemal hard drive(s) may
be tested with hard drive power management enabled as shipped. If these additional
drives are not power managed when shipped to customers, they must be tested without
such features implemented.

10. * The following guidelines should be followed to configure power settings for computer displays
(adjusting no other power management settings):

a. For computers with external computer displays (most desktops): use the computer display
power management settings to prevent the display from powering down to ensure it stays
on for the full length of the Idle test as described below.

b. For computers with integrated computer displays (notebooks and integrated systems): use
the power management settings to set the display to power down after 1 minute.

11. Shut down the UUT.
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Off Mode Testing

12. With the UUT shut down and in Off, set the meter to begin accumulating true power values at an
interval of less than or equal to 1 reading per second. Accumulate power values for 5 additional
minutes and record the average (arithmetic mean) value observed during that 5 minute period.’

Idle Mode Testing

13. Switch on the computer and begin recording elapsed time, starting either when the computer is
initially switched on, or immediately after completing any log in activity necessary to fully boot the
system. Once logged in with the operating system fully loaded and ready, close any open windows
so that the standard operational desktop screen or equivalent ready screen is displayed. Between
5 and 15 minutes after the initial boot or log in, set the meter to begin accumulating true power
values at an interval of greater than or equal to 1 reading per second. Accumulate power values
for 5 additional minutes and record the average (arithmetic mean) value observed during that 5
minute period.

Sleep Mode Testing

14. After completing the Idle measurements, place the computer in Sleep mode. Reset the meter (if
necessary) and begin accumulating true power values at an interval of greater than or equal to 1
reading per second. Accumulate power values for 5 additional minutes and record the average
(arithmetic mean) value observed during that 5 minute period.

15. Iftesting both WOL enabled and WOL disabled for Sleep, wake the computer and change the
WOL from Sleep setting through the operating system settings or by other means. Place the
computer back in Sleep mode and repeat step 14, recording Sleep power necessary for this
alternate configuration.

Reporting Test Results

16. The test results must be reported to EPA or the European Commission, as appropriate, taking
care to ensure that all required information has been included, including modal power values and
eligible capability adjustments for Desktops, Integrated Desktops, and Notebooks,

V. Maximum Power Test for Workstations

The maximum power for workstations is found by the simultaneous operation of two industry standard
benchmarks: Linpack to stress the core system (e.g., processor, memory, etc.) and SPE Cviewperf®
(latest available version for the UUT) to stress the system's GPU. Additional information on these
benchmarks, including free downloads, can be found at the URLs found below:

Linpack hitp:/fwww. netlib.orgflinpack!
SPECviewper®™ http://www.spec.org/benchmarks.html#gpc

This test must be repeated three times on the same UUT, and all three measurements must fall within
a + 2% tolerance relative to the average of the three measured maximum power values.

Measurement of the maximum ac power consumption of a workstation should be conducted as
follows:

UUT Preparation
1. Connect an approved meter capable of measuring frue power to an ac line voltage source set to
the appropriate voltageffrequency combination for the test. The meter should be able to store and

e Labaratory-grade, ful-function meters can integrate values over time and report the average value automatically.
Other meters would require the user to capture a senes of changing values every 5 seconds for a five minute period
and then compute the average manually,
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6.

output the maximum power measurement reached during the test or be capable of another
method of determining maximum power.

Flug the UUT into the measurement power outlet on the meter. Mo power sfrips or UPS units
should be connected between the meter and the UUT.

Record the ac voltage.

* Boot the computer and, if not already installed, install Linpack and SPECviewperf as indicated
on the above Websites.

Set Linpack with all the defaults for the given architecture of the UUT and set the appropriate array
size “n" for maximizing power draw during the test

Ensure all guidelines set by the SPEC organization for running SPECviewperf are being met.

Maximum Power Testing

7.

Set the meter to begin accumulating true power values at an interval of less than or egual to 1
reading per second, and begin taking measurements. Run SPECviewperf and as many
simultaneous instances of Linpack as needed to fully stress the system.

Accumulate power values until SPECviewperf and all instances have completed running. Record
the maximum power value attained during the test,

Reporting Test Results

8.

10.

The test results must be reported to EPA or the European Commission, taking care to ensure that
all required information has been included.

Upon submittal of data, manufacturers must also include the following data:

Walue of the n (the array size) used for Linpack,

Number of simultaneous copies of Linpack run during the test,

Wersion of SPECviewperf run for test,

All compiler optimizations used in compiling Linpack and SPECviewperf, and

A precompiled binary for end users to download and run of both SPECviewperf and
Linpack. These can be distributed either through a centralized standards body such as
SPEC, by the OEM or by a related third party.

LU =S e = g

V. Test Procedure for All Modes for Game Consoles

Measurement of ac power consumption of a computer should be conducted as follows:

UUT Preparation

1.

