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Data centre cooling
· In recent years a combination of factors has transformed data centre energy use from a bill that the facilities or estates department paid to a headline issue for the entire organisation.
· Recent changes in government policy and public perception of both climate change and energy security issues have focused an entirely new level of attention upon ICT energy use
· Many efforts are underway to change the power utilisation of IT devices.
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1
Background

1.1
Changing financial and social environment

In recent years a combination of factors has transformed data centre energy use from a bill that the facilities or estates department paid to a headline issue for the entire organisation.

1.1.1
Compute demand

Demand for IT services has historically risen at a significant rate; this growth rate shows no signs of reducing and is, in many instances rising. This is particularly visible in high technology or scientific environments where large scale computing capability is increasingly used to help model, understand and resolve complex or time intensive problems. Computing simulation is now a basic tool in disciplines such as aerodynamics, biotechnology, physics, mathematics and even data centre energy modelling.

1.1.2
Visibility of energy use 

Recent changes in government policy and public perception of both climate change and energy security issues have focused an entirely new level of attention upon ICT energy use with data centres being a particularly visible target due to their high energy use densities. Unfavourable comparisons of ICT energy use to other sectors have exacerbated this issue irrespective of their relevance. 

1.1.3
Design intent versus efficiency

Historically a data centre was designed to achieve the highest level of mechanical and electrical infrastructure availability demanded by any of the contained IT platforms with the only major constraint being capital cost. With relatively low energy cost and no targets for efficiency the losses and overheads in data centre design were substantial. The addition of additional ‘headroom’ to try and cater for future requirements and extend the lifetime of these high capital cost facilities under the monolithic design approach drove further losses and inefficiency.

1.1.4
Direct and indirect energy cost

In recent years the direct commodity cost of utility energy has risen beyond many expectations and, as with IT demand, this trend is likely to continue. At the same time the energy use of commodity compute servers has risen substantially. This combination of factors has substantially changed the balance of cost in the data centre away from the capital cost of IT equipment and towards the facility capital and operational energy costs . The energy bill for the data centre has now become a major part of the overall operating cost and it is increasingly likely to be passed on to the IT operations department from the facilities or estates department and become a visible part of IT delivery cost.

It is also likely that this rising energy bill will be joined by some form of carbon taxation on heavy users of energy. We have already seen the Carbon Reduction Commitment  and the EU Emissions Trading Scheme  (EU ETS) applied to the power generation industry. These increasing costs are reflected in the utility energy cost. Many European states may also implement a form of Cap and Trade regulation for large energy users creating a direct tax in addition to the utility energy cost.

1.2
Data centre cooling

There are two primary areas of energy loss in the data centre infrastructure, the power delivery path, or electrical infrastructure and the heat removal path, or mechanical infrastructure. Historically the development of cooling systems for data centres has focussed primarily on delivering increasing densities of heat removal capability with a high level of reliability, usually through high levels of redundancy. This has led to a position where it is common for between a quarter and half of the energy delivered to a data centre to be used in the cooling system. This presents a substantial opportunity for efficiency gains through reconsidering our cooling designs in the context of our new priorities.
Figure 3 1 Overall power transfer of the data centre
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The graph in Figure 3 1 shows a simplified representation of the power losses in a data centre with a rated IT equipment electrical and cooling load of 1MW. This data centre is representative of an academic facility as it uses N+1 redundancy in place of the more commercial 2N type redundancy levels. As shown the Computer Room Air Conditioners and Chiller plant are the primary areas of loss. Due to the legacy monolithic design of this facility these losses are largely fixed and do not reduce as might be expected with the IT electrical and heat load. 

Figure 3 2 Cooling as a proportion of total power drawn
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Figure 3 2 shows the proportion of the total power drawn by the data centre that is lost in the cooling system as a function of the IT electrical load of the facility.

For a more detailed analysis of these issues and discussion of the current metrics available for measuring and reporting data centre efficiency see the BCS white paper on data centre energy efficiency metrics . 

1.3
Heat flow in the cooling system

One question that frequently arises is why we need active refrigeration systems at all in the data centre. Most of the power dissipating silicon is designed to run in the 60°C to 80°C range and the external air temperatures are usually between 30°C and 80°C below this in the UK. Figure 3 3 shows the heat removal chain for a typical air cooled data centre operating in the UK. Thermal energy will flow from a hotter to a cooler component at a rate defined by the difference in temperature and the thermal conductivity between those two components, left to right in the diagram. 

