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Introduction

This paper provides supporting evidence and analysis for the discussion of data centres and servers in the main SusteIT report (James and Hopkinson 2009a). 
Most university and college computing today uses a more decentralised ‘client-server’ model.  This involves a relatively large number of ‘servers’ providing services, and managing networked resources for, an even greater number of ‘clients’, such as personal computers, which do much of the actual computing ‘work’ required by users. The devices communicate through networks, both internally with each other, and externally through the Internet. A typical data centre, or ‘server room’, therefore contains:

Servers, such as application servers (usually dedicated to single applications, in order to reduce software conflicts), file servers (which retrieve and archive data such as documents, images and database entries), and print servers (which process files for printing); 

Storage devices, to variously store ‘instantly accessible’ content (e.g. user files), and archive back-up data; and 

Routers and switches which control data transmission within the data centre, between it and client devices such as PCs and printers, and to and from external networks.

This infrastructure has considerable environmental and financial costs, including those of:

Energy use, carbon dioxide emissions and other environmental impacts from production;

Direct energy consumption when servers and other ICT equipment are used, and indirect energy consumption for their associated cooling and power supply losses; and

Waste and pollution arising from equipment disposal.
Making definitive judgments about these environmental impacts – and especially ones which aim to decide between different procurement, or technical, options - is difficult because:  

Data centres contain many diverse devices, and vary in usage patterns and other parameters;

It requires the collection of information for all stages of the life cycle, which is very difficult in practice (see discussion for PCs in James and Hopkinson 2009b); and

Technology is rapidly changing with more efficient chips; new or improved methods of cooling and power supply; and new computing approaches such as virtualisation and thin client.
Therefore caution must be taken when extrapolating any of the following discussion to specific products and models. Nonetheless, some broad conclusions can be reached, as described below. They are based on the considerable number of codes and best practice guides which have recently been published (for example, European Commission Joint Research Centre 2008; US Environmental Protection Agency (US EPA 2007a).
1. Data Centres in Further and Higher Education

Data centres range in size from one room of a building, one or more floors, or an entire building. Universities and colleges typically contain a small number of central data centres run by the IT department (usually at least two, to protect against one going down), but many will also have secondary sites providing specific services to schools, departments, research groups etc. 

The demand for greater data centre capacity in further and higher education is rising rapidly, for reasons which include:

The growing use of internet media and online learning, and demands for faster connectivity from users;

A move to web based interfaces which are more compute intensive to deliver;

Introduction of comprehensive enterprise resource planning (ERP) software solutions which are much more compute intensive than earlier software;

Increasing requirements for comprehensive business continuity and disaster recovery arrangements which results in duplication of facilities;

Increasing digitisation of data; and

Rapidly expanding data storage requirements.

The SusteIT survey found that 63% of responding institutions were expecting to make additional investments in housing servers within the next two years (James and Hopkinson 2009c). This has considerable implications for future ICT costs, and makes data centres one of the fastest growing components of an institution’s ‘carbon footprint’. It also creates a potential constraint on future plans in areas where the electricity grid is near capacity, such as central London.

These changes are reflected in growing numbers of servers. The main SusteIT report estimates that UK higher education has an estimated 215,000 servers, which will probably account for almost a quarter of the sector’s estimated ICT-related carbon dioxide (CO2) emissions of 275,000 tonnes, and ICT-related electricity bill of £61 million, in 2009 (James and Hopkinson 2009a). (Further education has only an estimated 23,000 servers, so their impact is much less in this area).
The SusteIT footprinting of ICT-related electricity use at the University of Sheffield also found that servers, high performance computing (HPC) and networks – most, though not all, of which would be co-located in data centres - accounted for 40% of consumption, with an annual bill of £400,000 (Cartledge 2008a – see also Table 1). Whilst these figures will be lower at institutions without HPC, they reinforce the point that the topic is significant. 

Some responses are being made within the sector. However, Table 2 – which shows the prevalence of some of the key energy efficiency measures which are discussed in the remainder of this document – suggests that there is considerable scope for improvement. This is especially true given that the most common option, blade servers, are, whilst advantageous, not the most environmentally superior option for reasons discussed below. More positively, 73% of responding institutions were expecting to take significant measures to minimise server energy consumption in the near future.

If the sector is to have more sustainable ICT it is therefore vital that the energy consumption and environmental footprint of data centres is minimised.
Table 1: Electricity Consumption of non-residential ICT at the University of Sheffield 2007-8 (rounded to nearest 10) (Cartledge 2008a).
	ICT Category
	Electricity Consumption (MWh/y)
	%

	PCs
	4,160
	48%

	Servers
	1,520
	18%

	High performance computing
	1,210
	14%

	Imaging devices
	840
	10%

	Networks
	690
	8%

	Telephony
	200
	2%

	Audio-Visual
	60
	1%

	Total
	8,680
	100%


Table 2: Results for survey question - Have you implemented any of the following innovations to reduce energy consumption in your data centre/server room(s)? Please choose all that apply. (Question asked to server room operators/managers only). Results further analysed by institution.
	Innovation
	Number of responding institutions
	%

	Blade servers
	8
	73

	Server virtualisation
	6
	55

	Power management features
	5
	45

	Low power processors
	4
	36

	High efficiency power supplies
	4
	36

	415V AC power distribution
	3
	27

	Layout changes
	3
	27

	Water cooling
	2
	18

	Variable capacity cooling
	2
	18

	Heat recovery
	1
	9

	Fresh air cooling
	0
	0

	other
	0
	0

	None of these
	2
	18

	Don’t know
	0
	0

	Total Institutions
	11
	


2. Energy and Environmental Impacts of Data Centres

According to one forecast, the number of servers in the world will increase from 18 million in 2007 to 122 million in 2020 (Climate Group and GeSI 2008). These servers will also have much greater processing capacity than current models. The historic trend of rising total power consumption per server (see Table 3) is therefore likely to continue. This growth will create many adverse environmental effects, especially those arising from the:

Energy, resource and other impacts of materials creation and manufacture which are embedded within purchased servers and other data centre equipment;
Energy consumption of data centres, and activities such as cooling and humidification that are associated with it; and

Disposal of end of life equipment.
One recent study has analysed these impacts in terms of their CO2 emissions (Climate Group and GeSI 2008). It forecasts that the global data centre footprint, including equipment use and embodied carbon, will more than triple from 76 million tonnes CO2 equivalent emissions in 2002, to 259 million tonnes in 2020. The study assumed that 75% of these emissions were related to use. The totals represent about 14% and 18% respectively of total ICT-related emissions. 

ICT-related CO2 equivalent emissions are said to be about 2% of the global total (Climate Group and GeSI 2008). Hence, data centres account for around 0.3% of global CO2 equivalent emissions.

Table 3: Weighted average power (Watts) of top 6 servers, by sales (Koomey 2007).
	Server class
	US
	World

	
	2000
	2003
	2005
	2000
	2003
	2005

	Volume
	186
	207
	217
	183
	214
	218

	Mid-range
	424
	524
	641
	423
	522
	638

	High-end 
	5534
	6428
	10673
	4874
	5815
	12682


Table 4 – Increasing Power Density of Servers with Time (Information from Edinburgh Parallel Computing Centre and Cardiff University).
	Site
	Date
	Power density 
(kW/m2)

	RCO Building, U Edinburgh
	1976
	0.5

	Advanced Computer Facility (Phase 1), U Edinburgh
	2004
	2.5

	ACF (Phase 2 – initial Hector), U Edinburgh
	2007
	7

	HPC Facility, CardiffU
	2008
	20

	ACF (final Hector)
	 2010?

