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The topic of sustainable ICT — ie the economic, environmental and social impacts of information and
communication technologies — is at the intersection of two trends that are having a profound effect on
further and higher education:

The sector’s growing reliance on ICT, and

The growing pressures for it to do more to mitigate the environmental and social impacts of its
activities

Universities and colleges routinely use ICT for many administrative and support tasks, such as payroll and
marketing, and specialist activities such as scientific research. Until recently, this was less true of its use in
their core activity of teaching and learning (Collis, 2002; Oliver, 2005), but this too is changing as they
move into ‘e-learning’, both of their own volition, and through encouragement by the Funding Councils. As
Appendix | demonstrates, this means that UK further and higher education ICT now:

Utilises nearly 1,470,000 computers, 250,000 printers and 240,000 servers
Consumes around 966,000 Mega Watt-hours (MWh) of electricity annually — equivalent to 15-20%
of total non-residential electricity consumption in the sector and likely to cost around £116m in

2009, and

Is indirectly emitting over 500,000t of CO, emissions from this electricity use (with further
substantial quantities being emitted in the production of the ICT equipment)

As with society generally, universities and colleges are also under pressure to make a greater contribution
to sustainable development. This includes mitigating environmental impacts through:

Minimising their energy consumption
Minimising the travel undertaken by staff and students in connection with their work and study
Minimising their carbon footprint, in the previous, and in other, ways
Maximising the biodiversity of campuses, and
Minimising generation of waste, and maximising recycling and reuse
It also involves creating social benefits (and avoiding ‘disbenefits’) through such means as:
Assisting social inclusion through increasing access to education amongst disadvantaged groups
Supporting local communities
Helping to improve living conditions and access to opportunities in developing countries, and

Ensuring health and safety, and privacy, for staff and students



This report is an output of the SustelT project, which is a collaboration between the Higher Education
Environmental Performance Improvement Initiative (HEEPI) and SustainlT, a unit of the independent
charity, the UK Centre for Economic and Environmental Development. The project was established by the
Joint Information Services Committee (JISC) to:

Analyse environmentally sustainable ICT practices in further and higher education, and the extent of
an institution’s strategic engagement with them

Develop best practice cases and tools in order to assist the further development of sustainable ICT,
and

Examine the role of shared services within sustainable ICT

As other networks and projects are examining the education and social impacts of ICT within the sector,
especially with regard to e-learning, the report’s main focus is on environmental aspects of sustainability.
However, it does comment on social aspects where appropriate. Similarly, although the report’s primary
focus is on short - medium-term developments, it does recognise that the longer term development of ICT
may create both opportunities and threats that could invalidate some of its discussion.

The report content is based on:

Extensive desk research, and follow up discussions arising from it with international experts
Interviews with many practitioners and experts within and outside the sector

An online survey, which gathered 183 responses, from 49 institutions, as detailed in Box |, and a
separate paper (James and Hopkinson, 2008d)

A pilot footprinting’ of ICT energy consumption in use at the University of Sheffield (described in
detail in Cartledge, 2008a)

Discussions at five workshops, on Data Centre Cooling and Power Supply (at Cardiff University),
New Ways of Working (at Queen Margaret University), The Sustainable Desktop (at the University
of Sheffield) and The Intelligent Campus (two linked workshops at Birkbeck College and King’s
College in London) with almost 300 attendees

Over 20 case studies of best practice within universities and colleges (see Appendix 5).

The structure of the remainder of the report is as follows:

Chapter | provides an overview of the environmental and social impacts of ICT in further and higher
education

Chapter 2 discusses the responsibility, regulatory, financial, reputation and risk drivers, which mean
that universities and colleges require more sustainable ICT

Chapter 3 examines — for enterprise architecture, data centres, PCs and printing — ways in which
adverse environmental and social impacts from devices and networks can be minimised, and positive
ones, maximised



Chapter 4 examines the environmental and social aspects of the application of ICT in universities and
colleges, especially for learning, work and buildings

Chapter 5 discusses institutional barriers to sustainable ICT, and the management actions that can
overcome them

Chapter 6 provides conclusions
Appendix | summarises the ICT-related energy usage and carbon footprint of UK higher education

Appendix 2 provides contextual information on UK electricity consumption for ICT and other
activities

Appendix 3 summarises key environmental regulations of relevance to the sector, and

Appendix 4 provides details of sustainable ICT procurement, and examines whether the sector could
make more use of environmental labelling schemes

Appendix 5 summarises the case studies and associated technical papers.

Three supporting technical papers, on personal computing, data centres and printing, have also been
prepared (James and Hopkinson, 2008a,b,c). They can be downloaded from www.susteit.org.uk. The site

also has two tools available for download — one to prepare an energy and carbon footprinting of ICT use,
and the other to enable analysis of the environmental and business benefits of thin client computing.

Our survey was conducted in March—April 2008. To ensure that people were not asked to answer
questions beyond their competence, it employed a high degree of routeing. It was filled in by a total
of 183 individuals, from 49 institutions, which were mostly universities. Responses were received
from almost all the IT-intensive universities, eg those making considerable use of high-performance
computing. Although we did not specifically ask people to identify their areas of work, the numbers
answering the specific section questions suggest that around half had IT backgrounds.

In some cases, one individual answered the survey on behalf of an institution, so the effective
number of people involved providing survey responses is probably around 200-300. This
constitutes a significant proportion of people in the sector who have a strong interest in sustainable
ICT.

The survey results are summarised at relevant points in the text. Full details are available in a
separate paper (James and Hopkinson, 2008d).



Appendix | scales up the findings of a SustelT audit of ICT at the University of Sheffield and
suggests that UK higher education operates around 760,000 PCs, 215,000 servers and 148,000
networked printers, and will pay a total ICT-related electricity bill of over £6m — or about £50 per
student — in 2009. This equates to around 275,000t of CO,, reflecting the fact that — as around a
third of UK electricity comes from coal — the sector is effectively running approximately 325,000

coal-fired computers.

A similar scaling up of results from Lowestoft College and City College, Norwich suggests that UK
further education operates around 708,000 PCs, 23,000 servers and 98,000 networked printers,
and will pay a total ICT-related electricity bill of around £54m — or about £12 per student — in
2009. This equates to around 244,000t of CO..

