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Introduction

This paper provides supporting evidence and analysis for the discussion of PCs and other desktop devices in the main SusteIT report (James and Hopkinson 2009a). 

All universities and colleges contain large numbers of PCs – workstations, desktops and laptops and in some cases thin clients - which have considerable environmental and financial costs, including those of:

Waste and pollution during production, use and disposal of PCs and peripherals;

Direct energy consumption and emissions of carbon dioxide (CO2), and other greenhouse gases, during use;

Indirect energy consumption and greenhouse gas emissions during use - through the consumption of the networks (and therefore data centres) which is needed for browsing, email and other forms of consumption, and associated cooling and power supply losses; and

Indirect energy consumption and greenhouse gas emissions during production – through the extraction of materials and manufacturing of PCs and peripherals.

Making definitive judgments about these environmental impacts – and especially ones which aim to decide between different procurement options - is difficult because:  

The category covers an extremely diverse range of devices and usage patterns;

It requires the collection of information for all stages of the life cycle, which is very difficult in practice (see below); and

Technology is rapidly changing with more efficient chips, desktops adopting laptop technology and thin clients becoming more powerful.

Therefore caution must be taken when extrapolating any of the following discussion to specific products and models. Nonetheless, some broad conclusions can be reached, as described below.

1. Personal Computing in Further and Higher Education

Personal computing typically involves: 

A computing device, which in most cases is a desktop and/or laptop (although ‘netbooks’, PDAs and thin client terminals are increasing in popularity);

A monitor, which was historically a cathode ray tube (CRT) but is now increasingly likely to be a liquid crystal display (LCD) device as these account for almost all new purchases; and

A keyboard and mouse as well as, for many people, other peripherals such as hard drives and laptop docking stations.

It is also supported by a broader infrastructure of networks, data centres and printing (see James and Hopkinson 2009b,c for further discussion of these). This means that it is important when any changes are being discussed to ascertain that these are genuine improvements, rather than simply transferring impacts within the system.

Further and higher education bodies spend hundreds of millions, if not billions, of pounds on personal computing. The last decade has seen several major changes in its pattern, including:

A move from centralised computing architectures to more decentralised ones with a much larger number of personal computers of various kinds;

Increasing speeds, storage and other functionality features of personal computers resulting in a trend towards higher powered devices (although this is starting to be offset by more efficient components within them); and

Growing numbers of laptops which, in some cases, replace desktops, but in others supplement them.

These changes are reflected in growing numbers of devices within universities and colleges. For example, the main SusteIT report estimates that:

UK higher education has 760,000 PCs, which will probably account for almost half of the sector’s ICT-related CO2 emissions of 275,000 tonnes, and ICT-related electricity bill of £60 million, in 2009; and

Further education has an estimated 708,000 PCs, which are likely to account for around 40% of FE’s estimated ICT-related CO2 emissions of 244,000 tonnes, and ICT-related electricity bill of £54 million (James and Hopkinson 2009a). 

A SusteIT survey provided interesting information on the prevalence of desktop devices within the sector (although it should be borne in mind that the respondents were generally from IT and other specialist departments, and academics, rather than administrative staff) (James and Hopkinson 2009d). As Table 1shows:

40% of respondents had a laptop, which means that at least a quarter are using multiple computers;

There has been a large scale transition to LCD/TFT screens; and

Workstations (which are very energy intensive because of their high processing capacity) are surprisingly common. 

If the sector is to have more sustainable ICT it is therefore vital that the energy consumption and environmental footprint of personal computing is reduced. 

Table 1:  Results from SUSTEIT survey question: which of the following computing equipment belonging to your institution do you frequently use (i.e. more than once a day) for work? 

	Equipment
	Number of respondents
	%

	Desktop computer
	152
	85

	LCD/TFT monitor
	140
	78

	Laptop
	72
	40

	Workstation
	30
	17

	Cathode Ray Tube (CRT) monitor
	16
	9

	None of these
	11
	6

	Total respondents
	179
	


Figure 1: The most important exchanges with nature (resource extraction/emissions to air, water and soil) contributing to the environmental impacts during the manufacturing life cycle stage of a desktop and monitor (Eugster, Hischier and Duan 2007).
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2. Energy and Environmental Impacts of Personal Computing

Personal computing devices have a complex number of impacts over their life cycle from creation of materials, through manufacturing and distribution, use, and disposal (hopefully for recycling or reuse).  Tables A4 and A5 in Appendix 1 provide detailed figures for the key environmental effects of a ‘typical’ PC and LCD monitor in Europe over their life cycle. They are taken from a comprehensive and detailed European Commission study, published in 2007, and based on a detailed methodology published in 2005, to support the development of the Energy Using Products (EUP) Directive (VHK, 2005, VHK 2005a, IVF 2007). 

The following sections discuss some of the key energy and environmental issues which arise at different stages of the life cycle. 

2.1 Materials and Manufacturing

The contrast between the ‘clean’ image of ICT, and the frequent reality of very ‘dirty’ production activities, has been highlighted by the Silicon Valley Toxics Coalition (2008). It estimates that a typical semiconductor manufacturing facility consumes: 

832 million cubic feet of bulk gases; 

5.72 million cubic feet of hazardous gases; 

591 million gallons of deionised water;

5.2 million pounds of chemicals; and 

8.8 million kilowatt hours of electrical power.

It also claims that the industry uses more than 1,000 hazardous substances including: 

Lead and cadmium in computer circuit boards; 

Lead oxide and barium in desktop monitors; 

Mercury in switches and flat screen monitors; and 

Brominated flame retardants on printed circuit boards, cables and plastic casing (Silicon Valley Toxics Coalition 2008).

A typical 2005 EU office desktop and 17 inch LCD monitor weigh around 20 kg and contain over 27 different materials, including plastics, steel, aluminium, copper, powder coatings, electronics (which in turn contain gold and other materials), glass, and cardboard for packaging (IVF 2007). All these materials and components must be extracted, processed and assembled, creating large amounts of waste and pollution in the process. For example, 10 tonnes of rock is crushed to obtain one tonne of ore to extract 4 grams of gold (VHK 2005a). 

Key production activities in terms of environmental impact include integrated circuits, surface mounted devices, big caps and coils, copper wiring, PWB manufacturing, sheet metal manufacturing and galvanised steel.

According to the EU studies, the materials and manufacturing stages dominate most impact categories for PCs (IVF 2007). For example, nearly 70% of the life cycle emissions of heavy metals to water occur during materials extraction. Appendix 1 provides more details.

Figure 1 (see above) presents an overview of the emissions and resource impacts of a desktop and monitor during the materials and manufacturing stage created by use of ‘scoring software’ for a Swiss life cycle assessment (LCA). Although this is only a partial picture of impacts – and also is based on an analysis of their pattern which is not shared by all studies (see Appendix 1) – it nonetheless highlights some very important points, which are: 

A large part of the environmental impacts of ICT during manufacturing result from consumption of fossil fuels (crude oil and natural gas);

Air pollution – in the form of nitrogen and sulphur oxides, and particulate matter - is a major issue in the materials and manufacturing stages (25% of manufacturing impacts in this assessment); and

Toxic emissions to air and water – especially of arsenic (contained in many CRTs) to water, and metals to air - are very significant in the production stage.

ICT suppliers argue that production is becoming cleaner, and more energy efficient, over time. This is generally true of the in-house facilities, and some key suppliers, of companies committed to corporate social responsibility.  However, there remains considerable evidence that it is less true of the many thousands of subcontractors within their globally dispersed supply chains, and amongst less scrupulous competitors. Indeed, only one major supplier to date – Hewlett Packard (HP) – has assembled detailed data on the environmental impacts of its suppliers, and that for only one environmental parameter, CO2 emissions (HP 2008, 2008a). 

Impacts are being reduced by changes in the components, materials and functionality of computers, and other devices. Innovations which were launched during 2008 included:

Devices using alternative materials, such as the Apple Macbook Pro. This has an aluminium rather than a plastic body, with the company claiming that the environmental disadvantage of higher embedded energy is more than offset by improved recyclability, elimination of some hazardous chemicals, and improved heat dissipation so that less fan power is needed for cooling (Apple 2008). Apple has also eliminated arsenic and mercury from displays, brominated flame retardants from the circuit board and power adaptor, and polyvinyl chloride (PVC) from internal cables.
Devices using exceptionally energy efficient components, such as The PCWorld Advent, or VeryPC personal computers and servers.
Applications which increase the efficiency of computing operations - for example, the development of Web 3.0, the ‘semantic web’, which is said to make accessing content easier by cutting out extraneous information, and the energy consumption involved in reaching it (see www.truevert.com for an interesting example of this being used for environmental purposes). 