	10+?


2.1 Embedded Environmental Impacts

Servers and other devices in data centres are made from similar materials, and similar manufacturing processes, to PCs. End of life issues are also similar to PCs. As both these topics are considered in detail in the parallel paper on The Sustainable Desktop (James and Hokinson 2008b) they are not discussed further here.

However, one important issue with regard to embedded energy is its relationship to energy in use. If it is higher, it suggests that a ‘green IT’ policy would seek to extend the lives of servers and other devices to gain the maximum compensating benefit from the environmental burden created by production. If lower – and if new models of server can be significantly more energy efficient than the ones they are replacing – it would suggest that a more vigorous ‘scrap and replace’ policy would be appropriate.

As the parallel paper discusses, different estimates have been produced for the embedded/use energy ratio in PCs, ranging from 3:1 to 1:3 (James and Hopkinson 2009b). The paper concludes that it is reasonable to assume a 50:50 ratio in UK non-domestic applications. This is even more likely to be true of servers than PCs as:
Most operate on a 24/7 basis, and therefore have much higher levels of energy use (per unit of processing activity) than PCs;
The intensity of use is increasing as more servers are virtualised;
The devices are stripped down to the basic activities of processing and storing data, and are therefore less materials- (and therefore energy-) intensive than PCs (this effect may be offset, but is unlikely to be exceeded, by the avoidance of power consumption for peripherals such as monitors, graphics cards, etc.); and

Manufacturers have reduced embedded energy, both through cleaner and leaner production, and greater revalorisation of end of life equipment (Fujitsu Siemens Computers and Knurr 2007). 
2.2 Energy Issues in Data Centres

The energy consumption of data centres has greatly increased over the last decade, primarily due to increased computational activities, but also because of increases in reliability, which is often achieved through equipment redundancy (Hopper and Rice 2008). No reliable figures are available for the UK but US data centres consumed a total of 61 billion kWh of electricity - 1.5% of national consumption - in 2005 (USEPA 2007b). This consumption is expected to double by 2011. 
This high energy consumption of course translates into high energy costs. Even before the 2008 price rises, the Gartner consultancy was predicting that energy costs will become the second highest cost in 70% of the world’s data centres by 2009, trailing staff/personnel costs, but well ahead of the cost of the IT hardware (Gartner Consulting 2007). This is likely to remain the case, even after the price fallbacks of 2009. This is one reason why Microsoft is believed to be charging for data center services on a per-watt basis, since its internal cost analyses demonstrate that growth scales most closely to power consumed (Denegri 2008).  
Increasing energy consumption creates other problems. A US study concluded that, by the end of 2008, 50% of data centres would be running out of power (USEPA 2007b). Dealing with this is not easy, either in the US or in the UK, as power grids are often operating near to capacity, both overall and in some specific areas. Hence, it is not always possible to obtain connections for new or upgraded facilities – for example, in London (Hills 2007). The high loads of data centres may also require investment in transformers and other aspects of the electrical system within universities and colleges. 

Interestingly, Google and Microsoft are said to be responding to these pressures by moving towards a model of data centres using 100% renewable energy, and being independent of the electricity grid – a model which some believe will give them considerable competitive advantage in a world of constrained power supply, and discouragement of fossil fuel use through carbon regulation (Denegri 2008). 
Table 5: Electricity Use in a Modelled 464m2 US Data Centre (Emerson 2007) 

	Category
	Power Draw (%)

	Demand Side
	52 (= 588 kW)

	Processor
	15

	Server power supply
	14

	Other Server
	15

	Storage 
	4

	Communication equipment
	4

	Supply Side
	48 (= 539 kW)

	Cooling power draw
	38

	Universal Power Supply (UPS) and distribution losses
	5

	Building Switchgear/Transformer
	3

	Lighting
	1

	Power Distribution Unit (PDU)
	1


Table 6: Typical Server Power Use (USEPA 2007b)

	Components 
	Power Use

	PSU losses 
	38W 

	Fan 
	10W 

	CPU 
	80W 

	Memory 
	36W 

	Disks 
	12W 

	Peripheral slots 
	50W 

	Motherboard 
	25W 

	Total
	251W


2.3 Patterns of Energy Use in Data Centres

Servers require supporting equipment such as a power supply unit (PSU), connected storage devices, and routers and switches to connect to networks. All of these have their own power requirements or losses. Tables 5 and 6 present US data on these from two sources (Emerson 2007; USEPA 2007b), with the first focusing on all power consumed within server rooms, and the second on the consumption of the servers themselves. The fact that, even allowing for their lack of comparability, Emerson estimates server power consumption to be much greater than the EPA illustrates some of the difficulties of analysing the topic.
Servers also generate large amounts of heat, which must be removed to avoid component failure, and to enable processors to run most efficiently. Additional cooling to that provided by the server’s internal fans is usually required. The need for cooling is increasing as servers become more powerful, and generate larger amounts of heat (IBM Global Technology Services 2007, see also Table 3). 

Cooling also helps to provide humidity control through dehumidification. Humidification is also required in some data centres and – as it is achieved by evaporation – can consume additional energy. 
The ’mission critical’ nature of many of their applications also means that data centres must have an ‘Uninterruptible Power Supply’ (UPS) to guard against power failures or potentially damaging fluctuations. One study (Emerson 2007 – see also Table 5) found that:

Only 30% of the energy used for computing was actually consumed in the processor itself; and
ICT equipment accounted for only 52% of the total power consumption of 1127 kW, i.e. there was a support ‘overhead’ of cooling, power supply and lighting of 92%.

Although the situation has improved since then, the figures nonetheless demonstrate the potential for reducing energy efficiency.
The figures are certainly rather high for many data centres in UK universities and colleges. For example:

The Hector supercomputing facility at the University of Edinburgh has an overhead of only 39% even on the hottest of days, and this falls to 21% in midwinter, when there is 100% ‘free cooling’ (see SusteIT case study and box 2 in Section 6); and
The University of Sheffield estimates the overhead on its own data centres to be in the order of 40% (Cartledge 2008a).  

This apparent divergence between the UK and USA is credible because:

The US sample includes many data centres in much hotter and more humid areas than the UK, which will have correspondingly greater cooling loads;

Energy and electricity prices are higher in the UK than most part of the USA, so there are greater incentives for efficient design and use of equipment;
Energy efficiency standards for cooling, power supply and other equipment are generally more stringent in the UK than most areas of the USA; and 

US data centres are also improving – a detailed benchmarking exercise found that energy efficiency measures and other changes had reduced the average overhead from 97% in 2003 to 63% in 2005 (Greenberg, Mills, Tschudi, Rumsey, and Myatt 2006), and the recently opened Advanced Data Center facility near Sacramento achieved 22% (Greener Computing 2008). 

Hence, a broadbrush estimate for achievable supply overheads in UK data centres is perhaps 40-60% in those without free cooling, and 25-40% for those with it, or equivalent energy efficiency features. 
The ratio of infrastructure overheads to processing work done is much greater than these percentages because a) servers require additional equipment to operate, and b) they seldom operate at 100% of capacity. The latter is the case because:

Server resources, both individually and collectively, are often sized to meet a peak demand which occurs only rarely; and
Servers come in standard sizes, which may have much greater capacity than is needed for the applications or other tasks running on them.

