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Abstract

Measuvbhygmet raenadd oaufd datsedffleonas ns a compl ex al
sporadi c Tex dradoesley a wmempeft ignjitakidget ed t o ei th
speci fi,z geacgmoaphy or ,laavedattaai nkatipo wdéaNtt ayepfel o ws .
these studuecedhdgavedevel oping a robust, Ssyst ema
collection methodology to identify, ma p , and
aggregateaed manne

This study, which is part of 6tThhe HEwrropeam O®EnN
FIl ow Monr?iptr wviim@i®&n movradt e pvlei cabl e met hodol ogy t o
monitthor vol ume datdat fylpetshdeddlvi tEFITA countries and
For the pur poenet eorfprtihsee sdbutdaydd | @dvge tdbatra centr
defined as the movement of data from the end
One tdhéeor e obpekct heessstiwpdpyor t t he evalFuawi ofm of
No RPer s obaadla Regat am&dEemmomi evi diat @l rted av @ldu me
and trends ia dastasé$l|l ofwsbarriers to data move
removed.

The second core objective is sof dEbeovmpeamn o
Strategy®bfymaknnxp tfai r st attempt t of rdemeWompk t he
estimagat a fThéwamewordst peofioal csonti nuous analy
data flows and the economic devel opmeilewmnof t he
usedf uthuoemoadat &rtfrlecavd s casnsd wi hd rn@ame Untioon

pr oveivdied e maueg pooEW pol i cy, tr adleecasd oinnvest ment
1 The term cloud based data flow is used for enterprise data flowing to cloud and edge data centres. It describes data flowing

from enterprises in private and public sectors to cloud data or edge centres;
26The European Dat atps/digital-stistegy.eciewapa.en/gnfpoli¢ies/european-data-flow-monitoring)
B3European Commi ssion Communication, 6A European strategy for dat s
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R®s um®
Mesurer | e volume et |l es tendances*ress ef lumx d
exercice complexe mais sporadique. é ce jour,
ci bl ®es soit sur un secteur sp®cififuex deit
donn®eonndsy@& e cartographier | es fluxned@edonn®:e
ces ®nede®ussit " d®velopper une m®t hodol ogi e
syst®matique et reproductible pour identi fier
donn®es de mani re holistique et agr ®g®e.
Cette ®tude, quii aftaivte pdeer tliae Cdoeanniihsésn lEounr oepueraonp ®
Data Flow &onfiowrmintg une nme@vhoeer@diuet i bl e p
estimgurwveiller | es flux de donn®es au sein d
RoyauUmeiDans cettee fRtuxdede Ildonn®es d'entreprise
donn®es <cloud principad®f ceatimme®r inphu®&reimpunnds des
donn®es de fli'nuatli lviesrast eluer centre de donn®es en
L'adreprincipaudeobe¢ecastPsdilalesoutenir | ' ®valuat.
i

sur | a |

< C

®val uer si | es obstacles ° |l a circul ati on

'"une des SAchatERgODPRe®N e D@OU@ES ecsadr e

a
d
L
d
Tuvre |
f

d d®vel oppement ®conofmidrgqmat idaulepedidt eduér Udgt.el |1
d

sein de |
mati re de politid'uienv ast icosmame rcte. et

4 Le terme flux de données basé sur le cloud est utilisé pour les données d'entreprise circulant vers les centres de données
cloud et périphériques. Il décrit les flux de données des entreprises des secteurs privé et public vers les centres de données
cloud ou de périphérie.