Another significant source of improvement is the implementation of the Reduction in Hazardous Substances (RoHS) Directive, which means that since early 2008 all electronic equipment sold in the EU must contain restricted quantities of hazardous substances including lead, mercury, cadmium, hexavalent chromium and brominated flame retardants (see Appendix 3 in main report for more details).
2.2 Use

The main impact of personal computing during the use phase is electricity consumption. The impact of ICT on effective use of space can also be significant, given the considerable environmental footprint of buildings.  Although the life cycle studies do not all agree, it is likely that the energy consumed during the use phase is at least as great as the materials and manufacturing stage for European non-domestic PCs (see Appendix 1),  

There are many factors affecting the direct energy consumption of computers and peripherals during the use phase, including:

The type of computer and associated energy consumption i.e. some computer models are more energy efficient;

The applications being run – e.g. 3D, office applications, DVDs – which can make a difference of a factor of 2 or 3 when the computer is in actual use;

The time it is actually used intensively – if it is in use 24/7 or just for a few hours per day; and

The extent to which it is in low power states, or switched off, when not in active use.

These factors lead to a large potential range for the energy consumed by different PCs, as Table 2 illustrates.  A higher energy, high usage PC with no power management could cost £61 per year in electricity compared to a lower energy, low usage PC with power management costing £3 per year.  Usage is clearly as important as power rating in determining the overall energy consumption of a given device. A low energy desktop left on all the time may consume more energy than a higher energy desktop with effective power management.

Table 3 also shows that:

Although computers and monitors have become more energy efficient over time, average consumption remains relatively high (when compared to current best practice – see below); and

There remains a significant power draw even within sleep and off stages which, although small at any point in time, can accumulate over a year.

Table 2: Examples of PC (excluding monitor) Energy Consumption and Costs

	PC model
	Usage

	Power rating (W) (from measured figures in Cartledge 2008a)
	Annual energy consumption (kWh/y)

	Annual energy costs (£, at 12p per kWh)

	
	
	Active
	Idle
	Standby
	
	

	Dell Optiplex 210L
	High usage
	135
	70
	2
	505
	61

	Dell Optiplex 210L
	High usage with power management
	135
	70
	2
	411
	49

	Dell Optiplex 210L
	Low usage
	135
	70
	2
	155
	19

	Dell Optiplex 210L
	Low usage with power management
	135
	70
	2
	37
	4

	HP DX5 150S
	High usage
	87
	43
	2
	326
	39

	HP DX5 150S
	High usage with power management
	87
	43
	2
	269
	32

	HP DX5 150S
	Low usage
	87
	43
	2
	101
	12

	HP DX5 150S
	Low usage with power management
	87
	43
	2
	25
	3



Table 3: Indicative energy performance for computers and monitors (UK stock average) in 2000 and 2008 (2008 figures are projections) (Market Transformation Programme, 2007)

	Year
	ICT Product
	Mode

	
	
	On-idle (or On-active for monitors) (W)
	Sleep (W)
	Off (W)

	2000
	Desktop computers (non domestic)
	78.3
	6.1
	3.1

	
	Laptop computers (non domestic)
	28.7
	2.6
	1.1

	
	Monitors
	60.9
	3.4
	2.4

	2008
	Desktop computers (non domestic)
	66.4
	4.2
	2.4

	
	Laptop computers (non domestic)
	16.9
	1.7
	1.1

	
	Monitors
	38.5
	1.1
	1


The microprocessors, and other components, within desktop devices have become more efficient over time. Hence, as Table 3 shows for the UK as a whole, the rated power consumption of the most common ones fell considerably between 2000 and 2008. This was especially true of monitors, largely because of the transition from CRT to LCD models (our survey suggests that the latter now account for 80% of display devices in universities and colleges). Laptop power consumption also fell considerably, mainly because of the continued development of lower power chips – using approaches which are now being transferred to desktop PCs. Laptop devices have a considerably lower power rating than desktops, and also tend to have more effective power management, so that they are a much more energy efficient option.  

However, this increased processing efficiency has been considerably outweighed by:

An increasing number of machines (e.g. many academics having a desktop, and a laptop); and 

More sophisticated applications, requiring greater processing power.
2.3 End of Life

End of life disposal of personal computing devices creates a much lower volume of waste than the production and use stages, but is still a significant issue because of the many hazardous substances within it, the fact that many discarded PCs end up in developing countries; and the potential recovery value of materials. Figure 2 shows that the final disposal quantities in 2005 for different PC devices in Europe was roughly similar (around 2kg), but that there are marked differences in recycled quantities. The EU study it is based upon estimates that more materials will be recovered in future as manufacturers design for recyclability with the introduction of the WEEE Directive (IVF 2007). Figure 3 indicates the split of end of life equipment within a small UK college which suggests that PCs account for the bulk of WEEE. The situation is unlikely to be different in larger institutions.
2.4 Relative Impacts over the Life Cycle

Making a definitive comparison of the environmental attributes of PCs over their whole life cycle is difficult because:  

Energy consumption is partly influenced by usage and different tasks being undertaken, which are difficult to assess in advance; and

Unless one device is superior in all environmental dimensions (which is unlikely), there has to be a comparison of ‘apples and oranges’ - for example, is a reduction in mercury emissions at manufacturing stage that increases energy consumption during use an improvement or not? 

However, the discussion in Appendix 1 suggests that the following provisional conclusions can be drawn:

For all UK non-domestic personal computing devices with operating lives at least four years, a reasonable working assumption is that energy in use is similar to, and possibly greater than, embedded energy; 

Laptops and LCD monitors use much less energy over their lifetime than desktops and CRT monitors; 

Laptops and LCD monitors create much less non-hazardous waste than desktop computers and CRT monitors; and

For desktops and LCDs most of the non-hazardous waste is generated during manufacture, but for laptops and CRTs it is the use phase.  The much greater proportion of waste to materials for desktops compared to laptops may be due to the relatively high proportion of galvanised steel in a desktop (49%) compared to a laptop (13%), which generates disproportionate amounts of waste (1.7kg waste for every kg of steel).

Figure 2: Total materials recycled and disposed of at end of life for different PC devices (IVF 2007)
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Figure 3: Breakdown of WEEE generated by Somerset College in one year (Norris 2007)
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2. Personal Computing Solutions – Desktop Strategy

A strategic approach to personal computing is required to ensure that the approaches adopted, and the equipment purchased, meets student and staff needs in the most cost effective and sustainable way possible. The starting point is assembling a team. To be effective, this needs to bring together (at least) IT and learning support staff, users, and energy or environmental managers, and be chaired by a relatively senior manager. Three key topics then need to be considered:

Auditing and profiling;

Rigorously examining low impact alternatives; and

Overcoming barriers.
2.1 Auditing and Profiling

An audit doesn’t have to count every last single device but should be as accurate as possible to help understand improvement opportunities and to identify priorities. The SusteIT audit tool can be used for these purposes (see Cartledge 2008a). Diverse sources of information are likely to be required to estimate the number of devices, including existing ones of asset registers; purchasing and insurance records; and network information such as DNS tables; and new ones such as questionnaires or physical counting on a site visit. Power consumption should be on a measured or metered basis wherever possible, as manufacturer's figures are not always reliable.

An audit can also be the starting point to develop user profiles for different groups of people to ensure that the specification is fit for purpose, rather than assuming that one specification fits all. This can identify areas suitable for thin client computing (see below), or where lower specified machines can be used, e.g. avoiding high powered video cards and other devices in PCs used entirely for conventional office tasks.

Generally speaking, the lighter the device and the less energy consumption during its use, the lower the materials, energy and water usage, pollution and waste generated throughout the life cycle. Hence, while product redesign will help to reduce the materials use of PCs and improve their recyclability, laptops are likely to have a lower footprint than desktops for the foreseeable future. This is especially true if they are supplied with docking stations, and thereby avoid people having two separate computers.

For all devices it is also very important to procure the most energy efficient devices possible within a device category (see below).

2.2 Examining Low Impact Alternatives

This encompasses a number of options including:

Using netbooks rather than PCs when the main requirement is simple tasks such as Internet access;

Using compact desktop devices based on laptop technology rather than desktops; and

Using thin client devices.

However, care is needed because making inappropriate choices can result in increased energy consumption, for example, because low powered processors have to work for much longer to undertake tasks which really require high power, or because another device is acquired because the first cannot do the tasks required by users. 

2.2.1 Can Thin Clients Replace Personal Computers? 

A thin client (sometimes also called a lean client) is a client device in client-server architecture networks which depends primarily on the central server for processing activities, and mainly focuses on conveying input and output between the user and the remote server. It contrasts with a thick or fat client device, such as a desktop PC, which does as much processing as possible, and generally passes only data for communications and storage to the server. 
There are a number of technical and business considerations to be taken into account when deciding between the two approaches. Not all applications are suitable for thin client, and their introduction requires a central infrastructure and a constant good network connection. Users can also be resistant to it. However, thin client is often favoured by central IT organisations, because once the necessary infrastructure is installed, they are less expensive to support, being standardised and simple. 
Thin client approaches are also said to be superior environmentally to desktops because of:

Greater longevity of devices, due to the avoidance of software obsolescence, limited points of failure, immunity from malware, and low intrinsic value which discourages theft;

Facilitation of virtualisation and other energy efficiency measures on central servers;

Lower energy consumption in use (and therefore a reduced need for cooling);  

Low volume and weight, resulting in less production impact, more efficient transport, and smaller amounts of waste; 

Low footprint, enabling more efficient use of space; and

Low noise, due to an absence of fans.

