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and GHG reductions are likely to vary by country, fail to present
scientifically appraised analysis methods and fail to fully disclose
market penetration assumptions. These issues limit their
usefulness for future model development and have created the
need for an open scientific analysis.

ABSTRACT
In this paper we present a dynamic, country level model and
methodology to determine the energy related Green House Gas
(GHG) abatement potential of cloud computing. The methodology
presented includes variables for market penetration, organisation
size and organisational adoption of on-premise and cloud
computing. Using the current enterprise cloud service applications
of email, customer relationship management (CRM) and
groupware against selected global countries we have calculated
that 4.5 million tonnes of CO2e could be reduced with an 80%
market penetration. The majority of savings were calculated to be
from small and medium size organisations. A sensitivity analysis
of the market penetration and current organisational cloud
adoption highlights the possible large variability in overall energy
and GHG reductions. An analysis of the model and data used
within this study illustrates a requirement for industry and
academia to work closely in order to reach the large energy
reductions possible with enterprise cloud computing.

This research aims to address the identified issues of previous
research in two ways, by conducting country specific analyses and
openly presenting the methodology and data used. Firstly, to
achieve country specific analysis we aim to build a model to
estimate the energy and GHG emission reductions at the level of
the individual county. The model will be created to take into
account that the efficiency of current on-premise computing varies
by the size of computing resource which in turn varies by the size
of the organisation. This is important because the mix of
organisation sizes varies by country. Moreover, the carbon
intensity of energy provision varies by country as some countries
have relatively high carbon energy (e.g. where coal fired power
stations are significant) while others have relatively low carbon
energy. Hence, our model will take into account the profile of
organisation sizes, their mix within the countries being analysed
and the national energy mix of each, thus providing more accurate
country specific estimates. Secondly, we will present our model in
an open and transparent manner, whilst also exposing our data and
assumptions. This makes a useful contribution to future model
development and helps us to identify where there are significant
uncertainties around the data and thus results.
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1. INTRODUCTION
Cloud computing enables computing services (software,
platforms, infrastructures etc.) that are traditionally provisioned
on-premise within organisations to be delivered on-demand from
purpose built data centres across the internet. Past commercial
studies [1, 2] have presented how a shift from on-premise to cloud
computing offers the prospect of reduced energy consumption.
The main enabler of these reductions being the provision of
computing resources in large centralised data centres which can
be considerably more efficient than individual or small groups of
servers typical of on-premise computing. Additionally, large
centralised data centres can be located where energy costs are
lower. Therefore a shift to cloud computing could deliver
significant reductions in energy related Green House Gas (GHG)
emissions. Whilst these commercial studies have made a valuable
start in quantifying the GHG abatement potential of cloud
computing applications (calculating 50%-90% abatement) they
leave questions unanswered. They do not consider how energy

This paper seeks to make two novel contributions. Firstly, we aim
to highlight the value of a move to cloud computing in a more
tangible, scientific manner through the application of our model to
create country specific estimates of energy and GHG reductions.
The bespoke and scientific results aimed as informing decision
makers from ICT vendors, users and governments alike.
Secondly, we describe our model methodology in detail and
explore the sensitivity of our results to changes in key variables
where scientifically derived data are not available. By presenting
our open methodology in this way we hope to encourage further
development of the approach by practitioners and other research
teams.

2. MODEL METHODOLOGY
2.1 Model background

ICT4S 2013: Proceedings of the First International Conference on
Information and Communication Technologies for Sustainability, ETH
Zurich, February 14-16, 2013. Edited by Lorenz M. Hilty, Bernard
Aebischer, Göran Andersson and Wolfgang Lohmann.
DOI: http://dx.doi.org/10.3929/ethz-a-007337628

Our work builds on an industry derived methodology developed
by the Global e-Sustainability Initiative (GeSI) [3] by integrating
some of the latest academic insight produced in this area [4-7].
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embedded energy content of servers included in (new) cloud
facilities was estimated through a life cycle approach.