5The European Dat ahttpsl/digial-sttategy.ec.europareg/én/pdlicies/european-data-flow-monitoring).
6 Communication de la Commission européenne, « Une stratégie européenne pour les données », COM(2020) 66 final.
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Executive Summary

a. Introduction
This report presents the work carried out for
2019/ 00106, commi ssi obedebygl ther DCommuoiradati on
Content and Technol ogyan(dDGSoONBMATr)e, Uhliotu,d of t
Commi ssion and carried out by VVA Economics & P

Acknowl edging the i ncreasing rol’ea hel &uwedpbgn d
Commi ssion released in 20BO0r cap eGonmnmlutnri actde gy nf oorr
devel oping a common European data space, i nterc
up a cloud service marketplace for EU wusers, as

new technol ogi es, s u c-p e rafso rendagnec e ¢ ochapmoptuit ni gn,g /
mputing.

amewor k for meas®yrivreqq datea sftiraws@i ¢ i mportanc
ows to infeararhk i by daenadi stircanrde and i nvestment chec

i n
co
One of the key actions of the &HuoppaanDabhal Bt
fr
fl
computing.

b. Objectives of the study

Thi s swhudeyh i s part of the European Comrhiassi on i
Fl oMoni t ofpmgwvi,des an innovative method for est
types of enter pricsleouddatianffrlaoswirnugc ttuor es and f or i
data fl ows acEmtsesr ptrhieseEUd b boandd | odvgge tdbat a centre
movement of data from the end user to the data
was to O¥Hd sédpvitbhes data would flow from user i
cl osCGvsHtl oud data centre. I n this stud8yO peéire ass
cent of <c¢cl oud daltcdalftlaowsenttad emaiamd 20 per cent
centllres

The report provides a amohi egiva teafpp pe motaecrhp rainsde d a
fl owing to cl ud data centres andnedhpe Edntamas
the UK; and bet ween EU tancda pEtFulrAe £ ouemt ariaels.di mens
fol |

ows, namely NAICE sediiotrsi §gering the fl ows, en

(0]
(0]
e

7 In 2018, the value of the data economy in Europe reached 2.4 per cent of European GDP, and it is estimated to reach
almost 6 per cent of EU GDP in 2025. Moreover, the global data volume is expected to grow five times the 2018 figures in
2025. Source: Li sbon Council, I nternational Data Corporation. 6 F
T o o | lttps://datalandscape.eu/study-reports/final-study-report-european-data-market-monitoring-tool-key-facts-figures-
first-policy).
8European Commi ssi on Coopnemaumn isctartaitoengy 6fAorEudat ad, COM(2020) 66 fina
9 Idem.
106 The European Dat attpd/digtal-stistegy.ectewoapa.en/gnfpoli¢ies/european-data-flow-monitoring).

11The assumption is based from the EuropepastCammggsfon CammbGni COM|
final.
12 C Manufacturing, D Electricity Gas, Steam and air conditioning supply, E Water Supply, F Construction, G Wholesale and
retail trade, H Transportation and storage, | Accommodation and food service activities, J Information and Communication,
K Financial and insurance activities, L Real estate activities, M Professional, scientific and technical activities, N
Administrative and support services.
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medium, | argésenvéepdi datendieverdrms e®amndt idwittai es
typper 6onplkft sonlahle) . study was not able to investi
t hel oadd edge data centres of the businesses p
exchanges might arise solbohdt sbusinessasn prarcki

operate more efficiently. Furthermore, the stu
cloud infrastructur eTlbins cprmpwindesprcaniasekor 201
forecsts up to 2030.

The methodol ogyhepreseanebe used in future to mo
across the European Union (the EU), between the
in support of EU policy, tradBumanhher morees,t mtelmé
provide usef ul etvhied eenvcael utaot isounp poofr tt he Regul ati or
and the tools for a continuous analysis of dat a
EU6s data processing sector.

c. Overall data flows
Overall, in the EWLeflow ofaand stemmisg faomeesterprises?’
buying cloud services used over the internet was 504,763 TB/month (5.8 EX/year) in
2020. By 2030 the amount is forecast to be 15.2 times greater at 7,669,835 TB/month (87.8
EX/year) and by 2025 the amount is forecast to be 4.4 times greater (than the 2020 value)
at 2,201,058 TB/month (25.2 EX/year).