Figure 3 3 Temperature ranges in the data centre heat removal chain
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Within the server heat flows quite effectively from the processor to the heatsink with only a small loss in temperature. Most IT equipment has been designed to operate with an air intake temperature near 20°C as this was the standard for data centre environments . This allows the IT equipment to have relatively small heatsinks and lower air movement rates, reducing cost and energy use at the IT device. 

The heat energy continues to flow from the air in the data centre to the chilled water system and thus to the evaporator of the chiller plant. It is not uncommon to find chilled water systems running at 9°C, requiring an even lower evaporator temperature. In order to persuade this heat to flow into the external atmosphere we now need to raise the temperature again to ensure that the heat rejecting condensers are substantially hotter than the ambient conditions.

As the diagram shows, the substantial thermal difference ( ) between the heat generating electronic components and the facility air results in a substantial requirement for refrigeration work.

1.4
Impact on the overall IT system

Many efforts are underway to change the power utilisation of IT devices. The increasing purchaser focus on energy use has caused manufacturers to optimise their components and devices further toward energy performance and away from price performance whilst operators have increasingly deployed technologies to improve the utilisation of their IT equipment.

Unfortunately many of these energy efficiency improvements through changes in the IT equipment power draw are only partially realised at the utility feed due to the characteristics of the data centre. These characteristics are dominated by the cooling system in most facilities and unless changes are made holistically considering the entire system results the potential benefits in cost and energy use are unlikely to be realised.

1.5
EU Code of Conduct

The European Union has developed a Code of Conduct for data centres . As part of the development of this code a list of data centre build and operation ‘best practices’ has been identified, categorised and valued. This process has had an extremely broad range of input and review from subject matter experts in all areas of the industry. 

There are many practices related to data centre cooling in the EU code of conduct, this document does not supersede these but provides some background explanation of the issues and actions as well as pointers toward an implementation path.

2
Types of cooling

To provide some background for readers not familiar with cooling technology we will briefly review the four basic types of data centre cooling.

2.1
House system

It is quite common in shared use buildings where the power density or total power of the data floor area is low for the building’s ventilation system to be used to cool the data floor area. For small installations this approach provides obvious economies at the time of installation and can be more efficient than some small data floor cooling systems.

2.2
External air

An approach frequently used in facilities housing equipment with broad environmental tolerance that are in suitable climates is to simply use filtered external air. This is not uncommon in telecommunications installations and works well for ‘switch sites’ and other small facilities that require low maintenance systems.

This approach is also being extended to larger, purpose built data centres that house equipment with the narrower, more traditional, environmental tolerance of common IT equipment. In these deployments, where the design intent of the building is to use external air (fresh air cooling) or air to air heat exchangers (air side economisers) as the primary heat removal system it is normal to also install traditional cooling and humidity control systems to allow the facility maintain humidity and temperature within the narrower band irrespective of external conditions.

2.3
Direct exchange cooling

Many smaller facilities use Direct eXchange (DX) split cooling units for heat removal. These units are recognisable by having two parts, internal and external, connected by pressurised gas lines. These vary from small wall mounted units capable of cooling a few kilowatts up to megawatt range systems capable of cooling entire data centres.

In these systems the coolant plant is split between the external and internal units, the external unit contains the compressor and the heat rejection radiator, the internal unit contains the cooling radiator and air movement fan. 

2.4
Chilled water

The approach generally used in larger data centres is to house both parts of the coolant gas system outside the data floor and use it to provide chilled liquid to the data floor area. This chilled liquid is then fed to Computer Room Air Conditioning (CRAC) units where the air to be cooled is passed over air to water radiators by an internal fan. The heated water is then returned to the external cooling plant.

This approach has proven to be very reliable, quite flexible and allows significant power densities within the data centre. A substantial body of knowledge exists for these systems and they have been proven to run very reliably across a broad range of conditions.

3
The plant side of the cooling system

We will now discuss the external, heat rejection part of the data centre cooling system.

3.1
Methods of cooling

There are two common types of chiller technology in use in data centres.

