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1. Purposes

The purpose of the project “5E in Universities” is to assist universities across Europe as critical social multipliers to become more energy-efficient and climate-friendly through the integration of energy-efficiency objectives into their procurement of electric and electronic office equipment
.

The “5E in Universities” Project produces this guideline to help individual universities to integrate energy efficiency criteria into PC and monitor purchasing process.
2. What is ‘Green Procurement’?

Although Green Procurement has not been universally defined, it is generally considered a way of adding environmental considerations to the price and performance criteria businesses use to make purchasing (transaction) decisions. Green Procurement is a consideration of supply chain management and is also known as environmentally preferred purchasing (EPP), green purchasing, affirmative procurement, eco-procurement, and environmentally responsible purchasing. Green procurement attempts to identify and reduce environmental impact and to maximize resource efficiency.

Generally speaking, there are three principles that are common to all green procurement efforts, which are: Resource Efficiency, Life-Cycle Perspective and Pollution Prevention.
In the context of the “5E in Universities” Project, attention has been particularly focused on purchasing and using energy efficient PCs and Monitors under the Resource Efficiency principle.


3. The Guideline

Three levels of criteria are proposed as a basis for integrating green procurement criteria into purchasing process. The general idea is that universities can take up criteria/requirements from different levels according to their own situation and add them into their currently tendering process.

The first two levels are rather straightforward, while the third level is more demanding. Level 1 requires the general adoption of energy efficiency in call for tenders as well as the compliance of products to the criteria of international labels. Level 2 in addition requires the specification of energy consumption in defined operation modes. Level 3 includes an assessment of the energy consumption based on annual energy costs. As an option it includes the pre-activation of defined settings for power-management.
3.1 The 3-level Concept:

Level 1: General consideration of energy efficiency on the basis of international labels

· Inclusion of a general statement in the tender documents

· Requirement of compliance with the criteria of existing international labels like Energy Star or Energy (see Section 3.2 for details)

Level2: Requirement of the specification of on-mode and sleep-mode consumption  

· For PCs the energy consumption in On-Idle, standby-/S3- and off-modes has to be specified. 

· For monitors the on-, sleep- and off-modes have to be specified according to Energy Star-definitions. 

Above values are collected for information but are not rated. 

Level3: Rating of energy consumption in on-mode and sleep-mode. Optional pre-activation of defined settings for power-management

· PCs: On-Idle mode consumption according to the definition of E.V.A.. Sleep-/Standby-mode consumption according to S3-mode specified in ACPI. The rating is done on the basis of annual energy costs as described in Section 5.

· Monitors: On-, sleep- and off-modes consumption are assessed according to Energy Star. The rating is done on the basis of annual energy costs.

· Optional criterion: Pre-activation of defined settings for power-management.
3.2 Criteria of the international labels Energy Star and Energy
The existing international labels Energy Star and Energy (also known as ‘GEEA label’) define criteria for energy efficiency of office equipment. The criteria of Energy Star are very moderate and thus have the character of an industrial standard. The criteria of Energy are stronger but are also met by many products. Thus both Energy Star and Energy can easily be used for public procurement since a large part of the products available on the market do comply with these standards. Applying Energy Star means excluding the most inefficient products in terms of energy efficiency from the tender. In the USA Energy Star is mandatory for public procurement at the national level.

3.2.1 Energy Star and Energy Specifications for PCs and Integrated Computer Systems

For PCs Energy Star and Energy provide only specifications for energy consumption in standby-mode. The Energy Star database www.eu-energystar.org offers a good overview of products complying with Energy Star specifications. The database also contains information on On-Idle Mode consumption which however is not based on defined measurement specifications and therefore cannot be used for public procurement issues. Tables 1 and 2 show the current Energy Star specifications for energy consumption of PCs and Integrated Computer Systems in stand-by-mode respectively. Table 3 shows the specification levels proposed by Energy for 2004 and 2005.