Across the 31 countries examined!®, data flows to cloud and edge data centres by
enterprises buying cloud services used over the internet were estimated to be 708,790
TB/month (8.1 EX/year) in 2020. By 2030 the amount is forecast to be 14.9 times greater
at 10,577,600 TB/month (121.1 EX/year). By 2025 the amount forecast is to be 4.3 times
greater (the 2020 value) at 3,025,388 TB/month (34.6 EX/year).

d. Country level analysis

One el ement of the analysis was to estcilmatde ent
and edge datfa tcheenttreens main c¢cloud service provid
cloud infrastructure®fadewd an g268dfe vemtden2r2ilse da
flowservsed|llbwdd edge data centres2020,GeGeamgn
received 151,968 TB/month (1.74 EXbHtyear)esf Thio
represents 30.7 per centMeonibecrl oSutda tdeast aa nfd o2ws. & 0
cloud data flows across the 31 countries studie
second highest i nfl owsodaddda tead gsee rdvaetdda Okeye nwva & s i n
t hhdet her(86d963 TB/ month, 1 EX/year).

13 Eurostat definition: small enterprises: 10-49 persons employed; medium-sized enterprises: 50-249 persons employed;
small and medium sized enterprises (SMEs): 1-249 persons employed; large enterprises: 250 or more persons employed.

l4See 6Definitionsd in Section 1. 2.

156 Data intensive act i v cliudiefrastructuresfared generated bydctititias thattare highlgd dependent
on the use, production or/and provision of the cloud technology, such as industrial data, which is one of the typical data to
feed into customer relationship management (CRM) activities. For more information, please refer to Annex 1.

l66Data typed r ef er-personal dgraeForsmore iaformadiondleaserafer to Annex 1.

17 In this study, enterprises are defined as private NACE sectors (C to M) and public NACE sectors (N to S). Enterprises
consist of mostly businesses (see footnote 8) but also some public sectors (N Administrative and Support Services, P
Education, Q Human Health and Social Work, R Arts and Entertainment and Recreation, S Other Service Activities).

18 Liechtenstein is not included in the analysis due to a lack of data on Eurostat

19 Analysis focuses on 2016 to 2021 because information about cloud infrastructure in these years is known. Many
commentators predict considerable growth in cloud edge data centres in the next few years. Extrapolation to create
forecasts in the future, when the distribution of infrastructure will change considerably, would create spurious results.
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Both these countries (Germany and the Netherl an
fl owi ng ctlooatdhdeierdge data centres(6@OmBIBI2n® nt han t
0.76EX/ yelam) 2020, the &WKerr eceritv ealf 1t2o0t al data fl o
ege facilities from the 31 countries studied.

data flowing to cl(olud, :athad TeBl/gmeo rftahc,i 10.t1 & sEX/ yeal

Analysis discovered that in(daga, ftbei hgghestn a
to a c¢cloud and ewagse gdeantear tatt ermdtUnbey)t e d(1 K2 ,n&dod m
TB/ motht EX/ vyear ), Gfeolma@ye diB¥yno it tEEZXX/ year ) , and
Frant®, TBI mobt &K/ year ) .

e. Net data flows by country
A further stage ofedaineaelrypsiis eexdamhmndd cewligneg dtaa a
centres for the 31 countries examined in the s
inflows to a country from data outflkowavegenetat
enterprise datal oanddl oewlsg et od athlled icemh erescountries
data outfl

The country winedaha hnfigltdwtatdal ietdgge data centr
2020 was GeGeammstn enter pri sietccdd@airdd iendfgleo vd attca c e n |
in 2020 was 58,494 TB/Ilmoeoenthtmsel ( Q. .h&7 sEX/oywalarhi.ghe
enterprise dat aaudch fd dbgve tdbatia scentres (45,981 TB/
ThBet herhasdshe t mietdemitghe@st secldaatrdd iendfgleo W att a
centres in 2020 (45,504 TB/ month (0.52 EX/year)

The EU27 Member State withenherlpai gelsdeamdat tout f

edge data centres ihnht odtZh2IB/cnauamBIEXEGedh ) . of tt
31 countries examined, the | argest netUEKEnterpri
86,751 TB/ month (1 EX/year).

