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Executive Summary 
This study estimates the energy savings and associated carbon-emission reductions of moving business 
applications from on-premises enterprise data centres in the European Union (EU) to cloud options such as 
Amazon Web Services (AWS). Building on modelling from a similar study of US firms in 2019 and of APAC firms in 
early 2021,1 we estimate that running business applications on AWS, rather than on-premises enterprise data 
centres in Europe, could reduce associated energy usage by nearly 80% and carbon emissions by up to 96% for 
many businesses when AWS purchases 100% of its energy from renewable sources.

These energy savings result from the higher energy efficiency of both the servers and data centre facilities of 
cloud providers such as AWS. This is because cloud providers use server systems (powerful computers that 
offer their resources over a network) with great attention to power optimisation, integrating the very latest 
components. These servers run at higher utilisation levels, leveraging the cloud provider’s ability to share and 
dynamically allocate resources among multiple customers. At the facility level, designs that use less energy 
for both cooling and power distribution boost efficiency for cloud providers in their owned and leased data 
centre sites. All of this translates into considerably less energy used to perform the same unit of work – such as 
processing financial transactions, running business operations, executing online orders, enabling government 
services or serving webpages – than would be required at a typical enterprise or government facility. This 
reduction in energy consumption and resulting carbon footprint is more pronounced if cloud providers are able 
to use low-carbon renewable energy sources. AWS is on a path to 100% renewable use by 2025.

There are organisational differences between the cloud and the technology traditionally used by enterprises 
and agencies that also impact energy efficiency. The cloud business model is focused on delivering IT services 
at scale: Maximising energy efficiency (and thereby reducing power costs) can have a direct impact on the 
bottom line. Thus, cloud providers such as AWS have an incentive to make the entire technical organisation work 
together, from design to operations and from servers to data centres, to improve energy efficiency. This includes 
operating servers at a higher utilisation rate and designing facilities to reduce energy and water consumption. 
By contrast, enterprise infrastructure tends to be fragmented across disciplines (server, storage, networks, 
facilities management, real estate, etc.), with efficiency initiatives that are narrower in focus and harder to scale. 
Data centre energy costs and the associated carbon emissions are not top priorities for senior leadership at 
many organisations because digital infrastructure is not a core business.

Our survey and modelling show significant potential for energy savings from a move to the cloud in the EU. We 
estimate that AWS is up to five times more efficient than the average EU enterprise and that moving a megawatt 
of typical workloads from an EU organisation’s data centres to the AWS cloud could reduce carbon emissions 
by up to 1,079 metric tonnes of CO2eq per year. This compares to our 2019 study of the US, where AWS was 
estimated to be 3.6 times more energy-efficient since surveyed EU enterprises were found to be less efficient 
than those surveyed in the US two years ago. For example, while we found that the average power usage 
effectiveness (PUE) for US enterprises in 2019 was 1.66, the average PUE for enterprises in the EU in 2021 was 
2.0, offering even greater opportunity to improve energy efficiency and reduce carbon emissions than in the US.

1. The Carbon Reduction Opportunity of Moving to Amazon Web Services, 451 Research, October 2019 and The Carbon Reduction 
Opportunity of Moving to the Cloud for APAC, S&P Global Market Intelligence, July 2021
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Figure 1: Carbon Reduction Potential of Cloud Infrastructure Compared to Surveyed EU Enterprises

Source: 451 Research/S&P Global Market Intelligence 

Grid emissions vary greatly across the European Union, but the European electrical network is largely pooled 
(the Continental Synchronous Area is the largest grid in the world), with future interconnection upgrades 
aiming to further connect the European grid. According to the European Environment Agency (EEA), electricity 
generated in the pooled European network emits 255g of CO2-equivalent per kilowatt-hour on average, due 
to a continued presence of fossil fuels in the mix. As such, improving energy efficiency up to 80% by moving 
business workloads from on-premises infrastructure to cloud services such as AWS could dramatically reduce 
carbon emissions. For a 1MW (about 1,000-square-metre) enterprise data centre at an assumed 30% electrical 
utilisation in the EU, switching all applications to cloud services could reduce emissions by about 1,079 metric 
tonnes of CO2eq per year. This is the equivalent of removing over 500 cars from the roads or offsetting the annual 
electricity-related emissions for over 50 households across the EU (average). 