Most estimates suggest that actual utilisation of the 365/24/7 capacity of a typical server can be as low as 5-10% (Fujitsu Siemens Computers and Knurr 2007). However, most servers continue to draw 30-50% of their maximum power even when idle (Fichera 2006). Cooling and UPS equipment also operates fairly independently of computing load in many data centres.  
These figures suggest that there is considerable potential to increase the energy efficiency of most data centres, including those in UK further and higher education. Indeed, one US study has suggested that a complete optimisation of a traditional data centre could reduce energy consumption and floor space requirements by 65% (Emerson 2007).

Some means of achieving this are summarised in Table 7 and Box 1, which represent two slightly differing views of prioritisation from a European and a North American source. In broad terms, the options fall into four main categories:

Purchasing more energy efficient devices;
Changing computing approaches;
[image: image5]Changing physical aspects such as layouts, power supply and cooling; and

Modular development.
Table 7:  Most Beneficial Data Centre Practices, According to the EU Code of Conduct on Energy Efficient Data Centres (Measures scoring 5, on a 1-5 scale) (European Commission Joint Research Centre 2008)
	Category
	Type
	Description

	Selection and Deployment of New IT Equipment
	Multiple tender for IT hardware - power
	Include the Energy efficiency performance of the IT device as a high priority decision factor in the tender process. This may be through the use of Energy Star or SPECPower type standard metrics or through application or deployment specific user metrics more closely aligned to the target environment which may include service level or reliability components. The power consumption of the device at the expected utilisation or applied workload should be considered in addition to peak performance per Watt figures.

	Deployment of New IT Services
	Deploy using Grid and Virtualisation technologies
	Processes should be put in place to require senior business approval for any new service that requires dedicated hardware and will not run on a resource sharing platform. This applies to servers, storage and networking aspects of the service.

	Management of Existing IT Eqt and Services
	Decommission unused services


	Completely decommission and switch off, preferably remove, the supporting hardware for unused services

	As above
	Virtualise and archive legacy services


	Servers which cannot be decommissioned for compliance or other reasons but which are not used on a regular basis should be virtualised and then the disk images archived to a low power media. These services can then be brought online when actually required

	As above
	Consolidation of existing services


	Existing services that do not achieve high utilisation of their hardware should be consolidated through the use of resource sharing technologies to improve the use of physical resources. This applies to servers, storage and networking devices.


	Category
	Type
	Description

	Air Flow Management and Design
	Design – Contained hot or cold air


	There are a number of design concepts whose basic intent is to contain and separate the cold air from the heated return air on the data floor;

• Hot aisle containment

• Cold aisle containment

• Contained rack supply, room return

• Room supply, Contained rack return

• Contained rack supply, Contained rack return

This action is expected for air cooled facilities over 1kW per square meter power density.

	Temperature and Humidity Settings
	Expanded IT eqt inlet environmental conditions (temp and humidity)
	Where appropriate and effective, Data Centres can be designed and operated within the air inlet temperature and relative humidity ranges of 5 to 40°C and 5 to 80% RH, non-condensing respectively, and under exceptional conditions up to +45°C. The current, relevant standard is ETSI EN 300 019, Class 3.1. 

	Free and Economised Cooling
	Direct Air Free Cooling 
	External air is used to cool the facility. Chiller systems are present to deal with humidity and high external temperatures if necessary. Exhaust air is re-circulated and mixed with intake air to avoid unnecessary humidification / dehumidification loads.

	As above
	Indirect Air Free Cooling
	Re circulated air within the facility is primarily passed through a heat exchanger against external air to remove heat to the atmosphere.

	As above
	Direct Water Free Cooling
	Condenser water chilled by the external ambient conditions is circulated within the chilled water circuit. This may be achieved by radiators or by evaporative assistance through spray onto the radiators.

	As above
	Indirect Water Free Cooling
	Condenser water is chilled by the external ambient conditions. A heat exchanger is used between the condenser and chilled water circuits. This may be achieved by radiators, evaporative assistance through spray onto the radiators or evaporative cooling in a cooling tower.

	As above
	Adsorptive Cooling
	Waste heat from power generation or other processes close to the data centre is used to power the cooling system in place of electricity, reducing overall energy demand. In such deployments adsorptive cooling can be effectively free cooling. This is frequently part of a Tri Gen combined cooling heat and power system.


3. Data Centre Solutions – Strategy

A strategic approach to data centre energy efficiency is required to ensure that the approaches adopted, and the equipment purchased, meets institutional needs in the most cost effective and sustainable way possible. Compared to personal computing, data centres involve ‘lumpier’ and larger scale investments, and so the scope for action will be constrained by circumstances. The key strategic moment is clearly when significant new investment is being planned, for there will be major opportunities to save money and energy consumption by doing the right thing.  
The key to effective action at this stage – and a definite help in others – is effective collaboration between IT and Estates because many of the key decisions are around physical layout of building, cooling and power supply, for which Estates are often ‘suppliers’ to IT customers. Unfortunately, communication – or mutual understanding – is not always good and special effort will be needed to try to achieve it. The SusteIT cases on Cardiff University and Queen Margaret University show that this can pay off – in the former case through a very energy efficient data centre, and in the latter through perhaps the most advanced application of thin client within the sector.

Three key topics then need to be considered:

Careful analysis of needs, to avoid over-provisioning;

Examination of alternative approaches, such as shared services and virtualisation; and

Overcoming barriers.
The traditional approach to designing data centres has been to try and anticipate future needs, add a generous margin to provide flexibility, and then build to this requirement. This has the major disadvantages of incurring capital and operating costs well in advance of actual need, and higher than necessary energy consumption because cooling and power supply is over-sized in the early years, and an inability to take advantage of technical progress. The EU Code of Conduct (EC Joint Research Centre 2008) and other experts (e.g. Newcombe 2008) therefore advocate more modular approaches, so that new batches of servers and associated equipment can be installed on an ‘as needs’ basis. Over-provisioning can also be avoided by careful examination of actual power requirements, rather than manufacturer’s claims. (Although on a few occasions, it may be that equipment actually uses more energy and so additional provision is required). 

One option which also needs to be considered today is whether some or all of planned data centres can either be outsourced to third party providers, or hosted within common data centres, in which several institutions share a single data centre which is under their control. This could be managed by the institutions themselves, but is more likely to be managed by a specialist supplier. The collaboration between the University of the West of Scotland and South Lanarkshire Council (who manage the shared centre) is one of the few examples in the sector but several feasibility studies have been done on additional projects (see below). The main SusteIT report discusses some of the potential sustainability advantages of such shared services (James and Hopkinson 2009a).  
Common data centres are made feasible by virtualisation, which breaks the link between applications and specific servers, and therefore makes it possible to locate the latter almost anywhere. The SusteIT survey found that 52% of respondents were adopting this to some degree, and it is important that the potential for it is fully considered (James and Hopkinson 2009c). The SusteIT case study on virtualisation of servers at Sheffield Hallam University demonstrates the large cost and energy savings that can be realised.
It is also important that all investment decisions are made on a total cost of ownership (TCO) basis, and that every effort is made to estimate the full costs of cooling, power supply and other support activities.