Record the manufacturer and model name of the UUT.

2. Record basic information about the computer's configuration — computer type, operating system
name and version, processar type and speed, total and available physical memory, etc.

3. Ensure that the UUT is connected to a TW(s) which suppor all of the output types supported by
the UUT.

a. For each output thal supports APD, repeal step 10 of this procedure.

4. Connect an approved meter capable of measuring true power to an ac line voltage source set to
the appropriate voltageffrequency combination for the test.

5. Plug the UUT into the measurement power outlet on the meter. No power strips or UPS units
should be connected between the meter and the UUT. For a valid test to take place the meter
should remain in place until all power data is recorded.

6. Record the ac voltage and frequency.

7. Tum on the console and wait until the operating system has fully loaded.

8. If necessary, run the initial system setup and allow all preliminary tasks and other one-
time/periodic processes to complete.

9. Ensure that the UUT is configured as shipped including all accessories, power management
settings and software shipped by default.

10. For each applicable output, wait for 15 minutes and ensure the output drops after the prescribed
time.

11. Place the system in a state without the game loaded.
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Purpose

This document is a report template to be used by researchers who are evaluating
proposed changes to the California Energy Commission’s (Commission) appliance
efficiency regulations (Title 20, Cal. Code Regulations, §§ 1601 — 1608) This report
specifically covers: “Portable, Plug-in, Luminous Signs for Indoor Use.”

Background

Portable, plug-in luminous signs are commonly used indoors by retail establishments
and other venues where visual communication with customers, clients or visitors is
essential for successful business and public activities. Based on our field observations
and review of product offerings, we have identified many plug-in signs using inefficient
light sources and power supplies, and many that either lack controls or use only manual
on-off switches. Furthermore, we observe that many of the signs with manual on-off
switches have broken or missing pull-cords and therefore they are needlessly operated
24 hours a day.

The goal in regulating these signs is to reduce on-peak power demand and annual
energy usage, via a minimum energy-efficiency standard, expressed as a maximum
input power demand (watts) per area (square feet). To reduce wasted hours of use, we
suggest requiring a durable, easily accessible on/off switch, and, for signs with total face
area greater than four square feet, we suggest requiring a supplemental control such as
a photosensor, timer, or remotely-addressable or programmable timer.
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Overview

Description of | Product: All self-contained, luminous sign units that plug into 120V AC
Standards building mains power and are intended for indoor use only. Signs may
Proposal be intended for use in commercial outlets (business establishments),

or, in residences. (This proposal excludes luminous outlines and
channel letters that are hard-wired.)

Alternative light sources for signs that are internally-illuminated by
lamps are described in Appendix A.

Metric for efficiency: power density, per sign face (watts per square
foot, W/sf). Until we can conduct further laboratory research and/or
have input from the portable sign industry, we suggest a minimum
efficiency of 15 W/sf for all products except electronic message center
signs (EMC), for which we suggest 40 W/sf. (Note that these
requirements may be adjusted when we update our 2010 online and
catalog survey, and, if we conduct a laboratory study.)

California As of end of Q4, 2014, we estimate the following stock and sales.

Stock and Installed stock: 3.35 million units

Sales
Annual sales of new signs: 0.33 million units
Annual growth rate, for 2014 onward: 1.0%

Energy Energy savings, annual, after stock turnover: 250 GWh

Savings and Peak demand reduction: 23MW

Demand

Reduction

Economic We anticipate that the proposed changes would add no more than

Analysis 10% (approximately $8 to $10) to the average cost of a sign unit. The
estimated present-value, lifetime savings costs would be $124 per unit.
The lifecycle net benefit per sign unit is thus $112 to $114. The total
annual avoided energy costs after stock turnover would be
approximately $37.2 million.
Our market research indicates that most portable, plug-in, luminous
signs are manufactured outside of the State of California, and many
are manufactured outside the United States. The first cost of required
improvements per sign is offset by significantly lower operating costs
(no or fewer lamp replacements), so we do not anticipate any loss of
sales due to the regulation. Thus, we do not anticipate any change in
the California economy, revenue or jobs.
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Non-energy benefits from the proposal are positive. Assuming that
many new signs under this proposal use LEDs, then signs should have
low or no maintenance costs, no mercury, and minimal lead (in solder)
in the signs. End-of-life disposal or recycling should be less
burdensome due to lower weight and more benign materials. In cases
where neon is replaced with LEDs, the electrical operating
requirements are typically low-voltage, reducing fire and electrical
shock hazards. Furthermore, because LED signs typically are formed
from plastic or metal, they are less prone to break accidentally than are
signs with glass lamps or tubes.