In simple terms, ICT activities within universities and colleges comprises the following elements:
Centralised data management and storage activities, mainly undertaken in data centres
Networks and associated routing and switching devices
Desktop computers and associated peripherals provided for staff and students
High performance computers, and associated high-speed connections, used for research
Computing clusters used for teaching and research
Mainframe computers sometimes used for research and administrative purposes
Imaging equipment such as copiers and printers
Audiovisual equipment used in teaching and research, and
Telephony, conferencing and other communication systems

Universities and colleges also depend upon (and therefore have a partial environmental
responsibility for) external ICT activities such as the internet and telephone infrastructures, and
influence the use of ICT by students, both for study purposes and — for those in university
accommodation — leisure.



ICT has a surprisingly heavy environmental footprint — a typical European office PC and monitor
contains around 20kg of materials, and generates 66kg of waste and |,096kg of CO, during its
lifetime.

Most environmental impacts are concentrated in production, but there is disagreement about
whether energy consumption in use is more or less than that consumed in production — however, a
reasonable rule of thumb for the UK is that the two are similar.

ICT use in further and higher education will use over £116m of electricity in 2009, and generate
over 500,000t of CO; emissions.

Personal computing is the main driver of ICT-related energy consumption and CO; emissions
within universities and colleges.

ICT accounts for around 2% of global CO, equivalent emissions (less than aviation, despite claims
to the contrary), and around 3% of UK electricity consumption.

ICT applications such as smart buildings could avoid 5t of CO; emissions for every tonne they
indirectly generate, and could reduce global CO, equivalent emissions by 15% by 2020.



There is now a considerable literature on the relationship between ICT and sustainable development (eg,
Climate Group, 2008; Global Action Plan, 2007; Hilty, 2008; Kohler & Erdmann, 2004; Pamlin, 2002; and
Park and Roome, 2002). Most studies conclude that it is double edged. In the words of one recent report:

If we develop and apply ICT badly, it could add to the world’s problems. It could devour energy and
accelerate climate change, worsen inequality for those who do not have access and increase
pollution and resource use by encouraging ever more frenetic consumerism.

If we apply ICT well, the rewards could be enormous. It could help to enhance creativity and
innovation to solve our problems, build communities, give more people access to goods and services
and use precious resources much more efficiently. (Madden and WeiBbrod, 2008)

This ambiguity also applies within the context of further and higher education. As the following pages show,
ICT is already supporting more effective learning, research and administration; enabling greater access and
a better student experience; and minimising energy consumption and environmental impacts. But other
pages also demonstrate a pattern of growing ICT-related energy consumption, and some doubts about the
value and/or effectiveness of a number of ICT applications.

To consider these issues in detail it is important to distinguish between:

The primary effects of devices and networks — the environmental and social impacts associated with
the production, use and disposal of ICT equipment

The secondary effects of user applications — the way in which devices, and the software they run,
support everyday educational activities such as learning, research, management, travel and student
life, and

The tertiary effects of the adaption of economic and social life to user applications (often termed the
systemic effects) (European Telecommunications Network Operators Association and World Wide
Fund for Nature, 2006; Hilty, 2008; Madden and WeiBbrod, 2008).

The following sections briefly discuss the main primary effects for each stage of the ICT life cycle. Further
information can found in the three technical papers on personal computing, data centres and printing,
which accompany this report (James and Hopkinson, 2008a,b,c).

According to one detailed study, a European PC and 17 inch LCD monitor in 2005 used 20kg of materials
during their production (IVF, 2007). By weight, 51% of these were ferrous metals and 7% plastics.

Producing ICT devices is a complex process, involving the creation first of subcomponents, then
components and peripherals such as microprocessors and keyboards (around 30 for a typical PC), and
finally finished products.

The most significant environmental — and especially energy — impacts associated with production are
generated in the production of the main 'raw material’ for computers and other electronic devices,



integrated circuits (IC). This is due to the energy consumption of refining silicon and precious metals to
high levels of purity, and then assembling them within very highly serviced clean rooms (Eugster et al.,
2007).

The environmental impacts from manufacturing are difficult to calculate, but are generally considerably
lower than for the materials stage — only about one-fifth in the case of CO, equivalent emissions associated
with production of an office desktop PC (excluding monitor), according to one study (IVF, 2007). (See
James and Hopkinson, 2008a for further details.)

The production (materials extraction and manufacturing) of a typical European office PC and LCD monitor
involved:

Disposing of 37kg of non-hazardous waste and 0.7kg of hazardous waste (compared to 6 |kg of non-
hazardous waste and 5kg of hazardous waste over its lifetime)

Consuming 3,244M] of energy (compared to 23,396M] over its lifetime)
Using 920l of process water (compared to 2,146l over its lifetime)
Generating 193kg of greenhouse gases (CO; equivalent) (compared to 1,097kg over its lifetime), and

Releasing considerable quantities of heavy metals, acid rain precursors and other air and water
pollutants (IVF, 2007)

Most other ICT equipment also has a similarly large ‘hidden’ environmental burden.

The impacts per unit of output have been reducing over time as more efficient, and less damaging,
processes are adopted. One study has calculated that the energy consumption involved in making a
transistor (including manufacturing) fell by 98% between 1995 and 2005 (Williams, 2008). However, this
was offset by the inclusion of many more transistors on assembled chips, so that the energy use to make an
individual chip remained relatively constant.

Another, often ignored, component of ICT’s footprint is cabling. Data cables are a major market for virgin
copper, and in most cases are jacketed with polyvinyl chloride (PVC) — up to |.65kg per 100m — a plastic
that is energy intensive to produce, may contain lead, and can emit toxic smoke in fires (Cisco, 2007).

A large amount of ICT production of materials, components and products takes place in developing
countries. There have been several critical reports on health and safety and working conditions within the
ICT supply chain in these countries (Greenpeace International, 2008a). Many individual ICT companies have
taken action as a result, and most leading ones have committed to implement an Electronics Industry Code
of Conduct (Electronics Industry Citizenship Coalition, 2005). However, this is inevitably difficult in an
industry with multiple supply stages, and many small and medium-sized enterprises (SMEs) within them, and
the topic continues to generate controversy.



