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Medium-sized data centres –  
energy efficiency

Management of data storage and access are a part of 
every business. Data centres have power, cooling and 
operational requirements above and beyond typical 
design parameters.

With such a large density of power and cooling, 
improvements to medium-sized data centres will 
reduce yearly operating costs and ensure that critical 
data is safe and secure.
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1 Introduction

This document is a step-by-step guide to improving 
energy efficiency in small- to medium-sized data 
centres and information technology (IT) server facilities, 
up to 100m2. It outlines opportunities for review and 
improvement of existing systems, and establishes 
benchmarks for new system design in order to achieve 
energy efficiency within the facility. The opportunities are 
summarised into implementation action plans, with three 
levels of design actions, depending on specific business 
needs and financial capabilities.

By following this guide, building owners and operators 
will be able to determine what changes can be made 
in order to improve the performance of data centre 
equipment, reduce operating costs, improve traceability 
and management of server use, and subsequently 
improve environmental outcomes.

The guide has been developed to lead IT facility 
management and internal data service providers 
through system changes and upgrades; it is not 
intended to be a thorough technical guide. References 
for more detailed technical information are provided.

Some of the simple low cost actions that can lead your 
data centre or IT server facility in achieving 20-30% 
energy savings are: 

•	reduce	lighting	levels	and	install	sensors
•	reduce	unnecessary	airflow	and	cooling
•	minimise	hot	spots	in	the	server	room
•	prevent	mixing	of	hot	and	cold	air	in	server	racks
•	organise	server	racks	into	hot	and	cold	aisle		 	

configuration 
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Data centres are quickly becoming one of the greatest 
sole consumers of energy around the world, accounting 
for approximately 1% of total global energy use1. Nearly 
all businesses rely on computational data storage and 
access, and almost all require some form of data centre, 
from small to large scale. In general, data centre facilities 
typically consume 35–50 times the amount of energy that 
a comparably sized office space will use, and contribute 
large amounts of CO2 into our environment.

As we move into the future, the requirement for data 
storage and transfer capability is only going to rise.

2.1 Operational improvement
Improving the performance of data centre systems, 
and creating greater management and control of their 
operation, will result in the following benefits for the 
business:

•	decrease	in	operating	and	energy	costs
•	decrease	in	greenhouse	gas	emissions.

Achieving these benefits will allow the business to cope 
more easily with expansion and continual improvement 
into the future.

2.2 Reliability and resilience
For many data centre facilities, availability of space and 
power is decreasing. It is likely that an existing data 
centre will reach maximum capacity in only a few years, 
with the business’s ability to digitally expand quickly 
halted. It is therefore important to review the system and 
assess the methods to improve resilience for the future.

The greatest benefit for a business may be to ensure 
that it remains in operation when it is required. Consider 
how critical the data centre applications and services 
are to a business:

•	What	will	it	cost	if	no-one	can	send	or	access	email,	
use electronic funds transfer (EFT) system or web 
applications?

•	How	will	other	aspects	of	the	business	be	affected	 
if the facility fails?

Therefore, improving the data centre will also offer the 
following benefits:

•	increase	resilience	and	reliability
•	increase	accessibility	and	use	of	the	facility
•	increase	adaptability	of	the	facility	into	the	future.

2 The business benefits of improving  
data centre and IT facilities

Figure 1: Data centres consume large amounts  
of energy; not all for IT power.
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3 What is your opportunity?

Delivering an efficient and reliable data centre facility 
requires a whole-systems approach to the design, 
implementation, monitoring and management of the 
equipment and processes. A data centre’s power 
demand is usually high and relatively constant all  
year round.

Targeting minor improvements in the facility’s equipment 
and processes will cascade into greater improvements 
in the overall data centre operation, with large 
decreases in energy costs.

It is important to understand the entire system to be 
capable of optimising its use. In reference to the design, 
the system consists of three aspects, as shown below:

Figure 2: Data centre system

 

 

All three aspects of the data centre are interconnected, 
and any design improvements should consider the 
whole system as one. By looking at each of these 
aspects and auditing their current (or anticipated) 
performance, opportunities for improvement of existing 
or new designs will become evident.

This guide offers step-by-step solutions to help facility 
owners and operators to identify these opportunities in 
the system design, and to implement improvements to 
achieve energy efficiency and total system management 
of the data centre. 

Solution 1: Improve the efficiency of your  
existing system

Is your existing data centre currently at its limit for power, 
cooling and data storage? Has the data centre recently 
been constructed; what is its energy performance? 

Investigating current performance and comparing to 
benchmarks will highlight areas for improvements. 
Solutions for improvement can range from simple to 
more complex, with subsequent benefits for energy 
use and system capabilities. 

Solution 2: Design a new system

Is your business planning a brand new, medium-sized 
data centre? Have business needs outgrown an old 
server room and therefore need to increase potential? By 
implementing energy saving strategies from the beginning 
of the design process, and understanding what 
technology is available, savings in energy consumption 
and losses can quickly be realised, and an efficient, 
resilient and adaptable data centre will be the result.

Ventilation  
& cooling

Power supply  
& backup 
systems

IT function,  
data storage, 
application

D/C
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4 Solution 1 – Improve the efficiency  
of your existing system

Whether the existing data centre is able to cope 
with the pending server demand or if it needs to be 
increased, an analysis of its energy use and system 
management will have benefits for the business. By 
understanding where energy is being used, and where 
it can be saved, an existing data centre has potential for 
great improvement. 

If appropriate, newer and improved equipment can 
replace old and outdated units, and improved controls 
and monitoring devices will allow a much more 
integrated approach to the operation of the facility for its 
management.

For older data centre systems, the largest change that 
needs to be made is often communication between 
the different system users. Different IT users need to 
talk to each other to find out what their actual data 
requirement is, and these decisions need to be fed to 
facilities management to ensure upgrades and system 
operation will match the actual requirements, at the 
time they are needed.

With the rapid nature in which the data centre industry 
evolves, a change to the system will often result in a full 
overhaul to ensure that the greatest savings in energy 
use can be realised by using the most up-to-date 
technology. By working through the steps below and 
determining the most suitable implementation action 
plan, a business will be able to make a decision on the 
appropriate action:

•	revive	existing	or	demolish?

 

Step 1  
Review rack 

utilisation

Step 2  
Review 

D/C power 
consumption

Step 3  
Review room 

heat gains

Step 4  
Review  
cooling  
system

Step 5  
Optimise 

monitoring & 
maintenance

Step 6  
Implement 
action plan

Step 7  
Measure the 
improvement
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4.1 Step 1: Review computer  
rack utilisation
Levels of data storage and frequency of application 
use will fluctuate within a data centre as users turn 
on computers, and access email, Internet and local 
servers. The capacity of available server space and 
data storage within a data centre will usually have been 
designed to handle 100% utilisation of all functions 
and applicatio  ns, at the one time. However, maximum 
utilisation rarely happens, as indicated in Figure 3 below.

Figure 3: Server activity during the week

 

At different times of the day, each server may encounter 
near-maximum utilisation, but for the majority of time, 
utilisation of many racks may only be at 10–20%.

4.1.1 Effect of low utilisation

Low utilisation of server racks results in inefficient and 
redundant power consumption for the facility. For many 
cabinet and rack combinations, the power consumed 
at 10% utilisation is similar to that consumed at 70% 
utilisation. For racks up to and exceeding 3kW, this 
energy consumption can be quite large when the 
subsequent cooling and other facility loads are also 
considered. To improve the system’s energy use, a high 
level of utilisation in fewer racks should be achieved. 

