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Green Clouds

With energy costs on an inexorable path 

upward, and concerns around climate change, 

the environmental impact of every organisation 

is coming under increasing scrutiny.

Moving to the cloud can contribute to your 

green credentials.

Dr Chris Tuppen explains why, and offers 

advice on how to maximise and quantify those 

environmental improvements.
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Green Clouds

Dr Chris Tuppen

A modern condensing gas boiler will heat your 

home with about 90% efficiency. That is to say 

90% of the heat warms the house, and 10% is 

wasted in the exhaust gases. What would you 

think if it was the other way round?

Well, according to Andrew Winston author 

of Green to Gold that is exactly the case in 

many legacy data centres. Writing in ‘Cloud 

Computing – The IT Solution for the 21st 

Century’1 Winston says, “Data centres can 

lose up to 96% of the energy coming into the 

building”.

How can data centres be so energy wasteful? 

In part it is because server utilisation can be 

as low as 10%, and in part because some 

cooling systems can take as much, if not more, 

power to run than the servers themselves.

No one likes to be wasteful, especially when 

wasted energy means a higher cost base and 

more carbon emissions. So it’s no surprise that 

data centres are coming under increasing scrutiny 

from regulators and environmental NGOs.

 

Greenpeace, the global conservation and 

activist group, recently published a report2 on 

cloud computing highlighting the rapid growth 

in carbon emissions from data centres. They 

reference the Smart 2020 report3 that gave 

a compound annual growth rate for global 

data centre emissions of 7%. If this growth 

rate continues then the emissions from data 

centres will double in the next ten years.

Of course data centres do not emit many 

greenhouse gases directly; the emissions in 

question happen when the electricity they use 

is generated. However, under international 

carbon accounting rules4 emissions from 

electricity generation count towards the 

carbon footprint of the organisation using the 

electricity – a so-called Scope 2 emission.

The European Commission is also worried 

about the increasing energy consumption 

of the Information and Communication 

Technology (ICT) sector and is putting 

pressure on the industry to set stringent 

reduction targets.

1  Cloud Computing – The IT Solution for the 
21st Century, produced by Verdantix and 
published by the Carbon Disclosure Project

2  http://www.greenpeace.org/international/en/ 
publications/reports/make-it-green-cloud-computing/

3  www.smart2020.org
4   The Greenhouse Gas Protocol, published by 

WBCSD and WRI
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Cloud to the Rescue

The expectation is that cloud computing will 

offer significant energy savings. According 

to the same Verdantix report1, the take up 

of large scale enterprise cloud solutions in 

the USA will, by 2020, be saving $12.3 billion 

a year in energy costs, resulting in annual 

carbon dioxide emission reductions of 85.7 

million metric tons per year by 2020. This is 

equivalent to taking 16.8 million cars off the 

road! These massive energy savings result 

from a combination of factors, but before 

considering these it is important to understand 

the different types of cloud computing.

Whilst there are various architectural models, 

the basic options boil down to the private cloud 

versus the public cloud. In between the two 

basic architectures there are an additional 

two common approaches that are essentially 

hybrids of public and private clouds. The virtual 

private cloud (VPC) is a private cloud capability 

built on infrastructure as a service (IaaS) found 

in the public cloud. And the hybrid private 

cloud (HPC) is a mixed approach, where on-

premises storage and computing capability is 

integrated with its cloud-based counterpart.

 

 

This report covers public and private 

clouds in some detail. In terms of a VPC its 

environmental impact would be about the same 

as a public cloud, whereas an HPC would need 

to be considered a mixture of both private and 

public and weighted accordingly. 

In the case of a private cloud an organisation 

essentially consolidates all their servers and 

applications into a single virtualised data centre 

situated behind their firewall. This is much 

more efficient than maintaining dedicated 

servers for each application and Verdantix 

report an average improvement of server 

utilisation from 15% to 40% when moving to a 

private cloud. This still requires the organisation 

to buy, install and run all the hardware and 

directly manage its energy consumption.
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In the case of the public cloud the organisation 

essentially buys infrastructure as a service. 

