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Introduction

This paper provides supporting evidence and analysis for the discussion of printing in the main SusteIT report (James and Hopkinson 2009a). 
All universities and colleges have large numbers of digital imaging equipment – such as printers, photocopiers, and scanners – which have considerable environmental and financial costs, including those of:

Energy consumption; 

Use of paper and consumables such as drum units, toner, ink cartridges and maintenance kits (which, of course, also have ‘embedded’ environmental impacts from production);

Equipment purchase (which also has embedded impacts); and

End of life disposal. 

Making definitive judgments about these environmental impacts – and especially ones which aim to decide between different printing approaches and purchases - is even more difficult than for computers because:  

There are considerable differences in printing technologies, with a broad distinction between electrophotographic (EP, which includes laser printers) and inkjet technologies (see Table 1), and other variations within each category;

The environmental impacts of these technologies vary, both in absolute terms, and in line with printing volumes, so that it is impossible to judge that any one is better than the other, except in specific circumstances;

There is a trend to multi-functional devices (MFDs – e.g. having the functionality of a copier, fax, printer and scanner), whose environmental benefits are determined both by the extent of their usage, and the degree to which they replace alternative devices;

The environmental footprint of the paper consumed in printing is very large, and must therefore be taken into account; 
Outsourcing of print work, which shifts consumption elsewhere, is common, so it can be difficult to form an accurate picture of the total footprint created by the activity.

Therefore caution must be taken when extrapolating any of the following discussion to specific decisions.

Table 1 – Key Environmental Differences between Electrophotographic (EP) and Inkjet Technologies (Based on Fraunhofer IZM and PE Europe 2007; Lepisto 2008; Society for Imaging Science and Technology 2008)  

	
	Electrophotographic (EP) (including Laser)
	Inkjet

	Technology
	EP devices use a light source (a diode in copiers, a laser in printers) to create an image on a negatively charged photoreceptor. Areas exposed to light lose their electrical charge, and attract (dry) toner to them. The toner is then transferred to paper, and fused to it with heat and pressure.
	Inkjet devices transfer (liquid) ink directly to paper through microscopic nozzles. The pressure required to force the ink through the nozzles at high speed is generated either by piezoelectric materials, or thermal expansion.  

	Energy
	EP devices have a high energy ‘overhead’ because their fusers are maintained at around 180oC (which accounts for 60-70% of their power consumption during active mode). However, they print more quickly than inkjets so that energy consumption per page falls considerably with volume. It is generally much lower than inkjets at high volumes (see Appendix), but much higher at low volumes.  
	Inkjets do not require a permanently heated fuser, and so have a low energy ‘overhead’. However, inkjet printing is a mechanical process, which has a relatively high energy consumption every time a page is printed. Energy per page printed therefore remains relatively constant, whatever the volume.   

	Health and Pollution
	The EP process creates small amounts of ozone and other substances which are potentially harmful in confined spaces.    
	Inks combine pigments and a solvent. The latter generally contains volatile organic compounds (VOCs), which are a significant air pollutant. 

	Recycling
	Toner is relatively straightforward to separate from paper, and so EP printed pages can be recycled relatively easily. 
	The inks used in inkjets are often difficult to remove from paper, and so hamper recycling.


1. Printing in Further and Higher Education

Universities and colleges spend considerable amounts of money on printing and copying, with bills at larger institutions being well in excess of £1 million annually (AIMS 2007). The last decade has seen three major changes in printing patterns:

A higher proportion of all central print being produced on copiers and other digital devices, rather than analogue methods such as offset litho;

The proportion of total print being undertaken by central print units reducing as a) the number of networked printers and MFDs provided by IT departments, and personal printers purchased by staff, has increased, and b) as more printing of course materials has been done directly by students; and

Higher levels of colour printing (which is more expensive, and has greater environmental impacts, than black and white, or monochrome) – now estimated at 10-20% of networked print output in universities (Wyse 2007).

Tables 2 and 3 provide information on the relative costs of different printing methods (which to some degree correspond with environmental impacts) within further and higher education.

A recent analysis of these changes in higher education for the Standing Conference for Heads of Media Services has commented that:

“The university sector has been fortunate to have benefited from a highly economical framework vehicle for the procurement of traditional photocopier devices. As the responsibility for these devices has shifted from Print Unit to IT team, the benefit of the buying framework has been diluted. IT teams are happy buying HP printers. They are cheap to acquire. Once installed, the IT team then pass the responsibility for running the printer on to the department. Costs of running a fleet of printers have been virtually impossible to isolate. Copier costs have been very visible and focused on by management. The truth is that print volumes have grown, copy volumes have fallen, and document production costs are under less control than five years ago (Wyse 2007).” 

This has obvious energy, waste and other impacts related to the additional volume of equipment, paper and consumables. It can also result in outputs being printed on the most environmentally damaging devices even though they could be produced on others which are less so. 