f. Cloud service adoption and forecasts to 2030

I n t ersmesctpofrisn 2020, t hewsl atrgecsltoudt addeé lof hom t |
sect(dNtACE Q, 12.9 per cent of al | f IRoewtsa,i 19 1a,n6do O
Whol e daNJAeCE G, 12.9 per <cent, 91, 40Bd udBd tmonn h;

(12.5 per cent, 88,600 TB/, mointt hi;s 1le xple cEBXe/dy etalrat
Whol esale will have 13.1 per cent of all fl ows (
sector will have 12.3 per cent of all flows (37"
will have 12.1 pe?, ge0tTBfimandt hfl &dwad1 (BX/year) .

t hat Ret ail and Wholesale wild.l have 13.2 per ce
EX/ year), Heal t h wil/l have 12.1 per cent of all
and Educ étaiven 1wi. 191 per cent of al | flows (1,262,

Moreover, in 2020 the largest volume of data flowing to main cloud and edge data
centres comes from enterprises with 250 or more employees. In the EU27 Member
States, enterprises with 250 or more employees triggered 61 per cent of all data flows to
cloud (309,500 TB/month [3.54 E X/ y efaata] EU27 flows of 504,700 TB/month [5.78
EXlyear]in2020).2°EU2 7 Member States enterprises with | es

20 In EFTA countries, data flows from enterprises with 250 or more employees comprise 48 per cent of flows (24,700
TB/month of 51,200 TB/month). In the UK, data flows from enterprises with 250 or more employees comprise 66 per cent
of flows (100,500 TB/month of 152,800 TB/month).
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for 8.5 per cent of all data flows to cloud (42,
States enterprises with 10 to 49 employees achi
(66,560 TB/ mont h; 0.76 EX/year). EU2724We mber

empl oyees obtained 17 per cent of all data fl ow:

By 2030 it is expected that 65 per cent of EU27 enterprises with 10 to 49 employees
will buy cloud services used over the internet. This is almost twice the number in 2020
(34 per cent) and higher than the 52 per cent of EU27 enterprises with 10 to 49 employees
who are expected to buy cloud services used over the internet by 20252, 46 per cent of
EU27 enterprises with 50 to 249 employees bought cloud services used over the
internet in 2020. In 2025 and 2030, this is expected to increase to 68 per cent and 83 per
cent, respectively?2. For EU27 enterprises with over 250 employees, in 2020, 66 per
cent bought cloud services used over the internet. In 2025 this is expected to increase
to 90 per cent, and then to 97 per cent by 2030%.

n t ersnesr vbc etshe proportion ofl oevntaemmdp Mmiegde su mb U yeivr

I

of cloud services useddecMemi nhe im¢ceeaeitng nu
enterprises buy high | evel cloud services wused
EU27 enterprises used | ow levels of <c¢cloud serv
cloud services and 51 peud ceartviucsesd. hlimgh2d 25,elist
that 15 per cent of cent of enterprises will ©be
using medium | evels of c¢cloud services, and 63 g
ser viByes2030, thh ei ssietxupaetcitoed t o <h2anger sc¢gmt f iof
enterpréespechee to be using hjgh6lperlcentf &l @ uf
to use medium services and only 12 per cent wil/l

Concer niang ydager,cent of the total data stored in cloud infrastructure is
personal data and 59 per cent is non-personal data. Of t hese 41 per <cent o

dat a, 11 per cent is generated-peysanasedAaitadi il
59 pent,c around 22 per <cent i s genegeanerdatbeyd a
dat a, 19 per <cent is industrial (productive) d

production procelsai irper apscappVvVeg and the remai nji
fother dataodo by survey respondent s.