It is not easy to aggregate all the different impacts — over all stages of the life cycle — of a computer
or other device into a single measure (see our supporting paper, James and Hopkinson, 2008a for a
detailed discussion). One method, which has been used as a proxy, and is widely cited, is cumulative
energy consumption. This captures one key impact directly, is a close proxy for another (carbon
emissions) and a crude proxy for many others (eg energy-intensive materials processing and
manufacturing are often correlated with pollution, waste creation and water consumption). The
exercise involves summing the:

‘Embedded (or embodied) energy’ within devices and equipment arising from the extraction
of their raw materials, the production of components and their assembly into devices, and
associated transport

Energy consumed over their operating life, and

Energy consumed in their disposal (negative in the past, but increasingly positive because of
growing levels of recycling, which create a net recovery of energy because of reuse of the
embedded energy within equipment)

The higher the ratio of embedded energy to energy in use, the more it makes environmental sense
to extend the life of devices and equipment beyond current norms. (This also has other
environmental benefits from reducing the need to produce new equipment, with consequent
avoidance of resource consumption, pollution and waste.) However, if the ratio is low, and if
current devices and equipment are a) considerably more energy efficient than those they are
replacing, and b) very intensively used (as with some servers), it could make environmental sense to
have faster replacement times (Kiatkittipong et al., 2008).

The most cited study on lifetime embedded energy, by Eric Williams (2003, 2004), concluded that
embedded energy in desktop computers was four times greater than their energy in use. However,
this is at variance with some other publications on the topic, with the most comprehensive — a
study for the European Union — finding that energy in use of non-domestic desktop computers was
four times greater than embedded energy, ie the exact opposite of the Williams study (IVF, 2007).
As a separate paper discusses, these differences are partly due to varying assumptions about
equipment longevity, development of more energy efficient production processes and other
reasons (James and Hopkinson, 2008a). A reasonable ‘rule of thumb’ for UK circumstances seems
to be that embedded energy is certainly no greater than energy in use, and perhaps less.

The main environmental impact from ICT use is consumption of energy, mainly in the form of electricity.
Much of this electricity is actually used for cooling microprocessors, which generate large quantities of
heat. In PCs this is dissipated through internal fans, but servers require additional cooling.



In the UK (and also in the world’s main production centre for ICT equipment and components, China)
much of this electricity is derived from coal-fired power stations (this varies by year, but is roughly 33% and
66% of total generation respectively). Electricity generation from all fossil fuels, but coal especially, creates
many serious environmental impacts in fuel production and processing, and through combustion in power
stations. These include CO, emissions, land and water take, pollution and waste. Generating power from
fossil fuels is also a very inefficient process, with only a small percentage of the energy in the original fuel
actually reaching a computer’s power supply in practice.

As Box 5 shows, global and UK ICT electricity use is high and rising, and this is reflected in universities and
colleges. Appendix | provides information on three UK institutions — the University of Sheffield, Lowestoft
College, and City College, Norwich — which used the SustelT footprinting tool to assess their ICT usage. It
demonstrates that:

ICT was responsible for 18% of the University of Sheffield’s non-domestic electricity use, and 15% of
its total non-domestic CO; emissions (Riley, 2008)

The ICT-related electricity bill will top £1m annually at the University of Sheffield in 2009 (Riley,
2008), and an estimated (assuming the same electricity price as Sheffield) £200,000 in the two
colleges combined, and

49% of ICT-related electricity consumption at the University of Sheffield, and 41-44% at Lowestoft
and City College, Norwich, came from PCs

These figures are different from some estimates in other sectors. For example, the consultancy group 451
(Lawrence 2008) has estimated that the ratio of data centre and network electricity consumption to that of
PCs in commercial organisations is the reverse of our findings, ie 3:2 rather than 1:2.5 at Sheffield, and
[:1.3-2.3 at the two colleges. The likely explanation is that universities and colleges have greater PC usage
by students as well as staff, and that some also have high levels of HPC usage in addition. Another is that
figures outside the sector are less robust than our own study, which was very painstaking in the case of the
University of Sheffield (see Cartledge, 2008a).

Our figures are also likely to be an underestimate, because they are derived from a university with a good
record in ICT energy efficiency, and exclude some areas of use, eg computing devices embedded within
scientific instruments. ICT’s relative share of electricity consumption is also likely to grow as a) e-learning,
more computing-intense research and other drivers increase demand, and b) as energy efficiency initiatives
in areas such as lighting result in less rapidly growing, or even reductions in, demand from other activities.

The disposal of electronic waste consumes space in a landfill, and has the potential to release harmful
substances that could have adverse health impacts on people and/or create water pollution. If potentially
recyclable or reusable equipment is being disposed of, the opportunity to reduce the production of new
materials and components is also being lost. However, the dismantling and recycling of old equipment can
be hazardous to workers, and highly polluting, if not done properly (Greenpeace International, 2008a).

A study based on 2005 data estimated that 76% of the 20kg of materials in an average European office PC
and 17 inch LCD monitor were recycled, and 24% were disposed of (IVF, 2007). The recycling rate will
now be higher as a result of increases in commaodity prices (notwithstanding the partial fallback arising from
the credit crunch) and implementation of the EU Waste Electrical and Electronic Equipment (WEEE)
Directive (see Appendix 3 for details). The SustelT survey obtained data from five institutions, which were
generating an average of 33t per year of WEEE (with a range of 19-70t), and spending an average of £9,400
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on its management. The majority of this waste is likely to be old PCs and monitors. The SustelT case on
Nottingham Trent University provides an example of an effective response to this, including the benefit of
greater reuse of ICT equipment.

Currently, a considerable proportion of ICT recycling is conducted in developing countries, often with no
regard for worker or community health and safety. Greenpeace studies have found that as much as 75% of
electronic waste arising in the EU is unaccounted for, and therefore probably improperly disposed of
(Greenpeace International, 2008a, 2008b). One of the studies also found high levels of hazardous chemicals
in soil and sediment around scrapyards disassembling waste electrical and electronic equipment in Ghana
(Greenpeace International, 2008b). According to one observer, the equipment being disassembled in that
country included computers and monitors from UK universities (Marshall, 2008). The SustelT case on City
& Islington College, which donates its old computers to developing countries via the charity Computer Aid,
shows how this can be avoided.
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There is considerable uncertainty, and some disagreement, about the precise energy and carbon
global consumption of ICT. The difficulties include patchy information on numbers of devices;
differing definitions (eg some studies include consumer electronics and/or energy, others exclude
them); varying patterns of use (eg amount of time devices are switched off, or in power-saving
modes); and different national or regional fuel mixes — and therefore carbon emissions — in the
generation of the electricity that is used in ICT devices. A recent global analysis involving the
consultants McKinsey (Climate Group, 2008) has estimated that:

ICT use in 2007 accounted for 2% of all human-made carbon emissions (roughly 1.5% from
use, and 0.5% embedded within equipment)

23% of these emissions in 2007 occurred in China (mainly related to embodied energy in
production), 20% in North America and 14% in OECD Europe (essentially Europe minus
Russia) — with the equivalent figures for 2020 forecast to be 27%, 14% and 12%, respectively,
and

49% of emissions in 2007 were related to PCs, peripherals and printers, 37% to telecoms
infrastructure and 14% to data centres — which are forecast to change to 57%, 25% and 18%,
respectively, by 2020

An earlier, less detailed, study (Gartner Consulting, 2007) also calculated that ICT accounts for 2%
of global carbon emissions, and claimed that this was the same level as aviation. However, the
comparison is misleading, a) because the equivalent 2% figure for aviation only refers to use (ie the
energy embedded in airports, planes etc is excluded), and b) carbon emissions in the upper
atmosphere are thought to have greater impacts on global warming than those on the surface.