Bringing additional renewable energy sources online could further reduce carbon emissions. Large cloud 
providers such as AWS have robust renewable energy procurement programs that are tied to decarbonisation 
goals. Through corporate power purchase agreements (PPAs) and other efforts, cloud providers such as AWS 
enable new renewable energy generation on the grids where they operate and reduce their carbon emissions. 
Amazon’s purchase of renewables has added renewable power-generation capacity to the grid, including wind 
farms and solar projects in Ireland, the Netherlands, Sweden, Finland, Germany, Spain and the UK, that will 
provide gigawatts of renewable energy. The carbon-emission reductions from shifting workloads to the cloud are 
estimated at 1,079 metric tonnes of CO2eq per year per megawatt, but when a cloud provider is powered by 100% 
renewable energy, as AWS has set out to achieve, those carbon-emission reductions could be as much as 1,292 
metric tonnes of CO2eq.
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Introduction
More organisations are increasing their focus on the impact they have on the environment. Roughly 65% of 
nearly 4,000 companies around the world in a recent survey2 now have public goals to reduce carbon emissions, 
up from 50% in 2017. The European Union (EU) recently approved an updated Climate Law, which requires 
cutting emissions 55% by 2030 against a 1990 baseline. Through its forthcoming Corporate Sustainability 
Reporting Directive, the EU will require many organisations to publish reports on their environmental impact. 
The UK is on a similar path, having proposed Mandatory Climate-related Financial Disclosures, which will 
require companies to report sustainability data.3 Sustainable investment funds are on the rise as well, with 
Europe leading the way, accounting for 70% of global sustainable investing.4

As companies seek to increase energy efficiency and reduce emissions, IT infrastructure is one potential 
avenue for improvement. IT equipment and the data centres housing it vary in energy consumption. Seemingly 
small improvements can have a large impact on overall energy use; however, for most organisations, running 
data centres and IT equipment is not a core competency, and they do not have the experience or expertise to 
maximise energy efficiency. To determine the room for improvement, we modelled the energy use and energy 
efficiency of IT equipment and data centres for a variety of organisations and compared them with the energy 
efficiency of cloud services,5 using Amazon Web Services (AWS) as an example. According to our analysis, moving 
workloads to the cloud could dramatically reduce the carbon footprint of most organisations’ IT operations. 

To understand the energy and environmental considerations of enterprise businesses across the European 
Union, 451 Research, a unit of S&P Global Market Intelligence, surveyed senior stakeholders at over 300 
companies from a broad set of industries across France, Germany, Ireland, Spain and Sweden. The companies 
surveyed have annual revenues of $10m-1bn, and they range from well-known enterprises to businesses that 
face IT challenges similar to those of larger firms, but with smaller budgets and less IT expertise.

Utilising these survey results, other 451 Research and third-party industry data on cloud service operations, we 
devised and populated an energy-efficiency model that offers a ‘chip to grid’ view. At the core of this model is a 
measure of the amount of work performed for the total energy used by the data centre infrastructure, covering 
both data centre facility-level power usage effectiveness (PUE) and server-level energy efficiency. As we 
elaborate below, analysis of the model results helps us better understand just how much organisations across 
the EU can reduce the energy consumption and related carbon footprint of their workloads by moving them to 
the cloud from on-premises data centre infrastructure. 

2. The KPMG Survey of Sustainability Reporting 2020
3. https://www.gov.uk/government/consultations/mandatory-climate-related-financial-disclosures-by-publicly-quoted-companies-large-

private-companies-and-llps
4. ESG funds defy havoc to ratchet huge inflows, FT, February 6, 2021
5. Throughout this report, we use the word ‘cloud’ to refer to what is commonly known as hyperscale compute and data storage services. We 

define this as providing IT resources that can scale in a matter of minutes, practically without limit.
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The Energy Efficiency Model
Building on the methodology employed in the 2019 US study, 451 Research began with a survey of 308 
enterprises across France, Germany, Ireland, Spain and Sweden from a variety of industries.

Figure 2: What Industry Do You Work in?

Source: 451 Research/S&P Global Market Intelligence (n=308)

We asked EU survey respondents a series of questions about their server infrastructure and operations. We 
used these responses in our model to establish profiles of enterprise server infrastructure in the EU, focusing on 
two main measures of energy efficiency: the age of servers in the installed server base (as servers have become 
more efficient over time) and their utilisation rates, which also impact energy efficiency.

Our survey results show that, on average, the EU companies surveyed keep their servers for slightly more than 
four years before upgrading, somewhat shorter than the nearly four and a half years reported by US enterprises 
in 2019. In the European sample, larger businesses upgrade more quickly than smaller companies, which 
is different than what we found in our US and Asia-Pacific (APAC) studies, in which we found no meaningful 
correlation of company size with server replacement. Among EU member states, Spanish and Irish firms were 
more likely to hold onto their systems a few months longer on average, whereas surveyed organisations in 
Germany and Sweden replaced their servers faster.

We used survey responses to estimate the proportion of various server technology generations in EU enterprise 
server stock. This is influenced by average age of the hardware, how quickly new technology is adopted and the 
change in server numbers over time. 

Adopting the latest server technology has a material impact on energy use because chip technology and overall 
system design have become increasingly efficient. In our sample, EU companies on average start buying new 
server technology nine months from its general availability, which is longer than what we saw in either the US or 
APAC. This lag contributes to the efficiency gap between enterprises and cloud service providers such as AWS, 
which are known to access the latest server technology as much as a year ahead of its availability to the market 
at large. This is because cloud providers are willing to design, test and fund new chip and server technology. 
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The 451 Research model then estimated server utilisation levels by analysing adoption of virtualisation6 and 
workload consolidation practices.7 Virtualisation is common among EU enterprises, with 95% in our sample 
using this technique, even if only on a few servers. However, the average rate of virtualisation of workloads 
overall was 37% among EU respondents, compared to 48% of respondents in the 2019 US survey. There was 
little variation across EU countries but a higher virtualisation rate at larger firms.