Table 1: Key Product Criteria for Energy Star Qualified PCs

	Computer Model Ship Date
	Guideline
	Power Consumption

	Before July 1, 2000
	· Shall enter a sleep mode within 30 minutes of inactivity

· If shipped with network capability, shall sleep on networks and respond to wake events 
	Power Supply of the PC
	watts (W) in Sleep Mode

	
	
	If < 200W 
	< 30W

	
	
	If > 200W
	< 15% of power supply's maximum continuous output rating

	On & After July 1, 2000
	Guideline A

	
	· Shall enter a sleep mode within 30 minutes of inactivity

· If shipped with network capability, shall sleep on networks and respond to wake events
	If < 200W
	< 15W

	
	· 
	If between 200 & 300W
	< 20W

	
	· 
	If between 300 & 350W
	< 25W

	
	· 
	If between 350 & 400W
	< 30W

	
	· 
	If > 400W
	< 10% of power supply's maximum continuous output rating 

	
	Guideline B*
	< 15% of power supply's maximum continuous output rating


*Note: Manufacturers may qualify computers as ENERGY STAR qualified under one of two guidelines, namely A and B. Guideline B is applicable under specific conditions. Please see detailed guidelines in the Computer MOU Version 3.0.

Table 2: Key Product Criteria for Energy Star Qualified Integrated Computer System

	Integrated Computer Model Ship Date
	Guideline
	Power Consumption 

(watts in Sleep Mode)

	Before July 1, 2000
	· Shall enter a sleep mode within 30 minutes of inactivity

· If shipped with network capability, shall sleep on networks and respond to wake events
	< 45W

	On & After July 1, 2000 
	· Shall enter a sleep mode within 30 minutes of inactivity

· If shipped with network capability, shall sleep on networks and respond to wake events
	< 35W


Table 3: Key Product Criteria for Energy Qualified PCs

	Product group 
	2004
	2005

	Off-mode
	( 3 W
	( 2 W

	Sleep-mode (low-power mode):
	( 5 W (Preset default < 30 min.)
	( 5 W (Preset default< 30 min.

	One or more mechanisms to power down monitor
	Required
	Required


3.2.2 Energy Star and Energy Specifications for monitors
3.2.2.1 Current Energy Star and Energy Specifications

Table 4 shows the current specification for Energy Star qualified monitors. Table 5 shows the specification levels for monitors set by Energy.

Table 4: Key Product Criteria for ENERGY STAR Qualified Monitors (effective July 1, 1999)

	Low-Power Mode
	First Low-Power "Sleep Mode"
	Second Low-Power "Deep Sleep" Mode

	Maximum watts in Low-Power State
	< 15 watts
	< 8 watts


Table 5: Specifications for Energy Consumption for Monitors According to Energy
	Off-mode 
	1 W
	1 W

	Deep-sleep mode

	without universal serial bus (USB)
	2 W  (Preset default < 70 min.)
	2 W  (Preset default < 70 min.)

	with universal serial bus (USB)
	3 W (Preset default < 70 min.)
	2.3 W (Preset default < 70 min.)

	On-mode 
	To be informed


3.2.2.2 Proposed new Energy Star Specifications

For monitors two new sets of specifications (tiers) have been developed in the Energy Star Scheme. The first set will come into force in early 2005 the second one in early 2006 (Fig.3). The new specifications also consider energy-consumption in on-mode and therefore allow a more holistic rating of total energy efficiency of appliances. Due to the recent revision criteria are more demanding than criteria for PCs but also are met by 20-70% of the products offered on the market (depending which one of the two sets of specifications is regarded). Products in the current Energy Star database do not necessarily comply with the new specifications since they have not officially been set into force yet. However the use of the new set of specifications is strongly suggested. We propose to demand tier 2 criteria whenever possible.

A. On-mode / Active Power

· Tier 1

To qualify as Energy Star, monitor models must not exceed the following maximum active power consumption equation: 

Y = 30 + 33X, in which:

Y is expressed in watts and rounded up to the nearest whole number and X is the number of megapixels in decimal form (e.g., 1,920,000 pixels = 1.92 megapixels). 

For example, the maximum power consumption for a monitor with 1800 x 1440 resolution, or 2,592,000 pixels, would be: 

Y = 30 + 33(2.592) = 115.54 or 116 watts when rounded up. 

Under this metric, maximum allowed power consumption for monitors with various standard resolutions is provided below in Table 6.

· Tier 2

To qualify as ENERGY STAR, monitor models must not exceed the following maximum active power consumption equation: 

Y = 20, 

if X < 1 megapixel; 

Y = -5 + 26X 
if X > 1 megapixel, in which:

Y is expressed in watts and rounded up to the nearest whole number and X is the number of megapixels in decimal form (e.g., 1,920,000 pixels = 1.92 megapixels). 

