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Abstract

Businesses today couldn’t 
operate without IT and to many 
organisations this means building 
and running a data centre. This 
brings with it a whole new set of 
challenges which have evolved 
over time and are now focused 
on raising energy supply costs and 
energy security. This has come 
about because of the rapid growth 
of IT infrastructure and the rapid 
increases in energy provision. 
Energy simply didn’t register on 
the data centre radar, but now is a 
cost line that must be addressed. 
There are a range of approaches 
that can be used to tackle the 
challenges specific to each client. 
It’s important to consider the 
whole range of options to build 
your plans to tackle the situation 
and to get started.

Introduction

For those with a responsibility for running 
a data centre, there’s most likely already 
pressure to deliver the availability of 
applications to internal and external users 
and to prevent security attacks. On top 
of these traditional pressures, there’s 
now also the task of managing escalating 
energy costs. The good news is that there 
are a range of ways to address the energy 
question; the challenge is that many 
organisations are only presented with half 
the answers by suppliers in the market. 
The purpose of this whitepaper is to take 
a holistic view of the solutions available, 
in order to help those responsible for 
building, operating and managing data 
centres determine the options that are best 
for their organisation. 

How did we get here?

In the relatively short time span that IT has 
been deployed in business we have seen 
massive changes in the role of the data 
centre and the demands put upon it.  
In a 40-year period, the environment  
has changed massively, as figure 1  
below highlights. 

But that’s not the end of the story; 
organisations continue to experience rapid 
IT growth, while the data centres required 
to support this growth are aging. In May 
2011, data centre research organisation 
Uptime Institute reported that 36% of 
the large companies it surveyed expect to 
exhaust IT capacity within the next  
18 months.

“�Aging data centres and infrastructure 
have considerable energy requirements 
and unnecessary operational costs, 
imposing capacity limits that affect 
uptime and flexibility. Poorly managed 
real estate and underutilised technology 
also lead to inefficiencies and high 
energy costs.” 

       �– Helen Tang Worldwide Lead, Data Centre 

Transformation Solutions HP Enterprise Business

Figure 1: IT Evolution and the data centre

•	 �Internal users only

•	 Non business critical

•	 Limited applications

•	 Limited storage volumes (data only)

•	 Specialist users & operations

•	 �Limited security threats (maninly physical)

•	 Small number of large machines

•	 Energy costs not considered

•	 �Internal & external users / borderless

•	 Business critical

•	 Multiple applications

•	 �Explosion of storage volume (data, voice & video)

•	 Ubiquitous

•	 Many security threats

•	 Large number of machines

•	 Engergy a major consideration
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register on the data 
centre radar, but now 
is a cost line that 
must be addressed.
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Hence, the stage is set for the need to 
build more data centres to cope with the 
capacity demand, and/or upgrade and 
expand existing data centres, and – in 
either case – ensure that the current energy 
inefficiencies are addressed. The facts and 
figures are:

•	 �A Stanford University report published in 
2011, entitled ‘Growth in Data Center 
Electricity Use 2005 to 2010’, estimated 
that the amount of electricity consumed 
by data centres worldwide grew by 56% 
between 2005 and 2010.

Figure 2: Data centre carbon footprint

Figure 3: ‘10 Game Changing 
Improvements to Double Efficiency’

•	 �IT energy costs are increasing by 16% 
every year, according to a report by 
McKinsey & Company and the Uptime 
Institute. Electricity used in global 
data centres in 2010 is likely to have 
accounted for 1.1 – 1.5% of total 
electricity use, respectively. For the US, 
that number was 1.7 – 2.2%, according 
to the Stanford study.

Unless addressed, this will also influence 
carbon emissions – to which IT data centres 
are a major contributor – and, where 
applicable, the ability of a business to meet 
regulations and commitments.

Greenhouse gas emissions from data centres have already passed the output of 
Argentina and are due to pass those of all airlines by 2020

Souce of map http://mapsof.net/map/argentina-flag-map

CO2

What can be done?

