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Saving power and space in the data centre at Cardiff University
· Total cost of ownership significantly reduced
· New technology allowed twice as many servers in less space
· More efficient processors, cooling and power systems

Dave Berry, Grid Computing Now! and Peter James, SusteIT

12 August 2008
In 2004, Cardiff University faced a problem familiar to many organisations.  They had money to invest in new computing equipment but were struggling to find space to put it on their crowded campus.  When a proposal to a national higher education scheme to fund new high-performance computing (HPC) installations was successful, requiring event more space, they realised that a new approach was needed.  Hugh Beedie, their Chief Technology Officer (CTO), decided that instead of finding even more space, they would increase the density of servers instead.

Hugh was also active in the university’s sustainability programme.  Looking at the university’s existing machine rooms, he realised that their design was severely out of date. Badly designed data centres and machine halls can spend as much energy on air conditioning units as on the computers themselves and a similar amount on uninterruptible power supplies.  A typical bad example will use air conditioning to cool the entire room, regardless of how much of it is actually used; the air will be cooled to a lower temperature than necessary; and there will be no control of the air flow around the room, thus allowing hot waste air to heat the cool air before it reaches the equipment it is supposed to be cooling.  This bad design may be compounded by out-of-date and inefficient equipment, fixed speed fans, and many other design flaws that increase the total running cost.

Hugh realised that achieving a state of the art centre required good suppliers, who could provide both energy efficient design and equipment, and the commitment to make it work in practice.  He therefore established two separate tender processes – one for computing (eventually won by Bull), and the other for infrastructure (won by Comtec), so that Cardiff could have more direct influence on cooling and power supply decisions. (N.B. The national programme also had general tender conditions which were co-ordinated by Heriot-Watt University).

The computing tender required the vendors to supply server racks of the specified density and to commit to the power consumption of the equipment.  The tender allowed a markup for the power required to run the air conditioning and UPS units based on those achieved in modern commercial centres.  It specified that 65% of the evaluation would be based on ‘Value for Money’.  Hugh noted that “Specifying the major evaluation criteria in clear, objective terms helps both suppliers and customers.  In this case, ‘Value for Money’ was defined as the value of the system as measured by specific application benchmarks, divided by the total cost of ownership of the solution, taking into account all costs, including equipment, space, environment and electricity over a four year period.

The timing of the tender was also important.  Hugh decided to wait until quad-core processors were available from both Intel and AMD.  These are chips that effectively include four processing units on each chip, which immediately gives a head start in achieving a high density of servers.  His team then measured the power consumption of each available processor under typical workloads, so that they could judge tenders accurately.

The winning bid used 80W quad-core Intel chips.  Intel also supply a faster 120W chip but the gain in performance was judged not to merit the £20K annual increase in power consumption.  The CPUs were mounted in half-size boards, with two boards sharing a power supply and fan.  This arrangement increases the efficiency of the power supply and fan as well as reducing the space required.  Each 1U of rack space therefore contains two servers, each with two quad-core processors and 2G of RAM per core, for a total of 16 cores and 32G of RAM.  A total of 256 servers were installed in 6 racks. This allowed for subsequent expansion within those racks once the cooling capabilities of the new system became clearer.

Bull was asked either to work with the Comtec infrastructure solution, or to revise its own to provide an equivalent of equal or better efficiency.  It chose the former.  This involved water cooling using fully enclosed rack modules supplied by a sub-contractor, APC.  The hot air generated by the servers is extracted from the contained air space, cooled by units that are fed with chilled water, and then returned to the room. The extraction units use variable speed fans that are controlled by the air temperature entering the racks. This reduces energy requirements by avoiding mixing of warm and cold air, by cooling only the computers instead of all the air in the entire room, and reducing fan speeds when cooling demand is lower.  This method also ensures uniform cooling from top to bottom of all of the racks, thus reducing over-cooling. 