These changes are reflected in the SusteIT research, which found that higher education has an estimated 148,000, and further education 98,000, printers, and that these account for at least 10-16% of ICT related electricity consumption. The SusteIT survey (James and Hopkinson 2009c) also asked about individual’s access to, and use of, printers (see Table 3). It found that: 

Most respondents (68%) have access to a laser printer;

Many people have access to multiple printing devices;

Multi-functional devices (MFDs) are common, with 42% of respondents having access to one; and

Respondents estimated that they printed an average 224 sheets of paper a week.

Table 1: Black and White (Monochrome) Printing Costs (Wyse 2007)

	Prices of Print by Area/Device Type
	Minimum Price
	Maximum Price

	Print Unit
	1.2p
	4.0p

	Floor Copiers/ MFDs
	1.5p
	4.0p

	Network Laser Printer
	2.0p
	6.5p

	Local Desktop Laser Printer
	5.0p
	12.0p

	Inkjet Printer
	12.0p
	65.0p


Table 2: Colour Printing Costs (Wyse 2007)

	Prices of Print by Area/Device Type
	Minimum Price
	Maximum Price

	Print Unit
	12p
	50p

	Floor Copiers/ MFDs
	18p
	75p

	Network Laser Printer
	18p
	75p

	Local Desktop Laser Printer
	20p
	100p

	Inkjet Printer
	28p
	150p


Table 3: Results from Survey Question - Which of the following imaging devices do you have dedicated or shared (within your office only) access to? Please choose all that apply. 

	Device
	Number of respondents
	%

	Laser printer
	118
	68

	MFD (multi-functional device, e.g. all in one copier/printer/scanner)
	72
	42

	Photocopier
	72
	42

	Fax machine
	71
	41

	Inkjet printer
	50
	29

	Scanner
	45
	26

	None of the above
	21
	12

	Total respondents
	173
	


2. Energy and Environmental Impacts of Printing and Imaging

Appendix 1 contains detailed information about the key environmental impacts associated with electronic-based printing, based on a comprehensive and thorough study conducted to support the EU’s Energy Use of Products Directive (Fraunhofer IZM and PE Europe 2007). 
Although printing devices have similar issues to computers with regard to impacts associated with electronic components, and structural materials, their overall impacts are very different because of:

The chemical and mechanical basis of current digital printing processes; and

The large scale use of consumables, especially paper.

The following sections discuss some of the key issues arising from this.    

1.1 Materials and Manufacturing
The weight of printers can vary considerably - from around 143 kg for a colour Electrophotographic (EP) MFD copier to 9 kg for a personal colour inkjet printer, in the case of the products assessed for the EU Energy Using Products (hereafter abbreviated to EUP) study (Fraunhofer IZM and PE Europe 2007 – see also Table A1 in the Appendix). They can contain up to 30 different types of material, with those causing the greatest environmental impacts including galvanised steel, bulk plastics such as polystyrene, copper and gold. As Tables A2 and A3 in the Appendix demonstrate, the EUP study concluded that, because they generally print small volumes, the main environmental impacts of inkjets are concentrated in the production phase. By contrast, the higher volume associated with EP devices means that their impacts are more evenly spread between production and use. 
A key environmental benefit of MFDs – when they genuinely replace separate devices – is the reduction in mass, and therefore materials-related impacts. 

1.2 Use

Table 4 summarises some of the main factors which influence the environmental impacts of the use stage for all imaging technologies.

1.2.1 Paper Consumption

The paper and other substrates which are used in printers have very great environmental impacts. For example, almost 17 Watt-hour (Wh) is consumed in making a sheet of paper from virgin pulp, and 12 Wh when it is made from recycled material (EU Energy Star website). (The latter is also, in most cases, a cleaner manufacturing process than making paper from trees). This compares to the typically 2-4 Wh used by a laser (EP) printer when it prints the sheet, and the typically 5-17 Wh used by an inkjet printer ((Fraunhofer IZM and PE Europe 2007 – also see Table A1 in Appendix). From these figures it can be seen that printing one sheet of paper generally uses less energy than it takes to produce that sheet of paper, with the implication that reducing paper consumption is perhaps the most important feature of a sustainable printing strategy.

There is certainly much to go at in this area. The average UK worker is said to print 38 pages a day, with an average 29% of these wasteful (Lexmark 2006). The SusteIT survey found that respondents printed an average of 240 sheets of paper per week (48 per day) with some printing up to 4,000 sheets per week (James and Hopkinson 2008b). It is not known how many of these could be avoided.

In aggregate, we estimate that the HE sector consumes 4,250 million sheets of paper (approximately 21,250 tonnes of paper) by grossing up the 2007 paper usage for internal printing at the University of Sheffield (Sexton 2008) according to the number of FTE students at Sheffield compared to the sector as a whole. 