21 EFTA: 20201 63 per cent, 20257 90 per cent, 2030 1 98 per cent. UK: 2020 i 41 per cent, 20257 72 per cent, 2030 i
95 per cent.
22 EFTA: 20201 81 per cent, 20251 97 per cent, 2030 1 99 per cent. UK: 2020 i 63 per cent, 2025 i 92 per cent, 2030 i
98 per cent.
23 EFTA: 20201 90 per cent, 2025 i 98 per cent, 2030 i 100 per cent. UK: 2020 i 77 per cent, 20251 87 per cent, 2030 i
97 per cent.
24 Eurostat definitions of low, medium and high cloud computing (CC) services are as follows; low CC services are emalil,
office software, storage of files, medium CC servicesi ncl ude | ow CC services plus hosting of
high CC services are accounting software applications, CRM software, computing power.
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R®s um®

a. Introduction

Ce rapport présente les travaux réalisés pour I'étude « Mapping Data Flows, SMART
2019/0010 », commandée par la Direction générale des réseaux de communication, des
contenus et des technologies (DG CNECT), Unité Cloud et logiciels, de la Commission
européenne et réalisée par VVA Economics & Policy et Tech4i2.

Reconnaissant le rble croissant joué par les données dans notre économie®, la

Commission européenne a publié en 2020 une communication sur une stratégie

européenne pour les données? développant un espace de données européen commun,
interconnectant l'infrastructure cloud, mettant en place un marché de services cloud pour

|l es utilisateurs de | "UE, ainsi que |l a d®&finiti
les nouvelles technologies, telles que linformatique de pointe, l'informatique haute
performance/l'informatique quantique.

L'une des actions clés de la stratégie européenne en matiére de données consiste a créer
un «cadre analytigue européen pour mesurer les flux de données»?’, étant donné
l'importance stratégique du suivi des flux de données pour éclairer la prise de décision et
les choix commerciaux et d'investissement de I'UE dans le domaine du cloud computing.

b. Objectifs de I'étude

Cette étude, qui fait partie de l'initiative de la Commission européenne « The European
Data Flow Monitoring »,2® fournit une méthode innovante pour estimer le volume et les
types de données d'entreprise circulant vers les infrastructures cloud et pour étudier ou les
données circulent dans I'UE. Les flux de données d'entreprise vers les centres de données
cloud principaux et périphériques correspondent au mouvement des données de
l'utilisateur final vers le centre de données en question. Par exemple, si un utilisateur devait
utiliser le services OVH, les données seraient transmises de I'utilisateur du pays d'origine
au centre de données cloud OVH le plus proche. Dans cette étude, I'hypothése a été faite
gue 80 % des données cloud circulent vers les principaux centres de données et 20 % vers
les centres de données périphériques?®.

Le rapport propose une approche holistique et une vue intégrée des flux de données
d'entreprise vers les centres de données cloud et les centres périphériques au sein de
'UE ; entre 'UE et le Royaume-Uni ; et entre les pays de I'UE et de I'AELE. Il capture
plusieurs dimensions des flux de données, a savoir les secteurs® (secteurs NACE CN)

25 En 2018, la valeur de I'économie des données en Europe a atteint 2,4% du PIB européen, et on estime qu'elle atteindra
prés de 6% du PIB de I'UE en 2025. De plus, le volume mondial de données devrait croitre cing fois par rapport aux chiffres
de 2018. en 2025. Source : Conseil de Lisbonne, International Data Corporation. « Rapport d'étude final : I'outil européen
de surveillance du marché des données » (https://datalandscape.eu/study-reports/final-study-report-european-data-
market-monitoring-tool-key-facts-figures-first-policy )
26European Commi ssion Communication, 6A European strategy for dat
27 lbid.
28The European Dat ahttpst/digital-sttateyy.ec.europaregen/pdlicies/european-data-flow-monitoring)

29 L'hypothese est basée sur la communication de la Commission européenne, « Une stratégie européenne pour les
données», COM(2020) 66 final.