The chilled water is supplied by three energy efficient chiller units which make use of ‘free cooling’ (using ambient air to cool the chilled water supply rather the chillers themselves when temperatures permit).  Free cooling enabled installations are eligible for VAT reduction under the government’s Energy Technology List (see www.eca.gov.uk).  It is estimated that the facility will be able to use all free cooling for around 12% of the year, and some free cooling for a further 50%.  The energy efficiency of the cooling system is further increased by use of variable speed drives in fans and pumps, so they are working efficiently even at low load.  In total, these measures are creating an annual cost saving of £50K per year compared with more conventional approaches.

Two concerns drove the selection of uninterruptible power supply units.  First, large UPS’s are more efficient than smaller ones.  Second, modular UPS’s can be configured to match the amount of IT equipment actually in the room, instead of being built to cope with the maximum expected requirement.  So Cardiff’s new centre has large, modular UPS’s installed, which delivers an estimated saving of £20k per year over smaller UPS systems.

Even the transformer was selected according to the total cost of ownership.  A low loss high voltage 600kVA transformer cost 10% more, but returns that investment in only one month. 

The Cardiff tender required full power metering at the servers, at the UPS's and at the main power board.  This enables the operators to see the power usage of each step of the chain.  What is particularly interesting is that one of the projects housed in the new machine hall is a mirror site for an existing installation elsewhere on campus.  Cardiff are also putting equivalent metering in this existing machine room, which will allow comparisons of the two approaches in the same campus.  This means that instead of relying on up-front calculations, they will be able to measure just how much power has been saved by the new approach.

This entire infrastructure is managed through a single control package, which has a common web interface for monitoring and management of fans and pumps, UPS, server PSUs and CCTV.

The new system is now installed and running.   The 165m2 of the new machine room contains 512 quad core processors and 100TB storage for HPS, as well as a number of blade servers with associated disk and tape storage for the second project.  Hugh is pleased with its performance.  The new supercomputer has performed well in benchmarking tests, consistently meeting the acceptance test targets.

The space savings from the new approach also mean that there is room to double the current number of racks.  To make this easier about £10,000 of additional capital expenditure was made to install spare pipework and connections. This should enable expansion to take place without minimal disruption to the existing activities.   

Many of the approaches adopted by Cardiff will be required practices under the EU Code for Conduct for data centres.  This will specify many practices that data centre operators will have to follow if they wish to claim conformance to the code.  Although conformance will be voluntary in the first instance, the EU does not rule out the possibility that the code might become required in due course.

Although Cardiff’s new infrastructure should result in reduced energy consumption compared to the alternatives, Hugh’s department won’t see a direct return on that investment.  At Cardiff, like many other universities, the electricity bill is paid centrally rather than by information services.    In the future, the effects of Full Economic Costing may pass on the cost of running IT equipment not only to Information Systems, but through them to the actual research users.  The high level of information which is now available about costs has also allowed more accurate ‘pricing’ of hosting servers for other university departments. This is calculated to be £150 a year for the space and physical support costs for 1U of rack space, and an additional £150 for annual electricity.  

Without this financial incentive, this project was very much one person “doing the right thing”.  Hugh presented his case to a tender working group, backed up by reports from industry analysts such as Gartner.  The working group assessed the proposal and quickly saw that this was a worthwhile approach.

Hugh attributes the success of this project partly to his role as a CTO with no line management responsibilities.   The freedom from day-to-day management gives him time to research new ways of doing things, whether that be Condor desktop grids, virtualisation, machine room design, or enterprise architecture.   Reporting directly to the director of information services, his job description specifically mentions looking for cost savings and forward roadmap planning.  Perhaps now it will also include reducing environmental impact!

This case study is produced by Grid Computing Now! and SusteIT to illustrate a particular application of grid computing. Its publication does not imply any endorsement by Grid Computing Now! or SusteIT  of the products or services referenced within it. Any use of this case study independent of the Grid Computing Now! or SusteIT  web site must include the authors’ byline plus a link to the original material on the web site. 
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