Any assessment of these claims has to reflect the fact that thin client approaches depend upon servers and an associated network infrastructure which can increase:

Processing loads at the centre; and

Network energy consumption through the mouse movements, keystrokes and screen updates which are transmitted from/to end users (although these may be offset by less file transfer, e.g. of documents for printing, than would be the case for desktops).

The most rigorous study of this issue to date is an LCA undertaken by the German Fraunhofer Institute for Environmental, Safety and Energy Technology (2007). As the detailed information in Appendix 2 indicates, this concluded that the thin client devices tested were indeed superior on the criteria used, with 2-4 times less net energy consumption, and 35-40% fewer weight of materials. The study also stated that it under-estimated the benefits by assuming a life of 4 years for all devices. In reality, it expected thin client to have a much longer useful life, and therefore outlive desktops, which would need replacement, with all the associated materials and embedded energy impacts.

However, whilst the Fraunhofer study corroborates the claims of manufacturers, some caveats remain:

Within the university environment, it is possible that some users would have the budget and work freedom to ‘supplement’ thin clients with their own desktops;

Whilst it may be proved correct, there is inevitably little evidence at present to support the view that thin client devices will in practice have significantly longer lives than desktops - user expectations of display quality and speeds, for example, tend to increase constantly so there is a danger that, as the replacement costs would be lower than desktops, this may be done as frequently;

Servers are sometimes replaced more frequently than desktops, often within 2-3 years, so that the embedded energy and materials impacts of the total system may be similar to conventional approaches in practice;

Some thin client devices cannot be switched off, and therefore use power 24 hours a day;

While the power of some thin client devices such as the Sunray 2 is commendably low at 4W (without monitor), the power consumption of high end thin client devices is increasing – some current models run complete operating systems such as Windows XP, and, have other features which mean that they are effectively semi-desktops, with power consumptions as much as 40W – twice the figures given in the Fraunhofer Institute (2007) LCA (Robinson 2007); and

Conversely, the energy consumption gap between thin clients and conventional PCs is narrowing as low power CPUs and other innovations are introduced – some of the PCs used at University of Sheffield and University of Birmingham (see SusteIT case studies) use only round 30W when active.
Hence, thin client will be most beneficial environmentally where there is:

Use of low power, low footprint, thin client devices;

Use of energy efficient data centre practices such as virtualisation and low energy cooling;

Careful matching of devices with user needs, both to avoid over specification but also to ensure that ‘power users’ do not end up running two devices rather than a single desktop; and

Careful anticipation of future requirements, so that devices will not need to be replaced within a few years.

Table A2.3 in Appendix 2 provides a comparison between thin client and other architectures, based on figures from the SusteIT research.

2.3 Overcoming Barriers

The SusteIT survey asked about the main barriers to more sustainable ICT (james and Hopkinson 2008d) and found that:

For ICT staff with management responsibilities they were time/staff resources (54%), budgetary constraints (44%) and lack of coordination (39%); and

For staff involved in ICT procurement they were time/staff resources (28% respondents); lack of coordination between different parts of the organization (22%); budgeting constraints (21%) and lack of whole life costing (21%).

This suggests that what would be most helpful is clear information on the sustainability of different ICT devices and strategic decisions, as well as clear guidance or signposting on actions to promote sustainable ICT. This could either come from within the institution, or from a higher body (such as JISC or HEFCE), which would help facilitate a more coordinated approach. Whole life costing can assist in both cases to introduce more transparency into the decision making process and indicate potential long term cost savings in more sustainable choices with higher first purchase costs.

Of course, solutions, such as thin client, which constrain – or appear to constrain – people’s computing activities and choices will often be unpopular. It is therefore important that users are consulted about changes, and that their rationale is communicated effectively. Some relevant points are:

It is probably best to be honest if cost savings are the main reason for change, as pretending otherwise is likely to create cynicism;

Providing information on the environmental impacts of multiple personal computing devices, or thick versus thin client approaches, can help to soften the blow; and

Change is more likely to be accepted if it is endorsed by trusted peers or opinion formers, so it is important to get their buy in at an early stage through awareness campaigns and other means.  

The SusteIT survey asked respondents with responsibility for energy and environmental management about whether they carried out any education/awareness training of computer energy use for different users (See Table 5 below). This showed that over 70% of respondents gave no training in computer energy use. 

Table 5: Results from survey question - Does your institution conduct any education/awareness training of computer energy use for the following users?  (Questions for Energy/Environmental Managers only)

	
	No. respondents
	%

	Academic staff
	13
	27

	Admin staff
	10
	20

	Students
	8
	16

	Other
	0
	0

	No training
	36
	73

	No. respondents
	49
	


3. Personal Computing Solutions – Purchasing Appropriate Hardware and Software

Some key measures to achieve this include:

Using sustainable procurement standards, such as Energy Star; and

Choosing vendors who can provide good information and support. 

3.1 Using Sustainable Procurement Standards

The Government ‘Buy Sustainable - Quick Wins’ programme provides sustainability standards for central government procurement for a range of products, including ICT devices. They include a set of mandatory minimum standards at the market average level and best practice specifications. The standards for personal computers include: compliance with Energy Star requirements; easily separable materials for treatment; potential for upgrading; and maximum sound levels (Defra 2008; Energy Star 2006). (See Appendix 3 of the main report for further details of both of these). 

Energy Star requires minimal energy efficiency requirements for desktops, laptops and monitors in different modes (see Tables 6 and 7), and also requires PCs to have an 80% efficient internal power supply. The University of Sheffield specified compliance with Energy Star 4.0 for all its recent PC purchases, and estimates that it has reduced average power usage by 50%, and created £200,000 per annum of savings (Cartledge 2008b).  Version 5.0 of EU Energy Star will take effect in July 2009 for PCs (Energy Star 2008 – see also box) and by January 2010 for all displays 30-60 inches (Energy Star, 2009).

3.2 Choosing Vendors

Whilst all vendors claim to be environmentally friendly these days, Energy Star and other data indicates that there are wide differences in performance. This reflect the seriousness with which suppliers have addressed environmental issues, and is therefore a useful guide as to what their commitment is likely to be in future. As vendor support is very important in achieving good environmental performance, this should be an important purchasing consideration. Some important indices of such concern are takeback schemes for packaging; end of life schemes which do not involve additional customer payments, and accurate information on energy usage in all states and effective powerdown. 



Table 6: Final Energy Star V. 5.0: TEC Requirement – Desktops, Notebooks and Workstations (Energy Star 2008) (see Table 7 below for definitions of categories).

	
	Desktops and Integrated Computers (kWh)
	Notebook Computers (kWh) 
	Workstations

	ETEC (kWh)
	Cat A ≤ 148.0

Cat B ≤ 175.0

Cat C ≤ 209.0

Cat A ≤ 234.0
	Cat A ≤ 40.0

Cat A ≤ 53.0

Cat A ≤ 88.5


	n/a



	PTEC (kWh)
	n/a
	n/a
	≤0.28*(Pmax+(#HDD*5)]


Table 7: Final Energy Star V. 5.0 categories for Desktops and Notebooks (Energy Star 2008)
	
	Category

	
	A
	B
	C
	D


	Desktops
	
	
	
	

	 - Physical cores
	<2
	2
	>2
	≥4

	- System memory
	< 2GB
	≥ 2GB
	≥ 2GB and/or discrete GPU
	≥ 2GB and/or discrete GPU with Frame Buffer Width > 128-bit

	Notebooks
	
	
	
	

	- Physical cores
	
	
	>2
	

	-System memory
	Not meeting definition of B or C
	Discrete GPU
	>2GB and discrete GPU with a Frame Buffer Width > 128-bit
	n/a


Table 8: Final Energy Star V 5.0: Operational Mode Weighting – Desktops and Notebooks (Energy Star 2008)

	
	Desktop
	Laptop

	
	Conventional
	Proxying (a)
	Conventional 
	Proxying (a)

	Toff
	55%
	40%
	60%
	45%

	Tsleep
	5%
	30%
	10%
	30%

	Tidle
	40%
	30%
	30%
	25%


(a) Proxying refers to a computer than maintains Full Network Connectivity as defined by Energy Star.

4. Personal Computing Solutions - Reducing Energy Consumption

This can be achieved by:

Buying the most energy efficient equipment in its class;

Configuring for energy efficiency when in active use;

Enabling and using power management; and

Switching equipment off.