1.2.2 Ink and Toner Consumption

The detailed composition of printer inks and toners are proprietary, and therefore environmental data is not available. However, the EUP study suggests that their resource consumption is relatively negligible when compared to that of paper, and equipment production (Fraunhofer and IZM 2007). 
1.2.3 Energy Consumption

Printing accounts for around 10% of total ICT-related use energy according to the SusteIT footprinting work (James and Hopkinson 2009a). This is lower than reported for the UK economy as a whole. One recent study, for example, concluded that printing accounted for 46% of all energy consumption associated with UK non-domestic ICT products in 2006, and projected that this will increase to 53% in 2020 (Market Transformation Programme 2007). Although these figures have been revised, and are now lower than PCs (McAlister 2008), nevertheless they suggest that imaging energy consumption is not something to be overlooked.

The energy consumption of individual printing devices varies by technology, and use profile. Products with the same marking technology and functional spectrum can also show large differences in power distribution due to the utilisation of a special technology, the set up and performance characteristics (Fraunhofer IZM and PE Europe 2007). 
Table 5 provides comparative data on the power usage of some typical UK printers, and a PC. Unfortunately, the source does not have data for printer energy when actually printing, but a comparison of the active and sleep data shows that:

Laser printers draw more than 7 times the power of an inkjet, and more than 4 times the power of a PC, in active mode, and 2 and 3 times the power respectively when in sleep mode – demonstrating the importance of using them effectively from an environmental point of view;
Inkjets also have higher levels of power draw than PCs when in sleep mode, so that power management is even more important for printers than it is for computers; and
Laser MFDs have higher power consumption than pure laser printers (see below for the implications of this).

As discussed above, the fact that lasers use more energy when active and on standby than inkjets means that they are less energy efficient for small volumes, but their higher speed and relatively low incremental energy consumption per page printed as volumes increase means that they are more energy efficient when intensively utilised.

Print capacity is also underutilised in many institutions, with one recent review estimating that it can be below 50% when not centrally managed (AIMS 2007). A UK Government found that devices are actually in ‘off mode’ for only 15-30% of the time for printers, and 48% for copiers (MTP 2007). A European study found even lower utilisation figures for office printers (VHK 2005 – see Table 6). Although the latter is unlikely to be representative of many further and higher education devices, it nonetheless demonstrates not only that power management is vital, but also that there is major potential for consolidation of devices. 

The EU Energy Star (2008) website suggests that “A multi-function device (MFD or 'all-in-one') will use 50% of the energy of a separate printer + scanner + fax machine + copier.” However, this is only true if the device is genuinely replacing these other functions, when it should reduce the amount of energy used in sleep mode, and also reduce the embedded environmental impacts from production. One important point to note is that a fax function generally requires a device to be ‘always on’, and so prevents it powering down to the lowest energy states. MFDs can also potentially assist the development of Electronic Documents and Records Management (EDRM) by making scanning easier so that more documents can be distributed electronically.

Printing can also consume a considerable amount of floor space, and therefore has an indirect overhead arising from the energy consumed in heating, lighting and otherwise servicing the space. According to HP (2002):

A printer requires 9 square feet of floor space for itself, and a further 10 square feet for paper and supplies; and

A print server requires 30 square feet of space. 

Network connection costs can be significant too. The University of Plymouth, for example, estimated that a network socket cost £700 a year to run, some of which was related to electricity consumption (AIMS 2007). 

Health and safety can also be an issue in the use stage. Older printers and copiers which used corona wire technology produced ozone during the printing process. Modern printers and copiers produce virtually no ozone. However under certain conditions, emissions of VOCs, hazardous substances such as benzene and styrene, and dust (via fans that vent away the heat from copiers) still occur. A European study concluded that that these are generally well below European limit values, and are smaller sources than other products in the office environment, such as building materials, wall and floor coverings and furniture (VHK 2005). 

1.3 End of Life

According to the EUP study, end of life non-hazardous waste arisings are dwarfed by the much greater levels of waste generated during production and use (associated with materials extraction for the production of electricity), particularly if paper is included in the analysis (Fraunhofer IZM and PE Europe 2007 – see also Figures 4 and 5 in the Appendix). However, the picture is reversed for hazardous/incinerated waste (see Figure 6 in the Appendix), in which the end of life phase dominates. 

1.4 Life Cycle Environmental Impacts

The EUP study considered six ‘base cases’ for different printing devices – a monochrome (henceforth mono) and colour EP copier; a mono and colour EP (laser) printer; and a small and large colour inkjet (Fraunhofer IZM and PE Europe 2007). Details of the cases are given in Table A1 of the Appendix, which identifies each one by the numbers V1-V6, and life cycle impacts are described in Table A2. As noted above, the latter shows that the main environmental impacts of inkjets are concentrated in the production phase but those of EP devices are more evenly spread between production and use. Table A3 also demonstrates the importance of paper to whole life energy consumption. 