For example, the maximum power consumption for a monitor with 1024 x 768 resolution would be 

Y = 20 watts; and for a monitor with 1600 x 1200 resolution would be: 

Y = –5 + 26(1.92) = 44.92 or 45 watts when rounded up.

Table 6: Power consumption versus resolution of monitors

	640 x 480 
	307,200 
	41 watts

	800 x 600 
	480,000 
	46 watts

	1024 x 768 
	786,432 
	56 watts

	1280 x 1024 
	1,310,720
	74 watts

	1600 x 1200 
	1,920,000
	94 watts

	1800 x 1440 
	2,592,000
	116 watts

	2048 x 1536 
	3,145,728
	134 watts


(Source: monitor_spec_draft2.pdf at www.energystar.gov/ia/partners/prod_development/revisions/downloads/monitors/)

B. Sleep- and Off-Modes Power

· Tiers 1 and 2

Maximum power consumption levels for Sleep and Off Modes are provided in Table 7. Monitors capable of multiple Sleep Modes (i.e., Sleep and Deep Sleep) shall meet the seep Mode requirement below in all such modes. For example, under Tier 1, a monitor tested at 7 watts in Sleep and 3 watts in Deep Sleep would not qualify because one of the Sleep Modes exceeds 4 watts.

Table 7: Energy-Efficiency Criteria for Sleep and Off Modes (Tiers 1 and 2)

	
	Tier 1
	Tier 2

	Sleep-Mode
	4 watts
	2 watts

	Off-Mode
	2 watts
	1 watt


· Sleep Mode Exception

Computer monitors that have the capability to proceed automatically from On-Mode/Active Power to an Off-Mode/Standby Power of 2 watts or less in /Tier 1 and 1 watt or less in Tier 2 comply with these energy consumption requirements. The computer monitor’s Off-Mode/Standby Power must be activated within 30 minutes of user inactivity or as otherwise defined in future versions of the Computer Agreement (issued after current Version 3.0). Upon resumption of user activity (e.g., user moves the mouse or presses a key on the keyboard), the computer monitor must return to full operational capability. 

In other words, a Sleep-Mode is not necessary if the computer monitor can proceed from On-Mode/Active Power to Off-Mode/Standby Power and meet the Energy Star requirements in the Off-Mode/Standby Power.
4. Method for Measuring of Power Consumption of PCs in On-Idle Mode

The methods given below are valid only for the evaluation of tenders in the field of standard-PCs (including preinstalled operating system MS Windows XP and standard software for office application).

The real power consumption  of PC, running in On-Idle Mode has to be measured using the procedure given below. The real power is defined as:

real power = voltage ( current ( power factor, namely:

P = U ( I ( Cos (phi), contrary to apparent power which is defined as:

apparent power = voltage ( current (namely S = U ( I).

4.1 Requirements on test conditions and test equipment

The test conditions and the test equipment have to meet the requirements defined as below:
 

If the operational environment is not specified by the manufacturer, or if a temperature range is specified that includes 23°C, the tests are conducted at 23°C ± 5°C. If a temperature range is specified that does not include 23 °C, the test are conducted at whichever end of the temperature range is closer to 23°C.

The test supply waveform shall contain less than 5 % total harmonic distortion when the equipment under test (EUT) is operating at the maximum configuration declared by the manufacturer.

Measurements are made with a suitable calibrated true r.m.s. voltmeter and a wattmeter. The voltmeter shall have an accuracy of ±1 % or better at rated voltage. The wattmeter shall have an accuracy of ±1 % or better at 100 W and greater. It shall be capable of accurate readings of waveforms having peak factors up to 5. The test instruments shall have a bandwidth of at least 1 kHz.

4.2 Measurement procedure

The EUT is a single PC, which is connected to monitor, keyboard and mouse (or a similar input device) and disconnected to all other (USB
)-peripheral devices

It has to be ensured, that all relevant settings regarding the energy saving modes in “energy options” of the operating system have to be disabled.

The System (EUT plus Monitor) has to be connected to the power supply and to be turned on. After the boot-up of the operating system, the EUT should be operated (simply: kept turned on) for at least 20 minutes to make warm-up-period possible. In this phase and in the ensuing measuring phase it is not allowed to start any program or to provide user-inputs by any input devices (such as keyboard, mouse, etc.)