Adopting virtualisation is a key step in boosting energy efficiency, but making the most of virtualisation via fewer 
and better-used systems is just as important. To understand how well servers are utilised, we asked about 
workload consolidation practices. Over a quarter of EU respondents said they are aggressively consolidating, 
targeting high levels of consolidation to reduce the number of servers required and to improve overall energy 
efficiency; a similar number proclaimed themselves pragmatic, or pushing for consolidation but careful not to 
impact application responsiveness. However, a large group claimed to use virtualisation for other purposes, 
such as simplified management of instances and higher availability (faster recovery times) rather than for 
reducing server count.

Figure 3: Workload Consolidation Practices 

Source: 451 Research/S&P Global Market Intelligence (n=308)

These responses offer guidance on server utilisation. The model calculates that based on the 2021 sample, 
average server utilisation across surveyed EU enterprises is slightly above 15%. This compares to slightly below 
15% in APAC and an estimated 18% in the 2019 US sample.

This level of utilisation is not surprising given that for a typical company, utilising business servers more than 
this is quite difficult, even if the systems are sized for particular workloads, because little processing occurs 
outside of business hours. By contrast, hyperscale providers utilise cloud servers at much higher levels. Our 
research suggests that cloud providers typically aim for much higher utilisation for shared (multi-tenant) 
hardware in a bid to strike the right balance between efficiency, cost savings and application responsiveness.

6. Server virtualisation is a collection of techniques that decouple running software from hardware via layers of abstraction. This creates 
flexibility in where the software runs and what hardware resource it accesses.

7. Note that our model performs detailed calculations for each enterprise to estimate their respective infrastructure efficiency. Other factors 
such as the resource sizing of servers (i.e., processors, memory, storage drives), as well as the broader storage and network infrastructure, 
also affect overall efficiency, but we opted not to include these because they are more nuanced and specific to workloads.
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This is possible due to load balancing across hyperscale infrastructure – for example, by running low-priority 
computational jobs at times when there is spare capacity left by other, higher-priority customer applications. 
Thus, for example, the same servers that run video calls for businesses during the day could provide movies 
or videogame content at night. Cloud utilisation may edge even higher in the coming years. Based on vendor 
disclosures, 451 Research expects upcoming servers to have peak efficiency points near or beyond 80% utilisation. 
This, combined with the adoption of new modular software development techniques such as microservices and 
serverless computing (running many snippets of code scaling to meet demand as opposed to large monolithic 
software), will promote further improvements in cloud utilisation and, therefore, energy efficiency. 

Another element influencing enterprise server efficiency is the change in the number of servers over time. On 
average, EU businesses in our survey have seen their server numbers grow by 22% over the past three years (in 
enterprise on-premises data centres). Server growth means that the installed base of servers includes a larger 
number of servers using more recent technology.

However, cloud providers such as AWS have the edge here as well. Owing to rapid uptake of cloud services 
(leading to double-digit growth for cloud providers), the cloud server population includes a larger portion of more 
recent server generations than the typical organisation’s server population. This effect is further amplified by 
cloud providers’ investments in new technology, such as AWS developing the Graviton processor series, and early 
purchases of the latest technologies. For example, 451 Research believes that the Intel server processors currently 
utilised in cloud infrastructure are heavily weighted toward 14nm processors (such as Skylake, Cascade Lake/
Cooper Lake), based on sales patterns reported by Intel in its financial filings. This is coupled with a rapid uptake 
of more recent chips from both Intel (Ice Lake) and AMD (Rome/Milan) that deliver major leaps in energy efficiency 
and performance, particularly at high utilisation. 

451 Research finds the root of these differences in a structural factor: organisational setup. In the cloud business 
model, inefficiency has a material impact on the bottom line. Thus, cloud providers’ technical organisations take 
a more unified view of infrastructure, with IT and data centre infrastructure teams working together to optimise 
design and operations. In addition, cloud providers’ scale enables the funding of custom engineering efforts  
and improvements.

A consistent theme from our studies around the world is that survey respondents in general do not have 
comprehensive IT sustainability programs that would raise all aspects of enterprise data centre operations in 
line with best practices. Only a handful of surveyed companies reported higher than average performance across 
multiple metrics. This means even the best-performing enterprises as a cohort fall well short of cloud efficiencies. 