Table 4: Factors affecting environmental impacts of imaging equipment in use (VHK 2005)

	Usage
	Toner Use
	Energy use
	Other

	Number of copies per period

Copy size (A4 or A3)

Double sided or single sided copying

Full size copy (copy size = original size) or 2 in 1 (copy size = 50% of original or less)

Type/weight of paper/media
	Colour or b/w

Output quality (draft, standard, premium)


	Power management enabled

No. copy-jobs per day and copy- job sizes (copies per job) – which affect duty cycle

Whether power is switched off manually at night and/or long periods of inactivity
	The use of additional paper handling functions (sorting/stapling)

The use of the “copier” for other functions (scanner, fax and/or printer)


Table 5: Power requirements of typical office imaging devices and desktop PC (UK 2008 stock average projections (MTP 2007)

	Mode
	Device Power (W)

	
	Inkjet Printer
	Inkjet MFD
	EP (Laser) Printer
	EP (Laser) MFD
	EP (Copier)
	Desktop PC

	Active (on-ready for imaging or on-idle for PC)

	38.2
	38.2
	286.4
	388.3
	366.6
	66.4

	Sleep
	5.7
	4.3
	12.2
	8.6
	3.1
	4.2


Table 6: Average daily use times of printers in office environment (VHK 2005)

	
	Time in different modes (h/d)

	
	Active mode
Time (h/d)
	Standby mode Time (h/d)
	Off-mode
Time (h/d)
	0 W off-mode Time(h/d)

	Laser printer (office)
	0.4
	5.9
	14.2
	3.5

	IJ-printer (office)
	0.3
	6.0
	14.2
	3.5


2. Print Solutions – Document and Print Strategy

A strategic approach to print/imaging management is required to ensure that the equipment purchased, and the operational activities being undertaken, meets student and staff needs in the most cost effective and sustainable way possible. This is often not the case currently. As one recent review observed:

“In the absence of a corporate overview, there can typically be:

A lack of corporate knowledge of what printing equipment exists across the institution;

A lack of accountability for the purchase - initial or replacement - of equipment which can result in less efficient and ecologically sound investments being made;

No clear picture of how much output is produced across the institution, by whom and for what purpose;

A lack of understanding by management of the costing structure to be used;

No clear guidance as to what should and should not be printed locally or centrally;

No clear guidance as to what type of work should be outsourced to external suppliers; and

No recommendations as to which external suppliers should be used.” (AIMS 2007).
The starting point for a green strategy is assembling a team. To be effective, this needs to bring together (at least) print and IT staff, users, and energy or environmental managers, and be chaired by a relatively senior manager. Four key topics then need to be considered:

Print and paper auditing

Print substitution; 

Consolidation of print devices; and

Print management.

2.1 Print and Paper Auditing 

An audit doesn’t have to count every last piece of paper but should be as accurate as possible to help identify priorities, and to justify investment in measures to cut paper usage.

Figure 1 - from the Environmental Energy Technical Division of Lawrence Berkeley Laboratories - shows the typical paper flow in an office (Lawrence Berkeley Laboratories, undated). Their website also suggests ways to estimate paper usage in an organisation.

Figure 1 Key Paper Processes Within an Organisation (Lawrence Berkeley National Laboratories, Cutting Paper website)
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The mapping process should identify opportunities for improvement, and therefore enable objectives and targets to be set, and actions to be identified.  Some key objectives are likely to be:

Mechanisms to connect print costs with use so that people have incentives to print less;

Making duplex printing  the default option – this reduces energy and paper costs, as well as reducing the overall life cycle environmental impacts; 

Reducing duplicate or misprints through the use of software, swipe cards or printer user codes; and

Discouraging colour printing, which is more energy and materials intensive than black and white as colour machines are larger and heavier, and require more power because of multiple image development, transfer, and fusing processes (Fraunhofer IZM and PE Europe 2007). 

2.2 Print Substitution

This involves avoiding printing documents and materials by encouraging greater use of electronic versions. There appears to be considerable potential for this. Behavioural research suggests that much current printing – 44% in one study - is easily avoidable (Hampshire 2007). Three important reasons why people like to print are:

Preferring to read from, and refer to, paper rather than a computer screen;

Doubts that electronic copies will be retrievable when required; and

The multiple attributes (such as portability) which can be provided by paper documents (Sellen and Harper 2001; IVF 2007).  

The first barrier is already changing in younger generations. A number of studies have shown that younger people are much more comfortable than their elders about reading material online (Economist 2008). Whilst, as noted below, some care is needed to avoid possible health and safety effects from excessive screen reading, simple measures such as not printing short drafts or emails, or submitting documents electronically, can make a considerable difference. Other measures such as sending faxes electronically by exploiting the scan to email function on MFDs can also be introduced.