In the USA, Huber and Mills (1999) calculated that the ‘digital economy’ consumed 10% of US
electricity consumption. Several authors argued that this conclusion was exaggerated, including
Koomey (2007), who found that the proportion of US and world electricity demand accounted for
by servers was 1.5%. A UK study has calculated that ICT accounted for around 5% of non-
domestic, and 2% of domestic, electricity demand in 2007 (MTP, 2008 — see Appendix 2 for further
details). Servers were around 0.8% of total non-domestic demand and 0.4% of total national
electricity demand. For comparison, this was slightly more than street lighting, but only about 15%
of total commercial refrigeration demand, ie substantial, but not as significant as is sometimes
claimed. The MTP (2008) study also concluded that on a ‘business as usual’ basis, non-domestic
consumption could rise by about 20% by 2020, but could fall by 30% if ambitious, but cost-effective,
efficiency measures were taken. Some other studies are less conservative, eg Sun has suggested a
40% increase over a similar period (quoted in Global Action Plan, 2007).

The main factors increasing energy consumption are: an increasing number of devices; growth of
data centres to cope with increased networking, storage and other requirements; rising LCD
screen sizes; and an expansion of printing, especially in colour (Market Transformation Programme,
2007).
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Universities and colleges could not function without ICT, which is ubiquitous for administration,

communication, information gathering and research, and is rapidly becoming so for teaching and learning.
Asked a question on this in our survey, 60% of respondents felt that there would be greater use of ICT-
mediated teaching equipment/applications over the next 3—5 years, and 30% thought that it would rise a

great deal (James and Hopkinson, 2008d).

Most ICT applications are used for administrative, financial, pedagogic and other purposes unrelated to
sustainability. However, they can have ancillary environmental and/or social benefits, as when electronic

records are replaced by paper ones.

Several recent studies (Climate Group, 2008; European Telecommunications Network Operators

Association (ETNOA) and World Wide Fund for Nature (VWWF), 2006) have argued that greater take-up

of many ICT applications could have a very positive net environmental impact, especially through

conservation of energy and subsequent mitigation of CO; emissions. The Climate Group (2008) report, for

example, calculated that ICT applications could:

Reduce global CO; equivalent emissions in 2020 by 15%, creating $946 billion of cost savings in the

process

Avoid approximately 5t of CO, emissions through applications for every tonne created by the
production, use and disposal of ICT equipment, and

Deliver especially great reductions from: better management and monitoring of electricity grids and
distribution networks (26% of potential emission reductions by 2020); improved building design,
management and automation (21%); optimised logistics (19%); the use of smarter motors and
automation in manufacturing (12%); and dematerialisation (substitution of high carbon activities and

products such as meetings with low carbon equivalents, such as conferencing) (6%)

From the latter list, improved building design and dematerialisation are clearly areas of great relevance to

universities and colleges. ICT-intense ‘smart’ buildings are those which minimise energy consumption (and

achieve benefits) through better monitoring and management of activities such as heating, ventilation and
air conditioning, the integration of these activities with other building services, and through other means.
There are already many examples within the sector of buildings that have saved energy through building

management systems (BMS) that link a central controller with a network of sensors and local controls (see,

for example, successive editions of the Green Gown Awards brochure (HEEPI, 2008a).

As major generators of travel for study and work, and major consumers of paper, further and higher

education also have considerable potential to dematerialise by substituting electronic activities or products

for physical ones. ICT can achieve this by:

Substituting face-to-face learning sessions or meetings with virtual equivalents

Enabling people to reduce commuting and other work-related journeys by ‘teleworking’ at home, or

other remote locations, and

Replacing paper documents with electronic ones, which can be read on screen

Of course, all of these can be difficult to make work. However, as Chapter 4 discusses, it has been done in
some institutions, and could be done in more. Another threat is that the benefits could be swallowed up by

secondary ‘rebound’ effects, as when car commuters use ICT to work from home but they or family
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members use the vehicle to make additional journeys. However, although serious, most research suggests
that a) such rebound effects only partially offset the gains from more beneficial applications, and b) that
they are very strongly influenced by ‘framework conditions’ such as the cost of fuel (Hilty, 2008). Hence,
avoiding such applications could be ‘throwing the baby out with the bathwater’ if medium—long-term
changes in framework conditions are likely to increase benefits, and reduce ‘disbenefits’ (James, 2008).

ICT can also create indirect sustainability benefits by enabling greater access to information, which in turn
leads to heightened awareness and understanding. This is particularly relevant to further and higher
education, which has considerable potential to use ICT to influence the attitudes and behaviour with regard
to sustainability of many of tomorrow’s decision makers and opinion formers.

However, ICT in universities and colleges also has an ‘invisible environmental overhead’, as described in the
previous section. This may become much greater in future, for example as many areas of research become
more computing-intense, or as Web 2.0 technologies create more complex Virtual Learning Environments,
that in turn require more servers and therefore energy consumption to support them. (However, as
discussed in Chapter 3, some or perhaps even all of the potential increase could be avoided by more
energy efficient data centres.)

Some ICT applications also have a potential ‘social overhead’ (Anderson, Brynin, Raban & Gershuny, 2006).
They can potentially support a ‘surveillance society’, which erodes or compromises privacy (Crainer, 2008)
and/or an atomised social world in which meaningful human interaction is replaced with less satisfying or
inclusive virtual relationships (Wilsden, 2001). Within education, they could create or exacerbate divisions
between students because of differing levels of use (see Chapter 4 for more discussion of this).