3.1.1
Mechanical chillers

The traditional approach is to use mechanical compressors to drive the chiller plant. The principle of operation of these systems is quite simple. The compressor pump compresses the coolant gas into its liquid form and feeds it into a condenser radiator where the heat is rejected to the external environment from the heated liquid. Once cooled in this way the coolant passes through an expansion valve and into the evaporator where the phase change causes substantial cooling.

In direct exchange systems this evaporator is used to directly cool the internal air whilst in chilled water systems it is used to chill the water to be fed into the data centre. Additional pumps are required in this instance to circulate the chilled water.

The energy to drive these mechanical chiller systems is normally derived from an electric motor directly driving each compressor.

3.1.2
Adsorption chillers

An alternative to mechanical compressor pumps is the adsorption chiller. In these systems heat replaces shaft power as the input energy to drive the refrigeration system. 

Adsorptive chillers are an effective energy reducing choice where there is a relatively high temperature (50+°C) on site source of heat which would otherwise not be used. This is commonly achieved in the form of on site Combined Cooling and Power (CCP) plants where both electrical power and cooling are generated by the same plant. This provides an efficiency improvement over using grid electricity by extracting the energy that would otherwise be lost as waste heat at the power station. There are a number of UK deployments underway using gas and diesel systems as well as some renewable power facilities.

3.2
Waste heat rejection

Once the drive power has been applied in the chiller plant the waste heat from the data centre and the cooling plant needs to be rejected elsewhere.

3.2.1
To ambient

Normally a data centre cooling system will reject the total waste heat to the external air. This represents a loss of the potentially useful heat energy rejected.

3.2.2
Heat reuse

An area of much interest is the reuse of waste heat from the data centre. Where we have a number of kilo or mega Watts of ‘waste’ energy available, with the current cost of energy and the focus on efficiency there are substantial opportunities for cost and energy economies.

This is not a new concept, Battersea power station in London provided free hot water and heating to the Dolphin Square development across the river and cities such as Stockholm use large scale waste heat systems. The particular attraction here is twofold, there are credits available under a number of schemes for heat reuse and this energy can be a valuable commodity if it can be delivered.

In a fresh air cooled data centre the exhaust air is generally not warm enough to be used in heating office space it can be used to maintain warehouse or similar industrial spaces. Where a cooling plant is used energy is frequently available at higher temperatures from the condensers, providing more opportunities for reuse.

3.3
Cooling economisers

Economisers are a popular measure for both new build and retrofit installation, they function by allowing the heat to flow directly to ambient without the use of the refrigeration system when conditions allow. This can be a substantial proportion of the time in the UK with an appropriate data centre design. The use of economiser systems does not have a negative impact on the achieved reliability of the data centre in fact many engineers have put forward compelling arguments that economisers improve the reliability and maintainability of the data centre.

3.3.1
Water side economisers

A water side economiser functions whenever the return water from the data centre to the chiller plant is warmer than the external ambient temperature. When the external temperature is low enough the facility can operate without using the chiller plant at all as the economisers are able to cool the water to the target chilled water supply temperature. At other times, when the ambient temperature is too high for this but still cooler than the return water the economisers can be used to pre cool the return water before it is fed to the chillers to reduce chiller workload.

Water side economisers are frequently seen in one of three basic forms;

•
Radiators, typically with cooling fans to directly cool the water to external air, these can also be assisted with water spray systems to improve the cooling capacity

•
Intercoolers to cool to a supply of cool fluid such as ground water, as used in Portcullis House

•
Evaporative coolers such as cooling towers where water is allowed to evaporate to reduce temperature, these are normally a separate water loop

3.3.2
Air side economisers

An alternative approach is to avoid the temperature losses involved in transferring the heat from air to water and to directly cool the air in the facility. There are a number of available products that provide air to air inter-cooling between the facility air and external air. These range from simple intercoolers to ‘heat wheels’ and other novel approaches. This approach can allow economiser operation at higher ambient temperatures than water side systems.

3.3.3
Fresh air cooling

Fresh air cooling is a different approach to air side economisation. In air side economisation the data centre still functions primarily on re-circulated internal air where fresh air cooling is intended to use external air directly to cool the equipment. A cooling plant is still, normally, necessary with fresh air cooling to deal with the periods where the external air is too warm and air cooling is required and where the external air is too humid and requires dehumidification . For these reasons the available benefits of fresh air cooling can be heavily location dependent.