The second barrier can also be influenced by organisational actions. Experience of Google and other search engines has shown many people that information can easily be to hand when required, especially as the potential means of connection to it increase. The key actions are therefore scanning paper documents so that they are accessible online; having good document management systems so that they can be easily retrieved; and providing a good Intranet containing most relevant information that staff will require, and which is accessible remotely (Wyse 2007).

Recent years have also seen the development of e-reading devices such as the Amazon Kindle and Plastic Logic’s E-Paper (Copeland 2008). Although in their early days, some studies have suggested that it will become normal to access much content, including books, in this way in future (Guardian 2008). Life cycle assessments also indicate that the relatively low power draw of such devices (compared to laptops or PCs) means that they do have a smaller environmental footprint than printed material (Moberg, Johansson, Finnveden, and Jonsson 2007).   

2.3 Increasing Utilisation

The most effective way of achieving this is to consolidate multiple printers/copiers and other equipment into a smaller number of volume devices, many of which are likely to be MFDs. The potential disadvantages of this in terms of user access can be overcome if they are distributed around the institution. Consolidation is likely to be especially effective when it is combined with introduction of a sophisticated print management system.  

2.4 Print Management

Print management systems typically involve centralised control of electronic printing, with such features as tracking all print outputs, charging of users, and ability to output to a choice of devices (Wyse 2007). They can reduce print volumes by up to 20%, as at the University of Lincoln (Hewlett Packard 2004).  “Push printing” does this by automatically directing print to the most efficient and convenient devices for the job. However, its effectiveness does depend upon a software infrastructure which has accurate information about the location and efficiency of equipment, and is robust enough to cope with inevitable user attempts to manipulate the system so that  output comes out at the most convenient printer rather than the most efficient one.

“Pull printing” sends printed jobs to a print server rather than a physical machine. Individuals can then print out from selected machines, by entering a pin code into them. This has the additional advantage of decreasing waste due to documents that never get collected, or are collected by the wrong person by mistake. All forms of print management also have the potential to create other environmental benefits, such as optimising document formatting to reduce paper consumption, and optimising toner usage (Wyse 2007). Pull printing with accounting is widely deployed for student printing, in which case it is relatively straightforward for the service to be extended to staff. 

2.5 Overcoming Barriers

In the SusteIT survey the single most important barrier cited by print managers to more sustainable management of printing was opposition from users of printing services (james and Hopkinson 2008b). Charging for a previously free service is unlikely to be popular, whilst removing dedicated personal printers from staff is also likely to arouse concern. It is therefore important that users are consulted about changes, and that their rationale is communicated effectively. Some relevant points are:

It is 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 devices, or paper usage, can help to soften the blow; and
Consolidation and print management can make printing more convenient as it can be done from a greater number of locations
3. Print Solutions – Purchasing Appropriate Equipment

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 mandatory standards for central government procurement (Defra 2008). (See Appendix 3 of the main report for full details of these).

One important feature of ’Buy Sustainable - Quick Wins’ is its requirement to purchase laser printers, copiers, scanners and faxes which are compliant with the latest EU Energy Star criteria. To qualify for an Energy Star label imaging devices that print faster than 20 pages per minute (ppm) color and 25 ppm monochrome must be equipped with standard automatic duplexing. Products must also meet more-stringent energy usage while operating, as well as in idle or sleep modes. The Energy Star website allows users to search for compliant devices.

‘Buy Sustainable - Quick Wins’ also has additional ‘best practice’ specifications such as suitability for use with recycled paper, and designed for disassembly/recycling and product lifetime extension. 

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; availability of relevant software options (e.g. toner optimization); accurate information on energy usage in all states; and effective powerdown software. 

4. Print Solutions – Reducing Energy Consumption

This can be achieved by:

Enabling and using power management; and

Switching equipment off.

4.1 Enabling and Using Power Management

As noted above, most imaging equipment is idle most of the day. Hence, powerdown can save considerable amounts of energy. However, its use must be relevant to the situation, so that the greatest applicability is likely to be in low volume inkjets and lasers, rather than high volume copiers. 
4.2 Switching Equipment Off

It is also important to encourage staff and students to turn all electrical equipment off at the wall at night, or to use master/slave power strips which shut down peripherals when PCs are turned off. A laser printer or copier that is turned off but not unplugged could be drawing more than 10W overnight. 

5. Print Solutions – Reducing Paper and Consumables Usage

Reducing paper usage cuts energy, waste and pollution impacts considerably across the life cycle of the device. In addition to eliminating the need for paper through substitution, other key measures include:

Purchasing recycled and/or lighter weight paper; and

Encouraging more paper and consumable efficient printing.