One of the following two alternatives
 or an equivalent measurement procedure has to be applied for determination of the “on idle” power consumption:

4.2.1 Variant 1: direct measurement of power consumption

Applicable for PCs, which are equipped with non spin- and/or temperature-controlled power supplies and for stable power levels only.

Subsequently the measurement of the power consumption has to be conducted. The power consumption has to be monitored for not less than 5 minutes. If the power level does not drift by more than 5% (from the maximum value observed) during the later 5 minutes, the level can be considered stable and the power can be recorded directly from the instrument at the end of the 5 minutes.

4.2.2 Variant 2: indirect determination of power consumption 

This method is applicable for both stable and non-stable power levels.

Subsequently the energy consumption of the EUT during a defined period of time (at least 0,5h; at most 1h) has to be measured. The averaged power consumption results from the recorded energy consumption divided by the applied measurement period.

4.3 Background-Information 

4.3.1 On-Idle Mode

A PC is operated in On-Idle mode, if it is turned on and ready for providing intended services.

· In common this mode appears: 

· Immediately after booting up (start of operating system and standard office software) and a short period (not more than several minutes) necessary for reaching a stable operating level

· In phases of disuse and inactivity of the user, i.e. no inputs are done via keyboard, mouse and other input devices and if there are no tasks, to be executed at present time, while the PC doesn’t pass over in an energy saving mode, preset in the power management of the operating system.

· Characteristics

The power consumption of PCs in On-Idle Mode is constant and stable in common. Only the idle process is running in the CPU.

On the task manager-facility of MS Windows the following features can be observed:

· on “processes” 100% (98% … 99%) CPU-use displayed for “idle process”

· on “system performance” 0% (… 1 % …2 %) displayed for CPU-use

4.3.2 Mode “ACPI S3 – suspend to RAM”

This mode represents a certain energy saving mode (often, but very inconsistent defined as standby or sleeping mode). The Advanced Configuration and Power Interface (ACPI)
 provides a more precise definition: 

The S3 sleeping state is a low wake latency sleeping state where all system context is lost except system memory. CPU, cache, and chip set context are lost in this state. Hardware maintains memory context and restores some CPU and L2 configuration context. Control starts from the processor’s reset vector after the wake event.
5. Total Cost of Ownership (TCO)

5.1 The formula

A simple formula for estimating the TCO for a typical PC has been given as:

TCO = Coston/idle mode + Coststandby mode + Costsleep/off mode + Other costs,

Where:

Coston/idle mode = life-time cost due to energy consumption in on/idle mode; Coststandby  mode = life-time cost due to energy consumption in standby mode;

Costsleep/off mode = life-time cost due to energy consumption in sleep/off mode;
Other costs include cost due to air conditioning and waste disposal etc.
5.2 A tool for estimating TCO

The calculation of Other costs varies between different organizations. However, an easy-to-use tool based on an Excel spreadsheet for calculating the costs due to energy consumption has been built (E.V.A, 2004)
. To use the tool, one only need to input the following parameters: 

(1) Local electricity tariff;

(2) Number of annual working days and vacation days (ie. annual profile of usage);

(3) Number of daily on/idle, standby and sleep/off mode hours (ie. daily profile of usage);

(4) Life span; and

(5) Purchasing price.

The tool will then output the TCO with pie graphs showing the split of the TCO into different purposes. An example is given in below.

The Excel file is available on request
. 

	Total Cost of Ownership - TCO for PCs (An example)

	(An easy approach for tco-estimations)

	1st step: economic factor
	 

	electricity tariff [p/kWh]
	 

	11.2
	 

	
	

	2nd step: modelling the usage pattern

	 
	 

	annual profile of usage
	 

	regular annual working time
	vacation time

	[days/year]
	[days/year]

	200
	165


	Daily profile of usage
	
	
	
	
	
	
	

	 
	 
	 
	split-up of modes
	 
	 
	 

	 
	power consumption
	… in working time
	… vacation time
	
	 

	 
	P [W]
	
	[hours/day]
	[hours/day]
	
	annual energy consumption [kWh]
	annual energy costs

	on idle
	60
	 
	7
	0
	
	84
	£ 9.41

	standby (S3)
	7
	 
	2
	0
	
	2.8
	£ 0.31

	sleep/off
	4
	 
	15
	24
	 
	27.84
	£ 3.12


	3rd step: calculation of TCO
	

	for a lifetime of [years]
	5

	 
	 

	energy cost "on idle"
	£ 47.04

	energy cost "standby (S3)"
	£ 1.57

	energy cost "sleep/off"
	£ 15.59

	purchasing price
	£ 550.00

	Output TCO
	£ 614.20
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6. Terms and Definitions
Monitors

A cathode-ray tube (CRT), flat panel display (e.g., a liquid crystal display) or other display device and its associated electronics. A monitor may be sold separately or integrated into the computer chassis. This definition is intended primarily to cover standard monitors designed for use with personal computers. The following may also be considered a monitor: mainframe terminals, and physically separate display units. 