There is no longer the need to run one’s own 

data centre which is replaced with a fully 

virtualised data centre, sharing resources 

with several other organisations, all accessing 

the same public cloud over the internet. This 

approach has a number of additional benefits. 

First is that the hardware is shared across 

even more applications, and Verdantix report 

an even lower average utilisation of 65% for 

the public cloud. The second benefit is that the 

public cloud is often run on more modern, very 

large data centres that have been designed 

with energy efficiency in mind.

A purchaser of public cloud services should 

also consider the energy efficiency of its 

supplier and will want to know how they stack 

up against the standard measure of data 

centre efficiency performance known as the 

Power Usage Effectiveness (PUE) metric. 

This is defined as:

PUE =
 Total Facility Power

  IT Equipment Power

An ideal PUE measures 1.0 when all the facility 

power is used to power the IT equipment.

A PUE of 2.0 implies 50% of the power is 

wasted – usually in cooling systems and 

uninterruptable power supplies.

Typical legacy data centres have PUEs between 

2.0 and 2.5, whereas Google reports an 

impressive PUE of 1.1 for their most efficient 

data centres. Verdantix report a typical PUE of 

1.5 for public cloud providers, expected to fall 

to 1.25 by 2020.
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In assessing the environmental credentials of 

any given cloud configuration it is important 

to know both the degree of utilisation and the 

PUE. This is because although virtualisation 

reduces overall energy use it doesn’t have 

much impact on PUE as most computing 

equipment consumes the same amount of 

power irrespective of the degree of utilisation. 

The PUE of a data centre critically depends 

on its cooling regime and its uninterruptable 

power supplies.

Data centre design evolved from mainframe 

computer rooms that were kept within tight 

temperature and humidity constraints due 

to the sensitivity of magnetic tape storage. 

It has taken a long time for that legacy to 

work its way out of the system. People are 

now realising that modern ICT equipment is 

nowhere near as sensitive and can actually 

operate under much wider environmental 

conditions. This has led to increasing 

amounts of fresh air cooling combined with 

the introduction of cold and hot aisles. 

Unfortunately, it is not easy to retrofit all this 

into existing data centres which is why it is 

so important to ensure that new build is as 

efficient as possible.
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Another important factor to take into account 

is how the electricity used to run the hardware 

has been generated.

Far better for it to have been generated from 

clean, renewable sources than non-renewable 

and polluting sources such as a coal fired 

power station.

In view of this some data centre operators 

have deliberately sited their buildings near 

sources of low carbon electricity, others 

have invested in new renewable generation, 

others in tri-generation where the electricity 

is generated on-site and the waste heat 

converted to cold5, whilst yet others contract 

to buy low carbon electricity off the grid.

Carbon accounting for purchased electricity 

can be quite controversial and a simple rule 

of thumb is first and foremost aim for low 

energy consumption, irrespective of how the 

electricity has been generated.

As a secondary, but still important 

consideration, then take account of how 

the electricity has been generated. In the 

main, it is safe to say that direct investment 

in renewable generation is a better 

environmental approach than contracting 

for it to be delivered over the grid, with tri-

generation sitting in between the two.

5 This is also known as combined chilling, heat and power 
(CCHP) and usually uses natural gas as the fuel.
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The Big Picture

Of the many environmental impacts associated 

with cloud computing the energy used to run 

it is by far the biggest and should take most 

focus. However, it is important not to lose 

sight of other important environmental issues. 

For example, the energy used to manufacture 

ICT hardware is not insignificant and results in 

even more greenhouse gas emissions.

In fact, add together all the greenhouse gas 

emissions for the entire life cycle of the ICT 

industry and the total is not only as large as 

that of the aviation industry, but growing at a 

faster rate.

The carbon emissions associated with the 

manufacture (as opposed to the running) of 

hardware is termed ‘embodied carbon’.

Quantitative data on embodied carbon is 

much more difficult to come by and many ICT 

manufacturers are only just getting to grips 

with it. However, there is no harm in asking 

the question and doing the calculations as 

CIOs will justifiably be held to account.