5.1 Purchasing Recycled and/or Lighter Weight Paper

Virgin paper requires 50% more energy to produce, and creates greater pollution, than recycled paper (EU Energy Star 2008). Also, because it diverts usable paper from the waste stream, recycling cuts both solid waste and greenhouse gas emissions created when paper decomposes in landfills (Environmental Committee of the Environmental Paper Network 2007). Hence, increasing use of recycled paper is very important. So too is reducing the weight of paper used, as generally speaking, the heavier the paper, the greater its environmental impact. The Environmental Defense Fund’s Paper Calculator allows users to calculate wood and energy use, greenhouse gas emissions, wastewater and solid wastes associated with different quantities of paper used (Environmental Defense Fund, undated).

5.2 Encouraging more Paper and Consumable Efficient Printing

In addition to strategic printing initiatives, actions to encourage staff and students to use less paper can include:

Printing duplex (double-sided) or booklet style (A5, double sided); 

Avoiding double-spacing, large margins, small amounts of orphaned text and unnecessary white space in documents to be printed (e.g. by adjusting the default settings in Word); 

Using print preview;

Printing in draft mode; and
Using scrap (copied on one side only) paper for draft copies whenever possible.

For more guidance see the useful Cutting Paper Use website of Lawrence Berkeley National Laboratory (2008). 

6. Print Solutions – Extending the Device Product Lifetime

There are significant environmental impacts associated with the manufacturing of imaging devices, and the longer the useful lifetime of the device, the greater the reduction of pollution and resources associated with the production of new devices.  Clearly for more intensively-used EP products, where energy use impacts dominate, there is a balance between increasing the longevity and reducing the use phase impacts through purchase of newer more efficient devices. 


Appendix – Life Cycle Impacts of Printers

Table A1 presents data on six different kinds of printing device, largely taken from the EUP study of the topic (Fraunhofer IZM and PE Europe 2007). Table A2 shows the balance of all impacts over different life cycle stages, whilst Table A3 provides data for lifetime energy use. Tables A4 and A5 present detailed data for two different kinds of printing device – a laser (EP) MFD copier (V1) and a colour inkjet workgroup MFD (V6), both excluding paper.

Figures A1-6 summarise some of the lifecycle data for all 6 devices, as follows:

Figure A1 shows the total non-hazardous waste arisings for the different devices, both including and excluding paper usage, and demonstrates that paper dominates the overall wastes in the case of EP devices, but only increases total waste slightly for inkjet devices; 

Figure A2 provides more detail on a monochrome laser printer, and shows that waste is greatest in the use stage when paper is included, but in the production stage when it is excluded – with the pattern being similar for the other devices;
Figure A3 shows that the use stage dominates generation of non hazardous waste for EP devices, but the production stage for inkjet devices;
Figure A4 shows that the end of life stage dominates generation of hazardous waste for all devices, but is particularly high for the colour EP MFD;
Figure A5 shows that heavy metal discharges to water are concentrated in the production stage.

Note that not all of the environmental impacts are presented here but the original study contains a wealth of data and graphics showing at what stage in the life cycle a particular impact occurs (Fraunhofer IZM and PE Europe 2007).

Figure A1: Total waste over the lifecycle for averaged imaging devices, including and excluding paper (Fraunhofer IZM and PE Europe 2007).
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Figure A2: Waste produced at different stages of the life cycle for an averaged MFD mono laser printer-copier, including and excluding paper (Fraunhofer IZM and PE Europe 2007).
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Figure A3: Non hazardous waste arisings at different stages of the life cycle for the 6 base cases (Fraunhofer IZM and PE Europe 2007)
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Figure A4: Hazardous waste arisings at different stages of the life cycle for the 6 base cases (Fraunhofer IZM and PE Europe 2007)
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Figure A5: Emissions of heavy metals to water at different stages of the life cycle for the 6 base cases (Fraunhofer IZM and PE Europe 2007)
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Table A1: Characteristics of the 6 base cases in the EU Energy Using Products (EuP) life cycle studies (Fraunhofer IZM and PE Europe 2007)

	
	Product
	Type
	Weight (kg)
	Speed (pages per minute)
	Daily Volume (pages) 
	Annual Volume (pages)
	Annual paper (Kg)
	Annual power (kWh)
	Lifetime (years)
	Energy per printed page (Wh)

	V1
	EP Copier
	MFD mono A3
	68
	26
	338
	87,880
	439
	250
	6
	2.8

	V2
	EP Copier
	MFD colour A3
	143
	26
	338
	87,880
	439
	370
	6
	4.2

	V3
	EP-printer
	SFD mono A4
	23
	32
	512
	133,120
	666
	270
	6
	2.0

	V4
	EP-printer
	SFD-colour A4
	43
	32
	512
	133,120
	666
	360
	6
	2.7

	V5
	IJ-printer (personal)
	MFD colour A4
	9
	1
	4
	1,040
	5
	18
	4
	17.3

	V6
	IJ-printer (workgroup)
	MFD colour A4
	9
	1
	15
	3,900
	20
	22
	4
	5.6


Table A2: Life Cycle Environmental Impacts of Six Printing Devices (adapted from Fraunhofer IZM and PE Europe 2007)