Non-Energy
Benefits

The proposal does not create any adverse environmental impacts. Due
to lower energy use, atmospheric emissions (including ozone-depleting
gases) should decrease. Efficient sign products weigh less than
conventional sign products and are smaller in some dimensions, so
environmental and energy impacts associated with manufacturing,
packaging, and shipping to the job site will be reduced relative to the
base case. LEDs in particular do not contain mercury or lead, as do
many of the existing lamp types in signs. Thus, the reduced quantities
of materials needed for manufacturing should involve less mining and
less material to dispose of at end of product life.

Environmental
Impacts

Many local jurisdictions have stringent sign regulations. Localities differ
greatly in their requirements; however, most local regulations focus on
outdoor signage. Some local laws do, however, apply to signage
displayed in windows.

Acceptance
Issues

A label could increase purchaser awareness of the energy and
environmental benefits of new products. Requiring a label would
support targeted incentive programs such as rebates to distributors,
headquarter rebates to chain store procurement offices, or coupon and
take-back programs for small, independent businesses.

If most portable signs are imported into the United States, then some
international outreach may be required to inform importers and
manufacturers of the regulation.
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Federal Signs are a form of free speech and are considered an operational
Preemption or | right for businesses. Thus, the proposed regulation should be worded
other to allow manufacturers and users aesthetic design flexibility.
Regulatory or

The only federal legislation presently addressing energy efficiency in
signs is in EPACT 2005, but it applies only to exit signs, which are
usually hard-wired, not portable.

Legislative
Considerations

Any federal legislation pertinent to lamps may also affect lamps used
in signs, although unusual lamp types or lamps dedicated to special
use (such as single-color lamps or vibration-resistant incandescent
bulbs) may be exempted from federal rules.

California Appliance Efficiency Regulations 1605.3 Table K applies to
incandescent lamps used in signs.

California Title 24, Part 6, Section 148 pertains to signs.

Methodology and Modeling Used in the Development of the Proposal

We observed, counted and photographed signs in the field in numerous types of
businesses in several locations in northern and southern California, and we reviewed
manufacturers’ literature and websites offering catalogs of products. See Appendix B
for more details on market research.

The authors consulted with PG&E’s staff (Steve Blanc, Gary Fernstrom and Pat Eilert)
and the PG&E Title 24 consultants who worked on sign component and system issues,
including Michael Neils and HMG. The authors attended several industry trade shows
where we met and interviewed sign manufacturers and distributors (International Sign
Association 2007 and 2009 and LightFair annually from 2007 to 2011). We participated
in Underwriter Laboratories’ LED workshop held in Chicago in 2007. We consulted with
SCE prior to submitting our previous draft template, and in April 2009, with SCE we co-
presented a summary of an earlier version of this proposal to members of the
International Sign Association (ISA).

We devised a model to allow us to input assumptions and data from the field,
government sources, and from catalogs. For numbers of outlets (business
establishments reporting sales tax) we used data from the State of California Board of
Equalization (CA BOE), for 2010. For numbers of households, we used U.S. Census
data for California, for 2010. For notes on other assumptions in the model, see
Appendix C.

2011 California Appliance Efficiency Standards Last Modified: September 30, 2011
Portable, Plug-In, Luminous Signs for Indoor Use



Measure Information Template Page 6

We used the model to establish a base case for the end of 2013, assuming that this
proposal would take effect on January 1, 2014. The model includes the following items
and factors:

e Numbers of outlets (businesses) and residential units

e Average number of sign units per outlet (from our field observations)

e Average input power demand per sign unit (estimated, from our observations,
literature and retailer surveys)

e Average daily hours of use, per sign, per type of outlet (from our field
observations and from published hours of outlets’ operations)

e Average annual growth of stock (estimate)

e Trend toward increased efficiency of signs (estimated, from literature)

e Average annual growth in number of outlets (“slow growth” scenario, post-
recession)

From the above information, the model calculates our estimates of:

e Total number of signs per type of outlet (base case, end of 2013)

e Total input power demand for all signs, per type of outlet (base case, end of
2013)

e Total average daily and annual sign energy use, per type of outlet (base case,
end of 2013)

e State totals, with no intervention, and, with intervention (through 2023)

e Savings totals, with intervention, 10-year cumulative (through 2023)

From our survey of catalogs and online offerings in 2010 we plotted a distribution of
power density by light source type for plug-in, portable signs. (Given additional time and
resources, we suggest updating this survey with current information and more data
points.) The points shown in the figure below are selected to show the range of power
density available in the market, but they do not represent a weighted distribution of
product offered or sold. We would appreciate any input from the California sign industry
on sales data for number of signs sold, by light source type and size (area, in square
feet), and by wattage.
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Figure 1. Range of power density for signs, by type of light source.
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Left to right: LED; neon; fluorescent; incandescent; and, LED electronic message center sign
(EMC). Points shown represent only a range of power density; they do not represent a weighted
distribution of data.