4.1.2 Consolidation and virtualisation

A dedicated server to handle each application for 
the business is inefficient due to low utilisation. 
Consolidation of the servers allows multiple 
applications and data to be stored on fewer racks, 
therefore consuming less ‘redundant’ power.

Figure 4: Consolidation of servers

 

Physical consolidation of servers can be further 
improved when implemented with virtualisation 
software. Virtualisation allows digital control and 
monitoring of server use by using a control program 
to simulate the multiple servers within a single physical 
server. Virtualisation eliminates physical bonds of certain 
applications to dedicated servers, therefore markedly 
improving utilisation rates. 

 

10% active 25% active 80% active

10% active20% active60% active

Web PayrollEmail
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4.2 Step 2: Review data centre 
power consumption and supply
Reducing power consumed by a facility requires an 
understanding of where and how the energy is being  
used and supplied. There are many possibilities for 
inefficiency which need to be known to improve the  
data centre energy statistics.

4.2.1 Where is power being used?

Power that enters a data centre is divided into two 
components2:

•	IT	equipment	(servers	for	data	storage,	processing	 
and applications)

•	supporting	infrastructure	(see	Figure	6).

Figure 5: Typical existing data centre power demand

Figure 5 shows that in many existing facilities, 45% of 
data centre power is utilised by supporting infrastructure 
and therefore not used for the core data processing 
applications. This represents inefficiency for the data 
processing system, and should be reduced.

Power usage effectiveness

To compare one data centre’s power usage to others, 
a useful metric is the power usage effectiveness – PUE, 
proposed by the Green Grid3. This provides a ratio of 
total facility power to the IT equipment power as below:

The optimal use of power within a data centre is 
achieved as the PUE approaches 1. Studies show that, 
on average, data centres have a PUE of 2.0, with goals 
of 1.7 and even 1.5 for state-of-the-art facilities.

To improve the PUE, a reduction in the power used by 
the non-core supporting infrastructure will reduce the 
total facility power.

4.2.2 Electricity metering

Effective metering of a data centre should be 
implemented to accurately understand the inputs and 
outputs of the facility. Accurate data measurement will 
allow business management to continuously monitor the 
PUE, and also allow effective segregation of power used 
by the data centre from other facilities within the building.

Segregation of the power usage is important if the 
building is attempting to achieve a National Australian 
Built Environment Rating System (NABERS) energy 
rating (tenancy, base-building or whole-building 
rating). The data centre’s high-density energy may 
be excluded from a rating if the facility is providing a 
national IT function which is in excess of the normal 
IT requirements for the host office. For  an accredited 
rating, the power used by servers and ancillaries 
supporting this national function need to be separately 
metered with a code-compliant meter for exclusion 
from the NABERS rating. Any exclusion of energy from 
a NABERS rating must be approved by the accredited 
NABERS assessor.

Facility power to the IT equipment power as below:

PUE
total facility power

IT equipment power



Solution 1 – Improve the efficiency of your existing system 10

Energy Efficiency Best Practice Guide
Data Centre and IT Facilities

4.2.3 Improving power consumption

To improve the total system efficiency and PUE  
of a site, the first step is to reduce the demand  
for power. Table 1 highlights the strategies for  
demand reduction, with a basic description of each.

Figure 6: Components of supporting infrastructure

Table 1: Opportunities for reducing power demand.

Demand Reduction Comments

Improve IT equipment 
selection for any new 
installs

Select servers, processors and monitoring systems that maximise energy efficiency. 
A reduction of 1kW of power demand here will result in more than 2kW of saving for 
the total site2. To compare the efficiency of IT equipment, the Uptime Institute has 
developed the Corporate Average Datacenter Efficiency (CADE), which identifies the 
efficiency of each IT asset4.    

Utilise innovative 
technologies for server 
systems

Blade servers are becoming more popular due to their decreased size and increased 
capability. Compared to traditional server equipment, blades can conserve large 
proportions of power.

Increase server utilisation Consolidate and virtualise the data centre to reduce inefficient utilisation rates.  
Refer to Section 4.1 for further information.

Improve cooling systems Refer to Section 4.4 for detailed investigation of the cooling system and options  
for improvement.

Reduce and remove  
idle resources

Isolate any equipment that is not being utilised and remove from the facility if possible.

Management of site Optimising the function and operation of the site is possible if the correct monitoring 
and maintenance systems are in place. Refer to section 4.5 for further information.

 

Cooling

Lighting

Misc

Supporting 
systems

UPS and  
switchgear

Power 
distribution 

(PDU’s)



4.2.4 Improving power supply

The second step towards improving the facility’s 
efficiency and performance is to improve the supply  
of power.

Power supply for data centre systems will typically 
rely on many components, shown in a very simple 
schematic in Figure 7.

Efficiency of supply

Each of these components has an associated 
efficiency for their transmission (or generation) of 
power. As the power is transferred, the system 
efficiency will consecutively decrease, so all 
components are important for entire system efficiency.

Review of the manufacturer’s operational data will 
highlight supply equipment’s efficiency, but it is important 
to note that, as the equipment increases in age, the 
efficiency will decrease.

Resilience and reliability of supply

Another aspect of effective power supply is to ensure that 
supply is always available, even in the event of equipment 
failure. Resilience of the supply system is determined by 
the level of redundancy in place and the limitations of 
‘single points of failure’. Additional equipment may be 
required to ensure the resilience of the system.

4.2.5 On-site power supply

Has the prospect of an on-site power supply been 
considered to generate electricity for the data centre? 
Due to the constant cooling and electrical load 
required for the site, there may be an advantage in 
the implementation of a cogeneration/tri-generation 
system, where the waste heat from the production of 
electrical power can be used to provide cooling via an 
absorption chiller.

The use of such technology will greatly increase the 
efficiency of supply and reduce greenhouse gas 
emissions.
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Figure 7: Simple power distribution schematic.



4.3 Step 3: Review room  
heat gains
There are many sources of heat within a data centre 
facility which need to be identified and reduced to 
decrease the cooling load. As is the case with power 
consumption, any heat gains that are not directly due to 
IT server equipment represent an inefficiency that must 
be minimised.

Often, improvements can be implemented with little 
costs, resulting in large paybacks in the reduction of 
heat gain.

4.3.1 Server rack heat gains

Computing systems utilise incoming energy and 
transform this into heat. For server racks, every 1kW of 
power generally requires 1kW of cooling5. This equates 
to very large heat loads, typically in the range of 1000W/
m2 and rising. These average heat loads are rarely 
distributed evenly across the room, allowing excessive 
hot spots to form. 

The layout of the racks within the data centre needs 
to be investigated, and any excessively hot zones 
identified. The hot zones need to be managed either 
physically or virtually and matched to the cooling 
system, whether this is a traditional underfloor supply 
system or high density in-row cooling solution.

4.3.2 Room construction and building materials

A data centre does not have the same aesthetic and 
stimulation requirements as an office space. It therefore 
should be constructed with materials offering the 
greatest insulation against transmission of heat, both 
internally and externally.

Solar heat gains through windows should be eliminated 
by enclosing any existing windows with an insulated 
barrier. Additionally, any gaps that allow unnecessary 
infiltration/exfiltration need to be sealed and eliminated. 

4.3.3 Switchgear, UPS and other heat gains

Associated electrical supply and distribution equipment 
within the space will add to the heat gain within the 
room due to transmission losses and inefficiency within 
the units. Selection of any new equipment needs to take 
this heat gain into account, and placement should be 
managed to minimise infringement on core IT systems 
for cooling. 

