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EXECUTIVE SUMMARY

Digital transformation is a defining challenge and opportunity for the European economy, provid-
ing the means to reinvent and improve how firms, consumers, governments, and citizens interact
and do business with each other. European consumers, firms, and society stand to benefit from the
resulting innovative products, processes, services, and business models — contributing to EU
productivity. To maximise these benefits, it is key that the private and public sector can rely on an
advanced and efficient cloud value chain.

Considerable literature exists on cloud solutions and their transformative impact across the econ-
omy. This report contributes by focusing on the analysis of the cloud value chain, taking Google as a
relevant case study. It assesses the economic impact of the Google European hyperscale data cen-
tres and related infrastructures which, behind the scenes, underpin online services such as cloud
solutions. Thus, the report is an applied analysis of these infrastructure layers “above the cloud”
(upstream inputs to deliver cloud solutions) and quantifies Google’s European economic contribu-
tion associated with these activities.

Double-clicking the cloud

Services, such as Google Cloud, are a key example of a set of solutions that can serve a variety of Eu-
ropean business needs and thus support economic productivity. For cloud solutions to deliver value
to society to the fullest — and in an efficient manner — considerable investment and infrastructural
organisation behind the scenes is needed. This report researches what is going on 24/7 in the back-
ground and what activities, jobs and economic contribution for Europe derive from it.

Cloud computing refers to solutions that rely on distributed IT resources — engineers used to draw
them in network diagrams as overlapping circles of servers and end users, connected to each other,
with those circles merging into the shape of a cloud. What happens if we zoom in and look inside it?

If data is the lifeblood of the digital transformation, large-scale data centres are the hearts and
brains of the digital infrastructure. Networking connectivity delivers this lifeblood instantly where
information, computing and decision making is needed — all powered by the necessary energy. The
explosive growth in data traffic, storage and processing driven by consumers’ and firms’ demand for
online services require significant investment in all of the above components to serve existing and
new needs from old and new digital users. For this growing demand to be handled efficiently, it is
key that computing can be performed at scale. Thus, this report investigates Google’s (i) hyperscale
data centres in Europe, its related (ii) network connectivity and (iii) energy sustainability aspects.

A data centre is a facility that houses large numbers of high-performing computers storing data,
known as servers, as well as networking equipment and communication links. This allows compu-
ting that is performed at scale and with efficiency. While we see prominently our devices as we con-
sume digital services, data centres are performing a lot of the heavy lifting behind the scenes, mak-
ing services work seamlessly. The largest type of data centres is called hyper-scale, associated with
best in class performance and efficiency in using resources. Google’s European fleet of hyper-scale
data centres are at the centre of this study.



Network connectivity. Linking the end users (mobile devices, computers, factories etc.) with the
data centres requires several assets; in a nutshell, internet access links and internet backbone links.
The internet access links are often evident in the connections in our residential and business dis-
tricts, performing the important job of reaching / cabling the last mile, taking the internet to homes
and workplaces. At the same time, the present-day internet relies on considerable assets that inter-
connect networks, link up data centres and bring the computation and content closer to the con-
sumers — the much less visible internet backbone connectivity. To ensure that the latter meets de-
mand for online services, Google has supported the development of a significant network interlink-
ing European cities and countries — as well as connecting European users to the global internet.

Energy sustainability. Consumers’ and firms’ demand for digital services calls for energy to
power the computation and transmission of the data that services rely on. The internet industry is
increasingly aware of the users’ wishes to shift their activity and consumption to more and more
digital services, while ensuring the greatest energy efficiency and optimal sourcing of renewables.
Google has led the way in achieving a 100% renewables target and is the largest corporate backer of
renewables-supporting PPA deals.

Key findings of this study

Google data centres deliver large benefits to the European economy

Google has invested heavily and widely in data centres and related infrastructures in Europe. Cur-
rently, it operates hyper-scale data centres across Europe: St. Ghislain-Mons in Belgium, Hamina-
Kotka in Finland, Dublin in Ireland, Eemshaven-Groningen in the Netherlands and soon Fredericia
in Denmark and Agriport in the Netherlands.