On balance, we consider our model conservative in estimating the energy-efficiency delta between enterprise  
and cloud servers due to a number of factors that favour enterprises – for example, we did not include the 
emphasis enterprises typically place on price and right-sizing servers for specific applications instead of overall 
server efficiency. 
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The Cloud Data Centre Facility Effect

Data centre cooling systems – such as chillers, pumps, air handlers and air-conditioning units that keep the 
temperature and humidity under control – are major energy users and contribute to inefficiencies at enterprise 
data centres throughout the world. While industry bodies such as the globally recognised American Society of 
Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) recommend widening temperature bands in the 
interest of energy conservation,8 most enterprises still aim to keep server inlet temperatures low (typically under 
22°C) in the belief that this is necessary to keep IT component failures low (even though industry data indicates 
the concern is misplaced). This practice is highly energy-intensive because most enterprise data centres rely on 
mechanical refrigeration (compressors) to cool the circulated air. The climate across much of the EU is temperate; 
compared to some other regions of the world (such as Southeast Asia), it allows for the use of more energy-efficient 
cooling methods, but survey results indicate that these are not being utilised by EU enterprise data centres.

Overall, our survey paints an unfavourable picture of EU enterprise data centre energy consumption. The PUE on 
average across the more than 300 European firms surveyed was 2.01, well above the 2019 US reading of 1.66 and 
only slightly better than the average of 2.03 in APAC, where climates are typically hotter and more humid. This 
means that, on average, the energy European on-premises data centres use for cooling, power distribution and 
ancillary functions (lights, security systems, office space) is equal to the energy used by IT systems, chiefly servers.

This stands in contrast to the efficiency of cloud data centres, which are known for optimising energy efficiency 
across their operations. A significant factor in cloud data centre efficiency is a more relaxed cooling regime in which 
temperature and humidity move within wider bands. For example, AWS states that it has optimised its evaporative 
cooling systems to minimise water usage (when water is required during hotter temperatures), and AWS data 
centres in Ireland and Sweden use no water for 95% of the year. This results in far less energy used in cooling a 
cloud data centre in return for a relatively small amount of water. As a result, hyperscale cloud data centre sites 
across much of the EU can deliver an annualised PUE below 1.4 in most cases, and sometimes as low as 1.1.

Most enterprises would find it difficult to implement these practices in their data centres. Concerns about risk 
to IT hardware – such as increased component failures – are still common, and application downtime can prove 
very costly to the business. New hotspots (locations where temperature exceeds the limits set) may develop where 
cold air delivery to IT is insufficient. But even if that’s not the case, without optimisation of airflow in the facility, 
and changing server settings with higher operating temperatures in mind, enterprise data centres’ air handlers 
cannot attain more efficient performance levels. Furthermore, concerns about a potential increase in IT hardware 
component failure tend to deter enterprise technical leads from promoting such efficiency initiatives.

We also note that cooling, although a major energy user, is not the only factor that contributes to facility-related 
energy overhead enterprises. New UPS systems are considered to be 92-95% efficient (losing only 5-8% of power 
to operate the UPS), while older (5-10 years or more) models can be less than 90% efficient.9 The biggest hurdle 
for enterprises to overcome this is a combination of the high capital cost of electrical upgrades and the risks 
(perceived or real) to live operations.

8. Thermal Guidelines for Data Processing Environments, Fourth Edition, The American Society of Heating, Refrigerating and Air-Conditioning 
Engineers, 2015

9. High Efficiency UPS Operating Modes, a presentation by Chuck Heller, Liebert Corporation, May 2011, and Implementing Energy Efficient Data 
Centers, Schneider Electric White Paper 114 Rev 1
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Specifics of the Model

Using the results of the survey, 451 Research calculated the relative operational efficiency at the largest data 
centres of the enterprises surveyed. To establish a baseline, we used the power-efficiency database of industry 
body Standard Performance Evaluation Council (SPEC). The benchmark, called SPECpower_ssj2008, simulates 
a business application to measure the power consumed per second by operations on various types of servers.

We used Intel-based servers from 2010 at 10% load (which is a typical load for non-virtualised servers) to 
create a reference point. In our model, the average energy efficiency of a two-processor system based on the 
2010 Intel Xeon server processor at 10% load is ‘1.’ Using the survey data, we modelled the profile and utilisation 
of typical enterprise servers to estimate their energy efficiency. The modelling included the adoption rate of 
new server technology, how often servers were replaced and how many new servers were added to the installed 
base over time. We also used survey responses on virtualisation and workload consolidation to estimate server 
utilisation rates. 

We utilised this modelling because server hardware is not equally efficient across its load curve. Figure 4 below 
shows how efficiency can vary both by server generation (from left to right) and by utilisation rate (from bottom 
to top). Our model suggests that the rapid growth, scale and utilisation of cloud infrastructure such as that of 
AWS has greatly increased server efficiency compared to most enterprise infrastructure and will continue to do 
so in coming years. 

Figure 4: Relative Efficiencies (the Processing Done Per Watt) for Different Types of Chipset at Different 
Utilisation Levels Compared to the Westmere Chip at 10% Utilisation

Source: SPEC.org, compiled by 451 Research 
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Energy Savings from Moving Enterprises 
Workloads to Cloud Infrastructure in the 
European Union
According to our calculations, surveyed EU enterprises scored, on average, 6.9 in server efficiency, meaning 
that their server infrastructure is over six times more efficient than non-virtualised servers at the start of 
the past decade (in 2010). This is due to advances in server technology – for example, faster yet lower-power 
semiconductors, in addition to virtualisation. However, the average hides a wide variation. The best-performing 
enterprises have achieved gains of over 9x in efficiency, while the worst are below 5x.