This creates a methodology that can be used to assess the energy
and GHG impact of new information and communications
technologies in three steps;
1.
2.

3.

2.4 Assessing energy consumption reduction

Define the goal and scope of the study;
Limit the assessment:
a. Define a business as usual (BAU) baseline;
b. Identify those parts of the overall life-cycle
which would significantly impact GHG
emissions;
Rigorously assess the significant processes that would
be changed through the replacement of the BAU
technology with an alternative and carefully interpret
the results.

Our approach was to calculate the annual emissions of on-premise
computing and compare it to the energy required to operate the
equivalent services in a cloud computing scenario (Figure 1) for a
specific county assuming an adoption rate of 80%. This ‘high’
penetration rate was selected to highlight a ‘best case scenario’
[8], one that is likely to take some years to achieve. A sensitivity
analysis of this rate was included to highlight the impact of a
lower adoption rate. The current (baseline) adoption of cloud
computing was also factored into the calculations so as to exclude
impact already created by early adopters.

2.2 Research goal and scope

2.4.1
Annual Energy
Consumption
of On-Premise
Computing

The goal of this research is to understand the GHG abatement
potential of enterprise cloud computing. We set out to produce
conservative, reliable estimates of the impact of cloud computing,
this meant creating a tight scope. Our chosen scope follows prior
industry work [1], which is important in two respects. Firstly, we
focus our analysis on three common applications: email, customer
relationship management (CRM) and groupware. While these are
clearly a sub-set of all applications that businesses and individuals
use, they are readily available as cloud based services and
believed to represent a likely first phase in a shift towards cloud
computing. Secondly, we focus attention on business computing
which accounts for a large majority of computing usage, and
richer data sets are available.

X

X

2.4.3
Cloud
Aggregate
Adoption Rate

On-Premise
energy reduced
from a move to
Cloud
Computing

-

2.4.2
Annual Energy
Consumption
of Cloud
Computing

Cloud
Computing’s
created energy
consumption

2.5
Total Emissions
Difference

Figure 1 - The basic steps to calculate the energy and GHG
emissions of a move to cloud computing. Numbering relates to
the following sections.

We modelled the impact of the broad adoption of the three cloudbased services in Canada, China, Brazil, the Czech Republic,
France, Germany, Indonesia, Poland, Portugal, Sweden and the
UK. These countries were selected as together they represent a
broad mix of economies and for their variance in the GHG
intensity of their country-level energy supply. Baseline country
data was collected for the year 2007 or 2009. More recent data for
all countries and variables was not available at the time the
analysis was carried out.

To make the inclusion of organisation size tractable, we simplified
the profile of organisations in each country into a split between
three sizes of small, medium and large (s, m, l), drawing the
boundaries from national statistics offices [9-13]. Each size was
attributed a different on-premise server utilisation, a current
different adoption of each of the three services under examination
and therefore different targets to achieve the desired 80% cloud
adoption rate.

2.3 Limiting the assessment
Cloud and traditional on-premise networked data services follow a
logical three stage data process involving a server (within a data
centre), network transmission and end user devices (e.g. laptops,
mobile devices). Previous research has found the data centre stage
of a digital process accounts for the bulk of the energy demand
compared to the network or user device stage [7]. We assume the
populations and demands for end use devices will remain
relatively unchanged by a shift to the three cloud based services.
Whilst the importance of the communications networks will by
enhanced under a cloud computing scenario, preliminary
estimates indicate that energy consumption within the network for
the purposes in our scope would not materially impact overall
energy consumption because of the small data sizes involved [5].

Only organisations where most people actively use internet
connected computers during their normal work routine were
included in the analysis.
An Excel based model using the developed methodology was
created in order to analyse the energy and related GHG emission
impact of a move to cloud computing from on-premise
computing. This approach taken from that developed by Williams
and Tang [7].

2.4.1 Energy Consumption for On-Premise Servers
This section calculated the annual energy (kWh) consumption for
all on-premise servers according to each on-premise service
(
. This was calculated using equation 1.