From 2007 up to and including 2018, Google has invested EUR 6.9 billion in European data centre
and related infrastructure investments. Investments considered include:

e Construction, civil engineering and restoration of the data centre sites

e Ongoing data centres’ operation, including site reliability engineering and all support functions
e  Connectivity links serving the EU and related networking assets

Every time a firm (domestic or foreign) deploys an investment, it is reasonable to ask: how much of
this investment flows through to local impact vs is spilling out e.g. via imports? Therefore, we have
applied an established economic (input / output) model to measure the impact of these invest-
ments, in terms of economic (GDP) and employment contribution supported within Europe.:

We have measured the extent to which these investments have converted into economic and em-

ployment benefits for European countries, finding as main results that:

e Google’s investments have supported economic activity in Europe of EUR 730 million per
year in gross domestic product (GDP) on average in the period 2007-2018; in other words,
EUR 8.8 billion in total for the whole period

e Google’s investments have supported 9,600 jobs per year on average (full-time equivalents),
across the value chain and a wide set of European industries

t The CE input / output model compared the Google expenditure sectoral pattern and mapped it against the official national
statistics. The model is calibrated on the basis of Eurostat sectoral accounts that are built on the latest information on the
EU countries’ national economy and sectoral patterns, across all value chains.



Figure 1 Economic impact supported by Google data centres&related infrastructures
EUR millions per year
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Note: The figure shows the supported economic contribution in the EU, due fo the constfruction and operation of
Google's European data centres and related infrastructures. 2019 covers effects of expenditure already
realised as well as the expected amount to be completed, based on committed investments.

Source:  Copenhagen Economics based on data provided by Google, Eurostat and World Input-Output Database

A track-record of investment and new developments underway

As shown in a study for the European Commission, the data economy in Europe is expected to con-
tinue to grow systematically and persistently. Google is serving fast-growing demand from Euro-
pean consumers and businesses. Thus, Google has an ongoing set of committed investments and
operational expenditures on the set of infrastructures covered in this study.

Between 2019-2021 Google has announced committed investment of EUR 5.0 billion in Eu-
ropean data centre and related infrastructure investments, as announced up to August 2019. Sum-
ming up with investments realised so far, by 2021 Google will have invested around EUR
11.9 bn in European data centre and related infrastructures. Based on these commitments, we have
a basis to forecast, all else equal, the evolution of European economic impact from these invest-
ments in the near future.

e Google’s commitment to further investments is estimated to support an additional economic
activity in Europe of EUR 2.1 billion per year and 27,200 jobs per year on average, over the
period 2019-2021;3 in other words, EUR 6.4 billion total for the period 2019-2021

e Summing up realised effects and the forecast based on committed investments, by 2021
Google will have a supported a total of EUR 15.2 billion of economic activity across Eu-
rope (2007-2021) — corresponding to 13,100 jobs (FTE) per year on average

e The European jobs supported by these investments have grown over the years, such that:

- 2007-2010: Google supported 2,800 jobs per year on average (FTE)

- 2011—2014: Google supported 9,400 jobs per year on average (FTE)

- 2015-2018: Google supported 16,700 jobs per year on average (FTE)

- 2019—2021: Google is expected to support 27,200 jobs per year on average (FTE)

©

IDC (2017), The European Data Market Study: Final Report. Study for the European Commission.
Job impacts include direct, indirect and induced channels of supported employment, as detailed in chapter 2.
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Figure 2 Employment supported by the Google data centres & related infrastructures
Yearly average for the period 2007 — 2020
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estate, and legal, accounting and employment activities.
Source:  Copenhagen Economics, based on data from Google, Eurostat and World Input-Output Database tables.

Network connectivity links EU cities and countries together and to the global internet
We now zoom into the impact of a fundamental infrastructural component: the networking layer (a
key driver of the overall results presented above). Typically associated with the telecommunications
industry, this type of network component is also a key area of focus for Google’s infrastructural ef-
forts. This is because of the importance of connecting the backbone of the internet, linking data cen-
tres all the way to the exchange points where retail telecommunications companies take over and
serve retail customers (fixed and mobile home broadband, workplace connectivity etc). The back-
bone of the internet infrastructure goes in tandem with the internet access links, ultimately linking
consumers and devices with the computation and service provision, as well as with each other.

We have measured the extent to which this connectivity expenditure (a subset of the expenditure

already accounted for in the previous pages) has converted into economic benefits for European

countries, finding as main results that:

e Google’s connectivity network past and committed expenditure in Europe is expected to reach
EUR 2.9 billion, invested over the period 2007 — 2020

e This corresponds to a supported economic activity amounting to EUR 270 million per
year and 3,900 jobs per year on average across the connectivity value chain and a wide set of
European industries; in other words, EUR 3.8 billion total for the period 2007-2020

We have double clicked on these networks in place and documented examples of links developed
across European countries, around and between cities, along strategic cross-border infrastructure
corridors, as well as connecting via subsea cables Europe to the global internet. Europe comes
closer together and becomes even closer to the world thanks to such infrastructure developments,
with benefits for citizens across Europe.