Whilst some concerns have been expressed about the potential equipment reliability impacts of external contaminants, it is normal for all data centres to have a certain amount of external air exchange in normal operation. There are already a number of fresh air cooled facilities in Europe and an increasing number of interesting research to test the impacts of these concerns . The known issue for fresh air cooled facilities is the maintenance load of air filter cleaning due to higher volumes of air flow but this is more than offset by the energy cost savings.

3.3.4
Economiser impact on chiller requirements

Whilst it is now possible in the UK to design a data centre to run for all but a few hundred hours per year on economisers most facilities will still need a chiller plant to cope with those periods of internal thermal load and external temperature where the economisers alone cannot cope. In this situation both the efficiency (Coefficient of Performance or CoP) required of the chiller plant and the design lifetime should be carefully considered. Where the chiller plant will only be running for a small proportion of the year the efficiency of the plant is less of an issue, although peak power demand may still present a constraint in these circumstances. It is also possible to consider chiller plant with a shorter design lifetime in total running hours, potentially reducing the capital cost and allowing these funds to be spent more effectively to reduce energy demand elsewhere.

4
The IT side of the cooling system

Having discussed the basic aspects of the plant side of the cooling system we will now explore the IT and data floor side of the cooling system, the parts that are generally inside the building.

4.1
Environmental constraints

All IT equipment is designed to operate effectively and reliably within a specified set of environmental conditions which define the acceptable range of temperature and humidity. The standard that is generally used in data centres is set by ASHRAE  in their publication Thermal Guidelines for Data Processing Environments . These guidelines are agreed with all of the major IT equipment manufacturers.

ASHRAE have recently reviewed and updated these guidelines and the range increased to the ASHRAE Recommended range for Class 1 Data Centers, 18-27C and 5.5C dew poidew point & 60% RH, as approved by ASHRAE TC 9.9. This is the expected standard for operators within the EU Code of Conduct.

An alternative set of environmental guidelines is published by ETSI  in EN 300 019 which requests an even broader range of operating environmental conditions for IT equipment although this does not currently have as broad a range of support from equipment manufacturers.

4.1.1
Impacts on economisation

 As all most economisation approaches rely on the external ambient temperature being a certain amount below the coolant temperature to operate the target IT equipment intake temperature has a substantial impact on the proportion of time for which the economisers can operate.

A fresh air cooled facility operating with a target intake air temperature of 19°C will need to run its chiller plant to control temperature for around 800 hours per year in the southern UK. If the set air temperature is raised to 25 degrees this is reduced to 50 hours. This impact can be more pronounced for water side economiser systems due to the additional temperature difference required. A facility running a, not uncommon, 9°C chilled water loop would require the chiller plant to be active for over 5000 hours per year.

The wider allowable humidity ranges also improve the operating efficiency by reducing humidification and dehumidification loads, this is particularly pronounced for fresh air cooling systems.

4.2
IT equipment

As shown in Figure 3 3 the IT equipment, as well as being the primary heat source, has a substantial impact upon the overall cooling system.

4.2.1
Provisioning

When IT equipment is installed into a data centre power and cooling capacity is provisioned (allocated) for that equipment. Once provisioned this capacity cannot be used for other equipment. As each data centre has both a fixed power overhead and a set total capacity for power and cooling it is important to provision this power and cooling capacity effectively and appropriately. It has been common practice to provision power and cooling capacity based upon the ‘nameplate’ or power supply rating of the IT equipment, unfortunately this is frequently several times the power draw the equipment is actually capable of. This results in high fixed power overheads and data centres being mistakenly identified as full when in fact they have substantial available capacity. As described in the EU Code of Conduct “Provision power and cooling only to the as-configured power draw capability of the equipment, not the PSU or nameplate rating. Note that this may require changes to the provisioning if the IT equipment is upgraded internally.”. Each of the major equipment manufacturers is able to provide the maximum power draw for specific configurations of hardware, number of processors, memory, disks etc.