Integrated Computer System

Systems in which the computer and visual display monitor are combined into a single unit. Such systems must meet all of the following criteria: it is not possible to measure the power consumption of the two components separately; and the system is connected to the wall outlet through a single power cable. 

Enable

To set the power management feature of a given product such that the power saving features are automatically activated as specified in the product's ENERGY STAR Partnership Agreement with the manufacturer. 

A Computer's Low-Power or "Sleep" Mode 

The reduced power state that the computer enters after a period of inactivity. 

A Monitor's First Low-Power or "Sleep" Mode

The reduced power state that the monitor enters after receiving instructions from a computer or via other functions. A blank screen and reduction in power consumption characterize this mode. The monitor returns to full-power mode upon sensing a request from a user. 

A Monitor's Second Low-Power or "Deep Sleep" Mode

The second reduced power state that the monitor enters after receiving instructions from a computer or via other functions. A significant reduction in power consumption characterizes this mode. The monitor returns to full- power mode upon sensing a request from a user. 

Wake Event

A user, programmed, or external event or stimulus that causes the computer to transition from its low-power or sleep mode to its active mode of operation. Examples of wake events include, but are not limited to, movement of the mouse, keyboard activity or a button press on the chassis, and in the case of external events, stimulus conveyed via a telephone, remote control, network, cable modem, satellite, etc.

7. Appendixes I

ENERGY STAR® Program Requirements for Computer Monitors
8. Appendixes II

Mapping between ACPI and Windows XP Power Management Terminology

ACPI (Advanced Configuration and Power Interface) is an open industry specification co-developed by Hewlett-Packard, Intel, Microsoft, Phoenix, and Toshiba. It is the industry-standard found on the vast majority of IBM compatible laptops, desktops, and servers. 

Below are the 5 sleeping states as defined by the ACPI specification. (www.acpi.info).
S1 Sleeping State

The S1 sleeping state is a low wake latency sleeping state. In this state, no system context is lost (CPU or chip set) and hardware maintains all system context.

S2 Sleeping State

The S2 sleeping state is a low wake latency sleeping state. This state is similar to the S1 sleeping state except that the CPU and system cache context is lost (the OS is responsible for maintaining the caches and CPU context). Control starts from the processor’s reset vector after the wake event.

S3 Sleeping State

The S3 sleeping state is a low wake latency sleeping state where all system context is lost except

system memory. CPU, cache, and chip set context are lost in this state. Hardware maintains memory context and restores some CPU and L2 configuration context. Control starts from the processor’s reset vector after the wake event.

S4 Sleeping State

The S4 sleeping state is the lowest power, longest wake latency sleeping state supported by ACPI. In order to reduce power to a minimum, it is assumed that the hardware platform has powered off all devices. Platform context is maintained.

S5 Soft Off State
The S5 state is similar to the S4 state except that the OS does not save any context. The system is in the “soft” off state and requires a complete boot when it wakes. Software uses a different state value to distinguish between the S5 state and the S4 state to allow for initial boot operations within the BIOS to distinguish whether or not the boot is going to wake from a saved memory image.
In general most desktop PCs implement the S1,S3,S4 and S5 sleep states. (i.e. they do not implement S2). The table below shows the mapping from Windows XP power management terms to ACPI. 

	Windows XP 
	ACPI

	Standby
	S1 or S3 depending on BIOS setting

	Hibernate
	S4

	Turn-off 
	S5


When a PC is put into Standby it will either go into the S1 or S3 state (depending on its capability and the BIOS configuration). In general the S1 power consumption is close to the On-idle consumption (30W) whereas S3 is much lower (2 or 3W). Also, most people would choose to put their desktop PC into S3 Standby rather than Hibernate (S4) as it resumes much more quickly. 