It is clear that ICT within further and higher education has a very considerable environmental and social
footprint, which is usually underestimated. Few people realise that many of the gleaming devices on their
desktop, or in specialist facilities, are effectively coal-fired, with all the wastage and pollution that implies.
Moreover, the relative importance of this footprint vis-a-vis others (such as making buildings comfortable
through heating and ventilation) is increasing as, on the one hand, ICT applications mushroom and, on the
other, energy efficiency measures are taken to reduce impacts in other areas.

The main environmental impacts overall (although probably not for energy and carbon emissions) are
concentrated in the materials and manufacturing stages. Universities and colleges can only influence this
indirectly via procurement (but could nonetheless make a significant difference because of their collective
purchasing power — see Chapter 6). The area that is most under their direct control is electricity
consumption in use, which almost certainly accounts for half, and perhaps more, of the majority of lifetime
energy consumption, and associated carbon emissions. As action in this area can also create financial
benefit, it is clear that it should be a very high priority issue for the sector in the short—medium term.
However, it is equally important to recognise that other impacts are significant, and need to be addressed.
This may require moves to new architectures and technologies over the next decade.

Of course, substantial ICT-related environmental impacts are inevitable if universities and colleges are to
achieve their core mission in an increasingly digital world. However, there is the opportunity to offset
some of these impacts. ICT applications, such as smarter buildings, and more virtual working, can create
great environmental benefit. And, in the long term, the biggest impact of universities and colleges with
regard to sustainable development will be through the influence of their teaching, research and third-
mission activities on students and society as a whole. If ICT enables this to happen more effectively, it will
be an enormous contribution to a more sustainable world.
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The Greening Government ICT Strategy is that office use of ICT will be carbon neutral by 2012,
and that by 2020 Government ICT will be carbon neutral across its lifecycle.

Seven European Union Directives will impact on ICT use in universities and colleges in the near
future — several of these will enable external comparison of an institution’s performance.

Sector funding bodies see sustainability — and therefore sustainable ICT — as one of the most
significant challenges for universities and colleges.

Many sustainable ICT actions have short paybacks, sometimes less than a year.

ICT accounts for around 6% of world GDP, and is therefore a major source of graduate
employment and research funding — which will increasingly reflect the industry’s growing emphasis
on sustainability issues.

One manifestation of this is UC San Diego’s $2.6m green computing research facility.

75% of respondents to a SustelT survey felt that it is very important to make ICT within the sector
more sustainable, with the main concerns being energy consumption in use and end-of-life issues.
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Many drivers are now requiring further and higher education to pay greater attention to the environmental
and social impacts of their ICT use. These drivers include: responsibility; regulation; financial impacts;
stakeholder demands; reputational impacts and risk. The following sections discuss each in greater detail.

Corporate social responsibility (CSR) is now a common feature of the strategies of many commercial
organisations. For example, more than [,500 companies globally report on CSR using the Sustainability
Reporting Guidelines of the Global Reporting Initiative (GRI, 2006), and the UK Business in the Community
(BITC) charity has more than 850 member companies, representing one in five of the UK private-sector
workforce.

CSR’s central tenet is that organisations are part of a broader social context, and so have moral
responsibilities beyond profit and other commercial objectives. These responsibilities include assisting
community development, helping to create a better quality of life for staff and their families, and preserving
the natural environment. Whilst in many cases actions to achieve this will have business benefits, such as
enhanced image, reputation and trustworthiness, there is also a sense that such actions sometimes need to
be taken for their own sake. As ICT clearly contributes to these objectives, it is an important dimension of
CSR approaches.

Most universities and colleges already deal with some aspects of CSR. However, the results from a pilot
applying The CSR and environmental performance benchmarking indexes of Business in the Community
(2007) to 25 sector institutions found that there was scope for considerable improvement. As ICT is
central to some of the key indicators identified within the pilot, especially energy and climate change,
moves towards more systematic approaches to CSR within the sector will inevitably involve more
attention being paid to it.

UK further and higher education receives a large proportion of its funding from public sources. Central
Government has set ambitious national environmental targets (see below), and has made it clear that
sustainable ICT is an important means of achieving these. It has recently published a Greening Government
IT Strategy, which is intended to stimulate improvement across the public sector (Cabinet Office, 2008 —
see Box 6).

The sector-funding bodies are now responding to this challenge. HEFCE (2008), for example, has recently
stated that:

We want to make sustainable development a central part of our strategy for the future development
of the HE sector. We still consider our vision set out in 2005 to be valid, namely that: within the
next 10 years, the HE sector in this country will be recognised as a major contributor to society’s
efforts to achieve sustainability — through the skills and knowledge that its graduates learn and put
into practice, and through its own strategies and operations.

It is likely that this will lead to a target for CO, emissions, and perhaps other ‘carrot and stick’ measures to
drive environmental improvement, in higher education, and that further education will follow.
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HEFCE (2008) has also observed that:

Universities and colleges are major users of information and communications technology (ICT) and
have opportunities to lower the environmental impact of that part of their activities. This

encompasses not just the electricity consumed and the carbon produced by the use of the ICT, but
the contribution that technology can make to more efficient use of the estate, to reducing travel, to

improving productivity and in the environmental impact of the procurement and disposal of
equipment.

It is therefore likely there will be increasing pressure on universities and colleges from key stakeholders to

minimise the environmental impacts of their ICT use, and to do more to achieve the potential of ICT
applications for positive environmental improvement.

The Government vision for ICT in Central Departments is that:

e The energy consumption of Government ICT on the office estate will be carbon neutral by
2012, and that

e By 2020 Government ICT will be carbon neutral across its lifecycle (Cabinet Office, 2008)

The strategy commits all UK Government departments to developing a green ICT action plan, and
to take measures to:

e Extend the lifecycle of all ICT purchases to their natural demise ... as opposed to frequent
automatic refresh and replacement programmes

e Reduce the overall number of PCs and laptops used by the organisation to reach as close to a
I:] ratio as possible

¢ Implement a range of active device power management actions to significantly reduce power
consumption

e Reduce the overall number of printers used by the organisation ... and use green printing
defaults wherever possible (such as double-sided and multiple pages printing)

e Increase average server capacity utilisation to achieve a minimum of 50% where possible, as
part of a commitment to comply with the European Code of Conduct for Energy Efficient Data
Centres(European Commission Joint Research Centre, 2008)
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Government environmental targets are implemented through legislation and detailed regulations, which are
having an increasing impact on the sector. Many of these are the UK implementation of European Union
Directives. In addition to their direct effects, these directives also influence suppliers of ICT equipment and
services.