Hence, as cloud computing offers servers that are utilised more
efficiently than standard on-premise servers [4-6], we limit our
assessment to the impact of on-premise servers being switched off
in favour of cloud bases services.

(

)

Where
is the number of servers per organisation,
the number of organisations using an on-premise server and
is the annual power consumption of the on-premise server.

Further to this, our analysis focused on the energy usage involved
in running servers. The embedded carbon content of the servers,
the associated server maintenance and the energy implications of
end-of-life decommissioning were all deemed to have small
impacts relative to direct energy consumption. Nevertheless, the

(1)
is

In order to understand the scale of on-premise server power
consumption the number of servers per organisation size was
required. The exact number of servers per organisation per
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country is not a known statistic. Therefore the average number of
servers per organisation (
) was estimated via equation 2.
̅̅̅̅̅̅

Where
is the number of organisations using an on-premise
server (see previous section), ̅̅̅̅̅̅ is the average number of
employees per organisation (see previous section), and
is the
session capacity of a cloud server. Similarly to the on-premise
server capacity (
the cloud server capacity reflected how
cloud servers are commonly utilised to much higher levels and
can be dynamically used for different services or across different
regions.

(2)

Where
is the average session capacity of a server, ̅̅̅̅̅̅ is the
average number of employees per organisation and
is the
employee adoption rate for each service. The session capacity of a
server reflects the average amount of user sessions a server can
host at one time. This varies by the size of each user session and
by the type of service being provided. The average number of
employees per organisation and the employee adoption rate were
required to determine how many servers were required for each
organisation size against the session capacity. The employee
adoption rate factored in the employee use of each service (S) per
organisation whether for cloud or traditional computing.

2.4.3 Adoption Rates
An aggregated cloud service adoption rate (
was calculated as
a cloud infrastructure would deliver all services through a single
infrastructure. This was calculated using equation 7.
∑
∑

The number of organisations using an on-premise server (
)
was determined in order to reflect the realistic use of on-premise
servers for a population of organisations. This was calculated
using equation 3.
(

)

̅̅̅̅̅̅̅

Where ∑
is the sum of the number of all analysed cloud
service users required to meet the cloud market adoption
rate. ∑
̅̅̅̅̅̅ is the sum of the current number of onpremise email, CRM and groupware users (refer to section 2.2.1).

(3)

To calculate the number of cloud service users required to meet
the market adoption rate equation 8 was used.

Where

is the number of internet workers (see below),
is the proportion of total employees that work in either
s, m or l organisations, ̅̅̅̅̅̅ is the average number of employees
per organisation (see above),
is the organisational adoption
rate for each service and
is the on-premise to cloud ratio.

̅̅̅̅̅̅

(8)

(9)

Where
is the power consumption of the server and
is the
data centre effectiveness ratio. The server type and thus power
consumption was selected according to the size of the
organisation. The DCE ratio was calculated by combining average
power usage effectiveness (PUE) metric by a network and storage
add on metric. This allowed the full extent of data centre power to
be related to overall power consumption.
(
)
.

On-premise computing’s total emissions (
according to the
specified adoption rate of cloud computing represented the
emissions to be converted to cloud computing emissions. This was
calculated using equation 10. The electricity emission factor ( )
was used to convert energy to the appropriate GHG emission.
(∑

)

(10)

The GHG emissions that cloud computing would emit (
according to the specified adoption rate represented the emissions
converted from on-premise emissions. This was calculated using
equation 11. The electricity emission factor ( ) was used to
convert energy to the appropriate GHG emission.

2.4.2 Energy Consumption for Cloud Computing
This section calculated the annual energy (kWh) consumption for
all cloud service servers (
according to the current employee
use of each on-premise service. This was calculated using
equation 5.

(∑

∑

)

(11)

Where ∑
is the sum of all cloud service’s embedded carbon
calculated using equation 12. This was calculated to reflect the
creation of new servers for cloud service purposes. On-premise
servers are likely to have reached a useful lifetime end and thus
were not factored in to this calculation.