4. Data Centre Solutions - Purchasing More Energy Efficient Devices

There is a wide variation in energy efficiency between different servers. Hence, buying more energy efficient models can make a considerable difference to energy consumption. Three main options (which are not mutually exclusive) are available at present:

Servers which have been engineered for low power consumption through design, careful selection of components (e.g. ones able to run at relatively high temperatures), and other means;

‘Quad-core’ servers (i.e. ones containing four processors within the same chassis); and
‘Blade servers’,   

There is considerable disagreement on what constitutes an energy efficient server – or indeed what constitutes a server (Relph-Knight 2008). The debate has been stimulated by the US Environmental Protection Agency’s attempt to develop an Energy Star labeling scheme for servers. Once completed, this will also be adopted within the European Union, and could therefore be a useful tool in server procurement. However, there is debate about how effective it is likely to be, due to ‘watering down’ in response to supplier pressure (Relph-Knight 2008). 
As with cars, one problem is that manufacturer’s data on power ratings is often based on test conditions, rather than ‘real life’ circumstances. According to the independent Neal Nelson Benchmark Laboratory, in early 2008 the widely used SPECPower test had a small memory footprint, a low volume of context switches, simple network traffic and performed no physical disk Input/Output. Their own testing, based on what were said to be more realistic configurations, produced rather different figures and, in particular, found that ‘while some Quad-Core Intel Xeon based servers delivered up to 14 percent higher throughput, similarly configured Quad-Core AMD Opteron based servers consumed up to 41 percent less power’ (Neal Nelson 2008). A key reason is said to be the use of Fully Buffered memory modules in the Xeon, rather than DDR-II memory modules of AMD. (Note that Intel does dispute these findings, and previous ones from the same company) (Modine 2007). 
There is less disagreement on the energy efficiency benefits of both the AMD and Intel quad-core processors (i.e. four high capacity microprocessors on a single chip), compared to dual-core or single-core predecessors (Brownstein 2008). The benefits arise because the processors can share some circuitry; can operate at a lower voltage; and because less power is consumed sending signals outside the chip. These benefits are especially great when the processors also take advantage of dynamic frequency and voltage scaling, which automatically reduces clock speeds in line with computational demands (USEPA 2007b).
A more radical approach being introduced into commercial data centres is that of blade servers. These involve a single chassis providing some common features such as power supply and cooling fans to up to 20 ‘stripped down’ servers containing only a CPU, memory and a hard disk.  They can be either self-standing or rack mounted (in which case a chassis typically occupies one rack unit). Because the server modules share common power supplies, cooling fans and other components, blade servers require less power for given processing tasks than conventional servers, and also occupy less space. However, they have much greater power densities, and therefore require more intense cooling. One study estimates that the net effect can be a 10% lower power requirement for blade than conventional servers for the same processing tasks (Emerson 2007). 
The two stage interconnections involved in blade servers (from blade to chassis, and between the chassis’s themselves) mean that they are not suitable for activities such as high performance computing (HPC) which require low latency. Even in other cases, the higher initial cost arising from the specialist chassis, and the increased complexity of cooling, means that they may not have great cost or energy advantages over alternatives for many universities and colleges. Certainly, installations such as that at Cardiff University (see SusteIT case), have achieved similar advantages of high power density from quad core devices, whilst retaining the flexibility and other advantages of having discrete servers.   
5. Data Centre Solutions - Changing Computing Approaches

Within a given level of processing and storage demand, three broad approaches are available:

Energy proportional computing;

Consolidation of servers, through virtualisation and other means; and
More efficient data storage.

5.1 Energy Proportional Computing
As noted above, most current servers have a high power draw even when they are not being utilised. Increasing attention is now being paid to the objective of scaling server energy use in line with the amount of work done (Barroso & Holzle 2007; Hopper and Rice 2008). One means of achieving this is virtualisation (see below). Another is power management, with features such as variable fan speed control, processor powerdown and speed scaling having great potential to reduce energy costs, particularly for data centres that have large differences between peak and average utilisation rates. Emerson (2007) estimates that they can save up to 8% of total power consumption.
In practice, servers are often shipped with this feature disabled, and/or users themselves disable them because of concerns regarding response time (USEPA 2008). Software products, such as Verdiem, which enable network powerdown of servers, also have limited market penetration. This is certainly the case in UK universities and colleges, where we have found few examples of server power management occurring.

Different software can also have different energy consumption – as a result of varying demands on CPUs, memory etc. – and these may also be easier to quantify in future (although most differences are likely to be small compared with the range between normal use and powerdown) (Henderson and Dvorak 2008). 

5.2 Consolidation and Virtualisation of Servers

Server utilisation can be increased (and, therefore, the total number of servers required decreased) by consolidating applications onto fewer servers. This can be done by:

Running more applications on the same server (but all utilising the same operating system); and
Creating ‘virtual servers’, each with its own operating system, running completely independently of each other, on the same physical server.

Analyst figures suggest that in 2007 the proportion of companies using server virtualisation was as little as one in 10 (Courtney 2007). However, Gartner figures suggest that by 2009 the number of virtual machines deployed around the world will soar to over 4 million (Bangeman 2007).

Virtualisation has great potential, because it potentially allows all of a server’s operating capacity to be utilised. Basic’ virtualisation involves running a number of virtual servers on a single physical server. More advanced configurations treat an array of servers as a single resource and assign the virtual servers between them in a dynamic way to make use of available capacity.. However, virtualisation does require technical capacity, and is not suitable for every task, and may not therefore be suitable for every institution. Nonetheless, a number of institutions have applied it successfully, such as Sheffield Hallam University and Stockport College (see SusteIT cases). .
5.3 More Energy Efficient Storage

The amount of data stored is increasing almost exponentially, both globally, and within further and higher education. Much of this data is stored on disk drives and other devices which are permanently powered and, in many cases, require cooling, and therefore additional energy consumption. 

A study of data centres by the US Environment Protection Agency (2007) found that storage was around 4-5% of average ICT equipment-related consumption, but another report has argued that this an underestimate, and that 8-10% would be more accurate (Schulz 2007a). By one estimate, roughly two thirds of this energy is consumed by the storage media themselves (disk drives and their enclosures), and the other third in the controllers which transfer data in and out of storage arrays (Schulz 2008).
Three important means of minimising this consumption are:

Using storage more effectively;

Classifying data in terms of required availability (i.e. how rapidly does it need to be accessed?); and

Minimising the total amount of data stored.

Taking these actions can also create other benefits, such as faster operation, deferring hardware and software upgrades, and less exposure during RAID rebuilds due to faster copy times (Schulz 2007b).

NetApp claims that the average enterprise uses only 75-80% of its storage capacity (Cohen, Oren and Maheras 2008). More effective utilisation can reduce capital and operating expenditure, and energy consumption. The data centre can be also be configured so that data can be transferred directly to storage media without using a network, thereby avoiding energy consumption in routers, and bypassing network delays (Hengst 2007).

Storage in data centres typically involves storing data on a Random Array of Independent Disks (RAID). If data on one disk cannot be read, it can be easily be retrieved from others and copied elsewhere. However, this approach has relatively high energy consumption because disks are constantly spinning, and also because they are seldom filled to capacity. MAID (Massive Array of Idle Disks) systems can reduce this consumption by dividing data according to speed of response criteria, and powering down or switching off disks containing those where rapid response is not required. Vendors claim that this can reduce energy consumption by 50% or more (Schulz 2008). Even greater savings can be obtained when infrequently accessed data is archived onto tapes and other media which require no energy to keep. Achieving this requires a more structured approach to information life cycle management, which involves classifying data by required longevity (i.e. when can it be deleted?), and availability requirements (i.e. how rapidly does it need to be accessed?).