	Environmental Impact
	Stage of Life Cycle at which main impact occurs for all 6 base cases (excluding paper)
	Stage of Life Cycle at which main impact occurs for all 6 base cases (including paper)

	Materials use (g)
	Production and end of life
	Production and end of life

	Total energy (MJ)
	Use (V1-V4)
Production (V5-V6)
	Use

	Water (process & cooling) (L)
	Use (largely associated with electricity production)
	Use (largely due to paper production)

	Non hazardous waste (g)
	Production (largely associated with materials extraction)
	Use (largely due to paper production and disposal) (V1-V4)
Production (V5-V6)

	Hazardous waste (g)
	End of life
	End of life

	Greenhouse gas emissions (kg CO2eq)
	Use (largely due to electricity production) (V1-V4)
Production (V5, V6)
	Use (largely due to electricity production) (all but V5)
Production (V5 only)

	Acidification emissions to air (g SO2eq)
	Use (largely due to  electricity production) (V1-V4)
Production (V5, V6)
	Use (largely due to paper and electricity production)

	Volatile Organic compounds emissions to air (g)
	Production
	Use (largely due to paper production) 

	Emissions of PAHs (mg Nieq)
	Production
	Production

	Emissions of particulate matter to air (g)
	End of life 
	Use (largely due to electricity production) (V1 to V4)
End of Life (V5, V6)

	Emissions of heavy metals to water (mg Hg/20)
	Production
	Production


Table A3: Percentage of life cycle energy in different stages for 6 base cases (Fraunhofer IZM and PE Europe 2007)

	Base case
	Including paper
	Excluding paper

	
	Prod
	Use
	End life
	Prod
	Use
	End life

	Laser (EP) Copier - MFD mono A3 (V1)
	5%
	94%
	0%
	29%
	68%
	1%

	Laser (EP) Copier - MFD colour A3 (V2)
	10%
	90%
	0%
	35%
	62%
	1%

	Laser (EP) Printer - SFD mono A4 (V3)
	1%
	98%
	0%
	13%
	86%
	1%

	Laser (EP) Printer – SFD colour A4 (V4)
	2%
	97%
	0%
	16%
	82%
	0%

	Inkjet Printer (personal) - MFD colour A4 (V5)
	45%
	50%
	2%
	60%
	33%
	3%

	Inkjet Printer (workgroup) - MFD colour A4 (v6)
	25%
	71%
	2%
	57%
	37%
	3%


Table A4: Environmental impacts for an EP-copier MFD mono (excl. paper) (Table 9, Fraunhofer IZM and PE Europe 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
	
	
	13228
	
	
	9529
	3968
	13228
	

	Tecplastics
	g
	
	
	5406
	
	
	3784
	1622
	5406
	

	Ferro
	g
	
	
	39141
	
	
	1957
	37184
	39141
	

	Non-ferro
	g
	
	
	1834
	
	
	92
	1742
	1834
	

	Coating
	g
	
	
	0
	
	
	0
	0
	0
	

	Electronics
	g
	
	
	2485
	
	
	1848
	637
	2485
	

	Misc.
	g
	
	
	6048
	
	
	302
	5745
	6048
	

	Total weight
	g
	
	
	
	
	
	17243
	50899
	68141
	

	
	
	
	
	
	
	
	
	
	
	

	Other Resources & Waste
	
	
	
	
	
	
	
	
	
	

	Total Energy (GER)
	MJ
	5361
	1498
	6859
	510
	16348
	1190
	1024
	165
	23883

	Of which, electricity (in primary MJ) MJ)MJ)
	MJ
	1559
	807
	2367
	1
	15797
	0
	95
	-95
	18070

	Water (process)
	L
	1243
	27
	1270
	0
	1102
	0
	81
	-81
	2291

	Water (cooling)
	L
	3095
	424
	3520
	0
	42895
	0
	129
	-129
	46286

	Waste, non-haz /landfill
	g
	89120
	4317
	93437
	272
	20864
	4195
	295
	3900
	118474

	Waste, haz/incinerated
	g
	1666
	5
	1671
	5
	402
	13681
	96
	13585
	15664

	
	
	
	
	
	
	
	
	
	
	

	Emissions (Air)
	
	
	
	
	
	
	
	
	
	