(5)
Where
is the number of servers required for the cloud service,
and
is the annual power consumption of the cloud server (see
previous section).

)

)

The net GHG emissions difference between the emissions created
by cloud computing (
) and the emissions that can be abated
by switching off on-premise computing servers (
),
according to the specified market adoption rate was calculated
using equation 9.

(4)

̅̅̅̅̅̅̅

)

2.5 Assessing GHG Emission Reductions

In order to relate the total number of servers by organisational size
to energy consumption the average annual power consumption of
an ops server was calculated using equation 4.

(

(

(

is the number or organisations using an on-premise server
and ̅̅̅̅̅̅ is the average number of employees per organisation
(refer to section 2.2.1).
is the market adoption rate (%) for
cloud and
is the on-premise to cloud ratio (refer to section
2.2.1).

IW was calculated by multiplying the employed population of a
country by the percentage of workers using the internet (
).
The
organisational adoption rate (%) described the amount of
organisations using each service (S) in either a cloud or traditional
manner. The on-premise to cloud ratio specified for each service
the current use of on-premise servers compared to cloud servers.

The number of servers required for each cloud service
calculated via equation 6.

(7)

̅̅̅̅̅̅̅

was

(12)

(6)
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Table 1 – Country summary results of running the model
against an 80% cloud adoption rate.

Where
is the number of servers required for the cloud service,
is the embedded carbon for a server and
is the useful
lifetime of the server.

Annual emissions (t CO2e)

3. MODEL DATA
Country

On-premise
emissions
reduced

Cloud
emissions
increase

Net
emissions
reduced

Brazil

188,376

9,240

179,136

Canada

94,647

7,985

86,662

China

1,982,625

124,777

1,857,848

Czech Rep

111,877

4,435

107,442

The average session capacity of an on-premise server was
estimated at a conservative 250 sessions per server for each
service. It was recognised that this value was a low estimate but
reflected the probable wide range of technical support and
knowledge across an entire range of company types and sizes. For
cloud servers an estimate of 1000 sessions per server was used.
This value was agreed to be at the middle to low end of size
estimates especially for email services.

France

99,387

5,454

93,933

Germany

1,056,538

49,147

1,007,391

Indonesia

178,005

6,800

171,205

Poland

283,470

11,020

272,450

Portugal

81,029

2,305

78,724

Sweden

6,732

557

6,175

Data for the employed population of a country, percentage of
workers in small, medium or large organisations, and the average
number of employees by organisation by size (s, m, l) for each
country were sourced from leading national and international
suppliers of such data [9-11, 14, 15]. We note for China, Brazil
and Indonesia primary data could not always sourced and was
inferred from a mix of averages.

UK

709,012

36,006

673,006

Total

4,791,699

257,726

4,533,973

Data for each model variable was collected from a variety of
sources. Where reliable data could not be found or was
commercially sensitive, estimates were generated through a series
of five multi-business, expert workshops with senior personnel
from the ICT sector. Although a consensus was reached around all
such estimated parameters, the most conservative ranges were
used. Full model data is not presented here due to size constraints;
this is freely available from the authors.

GHG Emissions Reduction (Thousand tonnes
CO2e)

2,000

The percentage of workers using the internet was estimated and
inferred from a variety of sources [12, 13, 16-20]. This variable
did not differentiate between internet access for an on-premise
service or other work and personal related internet access;
however, this was the best data available.

1,600

1,200

800

400

4. RESULTS

Sweden

Canada

Portugal

France

Czech Rep

Brazil

Indonesia

Poland

The emissions factors used in this research were sourced from
World Resources Institute [22].

UK

China

The average power consumption of a server and associated
networking and storage add on metrics were determined using
methods and data from Williams and Tang [7]. A PUE of 1.3, 1.8
and 2.1 was used for small, medium and large organisations and
2.0 were used for cloud services. These PUE values were a
conservative estimate of current PUE values. For small and
medium size organisations a mid-range server type was used. For
large organisations and all cloud services a volume server type
was used. The embedded carbon of each server was difficult to
source, so we used values from Bottner [21].