Figure 8: Don’t allow banks of hots spots to form; 
spread out high-density loads in the data centre.
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4.4 Step 4: Review cooling system
The requirement for cooling within the data centre is 
largely due to the high density of heat produced by the IT 
equipment. The cooling is critical to the facility’s operation 
and has many elements available for improvement. 

An audit of the existing infrastructure will highlight the 
cooling equipment and system in place within a data 
centre, which can be reviewed under the following 
categories.

4.4.1 Ventilation

Ventilation (outside air supply) is required within the data 
centre space only for the following reasons:

•	provide	positive	air	pressure	and	replace	exhausted	air
•	reduce	formation	of	static	electricity
•	allow	minimum	outside	airflow	rates	for	maintenance	

personnel 
•	smoke	extraction	in	the	event	of	fire.

Ventilation rates within the facility do not need to exceed 
the minimum requirement, and they should be revised if 
they are exceeding this in order to reduce unnecessary 
treatment of the excess make-up air.

4.4.2 Ventilation and Cooling Equipment

The performance of the cooling equipment system 
within a data centre largely affects the total facility’s 
energy consumption and CO2 emissions. There are 
various configurations of ventilation and cooling 
equipment, with many different types of systems  
for room control. Improvements to an existing  
facility may be restricted by the greater building’s 
infrastructure, and the room’s location within the  
facility and access to services.

To assess a facility’s system efficiency, investigate  
the following items:

Capacity

After reviewing the heat gains from the facility (section 
4.3), the required cooling for the room will be evident. 
Can the existing cooling system meet this demand or 
does it need to be upgraded?

Cooling Source

Is the data centre cooled using chilled water or DX? 
Chilled water will offer greater efficiency, but is restricted 
by location and plant space for chillers.

Air Distribution Units

What units are currently in place for supplying 
conditioned air to the front of the racks?

There are three main methods of rack cooling that are 
typically seen in existing facilities, with a description of 
operation and key items for review as follows.

1. Underfloor Supply System

Many data centre facilities rely on a raised floor with 
Computer Room Air-Conditioning units (CRAC units) 
located around the perimeter of the room for underfloor 
supply of conditioned air to the racks. The air passes 
through floor grilles within the raised floor, cools the 
racks, and then returns to the CRAC units at high level. 
With a raised floor system, these units should be placed 
at the end of the hot aisles.

Figure 9:  Raised floor air distribution (Illustration 
from ASHRAE, 2004)

CRAC units offer intelligent control of room conditions, 
maintaining temperature and humidity levels within the 
correct tolerance. Improvements in CRAC unit fans also 
allow for reductions in energy use as fans can be cycled 
up and down in response to underfloor static pressure 
monitoring, and therefore reduced power demand.
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2. Pod Design - localised cooling

Recent installations of medium sized data centres may 
utilise a ‘Pod design’ for cooling; cooling units mounted 
within the rows of racks rather than at the room 
perimeter, supplying conditioned air directly to the front 
of the racks with or without underfloor supply.  This type 
of configuration is typically referred to as ‘in-row’ or ‘in-
rack’ cooling, and can offer greater efficiency in control 
of supply air temperature. 

Figure 10: Typical room layout with pod design

Localised cooling supplies air directly to the front of 
each rack at the condition and flowrate required for the 
IT demand for the current rack. This is useful for higher 
density areas and for areas of fluctuating load demand. 
Pod design with localised cooling may use hot aisle 
containment and cold aisle containment to improve 
cooling efficiency. 

3. Central building or wall mounted system

For data centre facilities that are created within existing 
office buildings and fitouts, the cooling system may 
not be stand-alone, but rather rely on central air supply 
systems, wall mounted split air conditioners or even 
exhaust fans. These non-specific cooling systems will 
typically not offer the same efficiency as a dedicated 
CRAC system or Pod design, and will be limited in the 
potential for improvement. 

To optimise this type of cooling system, and ensure that 
conditioned air is delivered to the rack inlet, consider the 
following:

•	Racks	should	be	arranged	into	hot	and	cold	aisles;	
•	Air	distribution	units	placed	in	line	with	the	cold	aisles	

(see figure 11).

Figure 11: Flat slab air distribution

If additional cooling is required within these spaces but 
major infrastructure works are not feasible, the use of 
supplementary cooling systems or in-row coolers can 
be considered to allow for higher density and improved 
cooling.

Associated equipment

Any pumps or fans for cooling within the data centre 
should be as efficient as possible. Installation of variable 
speed drives (VSD’s) will reduce the power consumed 
by the electric motors, when operating at part load.

4.4.6 Airflow to servers

The effectiveness of a cooling system is dependent on 
the quantity and condition of air that reaches the server 
racks, in order to remove of heat from the computing 
equipment. The following three elements should be 
reviewed to optimise airflow to servers:

Avoid mixing

Mixing of hot and cold air should be minimised as much 
as possible. There should be a clear path for cold air 
to flow to servers, with minimal intersection of the hot 
return air.

The most effective separation of hot and cold air will 
depend on the type of air distribution system installed. 

Underfloor supply systems rely on cold air supplied at 
low level, with hot air returned to the CRAC unit at high 
level. To minimise interaction of the hot return air with 
cold supply air, a hot and cold aisle configuration as 
shown in figure 12 will provide the most effective layout. 
The hot air should be drawn along the top of the hot 
aisle, with minimal contact with the cold supply air at the 
rack front. 

Solution 1 – Improve the efficiency of your existing system
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Figure 12: Hot and cold aisle configuration

Pod design with localised cooling systems will also 
benefit from hot and cold aisle configuration. Hot 
and cold airflow mixing is less likely because these 
systems will supply conditioned air directly to the front 
of the rack, and draw hot air from the rear of the rack. 
If the system does not utilise an enclosed rack, the 
implementation of hot aisle and cold aisle containment 
will ensure that airflows do not mix. 

Improve airflow through racks

Prevent mixing of hot and cold air by providing blanking 
plates at any empty sections of the rack. Server racks 
should have a large open area for cold air intake at the front, 
with a clear path for the hot air to draw through at the rear.

Manage cable runs and penetrations

Cables should be positioned to minimise obstruction of 
supply air passing through the racks. Use of cable trays 
and cable ties will ensure that these do not impinge on 
the cooling system and will allow an even distribution of 
cold air.

Within the raised floor system, any penetrations should 
be sealed up using brushes or pillows to reduce ‘short 
circuiting’ of cold air.

4.4.7 Temperature and humidity control

Without appropriate control, the data centre equipment 
will reduce in performance and be detrimentally affected 
if the room conditions are not within its tolerance. 
However, studies have shown that the tolerance of data 
communication equipment is greater than that proposed 
for offices and human comfort. 

According to ASHRAE7, the ideal rack inlet conditions 
for IT equipment are:

•	dry	bulb	temperature:	20–25°C
•	relative	humidity:	40–60%.

How to control this temperature

Temperature and humidity sensors need to be placed 
effectively around the room, to actively measure the real 
conditions, and adjust the cooling supply accordingly. 
Optimal placement for measurement and monitoring 
points is at the front of the rack, to actively measure the 
inlet condition. 

Control of CRAC units can be done with various sensor 
locations, set-points and control strategies for regulation 
of cooling load and fan speed. Generally, control 
systems based on the supply conditions (at rack inlet) 
will allow higher air temperatures in the room, resulting 
in improved efficiency for the cooling system.