	Greenhouse Gases in GWP100
	kg CO2eq
	307
	85
	392
	32
	712
	89
	60
	28
	1164

	Ozone Depletion, emissions
	mg R-11eq
	negligible
	

	Acidification, emissions
	g SO2eq
	1959
	382
	2341
	95
	4167
	182
	132
	50
	6653

	Volatile Organic Compounds (VOC)
	g
	15
	4
	19
	7
	7
	4
	2
	2
	35

	Persistent Organic Pollutants (POP)
	ng i-Teq
	992
	0
	992
	2
	142
	29
	1
	28
	1164

	Heavy Metals
	mg Nieq
	499
	1
	500
	14
	412
	323
	9
	313
	1240

	PAHs
	mg Nieq
	1304
	4
	1308
	18
	44
	0
	9
	-9
	1361

	Particulate Matter (PM, dust)
	g
	246
	68
	314
	1156
	164
	1632
	6
	1626
	3259

	
	
	
	
	
	
	
	
	
	
	

	Emissions (Water)
	
	
	
	
	
	
	
	
	
	

	Heavy Metals
	mg Hg/20
	810
	1
	811
	0
	120
	97
	42
	55
	986

	Eutrophication
	g PO4
	19
	2
	21
	0
	2
	6
	1
	4
	27

	Persistent Organic Pollutants (POP)
	ng i-Teq
	negligible
	


Table A5: Environmental impacts for an inkjet printer/MFD workgroup (excl. Paper) (Table 23, Fraunhofer IZM and PE Europe 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
	
	
	4453
	
	
	 4008
	445
	4453
	0

	Tecplastics
	g
	
	
	489
	
	
	 440
	49
	489
	0

	Ferro
	g
	
	
	1929
	
	
	193
	1736
	1929
	0

	Non-ferro
	g
	
	
	293
	
	
	29
	264
	293
	0

	Coating
	g
	
	
	0
	
	
	0
	0
	0
	0

	Electronics
	g
	
	
	478
	
	
	336
	142
	478
	0

	Misc.
	g
	
	
	1712
	
	
	171
	1541
	1712
	0

	Total weight
	g
	
	
	9355
	
	
	5177
	4177
	9355
	0

	
	
	
	
	
	
	
	
	
	
	

	Other Resources & Waste
	
	
	
	
	
	
	
	
	
	

	Total Energy (GER)
	MJ
	1162
	275
	1437
	91
	938
	344
	275
	69
	2535

	Of which, electricity (in primary MJ) MJ)MJ)
	MJ
	416
	144
	560
	0
	929
	0
	18
	-18
	1471

	Water (process)
	L
	205
	5
	211
	0
	64
	0
	16
	-16
	258

	Water (cooling)
	L
	958
	76
	1034
	0
	2473
	0
	14
	-14
	3493

	Waste, non-haz /landfill
	g
	55417
	851
	56269
	70
	1634
	575
	55
	520
	58492

	Waste, haz/incinerated
	g
	385
	1
	387
	1
	25
	4590
	20
	4570
	4983

	
	
	
	
	
	
	
	
	
	
	

	Emissions (Air)
	
	
	
	
	
	
	
	
	
	

	Greenhouse Gases in GWP100
	kg CO2eq
	57
	16
	73
	7
	41
	26
	19
	7
	127

	Ozone Depletion, emissions
	mg R-11eq
	negligible
	

	Acidification, emissions
	g SO2eq
	320
	71
	392
	19
	242
	51
	35
	16
	669

	Volatile Organic Compounds (VOC)
	g
	2
	1
	3
	1
	0
	1
	0
	0
	4

	Persistent Organic Pollutants (POP)
	ng i-Teq
	54
	6
	59
	0
	7
	4
	0
	4
	70

	Heavy Metals
	mg Nieq
	49
	13
	62
	4
	16
	93
	2
	91
	173

	PAHs
	mg Nieq
	277
	1
	278
	4
	5
	0
	2
	-2
	285

	Particulate Matter (PM, dust)
	g
	28
	13
	42
	99
	5
	445
	1
	444
	591

	
	
	
	
	
	
	
	
	
	
	

	Emissions (Water)
	
	
	
	
	
	
	
	
	
	

	Heavy Metals
	mg Hg/20
	107
	0
	107
	0
	7
	29
	9
	19
	133

	Eutrophication
	g PO4
	5
	0
	5
	0
	0
	2
	0
	1
	7

	Persistent Organic Pollutants (POP)
	ng i-Teq
	negligible
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Applications make a Difference


A print out of a Powerpoint colour slide will typically cover 68% of the page with ink compared to 4% for a printed Outlook email in mono (Wyse 2007).











� Power requirements during actual printing are highly variable. A Lexmark E230 mono laser printer has been found to reach 700W during printing compared to 19W for a Canon 5800 inkjet printer (Stinkyink blog 2007). Computing power requirements will also vary enormously depending on load and application. Intel research found that a PC uses 74W for video creation and 86W for 3D modelling (Intel Capabilities Forum 2007).
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