Energy efficiency and environmental investments supporting Google data centres

Every time we as users choose to consume products and services, we are also sending an economic
signal (indirect demand) to procure the energy that firms need to supply such services. As non-digi-
tal activities are shifted to new digital applications, we as users continue to consume energy — the
question is then the efficient use of this energy and its sustainability of supply.

While storing and processing data to deliver our preferred services requires energy, the solutions
that Google has introduced bring opportunities to increase the energy efficiency by which data is
handled. In fact, large data centres are more energy efficient than individual servers and, by pooling
the server needs of many customers, a lot of energy can be saved. Here, scale matters, in both
achieving business and environmental aims.

Since 2017, Google has achieved its target of matching 100% of its data centres’ and offices with
purchases of renewable energy. In doing so, Google has developed the largest portfolio worldwide of
corporate renewable Power Procurement Agreements (PPA). Via PPA deals, Google signs contracts
with renewables’ developers and supports the production of carbon free energy — for example by
reducing the risk and improving business conditions of these renewables’ developers and investors.
Google has signed 24 PPAs with renewable energy developers across Europe. This constitutes a total
of almost 1.7 GW of wind and solar power capacity.

A cloud-to-data centres value chain staying fit for Europe’s future

The European Commission has reaffirmed its commitment to promoting digital transformation and
green ICT to back this. Cloud computing, via its scale and efficiency, is a valuable resource towards
these aims. Therefore, any initiatives aiming to strengthen cloud’s role and its value to EU should
also be aware of the value generated by the infrastructures that underpin the cloud.

Having reviewed the functioning of this emerging and fast-growing infrastructure layer across Eu-
rope, based on the in-depth case study of Google, we have considered the question of what policies
and initiatives are best placed to serve the interest of European citizens/consumers and firms. For
this value chain to function at its maximum potential serving EU digital transformation processes, a
bird’s eye view of the entire infrastructural needs and framework conditions is certainly recom-
mended. We highlight as follows, for the consideration of European policymakers:

e Data centres
- Tackling education as a key front line to ensure that future employment opportunities
are met with a workforce with data centres’ relevant skills
-  Tapping into data centres for regional cohesion aims; skills and local infrastructures
to empower diverse local economies where DC investment is and can be further attracted
¢ Network connectivity

- Considering fragmentation in telecoms infrastructure suppliers between EU
countries (due to national legacy) as a Single market obstacle for new inter-EU networks
- Fostering greater awareness at EU and country level of subsea cables as valuable in-
frastructure to be safeguarded and promoted in the European interest
¢ Renewable energy

- Ensuring a coherent implementation of the internal electricity market for renew-
ables’ investors and PPA backers to come together across national boundaries

- Assessing the case for reducing the cross-country infrastructure bottlenecks that
constrain a deeper EU energy union and the most efficient deployment of renewables
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1.1 A TRANSFORMATIVE SHIFT, ENABLED BY HIGH-TECH
INFRASTRUCTURE - THE CLOUD

1.1.1 Cloud enables enhanced division of labour and specialisation
between firms - a key source of economic progress
Adam Smith, seminal 18t century economist, visualised the concept of division of labour via the ex-
ample of a pin factory where specialised workers achieved a greater output than a craft setup with
all workers assigned to perform all tasks in parallel.« Smith noted that the productivity of an overall
process improves when there is greater specialisation and distinction between its activities and who
does what. While his original example was focused on within-firm working processes, the economic
intuition has been extended to apply to intra-firm and economy-wide working processes, and the
role of different firms in creating value by specialising on what they do best, while relying on other
firms for other activities.

Waves of the industrial revolution have been defined by the role of infrastructures in providing a
common platform that many different users could tap into progressively more and more, allowing
for greater division of labour and specialisation. For example, at the time of electrification, more
and more factories would stop generating their own power and instead rely on the grid and special-
ised suppliers of electricity. Factory work and processes would be rearranged accordingly.

