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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

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:

1 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.
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Table 1: Computer Energy Use Breakdown and Efficiency Opportunities

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.
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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).

Maximum Power
Rating

Loading
Condition

Tier 1 - Effective
January 1, 2014

Tier 2 - Effective
January 1, 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%

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

Illustrative 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: Illustration of TEC Standard on One Computer Category

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
STAR 5.0.

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.
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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%).
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Figure 3: Desktop Power Supply Unit Market Shares in 2010 by Maximum Power Rating

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

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

Stock California Annual Sales

Design Options
Units

(millions)
Units

(millions)

’12-17
Estimated
Average

Annual Growth
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

Design Options

For First-Year Sales For Entire Stock

Coincident
Peak Demand

(MW)

Annual Energy
Consumption

(GWh/yr)

Coincident
Peak Demand

(MW)

Annual Energy
Consumption

(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
Options

Coincident
Peak Demand

Reduction
(MW)

Annual
Energy
Savings
(GWh/yr)

Coincident
Peak Demand

Reduction
(MW)

Annual
Energy
Savings
(GWh/yr)

Tier 1 60 350 215 1,265
Tier 2
(relative to
BAU)

120 710 440 2,600

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 regulated and state-regulated 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 August 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-regulated internal power supplies is EPRI & ECOS
“Generalized Test Protocol for Calculating the Energy Efficiency of Internal Ac-Dc and Dc-Dc
Power Supplies Rev 6.5 dated” dated July 7th, 2010.

(__) Personal Computers.
The test method for Typical Energy Consumption for Personal Computers is ENERGY
STAR Computer Test Method (Version 5.0) Section III.
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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 regulated 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
Rating

Loading
Condition

Tier 1 - Effective
January 1, 2014

Tier 2 - Effective January 1,
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).

http://www.climatesaverscomputing.org/tech-specs
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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
Condition

Bronze Silver Gold Platinum
Efficiency Power

Factor
Eff. p.f. Eff. p.f. Eff. p.f.

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 5.02:

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
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