Ensure that the system has effective sensors in place, 
and that these are communicating with the supply 
systems via a Building Management System (BMS) 
effectively. 
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4.4.8 Rack layout

The most effective layout for air flow and heat removal 
from server racks has proved to be in a hot aisle – cold 
aisle configuration for greatest airflow and heat removal 
efficiency. Figure 13 shows a typical arrangement of hot 
and cold aisles with underfloor supply system.

Figure 13: Hot / Cold aisle configuration with 
underfloor supply system

Hot and cold aisle arrangement minimises mixing of hot 
and cold air, and maximises the efficiency of the supply 
system. 

For pod design with localised cooling using in-row, 
in-rack or other supplementary cooling systems, the 
layout of the racks will also incorporate the cooling units 
(refer to figure 10). Ensure that sufficient cooling units 
are provided to maintain cooling capacity at the racks, 
and to provide adequate redundancy in the case of unit 
failure.

Solution 1 – Improve the efficiency of your existing system



4.5 Step 5: Optimise monitoring 
and maintenance
Designing an energy-efficient data centre is not the final 
step for ensuring an efficient system. A data centre may 
have been designed to operate within tight boundaries 
and conditions, but during commissioning and passing 
over of responsibilities, inefficiencies in power distribution, 
heat gains and cooling provision can easily arise.

Studies of existing facilities have shown that many data 
centres have faults and alarms that facility management 
(FM) are not aware of. Effective monitoring of the facility 
allows the system to optimise operation, providing ideal 
room conditions and IT equipment utilisation.

4.5.1 Rack-centric monitoring

Traditionally, control of the data centre’s heat loads 
(cooling requirement) and power supply has been largely 
centralised, with the BMS connecting each component 
together, as illustrated in Figure 12.

This type of system allows easy response for any 
centre-wide faults and alarms, but minimises the control 
and management of individual equipment. To improve 
the efficiency of the data centre, management of 
temperature and power distribution should lead towards 
a rack-centric approach as in Figure 13, with sensors 
and meters at each rack, maximising FM’s ability to 
analyse how the system is performing on a micro-scale.

Monitoring the cooling efficiency from a rack-centric point 
of view to accommodate better balancing of heat loads 
within each individual rack potentially allows greater than 
15% of energy savings from the cooling system8. 

4.5.2 Systematic checking and maintenance

Review of the power usage, heat loads and IT 
equipment utilisation should occur on a regular basis 
to ensure the data centre is operating as designed. 
The prevention of future failures in either the power or 
cooling systems will save the business large amounts 
of time and money.

 

 

Figure 14: Typical BMS-centric monitoring.

Figure 15: Rack-centric monitoring.
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4.6 Step 6: Implement action plan
The level of improvement that an existing facility is 
capable of depends on a number of factors:

•	ability	to	finance
•	expectations	for	future	growth
•	additional	space	available
•	age	of	existing	system.

A range of performance measures and improvements 
for the various aspects of an existing facility have 
been identified. To help decide what improvements a 
business is capable of making and the level of data 
centre performance that is desired, three levels of 
implementation have been identified to represent the 
various improvements.

All implementations should incorporate the development 
of a measurement system that allows the organisation to 
monitor and benchmark its ongoing energy consumption 
and CO2 emissions. This will not only highlight the 
improvements to the facility operators, but also provide 
a clear indicator for CEOs and IT managers in the 
establishment of environmental performance governance.

4.6.1 Level 1: Revitalise existing design

The first level of implementation is suitable for 
businesses that are not able to finance the replacement 
of systems, or may be postponing a forecast 
replacement and looking for an interim solution.

Compared to a typical ‘base case’, these improvements 
could offer 20–30% reduction in energy consumption9. 
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Level 1 GOAL: PUE = 2.0

Power use and supply •	Minimise	lighting	levels	and	install	sensors
•	Reduce	unnecessary	power	consumption
  -  Remove idle resources
  -  Improve management of site and faults

Room heat gains •	Evenly	distribute	hot	spots
•	Install	insulation	over	any	existing	windows
•	Seal	up	any	gaps	in	the	walls	and	floor
•	Install	external	barriers	if	solar	gains	are	high

Cooling system •	Organise	server	racks	into	hot	and	cold	aisle	configuration	
•	Provide	minimum	ventilation	only	–	review	and	adjust
•	Install	blanking	plates	in	server	racks	
•	Adjust	temperature	and	humidity	control	set	points
•	Manage	cables	and	penetrations
  -  Bunch cables together using ties
  -  Install brushes or place pillows over any penetrations within the raised floor

Monitoring and maintenance •	Improve	monitoring	and	implement	systematic	checking

Table 2: Level 1 implementation (existing facility).



4.6.1 Level 2: Best practice

The second level of implementation assumes that all 
level 1 points are achieved and the business wishes to 
greatly improve their system to create a best practice 
site now and into the future. Achieving this level of 
implementation will require greater capital expenditure, 
but will result in larger energy savings.

Compared to a typical ‘base case’, these improvements 
could offer 30–50% reduction in energy consumption10.
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Level 2 GOAL: PUE = 1.7

Rack utilisation •	Consolidate	servers	to	fewer	numbers
•	Apply	virtualisation	software	for	control	of	server	activity	and	maximise	utilisation

Power use and supply •	Replace	and	update	old	equipment
•	Improve	power	supply
  -  Replace ageing equipment
  -  Implement a level of resilience to meet business requirements

Room heat gains •	Utilise	virtualisation	software	to	minimise	hot	spots	and	distribute	evenly

Cooling system •	Improve	cooling	system
  -  Align CRAC units to hot aisles for raised floor, or cold aisles  
    (with targeted cooling) for flat slab design
  -  Replace and renew rack doors with increased open area
  -  Utilise supplemental cooling if high heat loads are evident
  -  Install sensors to actively monitor room conditions
•	Manage	cables	and	penetrations
  -  Install rack-level cable management units
  -  Organise routes for cabling 
•	Cooling	equipment
  -  Replace old equipment to meet future capacity efficiently
  -  Update older fans with newer technology

Monitoring and maintenance •	Update	existing	monitoring	system	to	incorporate	a	rack-centric	control	system

Table 3: Level 2 implementation (existing facility).



4.6.3 Level 3: State of the art

Implementation of Level 3 improvements may require 
very large capital expenditure to update existing 
equipment and replace with state-of-the-art technology. 
This level assumes all points from level 1 and 2, 
but moves beyond best practice to see the optimal 
operating conditions.

After considering the financial requirements of this level, 
and the quality of system required, it may be more 
appropriate and financially efficient for the facility to 
demolish and replace.

Compared to a typical ‘base case’, these improvements 
could offer 50–80% reduction in energy consumption9. 
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Level 3 GOAL: PUE = 1.5 and below

Power use and supply •	Decrease	power	used	within	IT	equipment
  -  Select new equipment with higher CADE values, and integrated management    
     software to achieve a rack-centric monitoring approach
  -  Replace and upgrade servers with high-density blade technology to maximise  
     utilisation and minimise losses between servers
•	Improve	power	supply
  -  Install on-site power generation for benefits of constant electrical load  
     and cooling

Cooling system •	Install	raised	floor	to	maximise	efficiency	of	cold	air	supply	to	each	rack,	and	 
   minimise hot and cold air mixing
•	Replace	racks	with	increased	open	area	for	improved	air	supply,	and	internal	 
   technology for improved air pass through
•	Cooling	equipment
  -  Replace existing with stand-alone, chilled-water system to benefit from greater  
     system efficiency. Where possible, utilise water-cooled chillers to further  
     increase the efficiency
  -  Replace existing air distribution system with down flow CRAC units,  
     incorporating intelligent controls for humidity and temperature
  -  Implement free cooling technology to the system

Table 4: Level 3 implementation (existing facility).