4.2.2
Temperature and power dissipation

Whilst there are potential improvements in efficiency by increasing the air temperature in the data centre the power draw of the IT equipment is not constant. Higher density systems such as blade servers can expend significant amounts of power in their cooling fans and there are frequently distinct temperature steps where fan power rises. There are also issues with leakage currents in the silicon related to temperature.

4.2.3
IT equipment coolant

Whilst most commodity IT devices are air cooled this is not the only approach. In fairly recent history it was quite common for computers to be directly water cooled, many mainframes and supercomputers used this approach. With the combination of higher power densities requiring more heat removal capacity and the focus on energy efficiency many manufacturers are developing water cooled servers again. 

Direct coupling of the coolant fluid to the heat generating equipment also offers the opportunity to substantially improve the heat transfer chain and completely eliminate the requirement for chiller plant in many geographic locations.

4.3
Computer Room Air Conditioners

Where DX or chilled water systems are used we require Computer Room Air Conditioner (CRAC) units in the data floor area to transfer the heat from the air and into the coolant. 

4.3.1
Fixed and variable speed fans

In order to cool the air heated by the IT equipment and return it to the data floor area the air conditioning units require large fans which consume power, this is frequently 10 to 20 percent of the overall data centre power. This power is also used within the cooled area of the data centre, thus creating further cooling load for the chiller plant.

Older units tend to have fixed speed fans which use their full power irrespective of the thermal load from the IT equipment. Newer units have variable speed fan drives which are generally controlled on return air temperature or plenum pressure.

4.3.2
Humidification and dehumidification

Another key task for the CRAC units is control of the humidity. Dehumidification is achieved as a by product of cooling whilst humidification requires substantial additional energy as water has to be heated and evaporated into the air stream. Some systems now use adiabatic humidification where water is sprayed into the air stream or evaporated from a porous matting material. 

The humidification load can be a significant energy consumption problem in many data centres. In many facilities it is not the air temperature but the chilled water loop temperature that is actually regulated, it is not uncommon for this water loop temperature to be as low as 9°C which is below the dew point for a facility running at 19°C air temperature and 45% to 55% Relative Humidity (RH). This means that there is continuous condensation of the airborne water vapour in the CRAC unit where the air stream is cooled which needs to be continuously replaced by new water heated to evaporation. An increase in chilled water loop temperature can deliver large energy use reductions through reducing this problem.

4.3.3
Air conditioner efficiency

Once the humidification load is managed the efficiency of the air conditioning units largely depends upon the temperature difference across them. The task of the air conditioners is to remove heat energy from the air stream, the hotter the return air stream to the units the more energy they can extract on each pass for the same expended fan power.

4.4
Air flow

The air flow within the data floor is one of the most complex problems in the data centre and has attracted some similarly complex tools to analyse it. In this section we will only briefly describe the basic approaches and their issues.

4.4.1
Blow some cold air around

Many data centres still have no real air flow management design beyond blowing lots of cold air around and hoping that it cools the equipment, air conditioning units work at full speed all of the time producing large volumes of both air flow and noise. Equipment is not aligned for air flow direction within racks, no blanking panels or other air flow control devices are used in the racks and the air and equipment temperatures vary greatly throughout the room. These facilities are not only inefficient but they are also likely to be unreliable as you cannot judge the available cooling capacity effectively and equipment is likely to overheat in local ‘hot spots’.

Facilities with a more recent design may use a raised floor or ceiling ducts as a plenum to deliver the cooled air from the air conditioning units, partially separating the supply and return air.

The level of cold supply air remix with hot return air is very high in these facilities, producing very poor air conditioner efficiency.

4.4.2
Basic air flow management

There are a number of basic air flow management steps that should be carried out in any facility to optimise what already exists before considering any upgrade for either efficiency or capacity purposes, these are described in the Air Flow Management and Design section of the EU Code of Conduct.

Equipment should be installed into racks with a consistent air flow direction, normally front to back, do not install Ethernet switches in the back of the rack because there is some available space.

Blanking plates should be fitted to racks to prevent bypass air flow and the local recirculation of hot exhaust air from one system into another. There are many known instances of equipment failure from this very common cause.

These measures will improve local air remix and lower equipment temperatures but are unlikely to substantially improve the remix at the air conditioning units.