30 C Fabrication, D Electricité Gaz, Vapeur et climatisation, E Eau, F Construction, G Commerce de gros et de détail, H
Transport et stockage, | Hébergement et restauration, J Information et communication, K Finance et assurances, L Réel
activités immobilieres, M Activités professionnelles, scientifiques et techniques, N Services administratifs et de soutien

16


https://digital-strategy.ec.europa.eu/en/policies/european-data-flow-monitoring

Study on mafplpowsgy dat a

déclenchant les flux, la taille de I'entreprise (petites, moyennes, grandes entreprises)?!, les
services®? et les activités d'entreprise a forte intensité de données® et les types de données
(personnelles/non personnelles)®. L'étude n'a pas été en mesure d'examiner les flux de
données entre le cloud et les centres de données de périphérie des entreprises fournissant
des services cloud. Ces échanges peuvent survenir afin que les entreprises fournissant un
service cloud puissent sauvegarder des données ou fonctionner plus efficacement. De
plus, I'étude n'a pas examiné les flux de données vers l'infrastructure de cloud privé dans
les locaux de I'entreprise. Cela fournit des données pour 2016 a 2020, avec des prévisions
jusqu'en 2030.

La méthodologie présentée ici peut étre utilisée a I'avenir pour surveiller les tendances des
flux de données dans I'Union européenne (UE), entre I'UE et les pays de I'AELE et le
Royaume-Uni a I'appui des décisions politiques, commerciales et d'investissement de I'UE.
En outre, les résultats fournissent des preuves utiles pour étayer I'évaluation du réglement
sur la libre circulation des données et les outils pour une analyse continue des flux de
données et le développement économique du secteur de l'informatique de I'UE.

c. Flux de données globaux

Dans l'ensemble, dans les Etats membres de 'UE27, le flux de données provenant des
entreprises® achetant des services cloud utilisés sur Internet était de 504 763 To/mois (5,8
EX/an) en 2020. D'ici 2030, le volume devrait étre 15,2 fois plus important, a 7 669 835 To.
/mois (87,8 EX/an) et d'ici 2025, le montant devrait étre 4,4 fois supérieur (a la valeur de
2020) a 2 201 058 To/mois (25,2 EX/an).

Dans les 31 pays examinés®®, les flux de données vers les centres de données cloud et de
périphérie par les entreprises achetant des services cloud utilisés sur Internet ont été
estimés a 708 790 To/mois (8,1 EX/an) en 2020. D'ici 2030, le montant devrait étre de 14,9
fois. supérieur a 10 577 600 To/mois (121,1 EX/an). D'ici 2025, le montant prévu devrait
étre 4,3 fois supérieur (valeur de 2020) a 3 025 388 To/mois (34,6 EX/an).

d. Analyse au niveau des pays

L'un des éléments de l'analyse consistait a estimer les flux de données d'entreprise
(To/mois) vers les centres de données cloud principaux et périphériques des dix principaux
fournisseurs de services cloud dans les pays possédant une infrastructure cloud entre
2016 et 2021%¥. Le plus grand volume de flux de données d'entreprise est servi par les
centres de données cloud et de périphérie en Allemagne. En 2020, I'Allemagne a recu

31 Définition Eurostat : petites entreprises : 10-49 personnes occupées ; entreprises moyennes : 50-249 personnes occupées
; petites et moyennes entreprises (PME) : 1 a 249 personnes occupées ; grandes entreprises : 250 personnes ou plus
occupées.

32 Voir « Définitions » dans la section 1.2.

33 Les activités a forte intensité de données font référence aux données stockées dans les infrastructures cloud et générées
par des activités fortement dépendantes de I'utilisation, de la production ou/et de la fourniture de la technologie cloud, telles
que les données industrielles, qui sont I'une des données typiques a alimenter dans la relation client. activités de gestion
(CRM). Pour plus d'informations, veuillez vous référer a I'annexe 1.