Data, Analysis, and Results

Signs are ubiquitous for businesses. They are acquired or changed frequently.
Generally the market trend is toward increased numbers and use of signs of all types,
bolstered by targeted marketing by sign retailers, economic development programs and
small business advocacy campaigns. Retailers and users view LEDs favorably and
some recognize the relatively low energy demand of LEDs compared to conventional
light sources for plug-in signs.

California and national sign industry associations and representatives previously
participated in the 2005 Title 24 regulatory process for outdoor signage. We anticipate
that any resistance to regulation that is perceived as economically burdensome could
be counterbalanced by the industry’s desire to increase sales and profits post-recession
and to be regarded as offering environmentally friendly products. Industry
representatives expressed concern with meeting a power density requirement, but they
did not propose a practical alternative to this method. We believe that the EPACT 2005
federal legislation requiring energy-efficient exit signs is a favorable precedent for this
proposal, as is the inclusion of signs in California 2005 Title 24.
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Table 1. Summary of results from the model: base case, market without and market with
intervention, and estimated savings.

Metric Base Case: No With Savings

Q4 2014 intervention: | intervention: due to
Q4 2023 Q4 2023 | Intervention

Number of plug-in signs 3,337,690 3,479,380 3,479,380 --
in operation
Daily average input 140 MW 131 MW 117MW 15 MW
power demand
attributed to plug-in
signs
Daily average energy 2,100 MWh 1,973 MWh 1403 MWh 570 MWh
use attributed to plug-in
signs
Annual average energy | 767,440 MWh 720,020 512,010 208,010
use attributed to plug-in MWh MWh MWh

signs

Next steps: Before implementing the proposal, the project team should update field
observations used for our assumptions because signage is influenced by marketing
trends and thus has a fast turnover rate in the market. For example, new styles of LED
signs are gaining popularity, especially those that are dynamic, multi-color electronic
message center signs (EMC). Our present data for power density of signs is based on
manufacturer-published information, so the project team should also conduct lab tests
to verify the manufacturers’ sign dimensions and wattage ratings.

If the State or utilities consider offering incentives for efficient plug-in signs in advance
of the regulation’s effective date, our model can be used as a tool to examine the types
of businesses that would be potential targets for outreach, education, and incentive

marketing.
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Proposed Standards and Recommendations

We based our proposal partly on language and test requirements in the Federal
regulations for exit signs, which originated with the U.S. ENERGY STAR Exit Sign
Program. When the standard for testing signs (UL 48) is published, this proposal should
be harmonized to reflect any updates in testing. See Appendix D for our proposed plug-

in sign language, summarized below, and Appendix E for a description of the scope of
UL 48.

Proposed Title 20 requirements for all portable, self-contained luminous sign units that
plug info 120V AC building mains power and are intended for indoor use only.

A. Input power demand:

Establish a maximum power density (W/sf) based on the area of the sign face(s).
The maximum levels should allow more than one type of light source to comply
with the regulation, except for LED electronic message center signs (EMC),
which shall have a separately defined maximum level.

B. Controls:

Each sign shall have an integral toggle switch or remote switch for ON/OFF
control.

For signs with a face area >4sf, the sign shall include a supplemental time-of-
operation control, such as a photosensor, timer, or remotely addressable timer.

C. Labeling:

Plug-in signs should bear a label clearly stating input power demand at maximum
usage setting.

Text may include instructions on how to set controls to minimize hours of use.
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http://factfinder2.census.gov/faces/tableservices/jsf/pages/productview.xhtml?pid
=DEC_10_NSRD_H1&prodType=table

U.S. Energy Policy Act of 2005. Public Law 109—58. Accessed at:
http://www.gpo.gov/fdsys/pkg/PLAW-109publ58/content-detail .html

U.S. Environmental Protection Agency. Energy Star Exit Sign Program. Version 3 (last
and most recent) accessed at:
http://www.energystar.gov/index.cfm?c=archives.exit_signs_spec. Version 2
(referenced in EPACT 2005) remains accessible at:
http://edocket.access.gpo.gov/cfr_2010/janqtr/pdf/10cfr431.204.pdf
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Additional Websites Visited:

California Sign Association: www.calsign.org

International Sign Association. www.signs.org

Signs of the Times

Signpower! News and Views of the United States Sign Council.
www.ussc.org/newsletters

Signweb.com

UL 48 Standard for Electric Signs. Underwriters Laboratory. Note: Revised version due
to be published in late 2011.

United States Sign Council: www.ussc.org
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References and Appendices
Appendix A. Light Sources Used in Portable, Plug-In Signs

Some plug-in signs are designed to use screw-base incandescent or fluorescent lamps.
The lamp(s) may or may not be included in the original purchase of the sign, but the
electrical safety information on the sign should indicate the type and maximum wattage
of lamp allowable for use in the sign. The users of the sign may subsequently substitute
other types of lamps that fit the existing bases inside the sign.