Although top-performing EU enterprises are more efficient than their US or APAC peers, the average European 
efficiency is below that seen in some other regions. We estimate that most EU enterprises have consolidated 
fewer workloads and virtualised less than US enterprises, for example, while also taking longer to adopt 
the latest server technology. When compared to the results of our 2019 US study, we estimate the IT energy 
efficiency gap between enterprises in the US and EU to be about 25%, with the advantage going to the US.

Using the same model, 451 Research estimates that hyperscale cloud servers, as demonstrated by AWS, 
are roughly three times more energy-efficient than those of average EU enterprises, with a score of over 
20 compared to 6.9 in server efficiency. This is mainly because cloud servers are much more highly utilised 
and a larger percentage of them are new, using technology that is more energy-efficient. In addition, cloud 
providers such as AWS have more energy-efficient data centres, as detailed previously, with better power 
usage effectiveness than typical on-premises enterprise facilities. When including facility-level efficiency, AWS 
cloud infrastructure is five times more energy-efficient than typical EU enterprise infrastructure. We estimate 
that moving from on-premises enterprise hardware and facilities to the cloud could reduce average enterprise 
energy consumption by over 80%. In addition, cloud providers, including AWS, have enabled significant volumes 
of new renewable energy projects to power their operations and, therefore, have a much lower carbon impact 
than most enterprise facilities.
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Enterprise Efficiency Approach
European enterprises are mindful of the need to improve efficiency and the expectation of stepping up their 
enterprise data centre sustainability efforts. Yet a gulf remains between good intentions and effective action. 
While there is clear government pressure for businesses to strive for sustainability, and European respondents 
typically have PUE targets for their data centres, they find it difficult to make the investments in technology 
upgrades that deliver such gains. For example, a head of data centres at a midsize Swedish retailer observed, 
“[at the corporate procurement department,] they are not willing to look at the energy-efficiency factor or the 
ROI; their main focus is always on one thing, […] if they can make do without this spending, then they do not 
proceed further on this.” 

In addition, sustainability is typically gained as part of a cost-reduction effort, rather than being a specific 
goal. A technical lead for data centre IT operations at a French telecommunications provider said, “There are 
no particular goals for energy reduction or energy savings, but [rather] for cost saving; that’s what happens [at] 
most of the companies, and it somehow ends up saving energy as well.” 

Based on this and other surveys, we believe most enterprises do not see data centre infrastructure 
sustainability as a strategic priority. Thus, the technical organisations running enterprise data centres and IT 
infrastructure have efficiency programs that, for all the benefits they deliver, are limited in scope and must work 
within the confines of existing data centre and IT infrastructure. 
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Outlook and Conclusions – Directions 
in Energy Efficiency and Energy Policy 
for Carbon Reduction
Based on our survey of over 300 businesses across France, Germany, Ireland, Spain and Sweden, as well as our 
estimates of server populations across European enterprises, moving business applications to the cloud could 
reduce IT and facility energy use by 80% on average in the EU compared to operating in an enterprise data 
centre (see Figure 5). 

Figure 5: Energy Reduction Potential for a 1MW Enterprise Data Centre Load Moved to a Cloud Provider 
such as AWS

This could reduce carbon emissions substantially due to the use of fossil fuels such as coal and natural gas 
to generate electricity in many EU countries. Although the fuel used to generate power in the EU varies greatly 
from country to country, the highly interconnected energy networks create what can be thought of as one grid. 
According to the European Environmental Agency, the European electrical grid’s overall emissions were 255g 
of CO2eq per kilowatt-hour.

Reducing the energy required for IT by 80% on average in the EU would mean that for a 1MW (about 
1,000-square-metre) enterprise data centre at an assumed 30% electrical utilisation, switching all 
applications to cloud services could reduce emissions by up to 897 metric tonnes of CO2eq per year from IT 
equipment and up to 182 metric tonnes of CO2eq per year from facilities for a total of 1,079 metric tonnes of 
CO2eq per year on average. This is equivalent to removing more than 500 cars from the roads or offsetting the 
annual electricity related emissions for more than 50 households across the EU on average. When we include 
both the carbon intensity of consumed electricity and renewable energy purchases, which reduce associated 
carbon emissions, when AWS reaches 100% renewable energy, it will perform the same task with a 96% lower 
carbon footprint on average in the EU.
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We estimate that reductions are achieved by shifting to cloud. This is because the overall efficiency of cloud 
infrastructure makes it easier and more economical to run a given workload using low-carbon energy when the 
energy required is a fraction of that needed for typical enterprise infrastructure. This reduction becomes even 
greater when factoring in cloud providers’ potential use of renewable and low-carbon energy sources. AWS, 
for example, has committed to using 100% renewable energy across its global operations, and is on the path 
to achieve this by 2025. This is not only because cloud providers have the organisational resources, long-term 
view and large-scale demand for electricity to encourage new renewable energy generation projects. It is also 
because organisations such as AWS are making efforts to reduce emissions by prioritising the use of low-
carbon energy and even signing power purchasing agreements, despite the complexities involved. 