Today, digitisation is the major transformative wave sweeping through our economies. Digitisation
is the driver of manifold technological developments, innovative solutions and new business ideas
that are changing our economy and society — today as well as in the near and distant future. Cloud
solutions provide an advanced platform that can cater for many different computation and infor-
mation management requirements that serve the evolving demand of firms, governments — and ul-
timately individuals.

Organisations across the private and public sector can develop even further what they do best, by
relying on cloud solutions to support their needs and processes. These advances in the economy-
wide division of labour bring benefits and further opportunities across European manufacturing
and service sectors. This reflects a combination of benefits for organisations, such as improved effi-
ciency, lower costs, reduced lead times, new services and features offerings, and increased con-
sumer convenience.

1.1.2 The role of cloud within digital transformation processes
When digital technologies emerged, firms increasingly digitised existing processes and tasks to im-
prove efficiency and work streams. Digital computers, record-keeping and communication

4 Smith, A., 1776, An Inquiry into the Nature and Causes of the Wealth of Nations.



technologies proved superior to the mechanical and analogue technologies. As technology pro-
gressed, more and more activities were digitised and, importantly, whole new solutions and ways of
organising production have emerged. Today, we are moving into the fourth industrial revolution —
the cyber-physical era — crucially dependent on firms’ ability to tap into the data processing infra-
structure.

Machines and components communicate with each other in smart factories and autonomous pro-
duction can optimise flows by, for example, identifying maintenance needs and adapting to individ-
ual customer requirements in real time. Additionally, further developments in robotics technology
create increasingly sophisticated robots at lower costs. Additive manufacturing (3D printing) is ex-
pected to revolutionise the industry by offering profitable production of specialised goods (even in
small scale) and by enabling individualised products on order. Similarly, the Internet of Things
(IoT) revolution, equipping products and process equipment with sensors, enables embedded sys-
tems to communicate and manage advanced processes.

Cloud solutions are a key component and driver of digital transformation. Since digitisation is un-
derpinned by an ever-increasing creation, demand and supply of data — the lifeblood of the digital
economy — the computing power and scalability of cloud in handling data is a key engine and ena-
bler of this economy-wide transformation.

Figure 3 The future of data
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Source:  Copenhagen Economics based on: DOMO, 2018, Data never sleeps 6.0, Infel, A guide to the Internet of
Things (https://www.intel.com/content/www/us/en/internet-of-things/infographics/guide-to-iot.ntml), IDC,
2018, The Digitization of the World — From Edge to Core, and Forbes, 21 May 2018, How Much Data Do We
Create Every Day? The Mind-Blowing Stats Everyone Should Read.

The gains from increased specialisation span over multiple crucial areas of data processing. Not
only are cloud solutions necessary to process the ever-increasing volumes of data or to provide the
advanced digital solutions that enable firms to stay at the competitive edge, they also make data
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processing more secure. By assigning the task of data processing to designated cloud service provid-
ers, scale opportunities allow for sizable investments, pooling of IT security experts and other ef-
forts into strengthening the security beyond what an individual firm can achieve on its own.

By using cloud capabilities, tools and infrastructure, security incidents may be reduced by 60 per
cent.s In sectors where data security is a critical concern — such as healthcare, finance, and public
sector services — cloud adoption is increasing at a rapid pace as it is becoming apparent that on-
premises data processing cannot match the security capabilities offered by cloud service providers.¢

While the Cloud does not have a universally agreed definition, it can be seen as a large toolbox of
ICT solutions and services that are instantly available and provided to customers over the internet,
usually from several large-scale servers at remote locations unknown to the user, i.e. data centres.

Cloud solutions are not necessarily provided by a specific server or data centre, but rather a network
of data centres. Instead of assigning the ICT solutions to an exact geographical spot, it is easier to
perceive the solutions and services as being placed somewhere in “the clouds”.”

The ICT solutions or services provided through the Cloud can be divided into three main categories:

e Infrastructure-as-a-Service (IaaS) provides storage space, where customers can save vari-
ous types of data, and computing power, that enables customers to run heavy programmes
or execute data queries at a much faster pace

e Platform-as-a-Service (PaaS) provides access to a digital framework, similar to a workshop
or a playground, where developers can create their own solutions and applications. It also
provides tools for data analytics and business intelligence

e  Software-as-a-Service (SaaS) provides ready-to-use applications, often directed at end-us-
ers. This can, for example, be web-based e-mail services such as Google’s GSuite or Mi-
crosoft’s Office 360, or video sharing platforms such as YouTube or Vimeo

Cloud computing provides access to all these services on-demand, everywhere in the world at any
point in time. The only requirement is that the user has an internet connection. Equally important,
the Cloud has transformed an infrastructure that used to require individual firms to assign heavy
investments and maintenance costs into an affordable utility that firms of any size can enjoy. As
with electricity, cloud computing allows payment schemes where customers pay for what they con-
sume, when they consume it — they do not need to construct and maintain their own electricity grid
or piping system.