The good news is that there are ways to 
address this excessive use of energy, but 
identifying the optimum combination 
of approaches to address the issue 
in your organisation is needed. The 
answers are typically split between 
technology infrastructure approaches 
and facilities infrastructure approaches. 
Technology infrastructure is often offered 
by manufacturers and resellers; facility 
infrastructure is generally offered by 
specialist facility builders and infrastructure 
equipment vendors, with facility services 
usually offered by specialist providers. 

Since suppliers tend to function in one of 
these two areas, only half of the solutions 
are presented for consideration. 

McKinsey created a 10-point list of  
areas to address in their report entitled  
‘10 Game Changing Improvements to 
Double Efficiency’. 

Facilities infrastructure 
•	 �Create data centre energy 

dashboard to identify pain points

•	 �Reduce cooling loss through 
sealing cable cut-outs, rationalising 
cable plans, etc.

•	 �Increase cold aisle temp, eliminate 
‘duelling’ cooling units, increase 
chilled water temp

•	 �Implement free cooling  
where applicable

•	 �Selectively turn off core 
components to increase remaining 
unit efficiency

Technology infrastructure 
•	 �Remove dead servers

•	 �Upgrade older equipment  
(non-virtualised)

•	 �Deploy virtualisation for existing 
and new demand

•	 �Reduce demand for new servers

•	 �Introduce greener and more  
power efficient servers and  
enable power-saving feature

Source: McKinsey and Company

IT energy costs are increasing by 
16% every year, according to a 
report by McKinsey & Company and 
the Uptime Institute. Electricity used in 
global data centres in 2010 is likely to 
have accounted for 1.1 – 1.5% of total 
electricity use, respectively. 
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Figure 4: Technology infrastructure Impact

Figure 5: What can we do?

Unleashing all the attendant power, cooling footprint 
benefits in addition to simpler management etc.

For example, an average data centre runs 
at 18-21°C. However, the majority of 
hardware can easily run at 30°C.  
Therefore, as Quocira noted in its report 
entitled ‘The Future of Green – February 
2010’, running at 26°C will have minimal 
impact on the equipment’s life, but a 
massive impact on energy used for cooling 
and raised output heat quality.

One key point to emphasise about the 
hardware infrastructure is the impact 
of moving from current client server 
infrastructure to virtualisation, and then to 
unified infrastructure. The figures below 
show the significant reduction in server 
population, bringing with it the economic 
benefits of lower power, cooling and 
simpler management.

The McKinsey list provides an excellent 
basis upon which to create additional ways 
of addressing the situation.

Unified infrastructure

Typically 20 application 
per server

Client server 
infrastructure

Typically 1 application per 
server

Virtualised 
infrastructure

Typically 2–3 application 
per server

Technology infrastructure

•	 Remove dead servers

•	 �Upgrade older equipment 
(non-virtualised)

•	 �Deploy virtualisation for 
existing and new demand

•	 �Reduce demand for new 
servers

•	 �Introduce greener and more 
power efficient servers and 
enable power-saving features

•	 �Take a green perspective  
to ILM

Facility infrastructure

•	 �Create data centre energy dashboard 
to identify pain points

•	 �Reduce cooling loss through  
sealing cable cut-outs, rationalising 
cable plans, etc. Minimise under 
floor-cabling

•	 �Increases cold aisle temp, eliminate 
duelling’ cooling units, increase 
chilled water temp

•	 �Hot aisle / cold aisle layout

•	 Distribute power across racks

•	 �Implement free cooling  
where applicable 

•	 �Selectively turn off core components 
to increase remaining unit efficiency

Facility services

•	 Co-generation

•	 Trigeneration

•	 Alternative energy

•	 Low energy cooling

•	 Heat recovery

•	 Self-powering systems

•	 Energy recover

•	 Load shedding & store

•	 Investigate liquid cooling

Dashboard
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Since any combination of solutions could 
address your situation, working with an 
organisation who can take the broader 
view is imperative.