Migrating enterprise workloads in the EU to an AWS cloud using 100% renewable energy could save an 
additional 214 metric tonnes of CO2eq per 1MW at 30% utilisation. This is on top of the sizeable CO2eq reduction 
due to the improved efficiency of servers and facilities. If thousands of enterprise data centres were taken 
offline across the EU, this would significantly reduce greenhouse gas emissions, equalling the footprint of 
millions of households. 

Country Profile: France

French survey respondents had the most energy-efficient data centres out of the 
EU countries surveyed, with an average PUE of 1.98. This was offset somewhat by a 
relatively long server life span of 51 months on average (compared to 46 months in 
Germany) and an estimated server utilisation rate of 15.4%.

Due to what we calculate to be relatively old servers with low utilisation, typical 
French enterprises could potentially expect to see energy savings of 67% by 
moving workloads to cloud, with an additional energy savings of 11% from cloud 
data centre efficiency, for a total of 78% energy savings. France has among the 
lowest greenhouse gas emissions from electricity production, thanks to its nuclear 
power plants and renewables, so the carbon emissions saved by improving energy 
efficiency is relatively low – at 192 metric tonnes of CO2eq per megawatt annually 
from servers and another 30 metric tonnes of CO2eq per megawatt annually from 
more efficient data centre facilities. When a cloud provider is powered by 100% 
renewable energy for its infrastructure in France, that could reduce emissions for 
enterprises that do not have 100% renewable energy by another 11 metric tonnes of 
CO2eq per megawatt annually, for a total of 233 metric tonnes. 

France has over 3,800 businesses with more than 250 employees. If 25% of these 
firms put 1MW of IT load into the cloud (a cloud migration project of moderate size), 
this could save as much as 226,450 metric tonnes of CO2eq per year, equivalent to 
roughly a year’s worth of emissions from nearly 22,000 French households’ electricity 
use.10 As the country’s ageing nuclear plants are taken offline over the next decade, 
this energy savings could become a key contributor in keeping the country’s overall 
carbon output low. 

10. Sources: Eurostat: “Number of enterprises in the non-financial business economy by size class of employment online data code: 
TIN00145 last update: 18/03/2021”, IEA Atlas of Energy (data from 2018)
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Country Profile: Germany

In Germany, survey respondents reported the shortest server life span among 
countries surveyed, at 46 months on average, which yields better energy efficiency. 
This was slightly offset by having only 39% of servers virtualised, which was below 
the number in Spain and France, and an estimated server utilisation rate of 15.6%. 
However, German survey takers had the second most efficient data centre facilities, 
after France, with an average PUE of 1.99. We calculate a potential energy savings 
of 65% on average from server infrastructure and another 13.5% on average from 
data centre infrastructure, for a total of 78.5% energy savings when a typical German 
enterprise moves workloads to the cloud. 

Although Germany has been promoting wind and solar installations, the country still 
has the highest quantity of fossil fuels in its energy production mix of the countries 
we surveyed. Thus, the potential carbon emissions saved by moving workloads to the 
cloud could be as much as 1,159 metric tonnes of CO2eq per megawatt annually from 
servers and another 242 metric tonnes of CO2eq per megawatt annually from more 
efficient data centre facilities. When a cloud provider is powered by 100% renewable 
energy for its infrastructure in Germany, that could further reduce emissions for 
enterprises by 333 metric tonnes of CO2eq per megawatt annually, for a total of 
1734 metric tonnes. Germany has roughly 11,300 businesses with more than 250 
employees. If 25% of these firms put 1MW of IT load into the cloud (a cloud-migration 
project of moderate size), this could save as much as 4,903,600 metric tonnes of 
CO2eq per year, equivalent to roughly a year’s worth of emissions from more than 
292,000 German households’ electricity use.11 

11. Sources: Eurostat: “Number of enterprises in the non-financial business economy by size class of employment online data code: 
TIN00145 last update: 18/03/2021”, IEA Atlas of Energy (data from 2018)
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Country Profile: Ireland

Irish respondents to the survey had an average server life span of 52 months, and 
35% of servers were virtualised on average, with an estimated utilisation rate of 
14.6%. This was right in the middle of the group of countries studied; the same held 
true with data centre efficiency, at an average PUE of 2.06. Irish companies could 
potentially save 67.5% of energy on average from server infrastructure and another 
15.6% of energy on average from data centre infrastructure by moving workloads to 
the cloud, for a total of 83.1% energy savings. 