4.4.3
Hot and cold aisle layout

An approach which has been popular for some time now is the hot and cold aisle layout for the data centre. The idea of this is that equipment is installed into racks in such a way that half of the aisles between racks are providing cold intake air into equipment and the other half are receiving hot exhaust air, providing basic but effective air segregation. Supply air is delivered into the cold aisles through vented tiles in the case of under floor air delivery or from overhead ducts.

The addition of full blanking, air flow control brushes over openings and removal of air flow obstructions can yield real efficiency and achieved capacity benefits at little cost or disruption. Maintaining unbroken rows of racks is of particular importance.

The addition of a ceiling return plenum to the air conditioning units with intake vents over the hot aisles can also provide real benefits in this sort of facility.

This approach can substantially improve the level of supply and return air remix, increasing the return temperature to the air conditioners, significantly reduce ‘hot spots’ and lower equipment temperature.

4.4.4
Computational Fluid Dynamics

Many operators have used Computational Fluid Dynamic (CFD) analysis to assist in optimising air flow within these facilities with partial air flow management. This can assist in the optimal placement of vented floor tiles, supply and return plenums and equipment in these older design facilities.

4.4.5
Air flow containment

A more modern and effective approach than trying to persuade the air to behave in the way we would prefer is to contain the cold supply or hot return air flow and force the air to pass through and cool an IT device before it can return to the air conditioner.

This containment approach is well suited to variable speed fan systems as all of the equipment will receive cold supply air at a consistent temperature and delivers real improvements in efficiency and achieved capacity.

Containment systems come in many forms, from plastic curtains such as those found on industrial fridges, through transparent roof and doors enclosing aisles between racks to intake or exhaust door coolers in the racks. This requires well enforced change control and air flow management procedures in the data centre, blanking plates must be used and equipment air flow direction carefully considered.

Very effective containment systems can be produced by using retrofit aisle containment equipment such as the roof and door systems in a raised floor environment, in this case the cold aisles are enclosed and vented floor tiles are only placed in the enclosed aisles, making the rest of the floor a hot return plenum for the air conditioning units.

The EU Code of Conduct has hot or cold containment as an expected practice for any new or retrofitted facility. 

4.5
Other data centre plant

Many facilities house plant such as water pumps, chiller pumps, UPS and batteries within the cooled area of the data centre building. Each of these items of plant consumes power and creates heat but is capable of operating in a substantially wider environmental range than the IT equipment and as such should be housed separately where it does not present additional and unnecessary load to the cooling system.

5
Modularity

It has been common practice for many years to treat the data centre as a monolithic single entity with homogeneous characteristics. In most cases this is no longer appropriate as it neither meets the IT nor the business needs. There is a growing understanding that it is both possible and advantageous to build a modular data centre where different parts of the facility may have different levels of resilience, environmental constraints, power densities or simply be installed at different times.

5.1
No crystal ball

Monolithic data centres tend to be built to a certain area (square metres) and a certain power density (kilo Watts per square metre). In many cases when assessing the large capital investment required in a monolithic data centre an organisation will try to determine these requirements for many years into the future by forecasting their business, IT and data centre requirements across long time frames. This is extremely difficult to do across the 10+ year time frames that much of the equipment is intended to last and there is inevitable and substantial error and later mismatch between capacity and requirement. The rate of change we have seen in recent years in power density from 2kW per rack to 20-30kW per rack is a good example of this change in requirement. This has left many operators with data centres that are either now a constraint upon their IT operations and business or require substantial reinvestment to bring them into line with the current IT equipment required to deliver their current business requirements. This presents a very substantial risk factor to any Return On Investment analysis of the data centre.

5.2
Crop Rotation

The BCS Data Centre Specialist Group advocates a ‘crop rotation’ approach to the data centre  where the data floor is segmented and built out separately. There is a certain core set of infrastructure that needs to be installed at the facility level such as main transformers, distribution switchgear, cabling and some of the plumbing for the cooling system but a surprising amount of the mechanical and electrical plant can be installed only a short time ahead of the IT equipment it will support. 

Instead of trying to forecast 5 or 10 years of requirements floor, power and cooling capacity is being provisioned throughout the lifetime in smaller increments, thus drastically shortening the feedback cycle. This is the data centre equivalent of lean manufacturing and provides many benefits in cost risk management, deferred capital expenditure and ability to meet changing business demands.