The effect of the proposed regulation will be that sign manufacturers fit their products
with presently available components such as CFL pin-bases and high efficiency
ballasts. They should also instruct users to use the most efficient lamps available for
each sign.

Figure 2. Light sources presently used in plug-in signs, with alternative sources (in italics).

Internally llluminated Rectangular Box or Panel

(Examples: text may read, “OPEN,” or, show brand name
or logo)

Screw-base incandescent - pin-based CFL with
electronic ballast

Linear fluorescent (FL) > lower wattage FL with
electronic ballast

Screw-base compact fluorescent (CFL) - pin-base CFL
with electronic ballast

Neon - neon with efficient transformer; or, LED panel or
lamp
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Internally-llluminated Stanchion, Pole or End-Cap
(Examples: text may read, “NEXT,” or, display a number)

Screw-base incandescent - pin-based CFL with
electronic ballast

Screw-base compact fluorescent (CFL) = pin-based CFL
with electronic ballast; or, LED panel or lamp

Graphic or Text, Some with Dynamic Effects

(Examples: text may read, “OPEN,” or, show brand
names or logos, or prices)

) 1’

S |
|

| MoreyGram !

PASSPORT PHOTOS

Neon - neon with efficient transformer; or, LED

LED - LED with high efficiency driver
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Figure 3. General Trend in Use of Light Sources, by Type, in Signs.

Light Sources in Signs in USA,
by Percentage of Annual Sales Volume,
2002 to 2011

(Source: Signs of the Times, July 2011)
Note: Survey question on light sources not asked in 2009 or 2010.
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The Signs of the Times annual questionnaire is directed to sign manufacturers in

general, and thus the results are not limited to portable, plug-in signs. However, we are

using this trend chart to give a general sense of the increasing popularity of LEDs
versus neon and fluorescent as light sources in signs.

2011 California Appliance Efficiency Standards
Portable, Plug-In, Luminous Signs for Indoor Use

Last Modified: September 30, 2011
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Appendix B: Market Research

Interviews

We conducted phone interviews with representatives of nine online retailers of portable,
plug-in signs, in December 2009. We asked about supply and distribution of signs,
types of customers, trends in technology, cost to operate the signs, energy efficiency
options and other topics pertinent to this report. The companies granting interviews
included:

e All Neon Signs e Jantec
e Arter Neon e Keg Works
e Bright Neon Signs e Neon Sign & Décor
e Buy a Sign Online e Neon Sign World
e Change-a-Brill
Sign Data

We reviewed and compiled data on plug-in signs from the online and print catalogs of
31 plug-in sign retailers, in late 2009. We recorded size (dimensions), wattage, light
source, additional features (dynamic options, controls, programmable, etc.) and retail
price, for several hundred models of signs. Retailers included:
e All Neon Signs e Neon Signs and More
Arter Neon Signs Neon Signs Depot
Best Sign Store Online Neon Signs
Big Beam Signs Direct
Bright Neon Signs The Neon Store
Budget Lighting
Buy a Sign Online
Change-a-Brill
Directional Systems
EGL Neon
Empress Neon
Everbrite Online
Eye Flow Neon Signs
Firehouse Neon
Glasswerks Neon Sign
Jantec Neon
Keg Works
LED Display Signs
LightWorld
My Neon Haven
Neon Design-a-Sign
Neon Nites
Neon Sign
Neon Sign Online
Neon Sign World
Neon Signs 4 U
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Appendix C: Notes and Assumptions for Model for Plug-in Signs

Number of outlets, per type of business: We are using the State of California Board of
Equalization (CA BOE) numbers for 56 types of establishments in California that collect
sales tax. By the CA BOE’s admission, these numbers are an underestimate.

Also, the reported types of “outlets” (businesses) do not include all types of buildings that
use plug-in signs. For example, schools and churches and medical offices sometimes use
plug-in signs. Thus, our estimates are conservative.

Number of outlets, per type of business (adjusted x 1.035): We used the CA BOE
estimate of 3.5% of non-reporters to increase the numbers of businesses that are actually
operating signs. Source: News Release: California State Board of Equalization Specialists
Verify Business Permits. August 5, 2011.

CA Residential Housing Units, Occupied: From U.S. Census 2010. U.S. Census, 2010.

CA Residential Housing Units, Occupied, future dates: We use the same growth
assumptions as we do for businesses.

Average number of signs, per outlet, commercial (Please note that outlet means,
‘business establishment,” not an electrical wall outlet): Based on field observations in 2007
to 2008. This field needs updating, especially for total numbers, types and wattage of signs.