4.1 Buying Energy Efficient Equipment

Some methods of achieving this are:

Specifying PCs to meet the requirement rather than over-specifying with extra memory, fast processor and disks;

Specifying Energy Star 4.0 (and Energy Star 5.0 when available);

Requiring suppliers to state energy consumption; and

Factoring electricity used over equipment lifetime into the cost of ownership.

4.2 Configuring for Energy Efficiency

Some methods of achieving this are:


Choosing appropriate software;

Closing applications when not in active use; and

Avoiding screen savers.

Although there is little detailed information on the precise energy consumption associated with different software, there is anecdotal information that some packages consume disproportionately greater amounts of system capacity than others. New versions of software can also trigger computer replacement because they cannot run on older devices. Windows is, of course, especially well known for this. In the longer run it is to be hoped that the software industry pays greater attention to writing energy efficient code. In the shorter term, one solution is using relatively simple open source programmes such as Linux to extend the life of older devices whilst stil providing a reasonable degree of functionality.   
One important dimension of user awareness is encouraging closing of applications and windows – which consume energy when open - when not in use, and powering down or switching off monitors during periods when there is no need to view them (even if the computer is still running). Screen savers also use the monitor at full capacity, wasting energy, and can interfere with powerdown and should therefore discouraged.
4.3 Power Management

Most personal computing devices are idle most of the day. Energy consumed while idle is often not much lower than the energy consumed while active. Where possible, therefore, PCs and other devices should power down to lower energy states when not in active use. Two SusteIT cases show that Liverpool and York Universities saved, respectively, £64,000 and 3% of electricity consumption in 2007 by doing this. Many other institutions are also implementing various degrees of power management.

The definition of power states is a confusing topic, with differences in definitions between manufacturers and others, and several different power management systems within some computers. The ACPI (Advanced Configuration and Power Interface) standard is best known, and has been developed by leading hardware and software suppliers to enable operating system-directed configuration, power management, and thermal management of mobile, desktop, and server platforms. As Table A3.1 shows in Appendix 3, the most recent, 2006, version (which is currently being updated) identifies four global states, and five (overlapping!) sub-states for various powered down states. Unfortunately, the Energy Star 4.0 classification only matches it imprecisely. As Table A3.1 shows its ‘Idle’ category has elements of ACPI’s G1 and S1 states, whilst its usage of the term ‘Standby’ differs from that of Microsoft.  

Moreover, not all operating systems (or hardware configurations) can switch between all these states. There is also some confusion about terminology, with not all suppliers using terms such as ‘sleep mode’ in a consistent manner. Generally, switching between ACPI states is done automatically, either through user-defined settings within the operating system, or by remote instruction – often known as ‘wake on LAN’.  

In addition to ACPI, some CPUs, especially in laptops, have their own Power Management system. This can be very effective and save around 50% on CPU-power, but just relates to the CPU (VHK 2005).

Table 9: Results from SusteIT survey: Do you make use of any powersaving features on a significant proportion of work computers? (IT managers only. Note that respondents could select more than one response so responses add up to more than number of respondents)

	
	No. respondents
	%

	Centrally managed
	13
	18

	Individual
	18
	25

	Both of above
	18
	25

	Yes other ways
	9
	13

	no
	10
	14

	DK
	10
	14

	Total respondents
	71
	


The SusteIT survey found that 72%of the respondents were using some form of powerdown, but only 18% were doing this on a centrally managed basis (which is likely to produce better and more consistent results) (see Table 9 above). 

Anecdotal evidence suggests that most institutions are only doing so for student clusters, with PCs on staff desks generally being left untouched. There is therefore considerable potential for more institutions a) to adopt central power management, and/or b) to extend it to a greater proportion of their devices. 

One perceived issue at present with powerdown is potential conflict with CPU harvesting strategies such as grid computing, which need desktops to keep running in order to process grid computing tasks. Although this is obviously correct at a specific point of time, several universities (see, for example, the SusteIT case study of Cardiff University) have reconciled them by adapting settings so that computers can easily be woken or switched off, depending on the availability of grid tasks to be processed. Cardiff University has also calculated that, if there has to be a choice between the two, grid computing can reduce CO2 emissions to a greater degree than powerdown. 

For non-networked or home computers, staff and students should be encouraged to enable the in-built power management (see box below). User education, such as e-mailing staff, putting up posters, can help to achieve this. However to maintain the results the education programme has to be ongoing.

4.4 Switching Off

Staff and students with non-networked PCs and peripherals can also be encouraged to enable power management during use, and switch them and peripherals off at the wall when work is finished. A typical 2008 desktop draws about 2W when off but not unplugged, while a monitor draws around 1W, but can be much higher (see Table 2). 

Several institutions have implemented various “switch it off” campaigns. For example, the University of Exeter found that more than one third of the energy use of a PC occurs when it is shut down but not switched off (Whitehouse 2008). As a result the university is encouraging staff to switch computers off at the wall when they go home, unless they have a specific requirement for overnight operation. They estimate that an office which gets 25 people to sign up to switch their computer off at night will save over a tonne of CO2 per year.

For non-networked computers, institutions can also invest in intelligent plugs which monitor a computer’s energy use and automatically switch off peripherals when the computer is switched off. 

5. Personal Computing Solutions – Increasing Longevity

The principal means of achieving this are:

Extending the useful life of devices; and

Avoiding software-induced replacement.

5.1 Extending Useful Life

Increasing the longevity of personal computing devices and peripherals could reduce the overall materials usage and associated life cycle energy impacts. There are two main methods of doing this:

Extending the period of refresh cycles so that more devices remain in service; and

Creating a ‘second life’ for devices which are surplus to original requirements.  

According to the EuP lifecycle study for the EU, the average lifetime of a PC in the EU is 6.6 years for desktops and monitors and 5.6 years for laptops (IVF 2007). The results from the SusteIT survey (Table 10 below) shows that the typical refresh cycle in UK further and higher education is 3-4 years. When this question was analysed further, it was found that out of 21 identifiable institutions that answered this question, 66% replaced every 3-4 years while 24% replaced every 5-6 years. Those that do not replace on any fixed schedule tend to be smaller FE colleges. 
Table 10: Results from SusteIT survey: How frequently are the computers within your institution’s computer suites typically replaced? (IT managers only)

	
	Number of respondents
	%

	Within 2 years
	0
	0

	Every 3-4 years
	22
	58

	Every 5-6 years
	7
	18

	>6 years
	1
	3

	No fixed schedule – case by case
	3
	8

	No fixed schedule – funding
	5
	13

	DK
	0
	0

	Total respondents
	38
	


Several universities and colleges have extended refresh cycles, and it is clear that this is an option for many others.

Another means of increasing longevity is creating a second use. Some institutions do this by ‘cascading’ devices to staff or others, for example, by making them available for free. However, this can be difficult because support from suppliers may have ended and, for this and other reasons such as installation of new software by second users, they require high levels of technical support. Another alternative is to donate them to a charity, usually for use in developing countries. Again, however, care is needed, in this case to ensure that the charities are reputable, and for example, disposing of the devices safely at the end of their second life.    

5.2 Avoiding Software-Induced Replacement

Some software requires almost constant access to the hard drive, draining power much more rapidly than previous packages did (IBM 2007). However, this needs to be balanced against the real technical problems which can result from trying to support (needed) new software on old devices, even where the supplier says that the old hardware will work.

6. Conclusions

It is clear that there are considerable opportunities to reduce the energy consumption of the desktop by:

Better matching of devices to the tasks required of them; 

Purchasing more energy efficient devices;

Achieving higher utilisation rates;

Achieving higher longevity;

Powering down devices when not in use;

Software; and

Education/awareness raising of users.
In many cases, the actions to achieve these are likely to save money overall.

 

Appendix 1 – Life Cycle Energy and Environmental Impacts of Computers

As discussed in section 1, PCs and associated devices such as monitors have a variety of environmental impacts throughout their life cycle. Tables 4 and 5 (at the end) present the detailed findings of a comprehensive European study (IVF 2007) study for a typical European office PC and LCD monitor respectively.
Two broad methods are generally used to provide a holistic overview of the totality of these impacts:

A ‘simple’ approach which calculates the lifetime energy consumption associated with devices. This captures one key impact directly, is a close proxy for another (carbon emissions) and a crude proxy for many others (e.g. energy intensive materials processing and manufacturing are often correlated with pollution, waste creation, and water consumption).
A more complex approach which tries to create an equivalence between the different impacts, using a variety of methodologies. This is then incorporated into a software package, such as Eco-Indicator, to calculate an overall score. 