Germany

Consistent adoption rates to demonstrate the current on-premise to
cloud ratio could not be sourced; this was estimated for each
service during expert workshops and interviews.

Figure 2 – The net emission reductions ranked high to low.

The presented methodology was developed into an Excel based
model and run against the scope and data from previous sections.
Table 1 and Figure 2 present country summary results of onpremise emissions reduced and cloud emissions created and the
associated net GHG emission reductions. In all cases the model
indicated significant emission reductions.

The average proportion of emission reductions and the current
average assumed use of cloud services in Table 2 highlights on
average the majority of reductions (68%) were realised by smaller
organisations. This was despite the fact that we assumed 60% of
small organisations had already adopted cloud services.

For all countries 4.5 million tonnes of CO2e could be reduced
from the move to cloud computing. On average a move to cloudbased email, CRM and groupware was calculated to reduce
emissions by 95%.
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Table 2 – The average proportion of emission reductions and
the assumed use of cloud services of all countries by
organisation size.
Average
Proportion of
Emission
Reductions

Current
average
assumed use
of cloud
service

Average
proportion of
employed
population

Small

68%

60%

45%

Medium

18%

34%

18%

Large

14%

10%

37%

Average Proportion of Servers

Organisation
Size

100%

The number of on-premise servers removed and cloud servers
added for an 80% cloud penetration rate is presented in Table 3.
On average moving to cloud reduced server numbers by 92%. The
majority of servers removed are from small and medium sized
organisations; however, most servers added for cloud services are
for large organisations (Figure 3). This highlights the higher
adoption of cloud computing and the higher proportion of
employed populations in small organisations (Table 2).

Cloud servers
added

Difference

Brazil

154,645

11,216

143,429

Canada

249,239

19,143

230,096

China

35,780

2,538

33,242

Czech Rep

184,706

14,888

169,819

France

21,955

1,490

20,465

Germany

71,092

4,683

66,409

Indonesia

24,156

1,197

22,958

Poland

61,816

7,493

54,323

Portugal

303,604

31,753

271,851

Sweden

307,981

20,287

287,694

UK

28,250

1,861

26,389

Total

1,443,224

116,549

1,326,675

Large
Medium
Small

40%
20%

On-Premise

Cloud

Figure 3 – The average proportion of servers for on-premise
and cloud computing separated by large, medium and small
organisational size.

5. SENSIVITY ANALYSIS
A sensitivity analysis was completed on the market penetration
rate (Figure 4). This was run against the total emissions reduction
and the analysis revealed that for a 100% market penetration rate
a total of 7.3 million tonnes of CO2e could be abated. However
market penetration and emission reductions were found not be
linear. Therefore the 80% rate set in this research accounted for
62% of the total possible reductions by moving to cloud
computing. The largest rate of change of 46% occurred between
the 75%-100% market rate and the lowest rate of 3% occurred
between 0%-25%. The large increase in reductions at 50%
penetration comes from the first inclusions of the small
organisations (for example, we assume that 60% of small
organisations already use cloud computing for email).
GHG Emmisions Redcution (Million tonnes CO2e)

On-premise
servers
removed

60%

0%

Table 3 – The number of servers removed for on-premise and
servers added for cloud computing
Country