Most university data centres also have storage requirements many times greater than the core data they hold. Different versions of the same file are often stored at multiple locations. As an example, a database will typically require storage for its maximum capacity, even though it has often not reached this. Different versions of the database will often stored for different purposes, such as the live application and testing. At any point in time, each database will often exist in multiple versions (the live version; a on-line backup version; and one or more archived versions within the data centre, and possibly others utilised elsewhere). Over time, many legacy versions – and possibly duplicates, if the data is used by a variety of users – can also accumulate. In this way, one TeraByte (TB) of original data can easily swell to 15-20TB of required storage capacity. In most cases, this is not for any essential reason. Hence, there is the potential for data deduplication by holding a single reference copy, with multiple pointers to it (Schulz 2007a). Some storage servers offer this as a feature, e.g. Netapp. The University of Sheffield has used this and other means to achieve deduplication, with 20-90% savings, depending on the type of data (Cartledge 2008b). (Generally, savings have been at the lower end of the spectrum). 

6. Data Centre Solutions - More Efficient Cooling and Power Supply
There are five broad kinds of cooling and power supply measure which can be adopted within data centres:

More effective cooling;
Adopting more energy efficient means of power supply;

Reducing ancillary energy;

Better monitoring and control; and

New sources of energy inputs.

6.1 More Effective Cooling
Cooling issues are discussed in a separate SusteIT paper (Newcombe 2008 – prepared in association with Grid Computing Now!), and so are discussed only briefly here.
6.1.1 More effective air cooling
The conventional method of cooling servers and other equipment in dedicated data centres is by chilling air in computer room air conditioning (CRAC) units and blowing it over them. Three major (and often inter-related) sources of energy inefficiency associated with these methods are:

Mixing of incoming cooled air with warmer air (which requires input temperatures to be lower than otherwise necessary to compensate);

Dispersal of cooled air beyond the equipment that actually needs to be cooled; and

Over-cooling of some equipment because cooling units deliver a constant volume of air flow, which is sized to match the maximum calculated cooling load - as this occurs seldom, if ever, much of the cool air supplied is wasted.
Anecdotal evidence also suggests that relatively crude approaches to air cooling can also result in higher failure rates of equipment at the top of racks (where cooling needs are greater because hot air rises from lower units).  

These problems can be overcome by:

Better separation of cooled and hot air by changing layouts (in a simple way through hot aisle/cold aisle layouts, and in a more complex way by sealing of floors and containment of servers), and by air management (e.g. raised plenums for intake air, and ceiling vents or fans) to draw hot air away; 

Reducing areas to be cooled by concentrating servers, and by using blanking panels to cover empty spaces in racks; and
Matching cooling to load more effectively through use of supplemental cooling units, and/or variable flow capability.

Supplemental cooling units can be mounted above or alongside equipment racks, and bring cooling closer to the source of heat, reducing the fan power required to move air. They also use more efficient heat exchangers and deliver only sensible cooling, which is ideal for the dry heat generated by electronic equipment. Refrigerant is delivered to the supplemental cooling modules through an overhead piping system, which, once installed, allows cooling modules to be easily added or relocated as the environment changes.

Air flow can also be reduced through new designs of air compressor and/or variable frequency fan motors which are controlled by thermal sensors within server racks. Variable drive fans can be especially beneficial as a 20% reduction in fan speed can reduce energy requirements by up to 50%, giving a payback of less than a year when they replace existing fans.
Minimising fan power in these and other ways has a double benefit because it both reduces electricity consumption, and also reduces the generation of heat so that the cooling system has to work less hard. 

Computational fluid dynamics (CFD) can also assist these measures by modeling air flows to identify inefficiencies and optimal configurations (Chandrakant et al 2001). 

6.1.2 Adopting ‘free’ cooling

Free cooling occurs when the external ambient air temperature is below the temperature required for cooling – which for most UK data centres, is the case for most nights, and many days, during autumn, winter and spring. There is therefore the potential to either switch conventional refrigeration equipment off, or to run it at lower loads, during these periods.  

Cooler ambient air can be transferred directly into the data centre, but, even with filtration, this may create problems from dust or other contamination. The two main alternatives are ‘air side economisers’ and ‘water side economisers’. In the former, heat wheels or other kinds of exchanger transfer ‘coolth’ from ambient air into internal air. In the latter, ambient air is used to cool water, rather than circulating it through chillers. The SusteIT case study of the HECTOR facility at the University of Edinburgh provides an example of this (see box 2).   

Free cooling is especially effective when it is combined with an expanded temperature range for operation. BT now allow their 250 or so sites top operate within a range of 5 and 40 degrees Celsius (compared to a more typical 20-24 degrees Celsius). This has reduced refrigeration operational costs by 85%, with the result that they have less that 40% of the total energy demand of a tier 3 data centre, with similar or greater reliability (O’Donnell 2007). Although there remains considerable concern amongst smaller operators about the reliability of such approaches, they are being encouraged by changes in standards, e.g. the TC9.9 standard of ASHRAE (a US body) which increases operating bands for temperature and humidity. 
6.1.3 Using alternative cooling media 

Air is a relatively poor heat transfer medium. Water is much more effective, so its use for cooling can greatly reduce energy consumption. Chilled water is used to cool air in many CRAC units but it can also be used more directly, in the form of a sealed chilled water circuit built into server racks. As the SusteIT case study on Cardiff University shows, this can provide considerable energy efficiency benefits over conventional approaches. A less common, and more complex - but potentially more energy efficient (as it can be operated at 140C, rather than the 8oC which is normal with chilled water) - is use of carbon dioxide as a cooling medium, as has been adopted in Imperial College (Trox 2006). 

6.2 More Energy Efficient Power Supply

In 2005 the USEPA estimated the average efficiency of installed server power supplies at 72% (quoted in Emerson 2007). However 90% efficient power supplies are available, which could reduce power draw within a data centre by 11% (Emerson 2007).

Most data centres use a type of UPS called a double-conversion system which convert incoming power to DC and then back to AC within the UPS. This effectively isolates IT equipment from the power source. Most UK UPSs have a 415V three-phase output which is converted to 240V single-phase AC input directly to the server. This avoids the losses associated with the typical US system of stepping down 480V UPS outputs to 208V inputs.

Energy efficiency could be further increased if servers could use DC power directly, thereby avoiding the need for transformation of UPS inputs into AC. BT, the largest data centre company in Europe, does this in its facilities, and have evidence that the mean time between failure (MTBF) of their sites is in excess of 10,000 years (better than tier 4) and energy consumption has dropped by 15% as a result (O’Donnell 2007). However, there are few suppliers of the necessary equipment at present, and so no universities or colleges use this method.