Ireland had the second-highest quantity of fossil fuels in its energy production 
mix, after Germany. This means that the potential carbon emissions saved by 
moving workloads to the cloud could be as much as 1,135 metric tonnes of CO2eq 

per megawatt annually from servers and another 263 metric tonnes of CO2eq per 
megawatt annually from more efficient data centre facilities. When a cloud provider 
is powered by 100% renewable energy for its infrastructure in Ireland, that will 
further reduce emissions for enterprises by 230 metric tonnes of CO2eq per megawatt 
annually, for a total of 1,628 metric tonnes. Ireland has roughly 600 businesses with 
more than 250 employees. If 25% of these firms put 1MW of IT load into the cloud 
(a cloud-migration project of moderate size), this could save as much as 241,000 
metric tonnes of CO2eq per year, equivalent to roughly a year’s worth of emissions from 
around 12,700 Irish households’ electricity use.12 

12. Sources: Eurostat: “Number of enterprises in the non-financial business economy by size class of employment online data code: 
TIN00145 last update: 18/03/2021”, IEA Atlas of Energy (data from 2018)
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Country Profile: Spain

In Spain, survey respondents reported the longest server life span among countries 
surveyed, at 54 months on average. This was slightly offset by having the highest 
rate of server virtualisation at 44% of servers virtualised and the highest estimated 
server utilisation rate at 16.1%, which lead to improved energy efficiency. However, 
Spanish survey takers had the least efficient data centre facilities, most likely due 
to Spain having the hottest climate of all the countries surveyed, with a PUE of 2.13. 
We calculate a potential energy savings of 66% from server infrastructure on average 
and another 13.5% on average from data centre infrastructure for typical Spanish 
enterprises that move workloads to the cloud, for a total of 79.5% energy savings. 

Spain has been working to add renewables to its energy production mix and currently 
has nuclear generation, which helps reduce the carbon emissions from generation. 
For an enterprise, the potential carbon emissions saved by moving workloads to 
the cloud could average 772 metric tonnes of CO2eq per megawatt annually from 
servers and another 146 metric tonnes of CO2eq per megawatt annually from more 
efficient data centre facilities. When a cloud provider is powered by 100% renewable 
energy for its infrastructure in the country, that will further reduce emissions for 
enterprises by 187 metric tonnes of CO2eq per megawatt annually, for a total of 1,105 
metric tonnes. Spain has roughly 3,500 businesses with more than 250 employees.13 
If 25% of these firms put 1MW of IT load into the cloud (a cloud-migration project 
of moderate size), this could save as much as 955,160 metric tonnes of CO2eq per 
year, equivalent to roughly a year’s worth of emissions from over 72,000 Spanish 
households’ electricity use. This type of reduction in energy use could become more 
important as the country looks to phase out its nuclear power generation.

13. Sources: Eurostat: “Number of enterprises in the non-financial business economy by size class of employment online data code: 
TIN00145 last update: 18/03/2021”, IEA Atlas of Energy (data from 2018)
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Country Profile: Sweden

In Sweden, respondents to the survey had the second-lowest server life span, 
behind only Germany, with an average of 49 months. Sweden ranked third in server 
virtualisation percentage, at 39.8%, and enterprises had the second-best estimated 
utilisation rate of 14.8%. Given the climate, it was somewhat surprising that Swedish 
data centres were not as efficient as those in Germany and France, with an average 
PUE of 2.1. This could be because the data centres are smaller, or perhaps there is 
less incentive to make data centres efficient because power in Sweden is relatively 
inexpensive and is generated with very low emissions. Swedish companies could 
potentially save 67.5% of energy on average from server infrastructure and another 
15.4% of energy on average from data centre infrastructure by moving workloads to 
the cloud, for a total of 79.9% energy savings. 

Sweden generates nearly all of its energy from low-carbon sources so, as in France, 
the potential carbon savings from moving workloads to cloud is relatively low, 
averaging only 44 metric tonnes of CO2eq per megawatt annually from servers and 
another 10 metric tonnes of CO2eq per megawatt annually from more efficient data 
centre facilities, for a total of 54 metric tonnes. Sweden has roughly 1,400 businesses 
with more than 250 employees.14 If 25% of these firms put 1MW of IT load into the 
cloud (a cloud-migration project of moderate size), this could save roughly 22,570 
metric tonnes of CO2eq per year, equivalent to roughly a year’s worth of emissions from 
over from 4,400 Swedish households’ electricity use, assuming those households and 
data centres are not using 100% carbon-free energy already. 

14. Sources: Eurostat: “Number of enterprises in the non-financial business economy by size class of employment online data code: 
TIN00145 last update: 18/03/2021”, IEA Atlas of Energy (data from 2018)
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Appendix

Methodology Details

The focus of this model is to capture the carbon impact of key design and operational features of enterprise 
data centres compared to the hyperscale cloud, in particular AWS, and to understand how key components 
impact the overall efficiency picture. The core of the model focuses on Scope 2 emissions, or utility grid 
electricity. The model does not include Scope 1 emissions or direct emissions from site operations, such as 
cooling system refrigerants or diesel engine generator emissions, nor does it look at Scope 3 emissions or those 
embodied in buildings and IT products, such as concrete.