Neither of these approaches are easy to implement in practice because of:

The complexity of computing equipment, which may contain hundreds of components and different kinds of materials, has gone though many processing stages, and whose composition, functionality and production processes are changing very rapidly over time in response to technical innovation and other drivers;

Similarly rapid changes in user practices, such as adopting new computing architectures like thin client, or introducing energy efficiency measures such as powerdown;  

Differences between countries and regions – for example, electricity in China is mainly derived from coal, whereas in Sweden a large proportion is from low carbon hydro and nuclear.   

It is therefore unlikely that precise comparisons of the carbon or energy impacts of different computers will be feasible for many years, if ever. However, broad calculations can also be helpful in:

Raising awareness of the ‘hidden’ impacts of computers; 

Helping to decide the relative emphasis between different procurement initiatives, such as procuring low energy devices, and taking actions to improve energy consumption in use; and

Highlighting’ hot spots’ of particularly energy intensive activities, as a prelude to prioritising improvement actions.   

A1.1 Energy Consumption over the Life Cycle 

When computers are purchased they contain ‘embedded energy’, i.e. the energy consumed in:

Creation of the materials they contain, and any associated transportation;

Manufacture of components and final products, and any associated transportation; and

Transport and warehousing associated with distribution from factories to customers.

Further energy is consumed by;

Their direct use; and
Supporting activities for use, such as power supply (in the form of heat losses), and additional cooling for high powered computers.

Their end of life also has energy impacts from processing – although these can be partially or wholly offset by energy gains arising from reuse and recycling.

A1.1.1 The Main Studies of Whole Life Energy Consumption

Table A1 shows the main studies which have produced detailed data on the lifetime energy consumption of PCs, and their varying conclusions. Four of these have been analysed in detail for the purposes of this study, whereas three are secondary sources and are presented for comparison only. Figure A1 presents a graphical summary. Five of the seven conclude that energy in use is much larger than embedded energy. This is also the conclusion of one other recent assessment, although this does not publish the detailed information used for their calculations (Climate Group 2008). 

The IVF (2007) analysis is the detailed application of a comprehensive methodology (VHK, 2005, 2005a), undertaken to support the development of the EU’s Energy Using Products (EUP) Directive. Figures A2 and A3 show its findings for a range of devices in two areas, energy consumption and greenhouse gas emissions. The study found energy in use for a typical 2005 European desktop to be four to five times greater than embedded energy (for a home and office desktop, non monitor, respectively). The ratio was even higher with monitors: 83% of the life cycle energy of a non-domestic LCD monitor and 90% of the life cycle energy of a non-domestic CRT monitor was estimated to be associated with the use phase (IVF 2007). 

The IVF figures for PCs are almost the exact opposite of those calculated in the most cited life cycle assessment study, that by Eric Williams, which was published as a book chapter (Williams 2003) and an updated journal version (Williams 2004). This concluded that embedded energy in desktop computers was 3 times greater than their energy in use. The LNBL study calculated a lower ratio, but still has embedded energy as being greater than energy in use. However, it should be noted that their analysis of manufacturing energy was in part based on the Williams data.  

Table A1: Main Life Cycle Analysis Studies of Computers – Life Cycle Energy Use (MJ)

	Source
	Production
	Dist
	Use
	End of Life
	TOTAL

	Primary sources
	
	
	
	
	

	Williams 2004, home desktop + 17” CRT monitor (MJ) (a)
	6,049

(77%)
	351 

(5%)
	1,500

(19%)
	
	6,615

(100%)

	IVF 2007, home desktop + 17” CRT monitor (b)
	3,215 (15%)
	772 

(4%)
	16,930 (81%)
	17 

(<1%)
	20,932 (100%)

	Eugster, Hischier and Duan 2007 (c)
	7,706

(36%)
	86

(<1%)
	17,222

(81%)
	-3,842


	21,172

	LBNL 2005 (d)
	5,820

(57%)
	
	4,300

(42%)
	13
	10,133

(100%)

	LBNL 2005 (e)
	3,394

(58%)
	
	2,462

(42%)
	
	5,856 

(100%)

	Secondary sources
	
	
	
	
	

	MCC 1993 (f)
	8,330

(20%)
	
	32,760

(80%)
	
	41,090

(100%)

	Atlantic Consulting 1998 (f)
	3,630

(26%)
	
	10,200

(74%)
	-98
	13,732

(100%)

	Dreier and Wagner 2000 (f)
	9,527

(43%)
	
	13,500

(61%)
	-800
	22,227

(100%)


 (a)
Note use based on 3 years lifetime and an annual energy consumption of 140kWh/y. conversion factor calculated as 3.6 MJ/kWh.

(b)
Note use based on 6.6 years for a typical EU home PC (and CRT monitor) and combined annual energy consumption of 242 kWh/y. Conversion factor 10.5 MJ/kWh.

(c)
Detailed figures obtained from personal Communication with authors. This is based on a desktop PC with 50:50 LCD/CRT monitor weighted for 40% office and 60% home use, and a 6 year lifespan.

(d)
Figures from Table 3-3 pp22, screening analysis. The use figures are based on a PC with 80:20 CRT/LCD monitor weighted for 50% office and 50% home use, and a 4 year lifespan. Combined annual energy consumption of 297 kWh/y, and conversion factor of 3.6 MJ/kWh.

(e)
Figures from detailed analysis for California-specific products. Manufacturing energy figures from Table 3-8, pp32, and use figures from Table 3-10, pp34 and divided by 16 million PCs. A primary energy conversion factor to account for fuel cycle and generation and distribution losses was used which would lead to a higher final energy than the screening analysis which was based on final use only (Masanet, Personal Communication 2008).

(f)
Quoted in Lawrence Berkeley National Laboratory, 2005. 

Figure A1 - Main Life Cycle Analysis Studies of Computers – Life Cycle Energy Use (note distribution energy has been combined with production energy and end of life energy omitted for simplification). LBNL(1) refers to the screening analysis and LBNL(2) to the detailed analysis.
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Figure A2: Distribution of Life Cycle Energy for Different Computing Devices (IVF 2007)
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Figure A3: Whole Life Greenhouse Gas Emissions from European Office devices (IVF 2007)
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A1.1.2 Explanations of Differences

This difference between the various studies’ conclusions can be at least partially explained by:

Different methodology – the Williams study is a hybrid of a bottom-up process-sum and top-down input-output methodologies, whereas the EU study uses bottom-up estimates based on aggregated manufacturer’s figures.
Varying assumptions about equipment life - the EU study assumes 6.6 years (based on supplier’s estimates), but Williams 3 years and LBNL 4 years. Our own survey findings suggest that 3-4 years is common in UK further and higher education, with some institutions refreshing only after 5-6 years.

Differing assumptions about energy consumption – the EU study separates out non-domestic and domestic computers whereas Williams considered only domestic use, and also uses lower figures for annual consumption in use (140 kWh versus 242 kWh for the EU domestic PC); the LBNL energy use is higher at 297kWh which is a hybrid of domestic and commercial use. Williams and LNBL also have higher figures for energy consumption in manufacturing.
Varying conversion factors between MJ and kWh in the calculations (probably based on different electricity fuel mixes between countries as well as whether it is final use or primary use being considered).
Improvements in the energy efficiency of materials processing, and production, between the two studies. (A subsequent paper by Williams (2008) states that energy consumption per transistor fell by 98% between 1995 and 2005, although this was offset by the inclusion of many more transistors on assembled chips, so that the energy per CPU remained constant).

To compensate for some of these differences, Table 2 recalculates results from three of the studies for different assumptions of operating life, and for a standard device, i.e. a domestic computer with a CRT monitor. (Table 3 also presents recalculated IVF data for an office PC and LCD monitor). They show that, although the ratio of production to use declines in all studies as longevity increases, the Williams and LBNL data still suggests that it is above one even after six years. 

Table A2: Life Cycle Energy Use (MJ) for Home PC plus CRT Monitor. Based on Williams’, LBNL  and EU lifecycle study data for use adjusted to 4 and 6 year lifetime. Assumptions for other stages of life cycle as for Table 1 above.  

	Source
	Production
	Dist
	Use
	End of Life
	TOTAL

	
	Total
	
	
	
	

	4 year life cycle
	
	
	
	
	

	Williams 2004
	6,049

(72%)
	351

(4%)
	2,016

(24%)
	
	8,416

(100%)

	LBNL 2005(a)
	5,820

(76%)
	
	1,800

(23%)
	13
	7,633

(100%)

	IVF 2007 
	3,215 

(23%)
	772

(5%)
	10,260

(72%)
	17 

(<1%)
	14,264

(100%)

	6 year life cycle
	
	
	
	
	

	Williams 2004 
	6,049 

(64%)
	351

(4%)
	3,024

(32%)
	
	9,424

(100%)

	LBNL 2005
	5,820

(68%)
	
	2,700

(32%)
	13
	8,533

(100%)

	IVF 2007 (b)
	3,215 

(17%)
	772

(4%)
	15,391

 (79%)
	17 

(<1%)
	19,395 (100%)


(a) Based on screening analysis, adjusted for a home desktop and CRT monitor, so figures slightly different from Table 1. i.e.  based on annual energy consumption of 125kWh/y rather than 297kWh/y.