4.7 Step 7: Measure the 
improvement
With the improvements in place and the increased 
efficiency within a system, what are the potential savings 
for the facility? 

4.7.1 Energy savings

Calculate the power system efficiency and compare 
energy bills before and after the improvements to 
highlight reductions in energy demand.

4.7.2 Power usage

Recalculate the system’s PUE (refer to Section 4.2) 
and compare to the previous calculation. A PUE that is 
closer to 1 represents an improvement in the usage of 
power for the facility’s core purpose.

4.7.3 Carbon savings – CO2

A facility’s calculated energy savings represent a 
direct saving in CO2 production. For electricity supply 
in Victoria, the amount of CO2 saved from the facility 
improvements can be calculated as follows10:

 

Note: The 1.31 factor will vary from year to year as the 
mix of electricity generating plants in Victoria changes. 
Go to the Federal Government’s Department of Climate 
Change website and look up the latest National 
Greenhouse Accounts (NGA) Factors Booklet10.
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The decision to design a new data centre facility will 
arise from two reasons:

•	An	existing	facility	has	reached	the	limits	of	its	
capacity, or is utilising old power and cooling supply 
systems that minimise its efficiency and reliability. The 
business decides to demolish and rebuild.

•	The	business	has	recently	required	a	data	centre	facility	
of its own, with a need to create a highly efficient and 
reliable centre for all data storage and access.

In designing a new data centre system, it is important 
to realise the constant power and cooling requirement 
of the centre, and the subsequent high level of energy 
demand that this will generate. Greater design initiatives 
for improved efficiency and performance at this stage 
of the data centre development will carry on to greater 
savings in energy and relatively short payback periods. 

Design of the new system should be focused on the 
same initiatives as Solution 1, but should be easier to 
achieve with a new location and layout. Objectives for 
the new system should include:

•	high	energy	efficiency	with	reduced	demand	of	power	
for non-IT equipment

•	resilience	and	reliability	that	suits	business	needs
•	high	level	of	integrated	management	in	operation	for	

FM to control most effectively
•	ensure	that	both	existing	and	future	loads	will	be	met
•	adaptability,	both	in	data	storage	capacity	and	in	

system operation
•	separate	electricity	metering	to	maximise	NABERS	

energy rating if appropriate.

The steps for new system design are indicated below.

5 Solution 2 – Design a new system
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5.1 Step 1: Determine IT needs
What does the business require from the data centre? 

Before selecting the power and cooling system that is 
most appropriate for a business, ensure that decision 
makers understand what all parties’ needs are, and 
what they will be into the future.

5.1.1 What size data centre?

Assessing the capacity of data storage, applications 
and transfer requires input from all aspects of the 
business. Ensure that the final decision is based on 
input from all parties, including IT, business leaders, 
general users, and so on. 

5.1.2 How critical is the data centre?

Computer equipment is susceptible to power and 
supporting infrastructure faults. The design of the facility 
will be largely based on business requirements for 
system resilience and reliability. If the new data centre 
fails, what impact will this have on the business?

•	What	will	it	cost	if	no-one	can	send	or	access	email,	
use electronic funds transfer (EFT) system or web 
applications? 

•	How	will	other	aspects	of	business	be	affected	if	the	
facility fails?

Redundancy can be built into the design to continue the 
facility’s operation during a failure event. However, it is 
important to get the level of redundancy correct for the 
business to ensure that it is effective, but not excessive.

5.1.3 What will the future be?

As we move into the future, the requirement for data 
storage and transfer capability is only going to rise. 
Ensure that the business has an outlook for this 
expansion, so that the design can allow adaptability for 
this expansion.
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Figure 16: Decision making for IT needs.
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5.2 Step 2: Select room location 
and layout
Selecting the appropriate location and layout will reduce 
heat gains within the room and transmission losses for 
power distribution equipment. 

5.2.1 Room location

The location of the data centre may be optimised by 
considering the following points in Table 5. 
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Design Consideration Comments

Proximity to power and 
cooling plants

Reduction of transmission losses will increase efficiency for the system. Ensure 
that the central plant is close to the data centre to maximise this efficiency.

Easy access for maintenance 
and equipment egress

Doors and openings need to be designed to allow for the largest size component 
to be delivered and installed.

Geographical location Ideal locations have lower ambient temperature and humidity levels, allowing 
greater access to free cooling technologies.

Potential re-use of  
waste heat

Is there an adjoining office or other building that may be capable of utilising the 
high level of waste heat from the data centre? This will not only reduce the need 
for heating within the adjoining space, but also reduce the load on the cooling 
equipment for a facility.

Security Interference or disruption to the data storage could result in large costs for the 
business. Ensure that security is maintained.

Noise and aesthetic 
constraints

Refer to local planning requirements for any issues on noise levels or building 
constraints.

Table 5: Optimising room location.



5.2.2 Building materials

Data centres do not have the same aesthetic and 
stimulating requirements as an office space. Its 
construction should utilise materials offering the greatest 
insulation against transmission of heat, both internally 
and externally.

Solar heat gains through windows should be eliminated 
by enclosing any existing windows with an insulated 
barrier. Additionally, any gaps that allow unnecessary 
infiltration/exfiltration need to be sealed and eliminated.

5.2.3 Room layout

Efficiency of power and cooling systems will be affected 
by the placement of server racks, air distribution units 
and power distribution equipment. The layout of the 
room should maximise the IT equipment space, while 
maintaining a separation of hot and cold air for the 
cooling system.

Hot and cold aisle configuration

Placement of server racks should allow cooling air 
supply to reach the front of the racks, with hot return air 
escaping from the rear.

Figure 17: Hot aisle – cold aisle configuration.7

Cabinets have a minimum requirement of front and 
rear access to allow maintenance and ensure efficient 
cooling and monitoring of the system. A minimum of 
1000mm should be provided at the front of the rack, 
with 600mm at the rear (although 1000mm is preferred).

Raised floor for pipework, cabling and cooling

A raised floor cavity should be considered for routing 
of pipework and cabling, and can also be used for 
underfloor cooling system. A deeper raised floor will suit 
an underfloor supply system with perimeter CRAC units, 
while a pod design with localised cooling may allow a 
shallower floor space.

With a Pod design, the cooling units are mounted within 
the rows of racks rather than at the room perimeter, and 
can supply conditioned air directly to the front of the 
racks with or without underfloor supply.  

Figure 18: Typical room layout with pod design

For pod design with localised cooling using in-row, 
in-rack or other supplementary cooling systems, the 
layout of the racks will also incorporate the cooling 
units. Ensure that sufficient cooling units are provided to 
maintain cooling capacity at the racks, and to provide 
adequate redundancy in the case of unit failure.
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5.3 Step 3: Select cooling system
The requirement for cooling within a new data centre is 
largely due to the high density of heat produced by the 
IT equipment. It is critical to the operation of a facility, 
and has many opportunities to optimise efficiency. 

5.3.1 Assess heat gains

Sum up all heat gains within the design, including any 
requirements for high density power and cooling to 
calculate cooling required. 

5.3.2 Cooling equipment

The performance of the cooling equipment system 
within a data centre largely affects the total facility’s 
energy consumption and CO2 emissions. There are 
various configurations of ventilation and cooling 
equipment, with many different types of systems for 
room control. 