We decided to focus on Scope 2 emissions because enterprises can control some of the key factors that 
influence this type of energy consumption, and these have a substantial impact on data centre energy efficiency 
and carbon footprint. In our view, Scope 1 emissions are important but do not currently reflect the potential 
operational efficiency of particular data centres because this is typically a very small part of the carbon 
footprint from data centres. For example, virtually all data centres currently use diesel generators to provide 
backup power if the grid fails, but this is not a common occurrence. This is evolving, however, and we will study 
the potential for improvements in this area in the months and years to come. Future versions of this model may 
include Scope 3 emissions. However, currently we do not expect these to meaningfully alter the conclusion of 
the analysis because we believe they are not considerably different between cloud and enterprise data centres. 

The carbon emissions model analyses three major areas: IT equipment energy use; data centre efficiency; 
and the carbon intensity of the grid. The objective of the model is to show the potential difference between 
enterprise and cloud operations.

The output of the model is a ratio that shows the relative energy and carbon-efficiency difference between 
enterprise IT and cloud, as represented by AWS. The model incorporates EU survey data, data from S&P Global 
Market Intelligence on EU data centre and energy markets, third-party industry sources, and data from AWS.

The survey of EU enterprises with $10m-1bn in annual revenue sought to understand characteristics that 
influence efficiency metrics, including policies and attitudes toward consolidation, adoption of new server 
technology, and server replacement cycles. We believe that such an approach creates a more robust picture and 
provides better context than asking exclusively for technical specifications and operational metrics, many of 
which may not be available to survey respondents in required detail.

Grid carbon intensity – Carbon emissions per kWh energy; S&P Global Market Intelligence and third-party data.

PUE – Power usage effectiveness shows the facility energy overhead as a ratio of the IT load.

Server hardware power efficiency – The inherent design power efficiency of the server that is calculated using 
server distribution by age, server utilisation and power efficiency data from the Standard Performance Evaluation 
Council’s database specpower_ssj2008.

EXTENDED CARBON MODEL w/ embedded emissions 

451 Research CLOUD ENERGY CARBON MODEL
Embodied 

facility 
+ Embodied 

IT
+

Grid - offset by 
renewable purchases

x PUE x IT efficiency 
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• Server age distribution: proxy for server technology generation that largely defines the server’s efficiency 
potential. To gain this distribution, we asked for average life span, speed of adoption of new tech (to 
account for additional lag compared to the cloud) and capacity change (skew of distribution). Q10: How 
long is the typical life span of the servers running in your largest data centre?

• Server utilisation: Instead of asking for server utilisation, which we find is not practical to obtain, we 
asked about the maturity of IT operations by gauging virtualisation levels, any projects in motion that 
aim to increase virtualisation levels over time, and aggressiveness of consolidation. 451 Research based 
assumptions on how these responses translate into utilisation numbers on third-party industry data.

• Power efficiency data from SPEC: SPEC maintains a database on server power efficiency per a test suite 
that simulates a complex business logic and benchmarks performance against power use across the 
load curve. Using this data, the model can assess the relative power efficiency of servers based on their 
technology generation (age) and utilisation. 

While server makers aggressively fine-tune hardware and software specifically for the specpower_ssj2008 
benchmark to attain the best possible result in ways that arguably do not represent a typical deployment case, 
we are relying on averages across multiple submissions and use the data to calculate efficiency improvements 
with newer server generations and with better utilisation. We believe these are representative of real-world 
behaviour of hardware and software in a generic enterprise IT environment. 

While SPEC data is in 10% increments, we needed finer granularity of 1% for our calculations because we 
modelled IT operational efficiency of the surveyed US enterprises. We did that by using linear interpolation 
between measurements as an approximation to an implied efficiency curve.

• Based on virtualisation and consolidation levels, we calculated composite average utilisation of each 
server generation for each enterprise, then weighted such efficiency readings by distribution of server 
generations per enterprise. We tested this against a more detailed hourly workload simulation (e.g., 
internet traffic profile during a day) where a more complex calculation using hourly utilisation and energy-
efficiency readings would generate the efficiency reading, but the total difference from using a simple 
average utilisation and associated energy efficiency reading was typically 1% or less.

To estimate the equivalent carbon emissions of average households that could be saved by businesses 
switching to cloud, we started by calculating the emissions per household using the IEA Atlas of Energy (data 
from 2018) estimates of CO2eq emissions per person in each country, multiplied by the average number of people 
per household in each country (2020 Eurostat data). We used the Eurostat: “Number of enterprises in the non-
financial business economy by size class of employment (online data code: TIN00145 last update: 18/03/2021)” 
report to conservatively estimate the number of businesses by country and took 25% of that number, 
multiplying it by the estimated amount of CO2eq metric tonnes saved. The amount of CO2eq saved is based on our 
model’s outputs for moving 1MW to cloud in each country. 
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