(b) Note this differs slightly from figures in Table 1 as adjusted from 6.6 to 6 years.

Table A3: Life Cycle Energy Use for a European Office Desktop plus LCD Monitor (based on EU data from IVF 2007)

	PC life cycle
	Production
	Distribution
	Use
	End of Life
	TOTAL

	6.6 year  
	3,244

(14%)
	560

(2%)
	19,577

(84%)
	15

(<1%)
	23,396

(100%)

	Adjusted for 4 years 
	3,244

(21%)
	560 

(4%)
	11,865

(76%)
	15

(<1%)
	15,684

 (100%)


A1.1.4 Greenhouse Gas Emissions

Energy consumption data broadly correlates with greenhouse gas emissions, and especially CO2. However, other factors also need to be taken into account, including:

The generating mix for any electricity being used;

The transport modes used to move materials, components and finished goods; and

Use of solvents and other substances in production which directly or indirectly create emissions of other greenhouse gases than CO2.

Of course, the previously discussed lack of agreement between the main studies of lifetime energy makes it equally difficult to reach definitive conclusions about the balance of carbon emissions between embedded energy, and energy in use. However, the two studies which have explicitly addressed this (both in a European context) have both concluded that global warming impacts are concentrated in the use stage, with:

The EUP study suggesting that use is considerably greater than the materials and manufacturing impacts for PCs, laptops and LC monitors (see Figure A2); and 

A Swiss study finding that use impacts were almost double the level of manufacturing over a six year lifetime (Eugster, Hischier and Duan 2007).    

Apple (2008) has also published an assessment (although no underlying data) for its new aluminium bodied MacBook Pro notebook. This calculates lifetime greenhouse gas emissions of 460 kg CO2 equivalent, of which 50% is created during production, 39% in customer use and 10% in transport. This compares to the 348 kg calculated by IVF (2007) for an office laptop, with 23% in production, 74% in customer use and 3% in transport. Some of the difference in the production/use ratio may be explained by:

The use of aluminium (which is very energy intensive when produced from raw materials, although much less so when recycled);

A milling rather than casting production process for the casing; and

High energy efficiency in use arising from power efficient components and ‘intelligent’ powerdown software. 
The figures probably also underestimate the upgrading (and therefore higher longevity) or recycling potential of an aluminium laptop. 

A1.2 Aggregate Environmental Impacts over the Life Cycle

The most comprehensive attempt to aggregate environmental impacts is probably a Swiss analysis of the impacts of the Chinese electrical and electronic industry (Eugster, Hischier and Duan 2007). This uses ‘scoring’ software (in this case Eco-Indicator) to aggregate the impacts for three broad themes - damage to mineral and fossil resources, damage to ecosystems and damage to human health – and in total. Although scoring approaches of this kind are clearly problematic because of their comparing ‘apples and oranges’, and because of the inherent contestability of any kind of weighting between different impacts, they nonetheless provide interesting insights. 

As with the EUP studies ((VHK, 2005, VHK 2005a, IVF 2007 – some of the results for which are summarised in Tables A4 and A5, and Figures A7-9 for the main kind of devices) - the Swiss study identified a complex pattern of impacts, with some dominating the use phase (e.g. global warming potential, acidification, terrestrial ecotoxicity), and some dominating the manufacturing and materials stage (e.g. human toxicity, eutrophication). When these were summed – using Eco-Indicator - in terms of resources, human health and ecosystems, it found that use had a slightly greater overall environmental impact than manufacturing, largely because of much greater human health effects (Eugster, Hischier and Duan 2007). This is probably related to adverse effects arising from the generation of electricity, and the production of fuels which underpins it. For resources and ecosystem effects, manufacturing/materials was considerably greater than use.      

Figure A4 presents the Swiss findings for the relative environmental loads of the main components of a desktop system. Figures A5-7 present their findings for the environmental loads attached to different components of PCs, and CRT and LCD monitors. These suggest that:

The desktop unit has the greatest impact;

The motherboard is responsible for more than 50% of the overall environmental load in the production of a desktop PC, and therefore around 25% of the load of a complete desktop system (primarily due to the high energy consumption (and related ecological and human health impacts) in the production of integrated circuits, including the refining of high purity metals, especially gold;

CRTs have a greater load than TFTs; and

The LCD module within a TFT has a greater environmental impact than the equivalent cathode ray module within a CRT, but this is more than offset by the impacts of the greater mass of other materials within a CRT.

Figure A4: The Key Impacts (Resource Extraction, Emissions to Air, Water, Soil) Contributing to the Overall Environmental Impact of the Manufacturing Life Stage of a Desktop and Monitor (Eugster, Hischier and Duan 2007)
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Figure A5: Aggregate Environmental Impacts Associated with the Different Pieces within a Desktop PC (Excluding Monitor) During Manufacturing (Eugster, Hischier and Duan 2007)
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Figure A6: Aggregate Environmental Impacts Associated with the Different Pieces within a 17 Inch CRT Monitor During Manufacturing (Eugster, Hischier and Duan 2007)
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Figure 7: Aggregate Environmental Impacts Associated with the Different Pieces within a 17 Inch LCD Monitor During Manufacturing (Eugster, Hischier and Duan 2007)
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A1.3 Conclusions  

The divergence of findings; the inherent difficulties of comparing different aspects of environmental impact; the dynamism of ICT manufacturing and use, which changes environmental impacts over time; the variability of individual computing configurations; and the absence of data on some crucial topics, all make it very difficult to reach exact judgments about the pattern of life cycle impacts. It is therefore almost impossible, in present circumstances, to provide definitive answers to such questions as:

How long do PCs and other devices need to be used before the energy consumption and environmental impacts of their use are greater than those which are embedded within them?

How do the lifetime energy and environmental impacts of a laptop based system (with monitor and docking station) compare to a PC equivalent?

However, it is fair to say that the EUP studies are the most thorough analysis of the topic to date, and also the most relevant to UK circumstances. Their findings are also in line with the majority of other studies. For these reasons, it seems sensible to use them as the best ‘centre of gravity’ when considering life cycle issues within UK further and higher education.

The main implication of this view is that use impacts for energy and global warming can be considered to be at least as important as those of materials and manufacturing. Hence, a strategy of focusing on these in the short-medium term (as the main report suggests) is justifiable, and not a ‘head in the sand’ approach which is ignoring more fundamental issues. 

However, it is also the case that when all impacts are considered, the materials and manufacturing stage probably has the greatest environmental impact. Hence, as the environmental impacts of existing products have already been incurred, it seems sensible to have a bias towards extending the useful life of devices whenever possible.

From a longer term perspective, it is also important that some of the present gaps in knowledge are assessed, and that more user friendly approaches are developed to address whole life issues. The main report has several suggestions on how this might be accomplished.          

Table A3: Main Stages in the Life Cycle at which Environmental Impacts Occur for an Office Desktop, LCD Screen and Laptop (source data from IVF 2007)

	Lifecycle Impact
	Stage in life cycle at which main impact occurs

	
	Office desktop
	Office LCD screen
	Office laptop

	Total energy
	Use
	Use
	Use

	Greenhouse gas emissions
	Use
	Use
	Use

	Process water
	Use/Production (materials)
	Use
	Production (materials)/Use

	Non hazardous waste/landfill
	Production (materials)
	Production (materials)/use
	Use/Production (materials)

	Hazardous waste incineration
	End of life
	End of life
	End of life

	Acidification emissions
	Use
	Use
	use

	Volatile organic compound (VOC) emissions
	Production (materials)
	Use/production/Distribution
	Production (materials)

	Persistent Organic Pollutant (POP) emissions (to air)
	Production (materials)
	Production (materials)/use
	Use/Production (materials)

	Heavy metal emissions (to air)
	Production (materials)/Use
	Use
	Use

	PAH emissions (to air)
	Production (materials)
	Production (materials)
	Production (materials)

	Particulate emissions (to air)
	Use
	Distribution,/Production/ Use
	Use

	Heavy metal emissions (to water)
	Production (materials)
	Production
	Production (materials)

	Eutrophication
	Production (materials)
	Production (materials)
	Production (materials)


Figure A8: Whole Life Non Hazardous Waste from European Office Devices (based on VHK 2005; IVF 2007)
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Figure A9: Whole Life Heavy Metal Emissions to Water from European Office Devices (based on VHK 2005; IVF 2007)
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Figure A10: Whole Life VOC Emissions to Water from European Office Devices (based on VHK 2005; IVF 2007)
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Table A4: Environmental Impacts Overview for a Desktop PC Used in an Office (Table 89, IVF 2007)