Below are definitions of the terms used in the ‘Facility services’ section of Figure 5, as these may be less familiar:

Cogeneration Cogeneration – also known as combined heat and power (CHP) – is the use of a heat engine or a power station 
to simultaneously generate both electricity and useful heat.

Trigeneration Trigeneration – also known as combined cooling, heat and power (CCHP) – refers to the simultaneous generation 
of electricity, useful heating and useful cooling from the same original heat source such as fuel or solar energy. 
Waste heat insufficient in energy to produce electricity through mechanical means, such as through a steam 
turbine, contains usable energy that’s harnessed for thermal regulation purposes as described in cogeneration. 
Trigeneration differs from cogeneration in that some of the waste heat is used for cooling. Trigeneration systems 
can attain higher efficiencies per unit fuel than cogeneration or traditional power plants.

Alternative energy Alternative energy is an umbrella term that refers to any source of usable energy intended to replace fossil fuel 
sources and reduce the CO² output of the data centre without the undesired consequences of the replaced 
fuels. Such sources include air, water, solar, geothermal or a combination of these sources to increase the overall 
efficiency of the systems. 

Low energy cooling By using free cooling methods and intelligent building controls, the cooling requirements can be met at lower 
energy costs to those of a typical existing system. To name a few examples, these could include variable speed 
drives, low loss cooling towers, and evaporative cooling.

Heat recovery In instances where the treated air still has useful energy left within it, this can be recovered or re-used instead of 
being exhausted. 

Load Shedding & Store Load shedding is used in times of mains failure where non-essential servers are shut down, which in turn reduces 
the size of back-up generators and UPS sets.
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How do we know we are 
making a difference?

To measure progress, meaningful metrics 
need to be adopted. Lower energy 
consumption would be a good start, but 
being more sophisticated is necessary to 
fully understand the impact. A number of 
measures have been put forward, which 
are outlined below, and an additional 
measure has been added for consideration. 

Power Usage Effectiveness (PUE) is 
a metric used to determine the energy 
efficiency of a data centre and was created 
by members of the Green Grid, an industry 
group focused on data centre energy 
efficiency. PUE is calculated by dividing the 
amount of power entering a data centre 
by the power used to run the computer 
infrastructure. The resulting PUE figure is 
expressed as a ratio, with overall efficiency 
improving as the ratio decreases toward 1.

PUE = Total Facility Power /  
IT Equipment Power 

Data Centre infrastructure Efficiency 
(DCiE) is the reciprocal of PUE, and is 
expressed as a percentage that improves 
as it approaches 100%. Although, the 
DCiE seems to be the same PUE, it uses the 
same numbers to express a different result.

DCiE = IT equipment power /  
total facility power

An alternative metric, proposed by 
McKinsey & Company and the Uptime 
Institute, is called Corporate Average 
Data Efficiency (CADE) and combines 
both IT and facilities costs to monitor 
energy. CADE combines measurements 
of the energy efficiency and utilisation of 
IT equipment and facilities into a single 
percentage. A higher CADE indicates a 
more energy efficient data centre. 

Figure 7: Measuring a sustainable data centre

Example: Combining the 2 parameters

PGE Level of Efficiency

3.0 Very Inefficient

2.5 Inefficient

2.0 Average

1.5 Efficient

1.2 Very Efficient

3

2.5

2

1.5

1

1	 1.5	 2	 2.5	 3

PGE

PUE

CADE = Facility Efficiency (FE) x Asset 
Efficiency (AE)

Where:

•	 �Facility Efficiency (FE) is equal to (facility 
energy efficiency) x (facility utilisation) 

•	 �Asset Efficiency (AE) is equal to (IT energy 
efficiency) x (IT utilisation)

The PUE or DCiE takes into account 
how efficiently the energy is being 
used to power IT equipment, but these 
measurements don’t calculate the 
sustainability of the data centre. Therefore, 
an additional measure could be defined, 
Power Generation Efficiency (PGE). 