The benefits of cloud computing promote the digital transformation by making new, valuable ICT
solutions available for companies of all sizes, all around the world. With the Cloud, start-ups are no
longer held back by a need to invest heavily in ICT equipment, SMEs can try out various platforms
and applications before choosing their preferred solution and large enterprises can easily scale up
storage capacity and computing power when demand is high, and likewise scale down when de-
mand is low.

5  Gartner, 2016, How to Make Cloud as IaaS Workloads More Secure Than Your Own Data Center.
6 Eplexity, 2018, Why the public cloud is more secure than on-premises data center, available at: https://eplexity.com/why-
the-public-cloud-is-more-secure-than-an-on-premises-data-center/.

7 Kommerskollegium (2012), “How Borderless is the Cloud? An introduction to cloud computing and international trade”

10


https://eplexity.com/why-the-public-cloud-is-more-secure-than-an-on-premises-data-center/
https://eplexity.com/why-the-public-cloud-is-more-secure-than-an-on-premises-data-center/

Figure 4 Infrastructure, platform and software available anywhere, anytime

Cloud infrastructure — data centres, network
connectivity and renewable energy

Cloud user instances — manufacturing,
services, public sector, households

Source:  Copenhagen Economics

1.1.3 Data centres and related infrastructures - how does this work?
Behind the Cloud, millions of servers are hidden in hyper-scaled data centres. These data centres
are the backbone of the digital infrastructure and the physical assets that actually store, process
and/or distribute the data that customers send to the Cloud.

The data centres are connected in a worldwide network through a core fibre grid and long-distance
cables. Inside Europe, the data centres and other key infrastructural assets (e.g. receiving masts
connected to the internet) are linked through the European cable network that allow data to flow
quickly from one location to another, while international cables cross the continent’s boarders to
connect the European data centres with the rest of the world.s

The network of data centres is what allow cloud users to do much more, much faster. Instead of
solving one task at a time, using one or a handful of servers on-premises, customers can send data
from their local computers to the data centres, where thousands of servers can carry out numerous
tasks, simultaneously.

8 Copenhagen Economics (2017), “Finland’s economic opportunities from data centre investments”
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1.2 CLOUD AND BEYOND - POLICIES SUPPORTING THE
EU’S DIGITAL TRANSFORMATION

1.2.1 A renewed priority under the incoming European Commission

Unsurprisingly, given the benefits linked to the Cloud, there is increasing policy attention on how to
support its role as part of the EU’s digital transformation ambition.

A centre-piece of the incoming 2019-2024 European Commission’s priorities — A Europe fit for the
digital age — centres on the advancement of Artificial Intelligence, the Internet of Things and Big
Data in Europe, thus harnessing the opportunities from data sharing.> At the same time, the new
Commission has said it will prioritise progressing the Green Deal for Europe.

Al IoT and Big Data advances can be deployed efficiently relying on the cloud. Thus, it is to be ex-
pected that the role of cloud computing, as well as that of green ICT infrastructures enabling the ef-
ficient and sustainable use, can play a pivotal role in achieving the core policy objectives of the EU
under the von der Leyen Commission and the new European Parliament.

1.2.2 Multiple layers of cloud and data initiatives across Europe

The EU data economy is forecasted to represent up to 5.4 per cent of the EU’s GDP in 2025, accord-
ing to the strictest definition of the data economy. Accenture employs a wider definition of the dig-
ital economy and expects that it will represent up to a third of GDP in some EU countries in 2020.#

Regardless of definition or label one uses, data and data centres are a significant and growing part
of the EU economy. This is widely recognised by the EU, who for the past years have been working
to ensure that the EU Single Market is “fit for the digital age” under the Digital Single Market
(DSM) Strategy* through the removal or updating of outdated regulatory barriers. Indeed, the Eu-
ropean Commission has proposed to invest EUR 9.2 billion into the Digital Europe programme to
further the digitisation of the European economy.3

In addition to the EU initiatives, there are also national policy initiatives being undertaken. Nota-
bly, Estonia has developed the Government Cloud solution and the UK has adopted a Cloud First
policy, meaning that the public sector should turn first to the cloud when buying IT products and
services.s France has developed a Cloud strategy to expand the use of cloud services and solutions
among French public sector bodies.