	Life Cycle phases
	
	PRODUCTION
	DISTRI
	USE
	END-OF-LIFE
	TOTAL

	Resources Use and Emissions
	
	Materials
	Manuf.
	Total
	BUTIONbution
	
	Disposal
	Recycl
	Total
	

	
	
	
	
	
	
	
	
	
	
	

	Materials
	unit
	
	
	
	
	
	
	
	
	

	Bulk plastics
	g
	
	
	627
	
	
	564
	63
	627
	0

	Tecplastics
	g
	
	
	501
	
	
	451
	50
	501
	0

	Ferro
	g
	
	
	6911
	
	
	346
	6565
	6911
	0

	Non-ferro
	g
	
	
	987
	
	
	49
	937
	987
	0

	Coating
	g
	
	
	2
	
	
	0
	2
	2
	0

	Electronics
	g
	
	
	1439
	
	
	767
	672
	1439
	0

	Misc.
	g
	
	
	2287
	
	
	114
	2172
	2287
	0

	Total weight
	g
	
	
	12753
	
	
	2292
	10461
	12753
	0

	
	
	
	
	
	
	
	
	
	
	

	Other Resources & Waste
	
	
	
	
	
	
	Debit
	credit
	
	

	Total Energy (GER)
	MJ
	1917
	341
	2259
	368
	13571
	158
	191
	-33
	16165

	Of which, electricity (in primary MJ) MJ)MJ)
	MJ
	1090
	102
	1192
	0
	13464
	0
	78
	-78
	14578

	Water (process)
	L
	749
	17
	766
	0
	904
	0
	71
	-71
	1600

	Water (cooling)
	L
	309
	90
	399
	0
	35877
	0
	17
	-17
	36260

	Waste, non-haz /landfill
	g
	27328
	911
	28239
	204
	15880
	782
	227
	555
	44877

	Waste, haz/incinerated
	g
	574
	6
	580
	4
	316
	1687
	88
	1599
	2499

	
	
	
	
	
	
	
	
	
	
	

	Emissions (Air)
	
	
	
	
	
	
	
	
	
	

	Greenhouse Gases in GWP100
	kg CO2eq
	117
	21
	138
	28
	596
	12
	13
	-1
	761

	Ozone Depletion, emissions
	mg R-11eq
	negligible
	

	Acidification, emissions
	g SO2eq
	1072
	107
	1179
	94
	3483
	23
	67
	-43
	4713

	Volatile Organic Compounds (VOC)
	g
	.8
	4
	12
	4
	7
	0
	1
	-1
	22

	Persistent Organic Pollutants (POP)
	ng i-Teq
	183
	18
	201
	1
	90
	5
	1
	5
	297

	Heavy Metals
	mg Nieq
	221
	43
	265
	10
	254
	43
	10
	33
	563

	PAHs
	mg Nieq
	139
	3
	142
	7
	49
	0
	8
	-8
	190

	Particulate Matter (PM, dust)
	g
	81
	27
	108
	101
	428
	203
	3
	200
	837

	
	
	
	
	
	
	
	
	
	
	

	Emissions (Water)
	
	
	
	
	
	
	
	
	
	

	Heavy Metals
	mg Hg/20
	407
	1
	408
	0
	91
	13
	45
	-32
	467

	Eutrophication
	g PO4
	7
	1
	8
	0
	0
	1
	1
	0
	9

	Persistent Organic Pollutants (POP)
	ng i-Teq
	negligible
	


Table A5: Environmental Impacts Overview for a 17” LCD Display Used in an Office (Table 93, IVF 2007)

	Life Cycle phases
	
	PRODUCTION
	DISTRI
	USE
	END-OF-LIFE
	TOTAL

	Resources Use and Emissions
	
	Materials
	Manuf.
	Total
	BUTION
	
	Disposal
	Recycl
	Total
	

	
	
	
	
	
	
	
	
	
	
	

	Materials
	unit
	
	
	
	
	
	
	
	
	

	Bulk plastics
	g
	
	
	1165
	
	
	1048
	116
	1165
	0

	Tecplastics
	g
	
	
	1086
	
	
	977
	109
	1086
	0

	Ferro
	g
	
	
	3019
	
	
	151
	2868
	3019
	0

	Non-ferro
	g
	
	
	229
	
	
	11
	217
	229
	0

	Coating
	g
	
	
	1
	
	
	0
	1
	1
	0

	Electronics
	g
	
	
	270
	
	
	191
	79
	270
	0

	Misc.
	g
	
	
	1038
	
	
	52
	986
	1038
	0

	Total weight
	g
	
	
	6808
	
	
	2431
	4377
	6808
	0

	
	
	
	
	
	
	
	
	
	
	

	Other Resources & Waste
	
	
	
	
	
	
	
	
	
	

	Total Energy (GER)
	MJ
	836
	149
	985
	192
	6006
	166
	118
	48
	7231

	Of which, electricity (in primary MJ) MJ)MJ)
	MJ
	364
	77
	441
	0
	6000
	0
	10
	-10
	6431

	Water (process)
	L
	151
	3
	154
	0
	401
	0
	9
	-9
	546

	Water (cooling)
	L
	434
	41
	475
	0
	15993
	0
	6
	-6
	16462

	Waste, non-haz /landfill
	g
	8165
	488
	8653
	119
	7038
	418
	30
	388
	16199

	Waste, haz/incinerated
	g
	130
	1
	130
	2
	139
	2105
	11
	2094
	2366

	
	
	
	
	
	
	
	
	
	
	

	Emissions (Air)
	
	
	
	
	
	
	
	
	
	

	Greenhouse Gases in GWP100
	kg CO2eq
	46
	9
	55
	15
	262
	12
	8
	4
	336

	Ozone Depletion, emissions
	mg R-11eq
	negligible
	

	Acidification, emissions
	g SO2eq
	235
	39
	274
	48
	1547
	25
	16
	8
	1878

	Volatile Organic Compounds (VOC)
	g
	2
	1
	2
	2
	2
	0
	0
	0
	6

	Persistent Organic Pollutants (POP)
	ng i-Teq
	57
	5
	63
	1
	40
	3
	0
	3
	106

	Heavy Metals
	mg Nieq
	38
	12
	50
	6
	103
	45
	1
	44
	203

	PAHs
	mg Nieq
	33
	0
	33
	5
	12
	0
	1
	-1
	49

	Particulate Matter (PM, dust)
	g
	37
	7
	44
	45
	33
	215
	1
	215
	338

	
	
	
	
	
	
	
	
	
	
	

	Emissions (Water)
	
	
	
	
	
	
	
	
	
	

	Heavy Metals
	mg Hg/20
	112
	0
	112
	0
	40
	14
	5
	9
	161

	Eutrophication
	g PO4
	4
	0
	4
	0
	0
	1
	0
	1
	5

	Persistent Organic Pollutants (POP)
	ng i-Teq
	negligible
	


 Appendix 2 - Environmental Benefits of Thin Client Devices

Table A2-1: Summary Comparison of the Environmental Impacts of Thin Client and Desktop Computing (Fraunhofer 2007)

	Factor/Criterion
	Thin Client compared to Desktop

	Comments

	Transport/logistics
	++
	Smaller and lighter = high level of transport density

	Material consumption of devices
	++
	Lower amount of materials (including proportionate use of server)

	Use phase energy consumption
	++
	Best case 4 times better, worst case 2-3 times better

	Recycling/disposal
	+
	Lower amounts of materials, fewer components

	Space required on desktop
	+/0
	Depends on the arrangement of the device (on top or underneath the desktop)

	Ergonomics/noise/waste heat
	+/0
	Any advantage depends on the working environment (e.g. background noise level)


Table A2-2 Detailed Comparison of the Environmental Impacts of Thin Client and Desktop Computing 

	
	Thin Client – Light User
	Comparable desktop system – Light User
	Thin Client – Medium User
	Comparable desktop system – Medium User
	Thin Client – Heavy User
	Comparable desktop system – Heavy User
	Server

	Number of devices
	1
	50
	1
	35
	1
	20
	1

	Power consumption – average active power (W)
	14 + 26 (+13)
	90
	16 + 28 (+13)
	68
	19 + 31 (+13)
	96
	246

	Transport weight (kg)
	2.6
	8.5
	3.0
	11.0
	4.0
	12.9
	16.0

	Total materials (kg)
	1.7 + 0.6
	6.7
	2.1 + 0.5
	9.4
	3.3 + 0.5
	10.8
	11.3

	Materials – electronics (kg)
	0.4 + 0.1
	0.9
	0.5 + 0.1
	1.2
	0.9 + 0.1
	1.2
	2.5

	Materials – plastics (kg)
	0.1
	0.4
	0.1
	0.3
	0.2
	0.4
	0.4

	Materials – metal (kg)
	1.1 + 0.3
	3.9
	1.4 + 0.3
	5.9
	1.7 + 0.3
	7.2
	6.1

	Power pack (kg)
	0.2 + 0.1
	1.5
	0.2 + 0.1
	2.0
	0.5 + 0.1
	2.0
	2.3

	Volume (cubic metres)
	1.5
	31.7
	2.2
	27.1
	3.5
	37.4
	15.0

	Footprint (square metres)
	0.1
	0.8
	0.1
	0.7
	0.1
	1.0
	3.4


Table A2-3: Comparison Between Different Strategic Computing Infrastructures (as of December 2008)

	Factors
	Desktops
	Thin Clients
	Laptops

	Computing power and applications
	Suitable for most applications including graphics, videos etc
	Generally better for simple applications. Additional PCs may be required for specialist applications. Plug in peripherals may be an issue for some devices.
	Suitable for most applications though desktops better for intensive applications such as autoCAD etc

	Costs – Purchase 
	Approx £300-600 per desktop 
	Approx £300 per thin client but also need to factor in cost of terminal server (~£3600) for 35 clients and application server (~£3600) for 100 clients 
	Approx £500-£1000

	Costs – Licence 
	Low
	High
	??