Several directives are specifically targeted at ICT, notably those on:

Waste Electrical and Electronic Equipment (WEEE)
Hazardous Substances in ICT Equipment, and
Energy Using Products (EUP)
Others are more general, and have indirect impacts, notably those on:
Energy Performance of Buildings
Carbon Reduction
Energy End Use and Energy Services, and
Batteries
Table | summarises these regulations, and Appendix 3 provides further details.

The need to meet stretching EU and UK Government targets for carbon emissions and other
environmental impacts means that regulations are likely to become more stringent over time. Timely
anticipation is usually a lower cost response than pressurised actions in response to deadlines, and a
possible need for retrofitting. Hence, it would be sensible for universities and colleges to be more
proactive in anticipating tightening of regulatory standards, especially with regard to longer term
investments such as data centre cooling and power supply, and ICT-related aspects of buildings.

28



Table I: Regulations relevant to ICT in universities and colleges

Legislation Date Impact on Universities and Colleges

Waste Electrical and Jan 2007 | WEEE should be separated from the main waste stream, and sent to authorised facilities or exporters.

Electronic Equipment in UK Generally the regulations create additional costs for institutions, although the nature and size of these can be

Directive and UK Regulations influenced by supply contracts.

Restrictions on Hazardous Feb 2008 | Sets limits on lead, cadmium, mercury, flame retardants and other hazardous substances in new electrical and

Substances (RoHS) Directive in UK electronic equipment. Most suppliers are now compliant with the regulations but institutions need to specify

and UK Regulations ROHS-compliant equipment to guard against any problems.

Eco-design of Energy Using Aug 2007 | A framework directive aiming to set minimum performance requirements for energy consumption in

Products (EuP) Directive in EU manufacture and use of ICT and other energy using products. The first products will be covered in 2009.

Energy Performance of Phased Requires minimum energy performance requirements in new and existing buildings (via Building Regulations);

Buildings Directive, and UK 2007—- energy certification of buildings (enabling easier comparison of performance); and inspection (with improvement

Regulations 2011 recommendations) of cooling installations such as those in data centres every five years.

Climate Change Act — Carbon | Jan 2010 | This sets a legally binding target for reducing UK CO; emissions by 26% by 2020 and 80% by 2050, compared

Reduction Commitment to 1990 levels. The Act also sets up the CRC. This will require medium-large electricity users (including many

(CRQ) universities) to monitor their fossil fuel and electricity consumption, and participate in a scheme that financially
rewards reductions in carbon emissions (from ICT, and other sources), and penalises poor performance.

Energy End Use Efficiency and | Early Intended to enhance the cost-effective improvement of energy end use efficiency in Member States. Article 5

Services Directive and UK 2009 requires the public sector to fulfil an exemplary role in achieving this. The education sector is likely to have a

Regulations voluntary agreement based on the Government’s ‘Buy Sustainable — Quick Wins’ initiative. This will require
minimum procurement standards for ICT devices and other equipment.

Batteries Directive 2009 Requires battery collection schemes and restricts mercury and cadmium levels. Many elements of the draft UK

Batteries Regulations are similar to those of the WEEE Regulations and it is likely universities and colleges will
need to set up battery collection schemes.




Chapter | demonstrated that ICT energy use will cost UK further and higher education around £1 16m in
2009, and that this figure is likely to rise. Other environmental and social effects can also have direct
financial consequences, such as more onerous regulations to deal with electronic waste.

This situation means that many measures to create more sustainable ICT can have short payback periods of
I-2 years, or even less. Our cases provide several examples, including:

Powerdown of PCs at the University of Liverpool and other institutions

Low energy servers at the University of Sheffield

Virtualised servers at City of Bristol College and Sheffield Hallam University, and

Innovative approaches to data-centre cooling and power supply at Cardiff University
Many other sustainable ICT measures have payback periods of less than five years.

Such paybacks are based on current conditions in the medium—long term. However, many people expect
such conditions to change in future. Energy prices are likely to rise further (notwithstanding short-term
fluctuations in response to the credit crunch), and carbon regulations are also expected to have an
increasing financial impact. Sustainable ICT measures therefore have an additional value as insurance against
such contingencies.

The Funding Councils have advised institutions to pay greater attention to identifying and minimising "the
threat or possibility that an action or event will adversely or beneficially affect an organisation’s ability to
achieve its objectives’ (Committee of University Chairmen, 2004). Sustainable IT can help to avoid or
mitigate a number of potential financial and other risks, including those of:

Unexpected rises in utilities costs, which can only be met by cutbacks in core activities, which
jeopardise institutional performance

Costly retrofitting to data infrastructure if new regulations are applied to existing facilities — as is
increasingly the case as Governments try to meet their long-term targets for reducing CO, emissions

Electrical capacity constraints preventing future expansion, or making it very expensive because of a
need for additional, and expensive, utility infrastructure, and

Buildings that are not easily adaptable to future IT requirements

There is evidence that staff and students pay attention to the environmental and social performance of
institutions when making study or work choices (Forum for the Future, 2007). Performance in these areas
can also be of interest to other institutional stakeholders, such as local authorities. The collection and
publication of more data about them — both voluntarily, or because it is required by regulations — is also
making comparison easier (if not always robust). In the UK, for example, the student group People and
Planet (2008) publishes an annual ‘Green League Table’ of institutional performance. The implementation of
the Environmental Performance of Buildings Directive also requires publication of the energy consumption
of buildings — which therefore enables direct comparison of stand-alone data centres. Some universities and
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colleges are responding to these changes by seeing sustainability as an important, and positive, part of their
corporate ‘brand’, which helps to differentiate them from other institutions. As an example, a SustelT case
study describes how the University of Gloucestershire’s policies in this regard have stimulated greater
action to achieve sustainable ICT.

As an important part of further and higher education activities, ICT clearly has the potential to influence
perceptions of the sector’s environmental and social performance. With some exceptions — many of which
are highlighted in the following pages — our research suggests that this is seldom as positive as it could be.

Sustainable ICT is a topic of growing concern to both suppliers and major users. They therefore need
employees and advisors who understand the issues, and access to relevant external research and
information. Universities and colleges therefore need to respond to such requirements by ensuring that
students are equipped to meet them, and that they have relevant expertise amongst their staff. As the ICT
industry is one of the world’s largest — accounting for around 6% of GDP in Europe and North America
(Indepen and Ovum, 2005) — there is the potential for considerable rewards (in student numbers, course
and research funding and other ways) for institutions that are seen to be responding effectively. Box 7
shows how UC (University of California) San Diego is exploiting this potential in the USA. The SustelT case
on the University of Middlesex also shows how UK institutions can have a considerable external impact in
the field.