Other factors that ought to be taken into 

account on the upstream (i.e. manufacturing) 

side of the life cycle are water consumption, 

air and water pollutants, and employee 

working conditions.

And let us not forget the end of life and 

decommissioning. ICT hardware becomes 

redundant much faster than much other 

capital equipment and growing piles of ICT 

waste led the European Union to introduce 

the Waste Electronic and Electrical Equipment 

(WEEE) Directive. This requires minimum 

recycling levels for equipment but even so, 

worrying large amounts still seems to end up 

in Africa and the Far East where environmental 

regulations and their enforcement are much 

more lax.
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The Bottom Line

Carbon Disclosure Project executive chairman, 

Paul Dickinson, seems convinced that moving 

to the cloud is a ‘no brainer’. In the foreword 

to Cloud Computing – The IT Solution for the 

21st Century he says:

 “A large percentage of global GDP is reliant 

on ICT – this is a critical issue as we 

strive to decouple economic growth from 

emissions growth. The carbon emissions-

reducing potential of cloud computing 

is a thrilling breakthrough, allowing 

companies to maximize performance, 

drive down costs, reduce inefficiency 

and minimize energy use – and therefore 

carbon emissions – all at the same time.”

In other words, you might think that all clouds 

come with a green lining. And to an extent this 

is right. 

But if you are thinking of moving to the 

cloud, then alongside standard business 

case considerations, and critical operational 

factors such as up-time and security, it’s 

also good to bring the environment into the 

decision making process. Not least because 

an organisation’s carbon footprint is coming 

under increasing scrutiny from regulators, 

customers, investors and even employees.

As Paul Dickenson says, going for cloud should 

be a win/win option. And there is only one 

direction future energy costs are expected 

to travel as fossil fuels run out and the cost 

of decarbonising electricity generation gets 

embedded in its price. This means that digging 

a bit deeper into the environmental impacts at 

the planning stage should help identify future 

cost savings as well as offering the opportunity 

to communicate your green credentials to 

your stakeholders.
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Time for action

Key questions to bring into the mix are:

• What’s my current position?

  A good starting point is to understand the 

environmental impacts of your existing 

(presumably dedicated) IT solution – at 

least in terms of energy consumption 

and associated carbon emissions. With 

this information it is then possible to 

actually quantify improvements.

•  What improvements in utilisation  

will there be?

  Whether going for private or public 

cloud there should be considerable 

improvements in server utilisation. Ask 

your supplier to quantify these for you.

• What is the PUE?

  With a private cloud this is under your 

control and moving to the cloud will give 

you an opportunity to introduce state 

of the art energy saving technology to 

minimise the PUE in your own data centres. 

With a public cloud it’s a case of asking 

potential suppliers for this information and 

letting them know it will be an important 

part of your decision making process.

• How is the electricity generated?

  Similar to PUE, it is dependent on the 

route taken; either build it into your own 

plans in the case of a private cloud, or 

into your procurement process for a 

public cloud or virtual private cloud.

USE THIS SPACE FOR YOUR NOTES
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• Am I maximising the environmental benefits?

  With dropping prices there could be 

a temptation to over-purchase cloud 

services6. This would reduce service 

utilisation and loose some of the potential 

environmental gains of moving to the 

cloud. It is therefore important to ensure 

that, in terms of computing and storage 

capacity, you introduce a dynamic 

model that means you only purchase 

what you need, when you need it.

•  Are there other factors I should 

be taking into account?

  You may like to consider other factors 

such as embodied energy and making 

sure all end of life equipment is disposed 

of legally and in optimal ways.

USE THIS SPACE FOR YOUR NOTES

6 There is always a danger that efficiency gains lead 
to reduced commodity costs, which in turn stimulate 
increased consumption, thus reducing (or even 
eliminating) the initial environmental benefits. This 
phenomenon is known as the rebound effect or 
Jevons Paradox and must be guarded against.
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