To achieve system efficiency, consider the following 
items:

Cooling capacity

After calculating the heat gains from the design  
(Figure 19), the required cooling for the room will be 
evident. Do not allow the selected cooling equipment  
to be overloaded, or to operate inefficiently at higher 
than required capacity.

Cooling Source 
Options and comparisons for sources of cooling are 
detailed in Table 6 (over page).

5.3.3 Airflow to servers

The effectiveness of a cooling system is dependent 
on the quantity and condition of air that reaches the 
server racks, and removal of heat from the computing 
equipment. 

Air distribution units

Cooling within the data centre relies on supplying 
conditioned air to the front of the racks, and removing 
hot air from the rear of the racks. Underfloor supply 
systems and pod designs with localised cooling will 
generally offer the greatest efficiency

1. Underfloor supply system

Underfloor supply systems rely on a raised floor with 
Computer Room Air-Conditioning units (CRAC units) 
located around the perimeter of the room. The air 
passes through floor grilles within the raised floor, cools 
the racks, then returns to the CRAC units at high level. 
With a raised floor system, these units should be placed 
at the end of the hot aisles, as shown in figure 20.

Figure 20: Hot / cold aisle configuration
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2. Pod Design - localised cooling

Medium sized data centres may benefit from a ‘Pod 
design’ for cooling; cooling units mounted within 
the rows of racks rather than at the room perimeter, 
supplying conditioned air directly to the front of the 
racks with or without underfloor supply.  This type of 
configuration is typically referred to as ‘in-row’ or ‘in-
rack’ cooling, and can offer greater efficiency in control 
of supply air temperature. 

Figure 21: Typical room layout with pod design

Localised cooling supplies air directly to the front of 
each rack at the condition and flowrate required at the 
specific rack. This is useful for higher density areas and 
for areas of fluctuating load demand. Pod design with 
localised cooling may use hot aisle containment and 
cold aisle containment to improve cooling efficiency. 

Avoid mixing

Mixing of hot and cold air should be minimised as much 
as possible. There should be a clear path for cold air 
to flow to servers, with minimal intersection of the hot 
return air.

The most effective separation of hot and cold air will 
depend on the type of air distribution system installed. 

For underfloor supply systems, to minimise interaction 
of the hot return air with cold supply air, a hot and cold 
aisle configuration as shown in figure 20 will provide the 
most effective layout. The hot air should be drawn along 
the top of the hot aisle, with minimal contact with the 
cold supply air at the rack front. 
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Table 6: Cooling source 
options.

Design Consideration Comments

Chilled water Chilled-water systems generally offer the greatest efficiency for mechanical 
cooling. Chillers can operate with a coefficient of performance (CoP) greater than 
7, and can allow excellent part load efficiencies.

Direct expansion (DX) Direct expansion systems comprise individual compressors within each of the air 
distribution units in the data centre. CoPs for these systems are approximately 
2.5–4, but are generally less expensive for initial installation costs.

Supplemental cooling Technologies are available to provide cooling directly to the racks, especially useful 
in areas of excessively high heat gains. Units can be placed directly above or in 
front of racks to ‘target’ the cooling at the heat source.

Free cooling Free cooling is achieved when the mechanical cooling source is not required to 
remove heat from the room. The availability of free cooling is dependent on the 
external ambient conditions, that is, when these are at, or close to, internal supply 
conditions.

Application of free cooling to the data centre requires additional equipment and 
technology, and will increase capital costs. If feasible, it will also reduce the energy 
consumption of the facility dramatically.
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Pod design with localised cooling systems will also 
benefit from hot and cold aisle configuration. Airflow 
mixing is less likely because these systems will supply 
conditioned air directly to the front of the rack, and draw 
hot air from the rear of the rack. Implementation of hot 
aisle and cold aisle containment will ensure that airflows 
do not mix.

Improve airflow through racks

Prevent mixing of hot and cold air by providing blanking 
plates at any empty sections of the rack. Server racks 
should have a large open area for cold air intake at the 
front, with a clear path for the hot air to draw through at 
the rear.

Manage cable runs and penetrations

Cables should be positioned to minimise obstruction of 
cold air reaching the racks. Use of cable trays and cable 
ties will ensure that these do not impinge on the cooling 
system and will allow an even distribution of cold air.

Within the raised floor system, any penetrations should 
be sealed up using brushes or pillows to reduce ‘short 
circuiting’ of cold air.

5.3.4 Temperature and humidity control

Without appropriate control, the data centre equipment 
will reduce in performance and be detrimentally affected 
if the room conditions are not within its tolerance.

According to ASHRAE7 the ideal rack inlet conditions for 
IT equipment are:

•	dry	bulb	temperature:	20–25°C
•	relative	humidity:	40–60%.

How to control this temperature

Temperature and humidity sensors need to be placed 
effectively around the room to actively measure the real 
conditions and adjust the cooling supply accordingly. 
Ensure that the system has effective sensors in place, 
and that these are communicating with the supply 
systems via a building management system (BMS) 
effectively. 

Control of CRAC units can be done with various sensor 
locations, set-points and control strategies for regulation 
of cooling load and fan speed. Generally, control 
systems based on the supply conditions (at rack inlet) 
will allow higher air temperatures in the room, resulting 
in improved efficiency for the cooling system.

5.3.5 Ventilation

Ventilation is required within the data centre space only 
for the following reasons:

•	provide	positive	air	pressure	and	replace	exhausted	air
•	reduce	formation	of	static	electricity
•	allow	minimum	outside	airflow	rates	for	maintenance	

personnel (two people at any one time)
•	smoke	extraction	in	the	event	of	fire.

Ventilation rates within the facility do not need to exceed 
the minimum requirement for effective operation. Ideally, 
the supply of ventilated air will be pre-treated before it 
enters the data centre to reduce the additional cooling 
load and improve control of temperature and humidity.
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5.4 Step 4: Select power supply 
system
Design of the power supply for a new facility should 
depend on two factors:

•	improving	the	efficiency	of	supply	to	reduce	
unnecessary loss

•	ensuring	the	facility	is	resilient	against	equipment	
failure to meet all requirements
–  how critical is the data centre to the operation  

of the business?

5.4.1 Where is power used?

Power that enters a data centre facility is divided into 
two components:

•	IT	equipment	(servers	for	data	storage,	processing	
and applications)

•	supporting	infrastructure.

Figure 22 Typical data centre power demand.

 

Figure 22 shows that in many new facilities, 45% of data 
centre power is utilised by supporting infrastructure, 
and therefore not used for the core data processing 
applications. This represents inefficiency for the data 
processing system and should be reduced.   

The Green Grid3 has proposed a metric to assess the 
efficiency of data centre power usage – PUE:

The optimal use of power within a data centre is achieved 
as the PUE approaches 1, or when the total facility power 
is reduced relative to the IT equipment power. Studies 
show that, on average, data centres have a PUE of 2.0, 
with goals of 1.7 and even 1.5 for state-of-the-art facilities.

Electricity metering

Effective metering of a data centre should be 
implemented to accurately understand the inputs and 
outputs of the facility. Accurate data measurement will 
allow business management to continuously monitor the 
PUE, and also allow effective segregation of power used 
by the data centre from other facilities within the building.