6.3 Reducing Ancillary Energy
Using remote keyboard/video/mouse (KVM) units can reduce the amount of electricity used in these applications, especially monitors (GoodCleanTech 2008). Inefficient lighting also raises the temperature in the server room, making the cooling systems work harder to compensate. Using energy-efficient lights, or motion-sensitive lights that won’t come on until needed, can cut down power consumption and costs (Hengst 2007).
6.4 Better Monitoring and Control

One of the consequences of rising equipment densities has been increased diversity within the data center. Rack densities are rarely uniform across a facility and this can create cooling inefficiencies if monitoring and optimization is not implemented. Room cooling units on one side of a facility may be humidifying the environment based on local conditions while units on the opposite side of the facility are dehumidifying. Rack level monitoring and control systems can track – and respond locally to – spot overheating or humidity issues rather than providing additional cooling to the entire data center (Worrall 2008).
6.5 New Sources of Energy Inputs

There are several synergies between data centres and renewable or low carbon energy sources. A considerable proportion of data centre capital cost is concerned with protection against grid failures. Some of this expenditure could be avoided by on-site generation. Indeed, both Google and Microsoft are said to be seeking 100% renewable energy sourcing, and technical developments in a number of areas such as fuel cells, trigeneration (when an energy centre produces cooling, electricity and heat from the same fuel source) and ground source heat pumps are enabling this (Denegri 2008). Hopper and Rice (2008) have also proposed a new kind of data centre, co-located with renewable energy sources such as wind turbines, which act as a ‘virtual battery’. They would undertake flexible computing tasks, which could be aligned with energy production, increasing when this was high and decreasing when it was low.
Data centres also have affinities with combined heat and power (CHP), which – although usually fossil fuelled, by natural gas – is lower carbon than conventional electricity and heat production. This is partly because of the reliability effects of on-site generation, but also because many CHP plants discharge waste water at sufficiently high temperatures to be used in absorption chillers to provide cold water for cooling. This ‘trigeneration’ can replace conventional chillers, and therefore reduce cooling energy consumption considerably,    



7. Networking Issues
As noted above, routers and other equipment connected with networks account for around 8% of ICT-related electricity consumption at the University of Sheffield. In addition, there will be additional energy consumption related to Sheffield’s use of the national JANET network. Generally speaking, network-related energy and environmental issues have received less attention than those with regard to computing and printing but it is clear that there is considerable scope for improvement (Baliga et al 2008; Ceuppens, Kharitonov and Sardella 2008). A new energy efficiency metric has also been launched for routers in the US (ECR 2008). 
7.1 The Environmental Impacts of VOIP Telephony
One network-related issue of growing importance in universities and colleges is Internet Protocol (IP) telephony, Conventional telephony involves dedicated circuits. Its phones operate on low power typically about 2W) and, whilst telephone exchange equipment consumes large amounts of energy, this has been reduced through decades of improvement. By contrast, IP telephony, which uses the Internet (and therefore a variety of different circuits) to transmit calls, can be more energy intensive, when based on specialized phones.
 These have relatively high power ratings (often 12W or higher), largely because they contain microprocessors. It has been estimated that on a simple per-phone basis, running IP telephony requires roughly 30% to 40% more power than conventional phones (Hickey 2007). In institutions, their energy is usually supplied by a special ‘Power over Ethernet’ (PoE) network which operates at higher ratings than conventional networks, and which has therefore has greater energy losses through heating as a result of resistance. The current PoE standard has roughly 15W per cable, and a proposed new standard could increase this to 45-50W watts (Hickey 2007). The volume of calls also increases data centre energy usage, both within the institution, and at those of its IP telephony supplier, which – as discussed above – is relatively energy intensive. Overall, therefore, installing an IP telephone system as the main user of as PoE network in a university or college is likely to increase electricity consumption. 
As noted, the energy consumption of IP telephony can be reduced by making maximum use of ‘softphones’, i.e. simple, low power, handheld devices which connect to a computer, which in turn undertakes call processing activities. However, care is needed as the connections on a PC can a) interfere with power management, and b) potentially result in the PC being switched on, or in active mode, more than would otherwise be the case. Waste can also be minimised by adapting some conventional phones for VOIP use (CItel undated). This can avoid the need to replace wiring, and to operate PoE. 
The relative impacts of PoE can also be reduced if its full potential to replace mains power for some other devices is adopted (Global Action Plan 2007). The energy overheads can also be shared with other applications, such as ‘intelligent’ building services (see main report). 

7.2 Wiring and Cabling

Even a small university will have hundreds, possibly thousands, of miles of wires and cables to transmit data between, or supply power to, devices. Although often over-looked, this electrical and electronic nervous system has a number of environmental impacts.

Several impacts arise from their bulk, which can be considerable, especially for high capacity data transmission (Category 6) or power supply cable. An IT-intensive university building, e.g. one containing a data centre, may well have sheaths of Category 6 cables with a cross section of several square metres, for example. As well as consuming considerable amounts of energy-intensive resources (mainly copper and plastics), and generating heat, these can reduce the efficiency of cooling and ventilation if they are located in ways which disrupt air flows.

Poorly organised wiring and cabling can also make it difficult to reconfigure facilities, or to troubleshoot problems. This can make it more difficult to introduce some of the cooling approaches identified in section 6.1, and also result in considerable downtime, thereby reducing overall operational (and therefore energy) efficiency of the infrastructure. Structured wiring solutions, which provide common backbones for all connections, and route them in systematic ways, can reduce these problems, and are therefore an important element of sustainable IT.

8. Conclusions 
It is clear that there are many proven technical options to make data centres much more energy efficient than is currently the norm. However, a crucial requirement to achieving this will be effective collaboration between Estates and IT departments, as cooling and power issues clearly involve both.

In the longer term, there is real potential to achieve ‘zero carbon’ data centres. Indeed, this may be required anyway in a few years. The UK Greening Government IT initiative requires zero carbon in Government offices – and therefore in ICT and, in many cases, data centres – by 2012 (Cabinet Office 2008). The Welsh Assembly Government also requires all publicly funded new developments in Wales to be ‘zero carbon’ from 2011. Hence, a goal of zero carbon data centres could be a question more of bringing the inevitable forward, than of radical trailblazing. 

Zero carbon data centres would fit well with the drive for more shared services within ICT. The greater freedom of location which could result from this could enable optimal siting for renewable energy and other relevant technologies such as tri-generation and underground thermal storage, thereby achieving zero carbon targets in an exemplary fashion without excessive rises in capital cost. 

Bibliography

Bangeman, E., 2007. Gartner: Virtualization to rule server room by 2010. ARS Technica, 8 May 2007. [Online] Available at: http://arstechnica.com/news.ars/post/20070508-gartner-virtualization-to-rule-server-room-by-2010.html [Accessed 28 July 2008].

Barroso, L. and Holzle, U., 2007. The Case for Energy-Proportional Computing, IEEE Compute,r December 2007. [Online] Available at: http://www.barroso.org/publications/ieee_computer07.pdf [Accessed 31 December 2008].

Brownstein, M., 2008. Tips for Buying Green. Processor, Vol.30 Issue 3, 18 January 2008. [Online] Available at: http://www.processor.com/editorial/article.asp?article=articles%2Fp3003%2F22p03%2F22p03.asp [Accessed 1 October 2008]. 

Cabinet Office, 2008. Greening Government ICT.  [Online] London. Available at: http://www.cabinetoffice.gov.uk/~/media/assets/www.cabinetoffice.gov.uk/publications/reports/greening_government/greening_government_ict%20pdf.ashx. [Accessed 28 July 2008].

Cartledge, C., 2008a. Sheffield ICT Footprint Commentary. Report for SusteIT. [Online] Available at: http://www.susteit.org.uk (under tools). [Accessed 20 November 2008].

Cartledge, C. 2008b. Personal Communication between Chris Cartledge, formerly University of Sheffield and Peter James,  23 November 2008. 
Ceuppens, L., Kharitonov, D., and Sardella, A., 2008. Power saving Strategies and Technologies in Network. Equipment Opportunities and Challenges, Risk and Rewards. SAINT 2008. International Symposium on Applications and the Internet, July 28 - Aug. 1, 2008.
Chandrakant D. Patel, Cullen E. Bash, Belady C., Stahl, L., Sullivan D., 2001.  Computational Fluid Dynamics Modeling of High Compute Density Data Centers to Assure System Inlet Air Specifications. Reprinted from the proceedings of the Pacific Rim ASME International Electronic Packaging Technical Conference and Exhibition (IPACK 2001). Available at:  http://www.hpl.hp.com/research/papers/power.html [Accessed 20 November 2008].
Cohen, S., Oren, G., and Maheras G.,2008. Empowering IT to Optimize Storage Capacity Management . NetApp White Paper. November 2008. [Online] Available at: http://media.netapp.com/documents/wp-7060-empowering-it.pdf [Accessed 31 December 2008].