To date, and despite the exceptions highlighted throughout the report, it is fair to say that universities and
colleges have generally been followers rather than leaders with regard to sustainable ICT. However, most
organisations are struggling to come to terms with its demands, so that the leaders are not that far ahead

of the pack. Within this context, further and higher education has a number of potential advantages, which
could enable it to play more of a leadership role in future. These include:

Intensive use of ICT and a correspondingly high level of ICT expertise

Ability to form collaborative partnerships with other players such as suppliers or other public-sector
organisations

A mission, by tradition and Government request, of supporting innovation, and

A variety of campus locations and configurations, which create opportunities to deploy many
innovative approaches to energy supply and infrastructure, especially for data centres

Chapter 6 examines these opportunities in detail but in general terms they could provide a means of
strengthening the reputation of UK universities and colleges at both national and international level, and at
relatively limited cost. This would be especially the case if they were part of a high profile, and integrated,
initiative whose overall impact was more than the sum of its individual parts.
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The University of California, San Diego’s $2.6m GreenLight facility provides both a computing
resource for scientific research (in metagenomics; ocean observing; microscopy; bioinformatics;
and digital media), and a testbed to better understand the drivers of data-centre energy
consumption (Ramsay, 2008). The facility will comprise two Sun Modular Datacenters,
containing up to 280 servers each. These use a closed-loop water-cooling system and other
features to reduce cooling costs, it is claimed, by up to 40% of traditional server rooms. It is
set up to provide fine-grained monitoring of the impact of different computational loads on the
operation of the servers themselves, and on ambient conditions. The latter is achieved through
40 temperature sensors in different points of the air stream, and additional sensors for
humidity, energy consumption and other variables. These also allow assessment of the impact
of experimental hardware configurations alongside the traditional rack-mounted servers.

Amongst other benefits, the research is expected to provide a better understanding of the
energy impacts of different architectures and tasks (‘effective work per watt’); identify the most
effective measures to improve energy efficiency within data centres; enable more optimal
allocation of different computing tasks within virtualised environments; and support the
development of more efficient hardware and better management software. It will also track the
behavioural impacts of better information about energy costs on the facility’s users.
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Table 2: Results for survey question ‘How important do you consider it is to make ICT use in
further and higher education more sustainable, by reducing environmental impacts and in

other ways?’

Number of

%

respondents
Very important 137 75
Quite important 35 19
Neutral 6 3
Quite unimportant 4 2
Very unimportant I I
Total respondents 183

Table 3: Results for survey question ‘Which of the following would you see as the most
important issues with regard to sustainable use of ICT in further and higher education?’

Issue Number of respondents | %
Energy usage of ICT equipment 128 70
Disposal/reuse end-of-life ICT equipment 109 60
Usage/disposal ICT consumables 95 52
More efficient use of resources (eg buildings) enabled by ICT 69 38
Manufacture of ICT equipment 60 33
Short life span ICT equipment 47 26
Travel reductions enabled by ICT 41 22
Quality of ICT-enabled learning experience for students 34 19
Exploitation of workers in ICT supply chains 26 14
Privacy and social control issues related to ICT 26 14
Enabling better access to knowledge for disadvantaged people 26 14
ICT related H&S issues 17 9
Other issues 17 9
Total Respondents! 183

' Note that respondents could choose more than one option.
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The issue of sustainable ICT is resonating with many people in universities and colleges. As Table 2 shows,
almost all respondents to the SustelT survey felt that it is important to make ICT within the sector more
sustainable, and three-quarters said that it is very important. There were no significant variations between
people with different backgrounds (as assessed by their answering of the detailed survey sections) in this
respect.

Table 3 shows that the main issues of concern for most respondents were those connected with the ICT
use phase, especially energy consumption and end-of-life issues. Conversely, only a relatively small
proportion of respondents felt that social issues are of great importance to the sector. This may, of course,
reflect the relatively technical bias of survey responses, with little representation by academics from
humanities or social sciences.

The preceding points combine to make a compelling case for greater action to achieve sustainable ICT
within further and higher education. In the short term, most will see the financial arguments as the
strongest. Given the size of the sector’s bills, there is a real opportunity to divert tens of millions of pounds
from wasteful consumption of energy to investment in research and teaching. The next chapter discusses
how this can be achieved.

In the medium—long term though, the other arguments for action are equally persuasive. Simply to protect
its position, and reduce the risks to finances and reputation, the sector needs to take greater action to
keep up with the mainstream. But there is also an opportunity to do more than this, and to establish UK
universities and colleges at the forefront of sustainable ICT. This could create major benefits for their
finances, reputation, and research and teaching base.
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80-85% of the capacity of a typical PC or server is wasted, and so considerable energy and financial
savings can be achieved through grid computing, virtualisation and other methods of increasing
utilisation.

Cloud computing and shared services can have sustainability benefits if they are based on highly
utilised and energy-efficient data centres, with high usage of renewable or low carbon energy
sources, but this is not inevitable.

Data centre electricity consumption in cooling, power supply and other support activities is
generally 40—100% that of the servers themselves, with very few approaching best practice
standards of 25-30%.

The main methods for minimising data-centre energy consumption are purchasing more energy
efficient devices; changing programming configurations and approaches; and changing physical
aspects such as layouts and cooling.

Thin client is not always environmental beneficial, or suitable for all applications, but it can reduce
the environmental impact of personal computing through reduced energy consumption and other
means in many circumstances.

PCs account for 40-50% of total ICT-related electricity consumption in universities and colleges.

There is a large potential range for the energy consumed by different PCs. Electricity costs can
range from £3 to £6| per year depending on power rating, usage and levels of power management.

The environmental impacts of PCs can be reduced by purchasing the most energy-efficient
hardware and software that meets user needs; configuring for energy efficiency when in active use
and switching off completely whenever possible; examining low impact alternatives; and increasing
their useful life.

Higher education has 148,000 copiers and printers, and further education 98,000 — digital printing
accounts for at least 10—16% of ICT-related energy costs.

Per printed page, laser printers have a larger environmental footprint than inkjets at low volumes,
but smaller at high volumes.