(See http://www.terranovum.com/projects/energystar/standby_v_hiber.html for more details).

 

9. Appendixes III 

System Standby (S3) v. Hibernation in New Windows PCs

Background

Before understanding which mode of PC power management is best for a particular situation, it is important to have a basic understanding of the similarities and differences between System Standby and Hibernation in modern computers1. 

System standby is a hardware/software solution where the hardware and software work together to manage the computer's power usage by shutting down some non-critical systems (Fans, drives, peripherals) and throttling back the critical ones (CPU, Network). Hibernation is a Software only solution that basically takes the current snapshot of the system (RAM memory) and writes it to the hard disk then informs the hardware that it should do a complete shutdown. When the hardware is turned back on, the hardware does a full POST (Power On/Self Test) process and then passes off to the software to do a full boot. Since the software wrote a copy of itself to the hard drive it skips it's full boot process and simply loads the system snapshot written to disk back into RAM and the applications that were running generally have no idea they were not running during that period of time the machine was "off". In short, Hibernation was created to give the false impression of quick "boot" times for users who wanted to start up their computers faster.

All of this seems to suggest that Hibernation would save more energy than System Standby. Although more will be said later on with regards to the subject, it is important to understand how modern PC hardware is designed. In the "old" days2 the power switch was hardwired to the power supply and when the switch was off then the power supply was off and little3 energy was being consumed. In modern configurations4 the power supply is always drawing some energy and supplying the system's motherboard with a trickle current. The motherboard uses this to keep an idea of what state the hardware is in ("on" or "off") and manage the devices accordingly. When a user switches "on" the power button, the motherboard5 determines what state it should change to based on rules. In a two state system the most basic is what state is the hardware in now and then change to the opposite state. As such, Hibernation, System Standby and turning a system "off" will result in similar if not the same power draws. 

Analysis

In general we recommend the application of system standby over hibernation for the following reasons. 

1. Typically system standby can be set more aggressively (i.e. less than 30 minutes) because of a quicker wake up time - thus saving more energy. System standby keeps RAM powered rather than writing the system's current RAM image to the hard drive and thus responds quicker to wake up events. For comparison, typical hibernate settings are 60 - 120 minutes. 

2. System Standby allows the computer to wake and respond to modem, peripheral and network interrupt requests while hibernation does not allow such events to trigger the machine to come up from a hibernation state. Hibernation does allow a Wake-On-LAN (WOL) network event to bring the system back up from the "off" state but this WOL signal requires special administrative tools network administrators typically use to centrally manage PCs. 

3. Typically system standby requires keyboard or mouse activity for a wake up, while hibernate requires a push of the power button. As with monitor power management, a keyboard or mouse wake up the computer, therefore it is easier for users to get accustomed to system standby. With hibernate, users have to first tap the keyboard to see if only monitor power management is engaged, and then push the power button to wake from hibernate. 

4. If data retention, in say the face of a power outage, is desired then hibernate can be set in addition to system standby. For example, a power outage knocks out two machines. One in standby and the other in hibernation. Any unsaved files on the standby machine may be lost while anything on the hibernating machine will be saved since the RAM has been written to disk. 
The following power management configuration would constitute an "aggressive" policy for energy savings but minimize wake up time and provide minimal data retention protections. 

a. Monitor: 5 minutes 

b. System Standby: 15 minutes 

c. Hibernate: 60 minutes

5. Continually placing a system in Hibernation means that the system stays loading without being refreshed from the disk. Although operating systems like Windows 2000 and XP have improved in their stability, it is still better to periodically reboot them to avoid crashes. Utilizing System Standby and shutting down overnight forces this periodic shutdown and makes for a better user experience. 

These suggestions are based on recent standard PC configurations. For example, the table below summarizes measurements taken on a Dell Dimension 4400, Pentium 4.

System Standby (S3) Hibernate (S4) Notes

Energy Savings Reduces power consumption from about 50 to 2.5 watts. Saving 47.5 watts. Reduces power consumption from about 50 to 1.8 watts. Saving 48.2 watts. Effectively no difference in energy savings potential between system standby and hibernate.

Response Time 5 - 10 seconds More than 20 seconds The response time for hibernate depends on the amount of memory that was saved on the hard disk during the shutdown procedure.
Saves work in the event of a power loss? No Yes System hibernate may be best applied to laptops that are running on batteries. 