Citel, undated. 5 steps to a green VOIP migration. [Online] Available at: http://www.citel.com/Products/Resources/White_Papers/5_steps.asp [Accessed 5 June 2008].
Climate Group, 2008. Smart 2020 – Enabling the Low Carbon Economy in the Information Age. Global eSustainability Initiative. http://www.theclimategroup.org/assets/resources/publications/Smart2020Report.pdf  [Accessed 1 August 2008].

Courtney, M., 2007. Can server virtualisation gain wider appeal? IT Week, 27 Nov 2007. Available at: http://www.computing.co.uk/itweek/comment/2204371/virtualisation-gain-wider-3669688 [Accessed 21 July 2008].

Energy Consumption Rating (ECR) Initative, 2008. Energy Efficiency for Network Equipment: Two Steps Beyond Greenwashing.[Online] Available at: http://www.ecrinitiative.org/pdfs/ECR_-_TSBG_1_0.pdf [Accessed 1 December 2008].
Emerson, 2007. Energy Logic, Reducing Data Center Energy Consumption by Creating Savings that Cascade Across Systems. Available at: http://www.liebert.com/common/ViewDocument.aspx?id=880 [Accessed 5 June 2008].
European Commission Joint Research Centre, 2008. Code of Conduct on Data Centres Energy Efficiency, Version 1.0. 30 October 2008. [Online] Available at: http://sunbird.jrc.it/energyefficiency/html/standby_initiative_data%20centers.htm [Accessed 10 November 2008].

Fichera, R., 2006. Power And Cooling Heat Up The Data Center, Forrester Research, 8 March 2006.
Fujitsu Siemens Computers and Knürr, 2007. Energy Efficient Infrastructures for Data Centers. [Online] White Paper. July 2007. Available at: http://sp.fujitsu-siemens.com/dmsp/docs/wp_energy_efficiency_knuerr_fsc.pdf [Accessed 23 June 2008].

Global Action Plan, 2007. An Inefficient Truth. December 2007. Available at: http://www.globalactionplan.org.uk/event_detail.aspx?eid=2696e0e0-28fe-4121-bd36-3670c02eda49 [Accessed 23 June 2008].

GoodCleanTech, 2008. Five Green IT Tips for Network Admins. Posted by Steven Volynets, 24 July 2008. [Online] Available at: http://www.goodcleantech.com/2008/07/kvm_firm_offers_green_it_tips.php [Accessed 5 November 2008].
Gralla, P. 2009. ‘Energy Star for Servers: Not Nearly Good Enough’, Greener Computing, 21 May 2009. [Online] Available at: http://www.greenercomputing.com/blog/2009/05/21/energy-star-servers-not-nearly-good-enough [Accessed 27 May 2009].
Greenberg, S., Mills, E., Tschudi, B., Rumsey, P., and Myatt. B., 2006. Best Practices for Data Centers: Lessons Learned from Benchmarking 22 Data Centers. Proceedings of the ACEEE Summer Study on Energy Efficiency in Buildings in Asilomar, CA. ACEEE, August. Vol 3, pp 76-87. [Online] Available at: http://eetd.lbl.gov/emills/PUBS/PDF/ACEEE-datacenters.pdf. [Accessed 5 November 2008].
Greener Computing 2008. New Data Center from ADC to Earn LEED Platinum Certification. 5 August 2008. [Online] Available at: http://www.greenercomputing.com/news/2008/08/05/adc-data-center-leed-platinum  [Accessed 31 October 2008].
Green Grid 2009. See www.greengrid.org.

Henderson, T. & Dvorak, R., 2008. Linux captures the 'green' flag, beats Windows 2008 power-saving measures. Network World, 6 September 2008. [Online] Available at: www.networkworld.com/research/2008/060908-green-windows-linux.html [Accessed October 2008].

Hengst, A., 2007. Top 10 Ways to Improve Power Performance in Your Datacenter. 4 October 2007. Available at: http://www.itmanagement.com/features/improve-power-performance-datacenter-100407/ [Accessed 23 June 2008].
Hickey, A., R., 2007, Power over Ethernet power consumption: The hidden costs.  20 March 2007. [Online] Article for TechTarget ANZ. Available at: http://www.searchvoip.com.au/topics/article.asp?DocID=1248152 [Accessed 21 October 2008].

Hills, M. 2007. London's data-centre shortage. ZD Net 18 May 2007. [Online] Available at http://resources.zdnet.co.uk/articles/comment/0,1000002985,39287139,00.htm [Accessed 29 July 2008].
Hopper, A. and Rice, A., 2008. Computing for the Future of the Planet. Philosophical Transactions of the Royal Society, A 366(1881):3685–3697. [Online] Available at: http://www.cl.cam.ac.uk/research/dtg/publications/public/acr31/hopper-rs.pdf [accessed 29 October 2008].
IBM Global Technology Services, 2007. ‘Green IT’: the next burning issue for business. January 2007. Available at: http://www-935.ibm.com/services/uk/igs/pdf/greenit_pov_final_0107.pdf [A 18 May2008].
James, P. and Hopkinson, L., 2009a. Sustainable ICT in Further and Higher Education - A Report for the Joint Information Services Committee (JISC). [Online] Available at: www.susteit.org.uk [Accessed 31 January 2009].
James, P. and Hopkinson, L., 2009b. Energy and Environmental Impacts of Personal Computing.  A Best Practice Review prepared for the Joint Information Services Committee (JISC). [Online] Available at: www.susteit.org.uk [Accessed 27 May 2008].James, P. and Hopkinson, L., 2009c. Energy Efficient Printing and Imaging in Further and Higher Education. A Best Practice Review prepared for the  Joint Information Services Committee (JISC). [Online] Available at: www.susteit.org.uk [Accessed 29 May 2009].

James, P. and Hopkinson, L., 2009c. Results of the 2008 SusteIT Survey. A Best Practice Review prepared for the Joint Information Services Committee (JISC). January 2008 [Online]. Available at: www.susteit.org.uk [Accessed 22 May 2009].
Koomey, J., G., 2007, Estimating Total Power Consumption by Servers in the US and the World.  February 2007.  [Online] Available at: http://enterprise.amd.com/Downloads/svrpwrusecompletefinal.pdf [Accessed 23 June 2008].

Lawrence Berkeley Laboratories, undated. Data Center Energy Management Best Practices Checklist. [Online] Available at:  http://hightech.lbl.gov/DCTraining/Best-Practices.html [Accessed 21 October 2008].
Modine, A. 2007. Researchers: AMD less power-hungry than Intel. The Register, 31 August 2007, [Online] Available at: http://www.theregister.co.uk/2007/08/31/neal_nelson_associates_claim_amd_beats_intel/ [Accessed 30 July 2008].