Segregation of the power usage is important if the 
building is attempting to achieve a NABERS energy 
rating (tenancy, base-building or whole-building rating). 
The data centre’s high-density energy may be excluded 
from a rating if the facility is providing a national IT 
function which is in excess of the normal IT requirements 
for the host office. For an accredited rating, the power 
used by servers and ancillaries supporting this national 
function need to be separately metered with a code-
compliant meter for exclusion from the NABERS rating. 
Any exclusion of energy from a NABERS rating must be 
approved by the accredited NABERS assessor.

IT equipment efficiency

IT equipment such as racks, servers and virtual 
management systems can vary in their relative efficiency. 
The Uptime Institute has developed a measurement 
tool to compare the efficiency of IT equipment4. The 
Corporate Average Datacenter Efficiency (CADE) 
identifies the efficiency of each IT asset for comparison 
between alternatives.
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5.4.2 Improving power consumption

To improve the total system efficiency and PUE of a site, 
the first step is to reduce the demand for power. Table 
8 highlights the strategies for demand reduction, with a 
basic description of each.

5.4.3 Improving power supply

The second step towards improving the facility’s 
efficiency and performance is to improve the supply 
of power. Power supply for a data centre system will 
typically rely on many components, shown in a very 
simple schematic in Figure 23.

Efficiency of supply

Each of these components has an associated efficiency 
for their transmission (or generation) of power. As the 
power is transferred through each of these components, 
the system efficiency will consecutively decrease, so all 
components are important for entire system efficiency.

Resilience and reliability of supply

Effective power supply will ensure that supply is  
always available, even in the event of equipment 
failure. Resilience of the system is determined by the 
level of redundancy in place, and the limitations of 
‘single points of failure’.

Different equipment selection will add or subtract 
from a system’s resilience, as shown in the example 
comparison below between different types of UPS.

Table 7: Comparison of UPS types.
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Demand Reduction Comments

Select efficient IT equipment Using CADE, select servers, processors and monitoring systems that maximise 
energy efficiency. A reduction of 1kW of power demand here will result in more 
than 2kW of saving for the total site2.

Utilise innovative 
technologies for server 
systems

Blade servers are becoming more popular due to their decreased size and 
increased capability. Compared to traditional server equipment, blades can 
conserve large proportions of power.

Increase server utilisation Ensure that applications and data storage is consolidated and management is 
virtualised for a data centre to reduce inefficient utilisation rates. Refer to Section 
4.1 for further information.

Cooling systems Refer to Section 5.3 for detailed investigation of the cooling system and options 
for improvement.

Management of site Optimising the function and operation of the site is possible if the correct monitoring 
and maintenance systems are in place. Refer to Section 5.5 for further information.

Parameter Static UPS DRUPS

Frequency of failure (years) 2.6x10-3 1.8x10-3

Mean time between failures 385 years 550 years

Unavailability 4.1x10-6 2.8x10-6

Availability 99.99959% 99.99972%

Table 8: Opportunities for reducing power demand.



5.4.4 On-site power supply

Has the prospect of an on-site power supply been 
considered to generate electricity for the data centre? 
Due to the constant cooling and electrical load 
required for the site, there may be an advantage in 
the implementation of a cogeneration or tri-generation 
system, where the waste heat from the production of 
electrical power can be used to provide cooling via an 
absorption chiller.

The use of such technology will greatly increase the 
efficiency of supply and reduce greenhouse gas 
emissions.
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Figure 23: Simple schematic of power supply.



5.5 Step 5: Optimise monitoring 
and maintenance
Designing an energy-efficient data centre is not the 
final step for ensuring an efficient system. During 
commissioning and passing over of responsibilities, 
inefficiencies in power distribution, heat gains and cooling 
provision can easily arise within the original design.

Studies of existing facilities have shown that many data 
centres have faults and alarms that the FM is not aware 
of. Effective monitoring of the facility allows the system 
to optimise operation, providing ideal room conditions 
and IT equipment utilisation.

5.5.1 Rack-centric monitoring

To improve the efficiency of a data centre, management 
of temperature and power distribution should lead 
towards a rack-centric approach, with sensors and 
meters at each rack, maximising FM’s ability to analyse 
how the system is performing on a micro-scale.

Monitoring the cooling efficiency from a rack-centric point 
of view to accommodate better balancing of heat loads 
within each individual rack potentially allows greater than 
15% of energy savings from the cooling system8. 

5.5.2 Systematic checking and maintenance

Review of the power usage, heat loads and IT equipment 
utilisation should occur on a regular basis to ensure that 
the data centre is operating as designed. The prevention 
of future failures in either the power or cooling systems 
will save the business large amounts of time and money. 

Figure 24: Rack-centric monitoring.
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5.6 Step 6: Implement action plan
New facility design will be dependent on a business’s 
ability to finance the project and expectations of data 
centre usage. The aim should be to achieve the highest 
level of efficiency within the constraints of design.

A range of efficient design initiatives have been identified 
to assist the decision on the level of design required. 
Three levels of implementation have been identified to 
represent the various improvements.

All implementations should incorporate the 
development of a measurement system that allows the 
organisation to monitor and benchmark its ongoing 
energy consumption and CO2 emissions. This will 
provide a clear indicator for CEOs and IT managers 
in the establishment of environmental performance 
governance into the future.

5.6.1 Level 1: Temporary design

The first level of implementation includes design 
initiatives that are relatively low in capital costs and 
easier to implement. They offer a base level of data 
centre design and should only be considered for short-
term projects or interim designs.
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Table 9: Level 1 implementation (new facility).

Level 1 GOAL: PUE = 2.0

IT needs •	Determine	data	storage	and	application	capacity	with	input	from	all	parties
•	Evaluate	what	level	of	resilience	is	needed	from	the	data	centre,	including	cost,	 
   plant space and criticality

Room heat gains •	Select	building	materials	with	high	insulation	properties
•	Install	insulation	over	any	existing	windows
•	Eliminate	unnecessary	infiltration	by	sealing	up	any	gaps	in	the	walls	and	floor
•	Minimise	excessively	hot	racks	and	evenly	distribute	if	present
•	Install	external	barriers	if	solar	gains	are	high

Cooling system •	Organise	server	racks	into	hot	and	cold	aisle	configuration	
•	Provide	minimum	ventilation	only
•	Install	blanking	plates	in	empty	server	racks	to	isolate	hot	and	cold	air	
•	Set	temperature	and	humidity	control	set	points	correctly
•	Manage	cables	and	penetrations
  -  Bunch cables together using ties
  -  Install brushes or place pillows over any penetrations within the raised floor

Power use and supply •	Minimise	lighting	levels	and	install	sensors
•	Eliminate	unnecessary	power	consumption
  -  Evaluate required IT capacity and reduce idle resources
  -  Instigate systematic management of site and faults and monitor power  
     and cooling trends

Monitoring and maintenance •	Instigate	systematic	management	of	site	and	faults	and	monitor	power	 
   and cooling trends



5.6.2 Level 2: Best practice

The second level of implementation assumes that all 
level 1 points are achieved and that the business wants 
to move beyond basic design goals to create a facility 
that offers best practices for energy efficiency. 

Achieving this level will require greater capital 
expenditure, but will result in larger energy savings. 
Compared to a typical ‘base case’, these improvements 
could offer 30–50% reduction in energy consumption9.
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Table 10: Level 2 implementation (new facility).