Average number of signs, per residence: We estimate one sign per 1800 housing units,
Sports and other brand-affiliation signs now are widely available in big-box retailers and
school-affiliated stores, as well as through online retailers. Residents display favorite brands
and teams in family rooms, entertainment centers, and dorms.

Average input power demand, per sign: Needs to be verified in field by counting numbers
of signs and estimating wattage or observing labels on signs. We suspect that increased
popularity of electronic message center signs (EMC) may be building load. Also, we should
test signs in a laboratory to determine actual demand of signs, versus manufacturers’ stated
ratings

Average daily hours of use of signs: Needs to be verified in field, now that NAICS
replaced SIC; the groupings of types of businesses are different than we used previously.
We previously did a search of types of businesses and their hours, online; this could be
updated, too.

Total average daily sign power use, per type of business: We suspect that more types of
businesses operate every day than did previously. Weekday-only businesses are shown as
using signs for 8.6 hours on average per day (12 hours per day x 5/ 7 days in week).

Increase in number of outlets, from 2010 to end of 2013 ("economic recovery and slow
growth scenario"): We use a very conservative net growth rate of 1% per year,
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compounded to 6% for the period. Most forecasts show “business starts,” but do not include
net numbers of businesses, so we are making our best effort estimate.

Trend factor for increasing efficiency of signs, from 2010 to end of 2013: We base this
4% decrease in input power demand per sign on the continuing trend toward purchases of
LED signs versus older light source technologies. However, the decrease is mitigated
somewhat by the increased use of energy-intensive LED electronic message center signs.
These are expensive ($250 and up) but very useful for convenience stores and other fast
turnaround retailers. We would appreciate input from industry on this trend.

Increase in number of outlets from Q1 2014 to Q4 2023 ("slow growth"): We use a 1%
net growth per year, compounded for 10 years, for an overall 10-year growth rate of 1.105%.
Trend factor for increasing efficiency of signs, 2014 through 2023, no intervention: We
project an increase in efficiency of 10% (demand reduction of 0.9) on the continuing trend
toward purchases of LED signs versus older light source technologies, still mitigated
somewhat by the increased use of energy-intensive LED electronic message center signs.
We assume a 10-year life per sign. This is shorter than the expected lifetime for hard-wired
signs because plug-in signs are less durable and more subject to replacement as
businesses change.

Trend factor for increasing efficiency of signs, 2014 through 2023, with intervention:
We project an increase in efficiency of 20% (demand reduction of 0.8) due to the continued
market trend toward efficient LED signs, and also, due to the Minimum Efficiency
Performance Standard (MEPS) that we propose, of a watts-per area metric. We assume a
10-year life per sign.

Average daily hours of use of signs (reduced from 2010): We project a decrease in
hours of use due to the proposed requirement for improved durability on/off switches
(toggles, remote control, etc.) and also, due to the option of meeting the MEPS in signs
greater than four square feet in area by the addition of timers or photosensors or other
controls.

Annual sales: Until we can obtain information from CA sign industry, we assume that
annual sales are 10% of the total installed base of signs.

Incremental cost per unit (above conventional): The retail price of signs has dropped
dramatically during the recession. Static or blinking LED signs cost the same as or less than
conventional neon signs; however, the cost of electronic message center signs (fully
programmable, with single or “full-color” options) is considerably more than simpler signs.
We estimate that the cost of the improvements we suggest for the regulation would add no
more than 10% to the price of any plug-in sign. Cost of improvements would include lower
w/sf (for neon this could be achieved with better quality neon tube+fill, with better
transformers, and/or with less neon tubing per sign. LED sign prices would not likely be
affected much by the new requirements. The option to have more sophisticated controls
would be a moderate additional cost. We need input from industry on incremental costs for
components.
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Present value lifetime energy savings per unit and annual avoided energy costs after
stock turnover: We utilized CEC rates (CEC 2011) and a cost avoidance calculator based
on previous Title 20 methodologies (Energy Solutions 2011).
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Appendix D. Proposed Language for Title 20.

Reference document: 2010 Appliance Efficiency Regulations, (California Code of
Regulations, Title 20, Sections 1601 through 1608) effective January 1, 2011, adopted by
the California Energy Commission on November 18, 2009. Accessed on 3 October 2011 at:
http://www.energy.ca.gov/appliances/2010regulations/index.html

Insert in Title 20, Section 1601. Scope.
(x) Portable, plug-in, luminous signs for indoor use.

Insert in Title 20, Section 1602. Definitions.
X. Definitions: Below are the definitions of relevant terms in this document.

X.1 Portable, Plug-In, Luminous Sign for Indoor Use (“portable, plug-in sign”): A sign
equipped with an electric cord for connecting the luminous unit to mains power. The sign
incorporates one or more light sources and may have one or more faces.