Neal Nelson and Associates, 2008. AMD Beats Intel in Quad Core Server Power Efficiency. Online White Paper. [Online] Available at: http://www.worlds-fastest.com/wfz986.html [Accessed July 30 2008].
Newcombe L., 2008. Data Centre Cooling. A report for SusteIT by Grid Computing Now!, October 2008. [Online] Available at http://www.susteit.org.uk [Accessed 22 May 2009].
O’Donnell, S., 2007. The 21st Century Data Centre. Presentation at the seminar, Information Age, Eco Responsibility in IT 07, London, 8 November 2007. [Online] Available at: http://www.information-age.com/__data/assets/pdf_file/0005/184649/Steve_O_Donnell_presentation_-_ER_07.pdf [Accessed 23 April 2008].

Relph-Knight, T. 2008. ‘AMD and Intel differ on Energy Star server specifications’, Heise Online, June 28 2008. Available at http://www.heise-online.co.uk/news/AMD-and-Intel-differ-on-Energy-Star-server-specifications--/111011 [Accessed: July 30 2008].
Schulz, G., 2007a. Business Benefits of Data Footprint Reduction, StorageIO Group, 15 July 2007. Available at http://www.storageio.com/Reports/StorageIO_WP_071507.pdf [Accessed 5 August 2008].
Schulz, G., 2007b. Analysis of EPA Report to Congress, StorageIO Group, 14 August 2007. Available at http://www.storageio.com/Reports/StorageIO_WP_EPA_Report_Aug1407.pdf [Accessed 5 August 2008].
Schulz, G., 2008. Maid 2.0 – Energy Savings Without Performance Compromises, StorageIO Group, 2 January 2008. Available at http://www.storageio.com/Reports/StorageIO_WP_Dec11_2007.pdf [Accessed 5 August 2008].
Trox 2006. Project Imperial College London.  http://www.troxaitcs.com/aitcs/service/download_center/structure/technical_documents/imperial_college.pdf [Accessed 5 August 2008].
US Environment Protection Agency (USEPA), 2007a. ENERGY STAR® Specification Framework for Enterprise Computer Servers. [Online] Available at: http://www.energystar.gov/index.cfm?c=new_specs.enterprise_servers [Accessed 23 June 2008].

US Environment Protection Agency (USEPA), 2007b.  Report to Congress on Server and Data Center Energy Efficiency. August 2007. [Online] Available at: http://www.energystar.gov/index.cfm?c=prod_development.server_efficiency_study [Accessed 23 June 2008].

US Environment Protection Agency (USEPA), 2008. US Environmental Protection Agency, ENERGY STAR Server Stakeholder Meeting Discussion Guide, July 9, 2008. [Online] Available at http://www.energystar.gov/ia/partners/prod_development/new_specs/downloads/Server_Discussion_Doc_Final.pdf [Accessed 30 July 2008].

US Environmental Protection Agency (USEPA), 2009a. ENERGY STAR® Program Requirements for Computer Servers, 15 May 2009. [Online] Available at http://www.energystar.gov/ia/partners/product_specs/program_reqs/computer_server_prog_req.pdf [Accessed 22 May 2009].

US Environmental Protection Agency (USEPA), 2009b. EPA Memo to Stakeholders, 15 May 2009. [Online] Available at: http://www.energystar.gov/index.cfm?c=new_specs.enterprise_servers [Accessed 22 May 2009].
Worrall, B., A Green Budget Line. Forbes, 28 July 2008. [Online] Available at: http://www.forbes.com/technology/2008/07/27/sun-energy-crisis-tech-cio-cx_rw_0728sun.html [Accessed 5 August 2008]




Box 1 - Reducing Energy Consumption Data Centres – A Supplier View


Emerson suggest that applying the 10 best practice technologies to data centres – ideally in sequence - can reduce power consumption by half, and create other benefits. These technologies are:


1. Low power processors


2. High-efficiency power supplies


3. Power management software


4. Blade servers


5. Server virtualisation


6. 415V AC power distribution (NB More relevant to the USA than the UK)


7. Cooling best practices (e.g. hot/cold aisle rack arrangements)


8. Variable capacity cooling: variable speed fan drives


9. Supplemental cooling


10. Monitoring and optimisation: cooling units work as a team.





Box 2 - Free Cooling at the University of Edinburgh


The Hector supercomputing facility (High End Computing Terascale Resources) generates 18kW of heat per rack. Free cooling is used for around 72% of the year, and provides all the cooling needed for about 9% of the year. This has reduced energy consumption, by 26% annually. Further reductions have come from full containment of the racks so that cooled supply air cannot mix with warmer room or exhaust air, and maximum use of variable speed drives on most pumps and fans.  At early 2008 prices, the measures created annual savings of £453,953 compared to an older equivalent facility (see the short and long SusteIT case studies).





Box 4 - The World’s Greenest Data Centre?


The Advanced Data Centers (ADC) facility, on an old air base near Sacramento, combines green construction with green computing (Greener Computing 2008). The building itself has provisionally gained the highest, Platinum, rating of the U.S. Green Building Council’s Leadership in Energy and Environmental Design (LEED) scheme (the rough equivalent of BREEAM Excellent in the UK). Key factors included reuse of a brownfield site, and high use of sustainable materials and recycled water. Computing energy consumption has been reduced by ‘free cooling’ (using ambient air to cool the ventilation air stream, rather than chillers) for 75% of the year; pressurising cool aisles and venting hot aisles to minimize air mixing; using 97% energy efficient universal power supply (UPS) units; and rotating them in and out of the cooled space so that, when warm after prolonged use, they do not create additional load for the data centre cooling system.





Box 3 - Measuring and Benchmarking Server and Data Centre Efficiency


The new Energy Star scheme for enterprise servers covers features such as efficiency of power supply; power management; capabilities to measure real time power use, processor utilization, and air temperature; and provision of a power and performance data sheet The US Environmental Protection Agency claims that it will raise efficiency by around 30% compared to the current average(US EPA 2009a). However, it has been criticised for ignoring blade servers, and for only measuring power consumption during the idle stage (Gralla 2009). However, a forthcoming Tier 2 is expected to set benchmarks for the performance of a server across the entire server load (USEPA 2009b). In parallel the Standard Performance Evaluation Corp. (SPEC), a nonprofit organisation, is developing its own benchmarks for server energy consumption (SPEC undated). These may form the basis for a Tier 2 Energy Star (Wu 2008). 


The Green Grid (2009) has also published several metrics, including the Power Usage Effectiveness (PUE) index. This divides the centre’s total power consumption (i.e. including cooling and power supply losses) with the power consumed within ICT equipment. Measurements of 22 data centres by Lawrence Berkeley National Laboratory found PUE values of 1.3 to 3.0 (Greenberg, Mills, Tschudi, Rumsey, and Myatt 2006). A recent study has argued that 1.2 or better now represents ‘state of the art’ (Accenture 2008). The new ADC facility near Sacramento – said to be the greenest data centre in the US, if not the world – achieved 1.12 (see box 4).


The European Union (EU) has also developed a Code of Conduct for Energy Efficient Data Centres (European Commission Joint Research Centre 2008). It identifies a range of best practice measures, and assigns each with a score (see Table 5 for the measures which score highest). The EU also automatically adopts US Energy Star standards so that the anticipated Energy Star scheme for servers (see above) will be applicable in the UK (European Union 2003).











� IP Telephony is also known as Internet telephony, Broadband telephony, Broadband Phone and Voice over Broadband and Voice over Internet Protocol (VOIP).


� Data wiring and cabling is categorised by its transmission speed, with the lowest, Category 1, being used for standard telephone or doorbell type connections, and the highest, Category 6, being used for very high capacity connections, such as are required in data centres or for high performance computing.