Another key aspect of the crop rotation approach is that each zone of data floor that is built out is given a decommissioning date before any IT devices are installed, thus allowing effective management and upgrade of the facility by avoiding the blocking effect of legacy systems that owners refuse to migrate.

5.3
Matching the M&E to the IT

 A very common problem in many data centres today is the fundamental mismatch of the IT and Mechanical and Electrical equipment. This is not surprising as the M&E equipment and design is frequently a decade older that the IT equipment and it was simply not possible for the designers to anticipate the changes we have seen. The crop rotation approach, installing M&E only months ahead of the IT equipment ensures that the equipment is of the same generation and likely to work effectively together.

6
What to do

Having discussed the key issues we will briefly summarise with a recommended approach for the data centre;

6.1
General actions

6.1.1
Build a modular infrastructure

If you are building a new facility or carrying out a significant retrofit, build a physical, mechanical and electrical infrastructure that is modular, expandable and as far as possible, designed to accept new equipment. The IT equipment cooling requirements will change so be prepared for this.

6.1.2
Siting the facility

Choose a building and a location that does not present unnecessary constraints that will compromise the data centre before it is built. Ensure that the rooms are of sufficient size and height to provide an effective layout and sufficient room for air flow, cabling and plumbing. If possible site the facility near a waste heat source to drive adsorptive chillers, or near another building that can use the waste heat from the data centre cooling system. Do not site the data centre where there is limited room for external plant such as chiller systems or where these will compromise another building through waste heat or noise.

6.1.3
Use hot or cold containment in new build

In the case of a new build or retrofit, gain the benefit of variable speed CRAC fans and avoid the need for time consuming and expensive CFD analysis every time you change IT equipment by using containment.

6.1.4
Deploy zones

Using containment approaches deploy zones of appropriate power density. Instead of spreading out high power density equipment around the data floor to try and avoid hot spots, concentrate it into a high power density area and deal with the problem.

6.2
Reducing energy consumption

Reducing the energy consumption of a data centre is, unfortunately, not as simple as just turning up the thermostat to reduce the work for the cooling system. There is a distinct sequence to the actions to ensure that the efficiency improvement is actually realised and that reliability is not compromised in the process. Expert assistance is valuable during this process and should be sought whenever there is any shortage of internal expertise or doubt.

The first step is to perform the air flow management and optimisation steps to ensure that you achieve a consistent and predictable air intake temperature across all of the equipment. Air temperature measurements and CFD analysis can be useful during this phase.

The next step is to ensure that the cooling system is operating effectively.

Once air flow is managed and the cooling system checked the target air temperature can be changed.

The final step is to actually change the temperature settings on the cooling equipment to realise the cost and energy benefits.

6.2.1
Air flow management

Institute control processes to ensure that air flow is managed. Assess cooling impacts before IT changes, install and maintain air flow controls such as blanking plates and cable aperture brushes. Perform an assessment and optimisation of supply air distribution, though placement of vented floor tiles in raised floor supply environments. Survey and identify any other obstructions to air flow such as under floor cable trays. 

6.2.2
Maintenance and settings of cooling system

Review the maintenance and settings of the cooling system to ensure that it is operating as intended.

6.2.3
Change the target equipment intake temperature

Once you have stabilised, controlled and understood the air temperature within the facility you are in a position to change the target temperature, probably within the ASRAE guidelines.

6.2.4
Adjust the cooling system

Once the previous actions have been completed the cooling system can be adjusted. In the case of chilled water systems the chilled water loop temperature will be adjusted to raise the data floor air temperature, this is what will provide the efficiency improvement. In the case of DX systems the effect is more direct as the set temperatures are changed. Monitor and review the impact of these changes and be ready to revert if necessary, make these changes in small steps if there is uncertainty.

6.2.5
Use economisers

Economisers are suitable for both retrofit and new build and provide real benefits in cost and efficiency. You will have to balance the potential benefits of the different economiser technologies with the restrictions of the facility and local environment but there are few instances where no economiser is suitable. Once the remainder of the system is optimised the yield from economisers will be maximised by allowing the system to operate without refrigeration for the maximum time. Facilities with adsorptive chillers are a possible exception to this as the benefits of economisers are less clear.
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