Lower energy consumption would 
be a good start, but being more 
sophisticated is necessary to fully 
understand the impact

Figure 6: PUE and DCiE examples

DCiE Example: Having that same facility 
that uses 1,000 kW of total power of 
which 800 kW is used to power your IT 
equipment, would generate a DCiE  
of .8. The 800 kW of IT power  
divided by the 1,000 kW of total  
facility power.

PUE DCiE Level of Efficiency

3.0 33% Very Inefficient

2.5 40% Inefficient

2.0 50% Average

1.5 67% Efficient

1.2 83% Very Efficient

IT Equipment Power
Servers Storage 
Networking etc

PUE Example: Having a facility that uses 
1,000 kW of total power of which 800 kW 
is used to power your IT equipment, would 
generate a PUE of 1.25. The 1,000 kW of 
total facility power divided by the 800 kW 
of IT power.

PGE = Total facility power / total power 
from renewable sources

As an example, a facility that uses 1,000 
kW of total power, of which 800 kW is 
generated from renewable energy  
sources, would generate a PGE of 1.25. 
This number is derived from the 1,000 kW 
of total facility power divided by the  
800 kW of renewable generation. 

To get an ample metric, a combination of 
PUE and PGE or CADE and PGE calculations 
would give a true figure of the overall 
sustainable credentials of the data centre.
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In conclusion

Understanding and reducing energy in an 
organisation’s data centre is a very real 
problem that must be addressed. This will 
influence the ability of a business to deliver 
cost-effective IT and meet regulations and 
commitment targets. It can be addressed 
by understanding what’s available, how to 
measure the results, and how to progress 
from there. 

Figure 9: Call to action

To Do ...

Drive Down IT Costs

•	 Drive down energy costs

•	 Every server virtualised saves up to 7000kWH of electricity annually

Increase Asset Utilisation

•	 Improve server utilisation Running fewer, highly utilised servers frees up space  
and power

•	 Reduce your number of servers eliminating server sprawl and cutting  
maintenance costs

Reduce Carbon Emissions

•	 For every kWH eliminated saves 0.5kg CO2

How do we get started?

Improving and measuring the sustainability 
of your data centre is a large and complex 
problem and must be tackled both from a 
business and environmental perspective. 

Here’s a recommended seven-
point action plan to get started:
1.	 If you haven’t already done so, appoint 

an individual with the authority, 
influence, credibility and respect within 
the organisation to take ownership and 
leadership of implementing solutions 
and monitoring your progress. 

2.	 Establish a baseline of where you are 
today, using the appropriate metrics 
above, and set a tangible goal to 
achieve improvements that impact and 
benefit the business. 

3.	 Set a performance indicator or 
measurement for the person you have 
appointed to deliver the improvement. 
Ensure that this person has the remit 
to work across functions within the 
business (e.g. IT development, IT 
operations, facilities, procurement, etc.).

4.	 Set up the appropriate governance 
to review progress and make sure 
organisational boundaries don’t affect 
this progress.

5.	 Identify areas for improvement and build 
a plan with clear milestones – looking at 
the impact and ease of addressing each 
area of improvement.

6.	 Implement the plan and work with 
organisations that share your holistic, 
cross-functional approach.

7.	 Monitor and measure the impact on 
the agreed metrics and reference this 
against the baseline (step 2) to ensure 
you are achieving the desired goals.

Figure 8: Impact versus Ease analysis

Examples
Ease
•	 Ease of identifying solutions
•	 Ease of implementation
•	 Ease of integration
•	 Ease of on-going support

Impact
•	 Impact on the metrics
•	 Impact on the business
•	 Cost Vs return

Start by simply rating these  
H (high), M (medium) & L (low) 
and weight if required

Define the parameters that would make up the Impact Vs Ease analysis:

High

High

Low

Low

Impact

Ease
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Understanding and 
reducing energy 
in an organisation’s 
data centre is a very 
real problem that 
must be addressed. 
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