9 Ursula von der Leyen, 2019, A Union that strives for more — My agenda for Europe, and European Commission, 2019,
Mission letter to Margrethe Vestager, Executive Vice-President-designate for a Europe fit for the digital age.

10 IDC and the Lisbon Council, 2018, Updating the European Data Market Study Monitoring Tool. “The Data Economy
measures the overall impacts of the Data Market on the economy. It involves the generation, collection, storage, pro-
cessing, distribution, analysis elaboration, delivery, and exploitation of data enabled by digital technologies. The Data
Economy also includes the direct, indirect, and induced effects of the Data Market on the economy.”

1 Accenture, 2016, Digital disruption: The Growth Multiplier. The digital economy is defined as “the share of total economic
output derived from a number of broad “digital” inputs. These digital inputs include digital skills, digital equipment
(hardware, software and communications equipment) and the intermediate digital goods and services used in produc-
tion. Such broad measures reflect the foundations of the digital economy.”

2 https://ec.europa.eu/commission/priorities/digital-single-market en.

13 https://europa.eu/rapid/press-release IP-18-4043 en.htm.

4 https://e-estonia.com/solutions/e-governance/government-cloud/.
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Box 1 Selected Digital Single Market (DSM) policy initiatives critically re-
lated to a well-functioning data centre infrastructure

e Building a European data economy”
The Commission has adopted a number of legislative pieces, such as the so-called Free Flow
of Data Regulation (FFoD), to remove barriers that impede firms’ ability to fully benefit from
cloud computing, big data analysis, and the Internet of Things. These fechnologies are key to
the EU’s competitiveness, and especially so for SME competitiveness. A concrete measure is
the industry-led efforts, mandated in the FFoD, to develop Codes of Conduct on portability
between cloud service providers to further improve the functioning of the EU single market
for cloud services. Another example is the setup of CSPCert as a result of the EU Cybersecu-
rity Act, a working group of industry actors to advise and recommend how to strengthen a
system of trusted cloud service providers in the EU. In the same vein, the EU Cloud Code of
Conduct ensures and strengthens cloud service providers' compliance with the General
Data Protection Regulation (GDPR).

e The European Cloud initiative:s
The Commission develops a European Open Science Cloud and a European Data Infrastruc-
ture that will benefit scientists, researchers, the public sector, and industry by creating greater
opportunities to make use of the technological advancements. It will do so by increased
shareability and access to data, improved interoperability and access to powerful analytical
tools that one single actor cannot feasibly develop or maintain on their own. Additionally,
the European Commission is currently undertaking a study into further optimising the energy
consumption of ICT services — so-called Green ICT — through cloud computing technologies.

o The Internet of Things (loT)z
The Commission is fostering the uptake of and deployment of loT in Europe, for example by
setting up the Alliance for the Infernet of Things Innovation. Ifs aim is to create a European loT
ecosystem that would strengthen the competitiveness of the European loT market, ensure a
human-centred loT approach and to create a single market for loT. A single market for loT
must be able to handle the number and diversity of connected devices and the data they
produce, while at the same time ensuring the secure handling of interoperability of the con-
nected devices.

e Afificial Intelligence (Al)>
The Commission is promoting and supporting research and development into Al technolo-
gies and platforms to encourage the Al uptake of private and public actors. It also supports
the socio-economic transition into an economy where Al plays in increasingly important role,
such as education, training and refraining schemes. Equally, if not more, important is the EU’s
efforts to ensure an ethical use of Al across Europe. To support the implementation of the EU’s
Al strategy, the Al High-Level Expert Group issues guidelines and recommendations to ensure
an ethical Al development in the EU.

e  Big data=
As the name suggests, big data means the processing of large amounts of data. The Com-
mission identifies that exploiting the potential of big data requires investment in ideas, infra-
structure for a data-driven economy, develop building blocks such as licenses, open data,
incubators for SMEs and training, and ensuring trust and security both regarding data protec-
tion for individuals as well as trade secrets and commercially sensitive data.

e High-Performance Computing=3
There is an increasing number of data-infensive applications and solutions that rely on com-
puters with the capability fo process an enormous amount of operations within a short period
of time, so-called supercomputers. In the coming years it is expected that some supercom-
puters will be able to perform one frillion operations per second, which will help fo come up
with cutting-edge innovations. The EU is working to provide industry, SMEs and researchers
with access to such supercomputers, with the explicit aim to make the EU a leading actor in
this field.