Response Mechanism Keyboard or mouse Power button With system standby users only need one mechanism (keyboard mouse) for both monitor and PC. Note: This may vary from brand to brand.

Typical Sleep Settings Less than 30 minutes to be qualified for ENERGY STAR. Greater than 60 minutes Shorter sleep settings means more energy savings. 

Conclusion

The choice to enable System Standby, Hibernation or turning the system off is as much based on the situation the computer is used in as it is on power savings. Using the above information, one should be able to find a suitable method for their given situation. In most cases it is best to enable monitor power management at a period of 10 minutes, system standby at a time of 20 to 30 minutes. Hibernation should be employed at 60 minutes or higher if one wants their machine in a deep sleep for long periods of time and who is also concerned with start up times after long periods of being in the "off" state. 

Footnotes

1. Modern applies to Pentium 4 or higher IAPC enabled machines and equivalents (OnNow). 
2. Pentium and below or below and equivalents. AKA: AT form factor 
3. Some energy would get through in what is known as Vampire draw. 
4. Approximately Pentium 2 or higher and equivalents AKA: ATX form factor and above NB: that IAPC is only available in Pentium 4 or higher and equivalents.
5. More specifically the Basic Input/Output System (BIOS)
�


�





Source: monitor_spec_draft2.pdf downloadable at: http://www.energystar.gov/ia/partners/prod_development/revisions/downloads/monitors/monitor_spec_draft2.pdf





Source: http://www.terranovum.com/projects/energystar/standby_v_hiber.html





Source: Colin Harris, Trinity College Dublin, Email: Colin.Harris@cs.tcd.ie








� With reference to IEC 62018: Power consumption of information technology equipment – Measurement methods


� USB: Universal Serial Bus


� With reference to IEC 62301: Household electrical appliances – Measurement of standby power


� Definition formulated by E.V.A., August 2004. E.V.A. is the technical support for the 5E SAVEII project.


� � HYPERLINK "http://www.acpi.info" ��www.acpi.info� 


� Provided by Schäppi Bernd, E.V.A., Sep 2004. E.V.A. is the technical support for the 5E SAVEII project.


� Please contact Sean Zhang at SISTech. Email address: x.zhang@sistech.co.uk.
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Tabelle1

				Total Cost of Ownership - TCO for Personal Computers

				(An easy approach for tco-estimations)

				Remark: yellow colour areas are data-fields for input

				1st step: economic factor

				electricity tariff [p/kWh]

				11.2

				2nd step: modelling the usage pattern

				annual profile of usage

				regular annual working time		vacation time

				[days/year]		[days/year]

				200		165

				daily profile of usage

										split-up of modes

						power consumption				… in working time		… vacation time

						P [W]				[hours/day]		[hours/day]				annual energy consumption [kWh]		annual energy costs

				on idle		60				7		0				84		€ 9.41

				standby (S3)		7				2		0				2.8		€ 0.31

				sleep/off		4				15		24				27.84		€ 3.12

																114.64		€ 12.84

				3rd step: calculation of TCO

				for a lifetime of [years]		5

				energy cost "on idle"		€ 47.04

				energy cost "standby (S3)"		€ 1.57

				energy cost "sleep/off"		€ 15.59

				purchasing price		€ 550.00

				TCO		€ 614.20
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PC - Total Cost of Ownership
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PC - Total Cost of Ownership
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Tabelle1

				Total Cost of Ownership - TCO for Personal Computers

				(An easy approach for tco-estimations)

				Remark: yellow colour areas are data-fields for input

				1st step: economic factor

				electricity tariff [p/kWh]

				11.2

				2nd step: modelling the usage pattern

				annual profile of usage

				regular annual working time		vacation time

				[days/year]		[days/year]

				200		165

				daily profile of usage

										split-up of modes

						power consumption				… in working time		… vacation time

						P [W]				[hours/day]		[hours/day]				annual energy consumption [kWh]		annual energy costs

				on idle		60				7		0				84		€ 9.41

				standby (S3)		7				2		0				2.8		€ 0.31

				sleep/off		4				15		24				27.84		€ 3.12

																114.64		€ 12.84

				3rd step: calculation of TCO

				for a lifetime of [years]		5

				energy cost "on idle"		€ 47.04

				energy cost "standby (S3)"		€ 1.57

				energy cost "sleep/off"		€ 15.59

				purchasing price		€ 550.00

				TCO		€ 614.20
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