X.2 Portable, Plug-In, Luminous Sign Model (model): For the purposes of CA Title 20, a sign
model is a sign in the configuration that is actually packaged and sold to CA end users under
a unique model number or name. For sign models with an individual rechargeable battery,
the battery charger shall be included as part of the exit sign model and shall be tested and
qualified as a single product. The product shall be rated for indoor use.

X.3 Input Power Demand (power demand): The amount of active power required to
continuously illuminate a sign model at full light output, measured in watts (W). For sign
models with variable messages, input power demand shall be measured with all possible
light sources in operation simultaneously. For sign models with rechargeable batteries, input
power demand shall be measured with batteries at full charge.

Insert in Title 20, Section 1603. Testing: All Appliances.

X. Test Procedure: Manufacturers are required to perform tests to determine if the product
model meets the energy-efficiency performance specifications in Table X-1, above. All
performance measurements and calculations must be completed as described.

X.1 Test Conditions to Determine Whether Product Meets Energy-Efficiency Performance
Specifications in Section X.x (Note: this is will be updated in a subsequent version)

X.1.1 Provide all voltages within + 0.5% by means of a constant voltage power supply.

X.1.2 Prior to measuring input power, operate the sign model at the rated input voltage and
frequency for a period of 100 hours at 25 deg. C +/- 10 deg. C.

For a sign model with an internal battery, operate the sign from the battery for one-and-one-
half hours and then recharge for the period that is specified by the sign manufacturer.

X.1.3 All of the light sources in the sign model, illuminated when the primary power source is
available, must produce light throughout the first 100 hours of operation, before any
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measurements are taken, in order to meet the requirements of this regulation.
X.1.4 Measurements should be recorded at 25 deg. C +/- 10 deg. C.
X.1.5 Total of the calculated area of all sign faces that are luminous, in square inches:

X.2 Test Conditions to Determine Whether Product Meets Energy-Efficiency Power Factor in
Section (Note: this is will updated in a subsequent version):

X.2.1 Input power demand measurement: The input power demand of the sign model in its
entirety shall be measured with ana power analyzer with a basic accuracy of at least 0.5%.
For a sign model that includes a battery, the battery circuit shall be connected and the
battery fully charged before any measurements are made.

X.2.2 Power factor measurement: At the time of testing for input power demand, the voltage,
current, power factor, and frequency shall also be measured with the same power analyzer
as in Section 3.2.1.

Testing results shall include the following measurements taken at the power cord of the sign:
e Voltage (V rms)

Current (A rms)

power Power (W)

Power factor (PF)

Frequency (Hz)

Insert in Section 1605.3 State Standards for Non-Federally-Regulated Appliances.
(x) Portable, Plug-In, Luminous Sign

X.1. The power usage of a portable, plug-in, luminous sign shall not be greater than the
applicable values shown in Table X-1.

Table X-1. Standards for Portable, Plug-in, Luminous Signs.

Sign Function Maximum Power Density
(W/sf)
Image or message 15
Electronic message center sign (EMC) 40

X.2 Controls:

X.2.1. Each sign must be equipped with at least one manual or automatic means of control
for on/off electrical function.

X.2.2. Signs that have total input power demand equal to or greater than 40 watts must be
equipped to offer one or more control features that reduce input power demand by at least
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50%, such as (but not limited to): timer for hours of operation; bi-level dimming; continuous
dimming; or, automatic photosensing for dimming (set to highest luminance during daylight
hours, lowest luminance during night hours). These signs shall be set at the factory and
shipped to market with the default control for operation set to its minimum input power

demand. User instructions must identify the input power demand (or range of demand) for
each controls setting.

X. Labeling

Text to be developed and harmonized with other Title 20 or Federal appliance label
requirements.

X. Submittal of Compliant Product Data to CEC.
Text to be developed and harmonized with other Title 20 compliance requirements.
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Appendix E: Sign Testing and Listing

Underwriter Laboratories (UL) offers several categories in which manufacturers can submit
signs and sign components for electrical safety testing. UL publishes design guides to its
online listings of certified manufacturers. The text relevant to plug-in signs is excerpted from
“UXYT.Guidelnfo Signs.”

Use and Installation: “This category covers electric signs employing incandescent lamps, LEDs
(light-emitting diodes), electro-luminescent panels, neon tubing, fluorescent lamps, high-
intensity-discharge lamps or combinations thereof for installation in accordance with Article
600 of ANSI/NFPA 70, "National Electrical Code."

Cord-and-plug-connected signs do not have provision for permanent mounting to a building or
structure. Due to servicing considerations, specific types of cord and plug-connected signs are
intended and have provision for installation on end-use equipment.”

Related Products: “Changing message center signs may contain integral controllers or may be
intended for use with externally connected controllers. Externally connected controllers are
covered under Sign Controllers, Message Centers (UYTQ).”