80%

7.0
25 %
6.0

50 %
75 %
80 %

5.0
4.0
3.0

2.0
1.0
0.0
0%

20%

40%

60%

80%

100%

Cloud Penetration Rate

Figure 4 – A sensitivity analysis of the market penetration rate
(0%-100%) against the potential total emissions reductions.
25%, 50% and 75% rates are highlighted. Results in this
paper used an 80% penetration rate.
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have a significant impact. However, the open model presented
here can now be scrutinised, challenged and improved within the
academic and commercial sectors to enhance modelling, explore
other scenarios and create focus for further action.
The inclusion of organisational size within the model revealed
that over 60% of savings were accounted for by small and micro
size firms. From the perspective of GHG emission reduction, this
highlights that smaller organisations have more to gain from a
switch to cloud computing given their relatively inefficient use of
on-premise servers. By contrast, large firms utilise their onpremise servers to better efficiency levels, hence, the attraction of
shifting to the cloud is somewhat reduced from a GHG
perspective.
Overall results show that the relative net emission reductions vary
greatly for each country. Analyses revealed that this was due to a
mixture of the GHG intensity of electricity and the variation in the
current adoption of the three technology types analysed for each
country. For example France has a low GHG energy intensity thus
the reduction in GHG emissions is also low.

6.0

Unlike previous studies the sensitivity analysis performed
highlights the possibility of a large variability in GHG reductions.
The key variable to consider is the market penetration of cloud
services. The 80% penetration used in the model accounted for
62% of the total possible GHG abatement. Sensitivity analysis
revealed a non-linear rate of abatement. We show that a market
penetration of 51% or more provided the largest increase in the
rate of GHG abatement. In fact, if penetration only reaches 51%
our model calculates that only 12% of the total GHG abatement
can be achieved

5.0

4.0

It is clear that an important parameter in our model is the extent to
which on-premise computing is replaced by cloud computing. In
general terms, the extent of adoption of any new technology is
typically driven by some combination of the technical feasibility
(does it work, is it available), underlying economics (perceived
benefits, costs and risks), behavioural aspects of the market (for
example the amount of change that users are required to undergo)
and public policy may also play a role:

3.0
-20%
-16%
-12%
-8%
-4%
0%
4%
8%
12%
16%
20%

GHG Emmisions Redcution (Million tonnes
CO2e )

A further sensitivity analysis was performed on the cloud to onpremise ratio (Figure 5) that had been estimated through a series
of workshops and expert interviews. The analysis shows that a
±20% change in the on-premise to cloud ratio causes a linear
±31% change in GHG emission reductions. This was performed
as the sensitivity analysis implemented on market penetration
rates revealed that a non-linear increase in emissions reductions
was caused by the variation in current cloud adoption rates (the
cloud to on-premise ratio) between different sized organisations.
The analysis performed a ±20% difference on each service’s onpremise to cloud ratio estimated value (not exceeding 100%). This
range was chosen according to the array of answers received in
the data collection process. The variations were performed
relatively to each service and each organisational size for each
country with results being collated for ease of presentation.

% difference of on-premise server use
assumptions

Figure 5 – A collated ±20% sensitivity analysis of the onpremise to cloud ratio for each service against potential
emission reductions.



6. DISCUSSION
This paper reports upon a methodology and a model developed to
rigorously and transparently calculate the energy consumption
reduction and subsequent GHG emission reduction that might
arise from a move from on-premise computing to cloud
computing. The approach extends previous work by including
country level differences such as a mix of organisation sizes and
different GHG intensities of the energy supply. Two key aspects
of this modelling were to differentiate between small, medium and
large organisations at the level of each country and to consider
current and future market penetration levels.





The model was run for multiple countries assuming a cloud
market penetration rate of 80%. Results show there is significant
potential for GHG emission reductions in each country. Indeed
4.5 million tonnes of CO2e could be reduced from the countries in
scope through a move to cloud-based email, CRM and groupware
services. For all countries in scope this on average represents
approximately 1.7% of the ICT sector’s carbon foot print
assuming the ICT sector accounts for 4% of GHG emissions.



The results of this modelling broadly confirms previous
commercial research [1, 2] that a shift to cloud computing can
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A main technological barrier could be the speed, availability
and security of networks that supply cloud computing. This
could cause a reduced uptake in certain countries. Mobile
and wide area Wi-Fi are being adopted where little wired
infrastructure exists, such as in Indonesia, these may serve to
inhibit adoption of some cloud services.
A recent survey suggested cloud vendors may not be making
the economics of cloud solutions clear to their market places.
If true, a lack of clarity regarding benefits, costs and risks
can cause a market place to hesitate [23].
Likewise, it would seem the reluctance of incumbent IT
directors to sanction ‘outsourcing’ of their computer
resources on the basis of risk, may perhaps have as much to
do with behaviour change as it does real challenges to data
protection [24].
Public policy may impact both on the economics and on
people’s willingness to change. For example, government
regulations with respect to data privacy may unwittingly
deter adoption. Likewise, policies that institute incentives to
major IT companies to reduce their overall carbon footprint

fail to adequately take into account their potential to enable
carbon abatement1.
v.