Key actions to minimise the impacts of printing/copying include consolidation onto a smaller
number of heavily utilised devices; effective print substitution/management; purchase of energy-
efficient devices and effective power management; purchasing recycled and/or lighter weight paper,
and achieving more paper-efficient printing.
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This chapter is based upon three more detailed SustelT papers on environmental best practice in personal
computing, data centres and printing (James and Hopkinson 2008a,b,c). It summarises their findings on the
main options for reducing the energy consumption, and other environmental impacts, of ICT in further and
higher education, within the context of the current system. However, as discussed below, and in following
chapters, it is possible that sustainable ICT may require more radical approaches — which are especially
likely to be adopted when they also meet other strategic objectives within the sector.

The individual elements of a university’s or college’s ICT activities form part of an ‘enterprise architecture’
(Anderson and Backhouse, 2008; American National Standards Institute/Institute of Electrical Electronics
Engineers, 2008). This has four dimensions:

Business — including high-level objectives and goals, and key processes, functions and structures

Applications — the ICT-based services that support the business processes, and the relationship
between them

Information — the creation, use, storage and management of the data that is used in applications, and

Technology — the hardware and software supporting the organisation, including desktop and server
hardware; operating systems; and network connectivity components (Platt, 2002)

Strategic decisions about architecture therefore have great influence on the environmental and social
impacts of ICT in universities and colleges, because they influence the kinds of device purchased, the
connections between them, and the pattern of their use (Microsoft, 2008). Some key strategic areas of
relevance to sustainable ICT are:

‘Thick client’ versus ‘thin client’ approaches to the delivery of ICT functionality to users

Centralised versus distributed computing

Information life-cycle management, and

Outsourcing and partnership arrangements for service provision
Change in all these areas is driven substantially or primarily by business and performance considerations, so
that energy and environmental benefits can be seen as peripheral factors. However, many have important

sustainability implications — positive as well as negative — and it is therefore vital that these are prominent in
decision-making about them.
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‘Client’ devices are ones which are connected to a network, and depend on centralised servers or other
kinds of computer to function fully. In broad terms, there are two kinds of devices:

‘Thick clients’ — such as a desktop computer — which do most of the processing for user activities
locally, and have considerable storage capacity (although it may not always be used), and

“Thin clients’, which generally have limited, and sometimes minimal, processing capacity and storage,
and are therefore largely dependent upon a centralised machine to operate effectively

The early days of university and college computing were based on a thin-client approach, in the form of
terminals connected to a central mainframe. After the development of desktop computers, the sector
generally followed other organisations in moving to a thick-client approach of multiple PCs connected via
centralised servers. However, some vendors are now marketing updated thin-client approaches, in part
because of their claimed energy, environmental and health and safety benefits. These benefits — vis a vis
desktops — are said to be:

Greater longevity, 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 are very dependent 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 that
are transmitted from/to end-users (although these may be offset by less file transfer, eg of
documents for printing, than would be the case for desktops)

The most detailed study done to date does corroborate the case for thin client (Fraunhofer Institute for
Environment, Safety and Energy Technology, 2007). An accompanying paper on personal computing (James
and Hopkinson, 2008a) discusses its findings and implications in greater detail. It concludes that, whilst thin
client is not suitable for all applications, and environmental benefits are not guaranteed, it can be beneficial
in many circumstances.

A confusing range of terms is used to describe aspects of a generic trend away from device-specific and

tightly coupled computing within a small geographic area (word processing on my PC, accessing data from a
central application-specific server over my institution’s network) to a model using internal networks or the
internet to undertake coordinated computing activities between a wider number of devices, and/or a wider
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geographic area. The terms include: distributed computing; grid computing; cloud computing; service-
oriented computing; and utility computing (see Box 8). Many experts see these approaches as becoming
much more common in future, due to cost, performance and reliability advantages (eg, Johnson, 2008).

Environmentally, these dispersed computing approaches can reduce the overall need for devices by
providing two common benefits:

Making better use of computing devices (such as the 80-85% of PC or server capacity, which is
typically under-utilised when they are switched on), and/or

Enabling tasks to be done with greater computing efficiency

Of course, dispersed computing increases energy use in the host PCs and servers, and within the network
equipment that is handling increased traffic. Hence, apparent reductions in energy consumption may be
misleading as some has simply moved elsewhere.

No definitive studies have been done but it is often suggested that the effects will be positive (Prompt,
2008). One potential opportunity is certainly for computing activities to be concentrated in a smaller
number of much more sustainable data centres. These could take advantage of economies of scale (for
example, in cooling equipment), and also be sited optimally to take advantage of renewable energy
availability and/or lower ambient air temperatures.

Net benefits are especially likely with two particular forms of dispersed computing currently utilised in
further and higher education, high performance computing (HPC) and CPU harvesting within institutions, as
both use machines whose energy consumption is only modestly related to utilisation, and involve only local
network use. The national and international grids — such as the Large Hadron Collider (LHC) grid managed
by CERN, which has a number of participating sites in the UK — that are growing for scientific and other
computing-intensive applications obviously involve more network energy use, and therefore a less
favourable (but still potentially positive) positive energy balance sheet.
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The terms ‘distributed computing’ and ‘grid computing’ are often used interchangeably to
describe the parallel processing of complex tasks on two or more (and often hundreds or
thousands of) computers. However, some use the term ‘grid’ to refer to relatively loosely
coupled parallel computing, occurring over conventional networks, such as the ‘CPU
harvesting’ achieved by CONDOR software when it distributes tasks between networked
PCs which would otherwise be idle (see the SustelT case study of Cardiff University, which
has found that this is most energy efficient when the pool contains newer PCs.) Distributed
computing would then be used to refer to more tightly coupled parallel computing, typically
involving more powerful computers, high-speed connections, and — in many cases — co-
location. This encompasses high-performance computing (HPC) and clustering, with the
former being associated with more powerful devices and very high capacity inter-
connection.

‘Cloud computing’ is a global client-server model in which multiple kinds and numbers of
client devices (eg PCs, PDAs and dedicated client devices) access applications and data over
the internet. It encompasses activities such as using Skype for telephony. (Note that grid
computing conducted via peer-to-peer networks over the internet, such as the
SETI@home project, which searches for extraterrestrial activities, is also part of the
‘cloud’.)

Utility computing is another sub-set of the ‘cloud’ and describes the provision of ‘metered’
computing services over the internet, which are as standardised and as easily usable as the
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Ever increasing amounts of data require ever increasing amounts of storage, which already accounts for up
to 10% of ICT-related energy consumption within data centres and is likely to increase further (Cartledge,
2008b; Schulz, 2007). Three important means of minimising this consumption are:

Using storage more effectively
Classifying data in terms of required availability (ie how rapidly does it need to be accessed?), and
Minimising the 