Requirements: “The basic standard used to investigate products in this category is UL 48,
"Electric Signs.™

“Electric signs that comply with the requirements in UL 153, "Portable Electric Lamps" may
also be Listed as Portable Lamps (QOWZ) in the Electrical Appliance and Utilization
Equipment Directory.”

UL Mark: “The Listing Mark of Underwriters Laboratories Inc. on the product is the only method
provided by UL to identify products manufactured under its Listing and Follow-Up Service. The
Listing Mark for these products includes the UL symbol (as illustrated in the Introduction of this
Directory) together with the word "LISTED," a control number, and the product name "Indoor
Electric Sign," "Electric Sign" or "Electric Sign Section."”

To get a sense of how many manufacturers are involved in sign manufacturing, we reviewed
UL'’s list of certified sign manufacturers. As of 14 September 2011 we found the following
numbers of sign manufacturers:

General coverage sign program listings ("UXYT"): Total ~<1760; USA ~<1700;
~<255 CA. (Some manufacturers have more than one sign program listing.)
Changing message sign program listings ("UYFS"): Total 25. Elsewhere in this
report we refer to these products as electronic message center signs (EMC).
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SCOPE OF STANDARD: UL 48 SIGNS (http://ulstandardsinfonet.ul.com/scopes/0048.html)

1.1 These requirements cover all electric signs, art forms and outline lighting for use in
accordance with the National Electrical Code, NFPA 70.

1.2 Electric signs include all signs (regardless of voltage) that are electrically operated and/or
electrically illuminated, including but not limited to the following methods of illumination:
incandescent, fluorescent, high intensity discharge (HID), electric discharge tubing including
neon tubing, light-emitting diode (LED), skeleton neon tubing, cold-cathode lamps, and
electroluminescence. Unless otherwise noted the term "sign" includes signs, outline lighting,
art forms, and skeleton neon tubing.

1.3 Electric signs covered by these requirements also include, but are not limited to, awning
signs, trailer-mounted signs, electrically or mechanically animated signs, signs supplied by
photovoltaic systems and other independent power sources, changing message signs,
including scrolling, flipper, tri-view, liquid crystal display (LCD), and light-emitting diode (LED)
type and other electrically operated signs that are not necessarily illuminated.

1.4 These requirements do not cover the following:

a) llluminated clocks operating at 600 V or less; refer to the Standard for Household Electric
Clocks, UL 826 or for commercial use clocks to the Standard for Time-Indicating and -
Recording Appliances, UL 863;

b) Exit signs; refer to the Standard for Emergency Lighting and Power Equipment, UL 924;

c) The trailer of a trailer mounted sign;

d) Luminaires mounted to function as outline lighting; refer to the Standard for Luminaires,
UL 1598;

e) Luminaires mounted within an Awning Sign; refer to Standard for Luminaires, UL 1598;
f) Signs that do not use electricity;

g) Luminaires intended for billboard illumination; refer to Standard for Luminaires, UL 1598;
h) Fiber optics or Fiber optic Illuminators;

i) Signs for use in hazardous (classified) locations as defined in the National Electrical Code,
NFPA 70.”

2011 California Appliance Efficiency Standards Last Modified: September 30, 2011
Portable, Plug-In, Luminous Signs for Indoor Use



Measure Information Template Page 25

CA TITLE 24, REGARDING SIGNS

UL states that it cooperates with California to help sign manufacturers comply with Title 24
(excerpt below). Note, however, that sign manufacturers may work with other listing and
testing organizations to comply with Title 24 and all other regulations regarding electrical
safety and testing of products.

UL and UL Environment, working with the California Energy Commission (CEC) and sign
industry representatives, have developed a program to assist sign manufacturers demonstrate
compliance with the energy conservation requirements within Title 24, of the California Energy
Commission’s Building Energy Efficiency Standards.

The CEC adopted sign lighting regulations on January 1, 2010. The requirements for signs
can be found in the 2008 Building Energy Efficiency Standards, Title 24, Part 6, Section 148 of
the California Code of Regulations.

The published sign lighting standards address both indoor and outdoor signs, and include
mandatory automatic control requirements for all illuminated signs. In addition, the standards
set limits on installed lighting power for internally and externally illuminated signs.

There are two alternate methods to comply with the 2008 sign lighting standards.
. Watts per square foot — sets maximum power per sign area
. Specific Technology — uses only energy efficient lighting technologies

UL48 sign manufacturers now have the option to apply the UL environmental Mark to signs
that demonstrate compliance to one of the lighting power alternatives described above in lieu
of having a licensed contractor perform the evaluation on each sign. The UL Safety Mark and
the UL Energy Verified Mark will always appear together on signs covered under this new
program.”
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