The importance of understanding technology adoption, and topics
such as those discussed above, is enhanced by the model
described in this paper. Simply highlighting potential barriers to
adoption and being able to estimate the impact of failed adoption
on lost energy and GHG reductions can provide valuable inputs to
policy debate for example. Indeed, we propose to complete
research into these areas for a subsequent paper.
Our modelling confirmed our prior belief about the relative
importance of direct energy consumption compared to embedded
carbon (i.e. the carbon generated in making servers in the first
place). For cloud servers the impact of embedded carbon was
included. Overall this accounted for 5% of the created GHG
emissions related to cloud computing. The amortisation period
used (5 years) was considered to be a conservative estimate and
therefore this level may be lower. This reinforces the idea direct
energy consumption in the key driver of GHG reductions.

7. ACKNOWLEDGMENTS
This research was funded and supported by The Global eSustainability Initiative (GeSI) and Microsoft. We would like to
thank Alice Valvodova of GeSI and Ray Pinto of Microsoft, in
particular, for their encouragement, frank feedback and
commitment to academic rigour as well as industrial relevance.
We would also like to thank Professor David Gann of Imperial
College London and John Vassallo of Microsoft for championing
research into the technologies that can enable carbon abetment
and encouraging our research team.

We identified five potential limitations of this study which when
overcome would greatly enhance results and applicability.
i.

ii.

iii.

iv.

1

indeed, we would relish the opportunity to engage further
with industry or academia to strengthen the numbers.
This study has examined the impact of shifting on-premise
computing to off-premise cloud computing. However, a third
scenario of a ‘private cloud’ has not been examined. This
type of cloud scenario places the efficient servers and knowhow into the hands of the organisation to create their own onpremise private cloud. This method may become more
prominent to address security and legal concerns. Although
more efficient than traditional service servers, on-premise
cloud servers may not be as efficient as off-premise servers
because of the lack of service volume and data centre
specialisms.

Our analysis has highlighted that the primary driver of the
emission reductions is the net reduction of server devices
being used. Results have indicated a 1:20 ratio for cloud to
on-premise servers which factors in the capacity of cloud
servers and the multi-tenancy aspect of cloud servers. Yet,
realised savings rely upon on-premise servers being turned
off and not being utilised for other purposes such as backup.
It is likely that some on-premise servers will continue to be
used for other purposes, dependent upon age and capabilities.
Hence the estimates put forward in this paper may be an over
estimate, though the conservative nature of our method will
go some way to counter balance these claims.
The analysis covers the shifting of three services; email,
CRM and groupware applications. As such this work
underestimates the full potential of a shift to cloud
computing. Further research is needed to understand the
propensity to switch for other computing applications. We
speculate that there might be a spectrum of such services
from high propensity (e.g. the three applications included in
the model) to low propensity (e.g. applications where
security or latency concerns are paramount) suited for
different business types. Indeed for large data sizes cloud
computing may be less energy efficient than traditional
computing [5].
Although our model considers user devices to remain
unchanged for both types of computing scenarios, the
availability of cheaper, cloud-based computing services
could stimulate growth in the use of computing in the long
term. This might drive an off-setting increase in carbon
emissions. Any such conclusion must await an assessment as
to whether the expansion of computing has a net positive or
net negative impact on energy consumption and GHG
emissions.
As stated in the method, where some parameters could not be
directly or scientifically sourced, a series of expert
workshops were conducted. This naturally leaves potential
weaknesses in estimates. We are happy to expose all data;
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