	Costs – Energy  
	High-medium ~ £28/year though desktop energy consumption can be much lower
 
	Medium ~£21/year (includes server energy)
 Server energy depends heavily on server infrastructure, e.g. citrix vs other software.
	Low ~ £10.5/year


	Costs – Maintenance
	High-medium - One vendor estimate is ~ £400 per desktop per year, although this seems exaggerated 
 
	Low – estimated ~ £130 per client per year.
 If any problems with the client the terminal is simply replaced. However additional server maintenance needs to be factored in, estimated around £130 per client.
	??

	Environmental impacts – materials consumption
	Heavier and larger device, typically 7-11 kg – higher amount of materials, pollution and waste over life cycle.
	Smaller and  lighter device – typically 2-4 kg plus longer replacement period – therefore lower amount of materials, pollution and waste over life cycle
	Smaller and lighter device – typically 2-4 kg. Lower amount of materials, pollution and waste over life cycle.

	Environmental impacts – energy consumption in use
	High – typically 80W per device excluding monitor

	Medium – typically 28W per device (though can be as low as 14W) though additional server/cooling energy needs to be factored in which brings it to around 62W per client
	Low – typically 30W per device though additional energy (~35W) would need to be factored in for separate monitor if required

	Environmental impacts – end of life issues
	Typical replacement 4-6 years. Device bulkier and heavier therefore higher disposal impacts.
	Typical replacement 5-7 years though 10 years is possible. Device lighter and smaller therefore lower disposal costs.
	Typical replacement 4-6 years. Device lighter and smaller therefore lower disposal costs.

	Flexibility
	Low?
	Medium?
	High – easily moved and replaced

	Productivity/

Downtime
	Downtime can be significant – estimated 0.5 hours per user per week

	Downtime very small – terminal can be easily replaced
	??

	Security issues – hardware
	Medium security risk due to bulk. Estimated one lost or stolen desktop per 450 devices.

	Low security issue as dumb terminal. 
	High security risk – need locking device

	Security issues – software
	High security risk due to ease of transfer of viruses and unauthorised programmes
	Low security risk as unauthorised programmes cannot be uploaded
	As for desktop

	Space needs
	High space needs unless compact desktop device chosen

	Medium-low space needs
	Low space needs, though if single device, separate monitor and keyboard advisable

	User comfort – noise, heat, ergonomics
	Can be noisy and produces excess heat unless low energy desktop device chosen
	Quiet, produces little heat. Ergonomics as for desktop.
	Quiet, produces little heat. Need separate monitor and keyboard for extended use.


Appendix 3 - Power Management States

Table A3.1: ACPI Sleep States (adapted from NRDC 2005)

	ACPI Global State
	ACPI Sleep State
	Energy Star Category
	Common Terminology
	Definition
	Relative Energy Saving

	G0 – Active
	
	Idle?
	
	CPU executing tasks.
	Baseline

	G1 – Sleeping
	S-1
	Idle?
	Seldom used in current devices
	The CPU is not executing tasks but, as with all other components, remains powered.
	Negligible

	
	S-2
	
	Standby (but seldom used in current devices)
	The CPU is not being powered, but RAM and other components are.
	Negligible

	
	S-3
	Sleep
	Standby in Windows; Sleep in Mac; also Suspend to RAM
	Similar to S2, but with fewer components powered.
	Low

	
	S-4
	
	Hibernation in Windows, Safe Sleep in Mac; also Suspend to Disk
	No power to CPU or RAM, with all content saved to non-volatile memory such as a hard drive. (No operating system restart required). 
	Medium

	G2 – Soft Off
	S-5
	Standby
	Shut Down
	Power to only a very few components so that wake events can be triggered, e.g. from a LAN, followed by an operating system restart.
	High

	G3 – Mechanical Off
	
	
	
	No components powered and device fully switched off. Can only be reawakened by restoring power and starting the operating system
	Very high
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New Requirements of Energy Star 5.0


This introduces a Typical Energy Consumption (TEC): A method of testing and comparing the energy performance of computers, which focuses on the typical electricity consumed by a product while in normal operation during a representative period of time. For desktops and notebooks, the key criterion of the TEC approach is a value for typical annual electricity use, measured in kilowatt-hours (kWh), using measurements of average operational mode power levels scaled by an assumed typical usage model (duty cycle). For all computers, requirements are based on a TEC power value calculated from operational mode power levels, maximum power, and an assumed duty cycle (see Tables 6 and 7) based on the following formulae for desktops and notebooks  (ETEC) and workstations (PTEC):


ETEC = (8760/1000) * (Pof * Toff +  Psleep * Tsleep + Pidle * Tidle)


PTEC = 0.35*Poff + 0.10*Psleep +0.55*Pidle


where  Px are power values in Watts, all Tx are time values in % of year, and ETEC is annual energy consumption in kWh, based on mode weightings shown in Table 8 below. 











Windows In-built Power Management


Under Windows Control Panel open “Display”. 


Select  “Screen Saver” tab at the top of the Display Properties window. 


Select  “Power…” button at the bottom of the “Screen Saver” tab. 


Suggested Settings:  Turn off monitor: after 15 mins; Turn off hard disks: After 15 mins; System standby: Never.





Getting More from an Old Computer�


Computing Magazine has a Green Computing Charter, which City College Norwich and other universities and colleges are signed up to. This is their advice on extending longevity:


Think carefully about whether you really need a new computer. Could upgrading your existing computer serve the same purpose?


Upgrade the memory or hard disk space as much a possible; Open Source system software such as Ubuntu may deliver the same features as the latest version of Windows but perform faster because it uses less processing power; 


Older laptops and desktop computers will usually support the use of a USB wireless stick – a small gadget like a USB memory stick which plugs in when needed to provide fast Wi-Fi access;


Strip your software down to the essentials – don’t use valuable space or processor memory on programmes and files you don’t use;


Although Microsoft Office may slow to a crawl on your computer perhaps smaller more specialist programmes won’t. Try OpenOffice for an alternative;


Keep your computer well-tuned. You’re more likely to want to keep a computer longer if it runs better (Walker 2007).








�	 High usage assumes active 8 hours a day, idle 4 hours a day, standby 12 hours a day, every day, 52 weeks per year, i.e. always on. Low usage assumes active 1 hour a day, idle 7 hours a day, standby 16 hours a day, 5 days per week, 46 weeks per year, and on standby for remaining hours. High usage with power management assumes the PC powers down to standby after 20 minutes idle activity, i.e. active 8 hours a day, idle 20 minutes a day, standby 15 hours 40 minutes a day.  Low usage with power management assumes that the computer powers down to standby after 20 minutes and the computer is turned off at weekends and vacations.


�	 Calculated from annual usage and power rating in different modes.


�	 This is based on a combined annual energy consumption of an office desktop and LCD monitor of 280 kWh/y


�	 ++ = significantly better; + = better; 0 = the same.


�	 Sun figure based on 80W per device, 3,500 operating hours per year, 10p/kWh


�	 Sun figure based on 28W per device, 3,500 operating hours per year, 10p/kWh plus server enery: 325W per file and print server, 180W per Sun client server and Sun display server running 24/7 and a 0.9 overhead for cooling


�	 Based on 30W per device, 3,500 operating hours per year, 10p/kWh


�	 Sun figure Estimate includes Desktop configuration and patch management,  Desktop security management,  Desktop user data backup and recovery,  Print and file server administration,  Desktop helpdesk support staff.  Average of 0.9 FTE staff per 700 desktops, with unburdened salary of £30,000 plus  35% for benefits and paid time off.


�	 Sun figure


�	 Unless low energy desktop device chosen eg VeryPC, TFT-PCs 


�	 Sun figure based on Alinean research (??)


�	 Sun figure.


�	 E.g. TFT-PCs





�I would not know how to go about this.Are you talking about ubuntu.Is there any guidance or even an example (that can be backed up)?