Level 2 GOAL: PUE = 1.7

IT needs •	Incorporate	consolidation	of	servers	to	fewer	numbers	by	understanding	 
   what all parties’ IT needs are
•	Utilise	virtualisation	software	for	control	of	server	activity	and	maximise	utilisation

Room heat gains •	Use	virtualisation	software	to	minimise	hot	spots	and	distribute	evenly	 
   around the room

Cooling system •	Enhance	cooling	system
  -  Install raised floor structure for down flow supply units
  -  Use high-efficiency, water-cooled chillers with VSDs installed on pumps and fans
  -  Utilise down flow type CRAC units with EC fans
  -  Align CRAC units with hot aisles
  -  Utilise supplemental cooling for high heat loads with stand-alone  
     refrigerant system
  -  Install space sensors in cold aisles and return air streams to actively  
     monitor room conditions
•	Manage	cables	and	penetrations
  -  Install rack-level cable management units
  -  Organise routes for cabling

Power use and supply •	Utilise	only	efficient	IT	equipment	(for	example,	servers,	racks)	with	good	 
  CADE values
•	Implement	blade	servers	for	higher	density	and	efficiency
•	Optimise	power	supply
  -  Select only high-efficiency distribution equipment, with internal power  
     monitoring devices 
  -  Implement a level of resilience to meet business requirements

Monitoring and maintenance •		Implement	a	rack-centric	control	system	with	inbuilt	power	and	 
   cooling monitoring



5.6.3 Level 3: State of the art

Implementation of level 3 improvements will require very 
large capital expenditure to achieve a state-of-the-art, 
energy-efficient facility. This level assumes all points 
from level 2, but moves beyond best practice to see the 
optimal operating conditions. A state-of-the-art facility 
should be aiming for improvements around 50–80% 
above typical, ‘base case’ data centres.

What if this can’t be achieved?

If this level of system is required to meet the business 
needs, but financial constraints restrict the build, a 
further consideration could be outsourcing the data 
centre requirements and renting space within a state-of-
the-art co-location facility.
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Table 11: Level 3 implementation (new facility).

Level 3 GOAL: PUE = 1.5 and below

Power use and supply •	Utilise	the	constant	electrical	and	cooling	demand	for	the	facility	and	implement	 
   on-site power generation
•	Cogeneration	systems	can	utilise	their	waste	heat	and	supply	cooling	via	an	 
   absorption chiller

Cooling system •	Implement	free	cooling	technology	to	utilise	low	ambient	temperature	and	 
   humidity conditions
•	Where	possible,	‘dump’	excessive	heat	from	data	centre	to	adjacent	office	or	 
   other space for heating
•	Install	pressure	sensors	under	floor	at	each	rack,	allowing	dedicated	control	to	 
   match each heat load
  -  Change CRAC unit control systems to monitor supply conditions, rather than  
     return air stream
•	Implement	curtains	and	ducting	for	absolute	separation	of	hot	and	cold	and	 
   hot air, preventing any short circuiting



Upgrading and improving a data centre can take 
considerable time and money depending on the 
circumstances. While a business may want to follow 
the steps in this guide, it may not have the time or 
resources available to do so. 

Data centre designers can supply the services required 
to assess, upgrade or install data centre facilities. It may 
be appropriate for them to assist with some or all of the 
process, and there are some questions that should be 
asked before beginning.

Will the provider take a systems approach?

It is important that the service provider considers how to 
optimise the entire data centre, not only one or two of 
its components. Ensure that the provider will include the 
following in the investigation if asked:

•	power	consumption	assessment	and	PUE
•	airflow	throughout	the	data	centre
•	detailed	analysis	of	heat	loads	and	cooling	required
•	knowledge	of	data	centre	power	and	cooling	

demands, including levels of resilience
•	free	cooling	and	heat	recovery	potential.

Will the provider examine the IT equipment, as 
well as the supporting infrastructure?

While the IT equipment such as the processor, 
server and communication equipment are important 
considerations, the provider should also be investigating 
the demand side of the facility, including the distribution 
network, temperature and humidity regulation. They 
need to consider the end users for the data centre 
facility and the profile of the demand.

What analysis services do they offer?

In order to ensure a data centre runs as efficiently as 
possible, the provider must first conduct a detailed 
analysis of various aspects of the existing centre or 
new design requirements. They should also be able 
to measure and analyse the load profile of the centre 
and the related power consumption to report on 
performance. 

Other questions to ask of the provider include:

•	Will	they	assist	with	commissioning	and	operating	of	
the data centre?

•	Will	they	contract	out	any	of	the	work	themselves?
•	Do	they	have	the	capability	to	remotely	monitor	the	

centre?

6 Selecting a service provider
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Term Meaning

CADE Corporate Average Datacenter Efficiency

chiller A generic name for a packaged refrigeration system that produces 
chilled water; often includes a compressor, evaporator coil for heat 
exchange, condenser water coil for heat rejection and control system

cloud 
computing

Internet based computing; users are able to share resources, software 
and information through a public network

cold aisle 
containment

Enclosing the cold aisle with sealed roof and doors to eliminate mixing of 
hot and cold air

consolidation Combining of multiple servers into one physical server

CoP Coefficient of performance; used to analyse and compare the energy 
efficiency of a refrigeration system or component. Equal to the (kW 
cooling energy output)/(kW input energy)

CRAC unit Computer room airconditioning unit; air handling unit with intelligent 
controls for the purpose of computer room air conditioning

DCiE Data centre infrastructure efficiency; DCiE is the reciprocal of PUE  
(DCiE = 1/PUE)

DRUPS Diesel rotary uninterruptable power supply; backup generator for resilient 
operations, able to provide ride-through in the event of power failure

dry bulb 
temperature

Temperature of air, measured using a standard thermometer

DX Direct expansion; a source of cooling that sees heat absorbed into a 
refrigerant as it expands from liquid to gas

FM Facility management

high density 
power & 
cooling

Increased IT loads (in excess of 5kW per rack) require high density of 
power supply and cooling

hot aisle 
containment

Enclosing the hot aisle with sealed roof and doors to eliminate mixing of 
hot and cold air

Appendix A Glossary
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Term Meaning

hot aisle – cold 
aisle

Configuration of server racks; ensures all racks face in the direction of 
cold air supply, with their rear side open to a hot space for heat rejection. 
These cold and hot spots form aisles within the room

HVAC Heating, ventilation and airconditioning

in-rack cooling Cooling units integral to the server rack supplying conditioned air to the 
front of the rack

in-row cooling Cooling units mounted within a row of server racks, removing hot air 
from the rear of the rack, and supplying conditioned air to the front of 
the rack

NABERS The National Australian Built Environment Rating System (NABERS) is 
a performance-based rating system for existing buildings which rates 
a building on the basis of its measured operational impacts on the 
environment

PDU Power distribution unit; facilitates the distribution and control of power  
to computer room equipment

pod design Enclosed array of server racks, with localised cooling using in-row or 
in-rack units

PUE Power usage effectiveness measures the efficiency of the IT load 
compared to the load of the entire data centre

relative 
humidity

Amount of water vapour that exists within a gaseous mixture of air  
and water

solar gain Heat gains through windows that are attributed to the transmission  
of the sun’s rays into the space

underfloor 
supply system

Data suite with raised floor supply of conditioned air. Generally utilises 
downflow CRAC units located around perimeter of the room.

UPS Uninterruptable power supply

ventilation The intentional movement of air from outside a building to the inside

virtualisation Digital control software; simulates multiple server applications in a single 
physical server
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Relevant websites

•	 The	Uptime	Institute:	www.uptimeinstitute.org/

•	 The	Green	Grid:	www.thegreengrid.org/

•	 APC	White	Papers:	www.apc.com/

•	 Department	of	Climate	Change:	www.climatechange.gov.au/
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