Source: European Commission, specific web references in footnotes

https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:52015DC0192.

%20european-cloud-initiative.

https://ec.europa.eu/digital-single-market/en

https://www.cloudefficiency.eu/home.

https://ec.europa.eu/digital-single-market/en/policies/internet-things.
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All these policy initiatives, whether at the EU or national level, reflect a solid understanding and vi-
sion that embracing, promoting and supporting the use of new digital solutions is crucial to
strengthen competitiveness and improve the economic performance across Europe.

A successful development of the European data economy rests on many key components and actors,
with cloud as a key pillar. In turn, for cloud to be a success, a central factor is a well-functioning
data centre infrastructure. Data centres are the core of the data economy. Therefore, any policy
makers and interested parties which are vested with the development of the cloud in the EU should
also pay close attention to the data centre and related infrastructure layer.

As the case studies researched in this chapter illustrate, all over Europe, private and public sector
organisations are turning to more and more advanced cloud solutions. These require an equally ad-
vanced data centre and infrastructure support — going hand in hand with the ability of cloud to em-
power firms and public sector to embark on further digital transformation. For this reason, ensur-
ing and facilitating sound framework conditions for the data centre infrastructure is key to help the
EU, national governments, firms and citizens make the most of the digital transformation.

1.3 CLOUD-DRIVEN DIGITISATION IMPROVES FIRM
PRODUCTIVITY AND EU COMPETITIVENESS

The Cloud has transformed how companies purchase ICT equipment and services. With the intro-
duction of the Cloud, large up-front investments in hardware and software are no longer needed for
companies to compete in the market. Companies can now tailor a basket of hardware and software
that covers their specific needs and get the basket delivered on-demand, through the cloud in a mat-
ter of minutes.

Cloud solutions are not only for large firms but firms of all sizes. New entrants can gain access to all
the storage space and computing power capacity they need in a pay-as-you-go manner and sub-
scribe to advanced applications at an affordable price.

The flexibility and cost-efficiency of cloud computing lower entry barriers for start-ups and allow
SME:s to scale quickly without having to invest heavily in new ICT. Cloud computing enables a
higher degree of specialisation, where data processing takes place in data centres operated by cloud
service providers, while user firms focus on their core business.

The scalability of the cloud has also led to completely new business models, for example employed

by companies such as Spotify, Netflix and AirBnB.>: The European Commission estimates that the

adoption of cloud will create 303,000 new businesses in EU28 from 2015 to 2020.2 Cloud compu-
ting will, in particular, promote many new SMEs, leading to the creation of new jobs and increased
competition in the EU Single Market to the benefit of the economy and the consumers.

25 European Commission (2017), “Measuring the economic impact of cloud computing in Europe, Digital Single Market”
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The cloud does not just lower entry barriers. It offers increased flexibility since employees and exec-
utives can have access to the company’s entire data repository and internal systems via a laptop,
tablet, or even a smart phone. Firms with over 100 years in business that have gathered enormous
amounts of data about materials, machines, processes, and products can discover new insights
thanks to the superior computing power of the cloud compared to in-house server facilities. With
sophisticated encryption and round-the-clock monitoring by IT and internet security experts, the
cloud offers secure data storage and processing superseding that of an in-house system.

Furthermore, cloud computing enables a more optimal allocation of resources at the macroeco-
nomic level, where firms use their capacities on what they do best and increase productivity. Spe-
cialised providers (e.g. cloud computing companies) operate hyper-scale data centres and provide
firms with low-cost, high-quality hardware products and software services through the cloud.
Meanwhile, firms can free up time and resources by outsourcing hardware and software solutions to
third-party experts, allowing them to focus on, and develop, their core business.

In addition, cloud computing is integral for firms’ transition to Industry 4.0, where autonomous
machines and systems will be a significant part of production.>s Companies can, and sometimes
must, use cloud solutions to upgrade their automated work processes of the third industrial revolu-
tion into the cyber-physical systems of smart, connected and self-improving devices and machines
of the fourth industrial revolution.

Figure 5 The cloud offers solutions to all types of firms
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