34 Le type de données fait référence aux données personnelles et non personnelles. Pour plus d'informations, veuillez vous
référer a I'annexe

35 Dans cette étude, les entreprises sont définies comme les secteurs privés de la NACE (C a M) et les secteurs publics de
la NACE (N a S). Les entreprises sont constituées majoritairement d'entreprises (voir référence 8) mais aussi de certains
secteurs publics (N Services administratifs et de soutien, P Education, Q Santé humaine et travail social, R Arts et
spectacles et loisirs, S Autres activités de services).

36Li cht enspasindus ndest

37 L'analyse se concentre sur 2016 a 2021 car les informations sur l'infrastructure cloud de ces années sont connues. De
nombreux commentateurs prédisent une croissance considérable des centres de données en périphérie du cloud dans les
prochaines années. L'extrapolation pour créer des prévisions dans |'avenir, lorsque la répartition de I'infrastructure changera
considérablement, créerait des résultats erronés.
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151 968 To/mois (1,74 EX/an) de flux de données cloud en provenance d'autres pays. Cela
représente 30,7 % des flux de données cloud vers les Etats membres de 'UE27 et 25,9 %
des flux de données cloud dans les 31 pays étudiés. L'Etat membre de I'UE27 recevant le
deuxiéme plus grand afflux de données desservi par ses centres de données cloud
principaux et périphériques en 2020 était les Pays-Bas (86 963 To/mois, 1 EX/an).

Ces deux pays (Allemagne et Pays-Bas) ont recu plus de données d'entreprise circulant
vers leurs centres de données cloud principaux et périphériques en 2020 que le Royaume-
Uni (88 798 To/mois, 1,02 EX/an). En 2020, le Royaume-Uni a recu 12,7% du total des
données circulant vers les installations cloud et périphériques des 31 pays étudiés. Les
pays de I'AELE ont recu 3 % du total des données circulant vers les installations cloud et
périphériques (15 506 To/mois, 0,18 EX/an).

L'analyse a découvert qu'en 2020, le flux de données le plus élevé (données circulant d'un
pays vers un centre de données cloud et de périphérie) a été généré par le Royaume-Uni
(152 815 To/mois, 1,75 EX/an), suivi de I'Allemagne (93 474 To/ mois, 1,07 EX/an) et
France (75 039 TB/mois, 0,86 EX/an).

e. Flux nets de données par pays

Une autre étape d'analyse a examiné les données nettes d'entreprise circulant vers les
centres de données cloud et périphériques pour les 31 pays examinés dans I'étude. Cela
a été trouvé en soustrayant les flux de données vers un pays des flux de données générés
par le pays. Trois pays enregistrent des flux nets de données d'entreprise dans leurs
centres de données cloud et de périphérie. Tous les autres pays enregistrent des sorties
nettes de données.

Le pays avec le plus grand afflux net de données dans ses centres de données cloud et
de périphérie en 2020 était I'Allemagne. L'afflux net de données d'entreprise allemandes
dans ses centres de données cloud et de périphérie en 2020 était de 58 494 To/mois (0,67
EX/an). L'lrlande a le deuxiéme plus grand flux net de données d'entreprise vers ses
centres de données cloud et de périphérie (45 981 To/mois, 0,53 EX/an). Les Pays-Bas
ont le troisieme flux net de données d'entreprise le plus élevé dans leurs centres de
données cloud et de périphérie en 2020 (45 504 To/mois (0,52 EX/an).

L'Etat membre de 'UE27 avec le plus grand flux net de données d'entreprise vers les
centres de données cloud et de périphérie dans d'autres pays est l'ltalie ; 42 923 To/mois
(0,49 EX/an). Sur les 31 pays examinés, les sorties nettes de données d'entreprise les plus
importantes ont été enregistrées par le Royaume-Uni ; 86 751 To/mois (1 EX/an).

f. Adoption des services cloud et prévisions jusqu'en 2030

En termes de secteurs, en 2020, les flux de données les plus importants vers le cloud
proviennent du secteur de la santé (NACE Q, 12,9 % de tous les flux, 91 600 To/mois ;
1,048 EX/an), du commerce de détail et de gros (NACE G, 12,9 % pour cent, 91 400
TB/mois ; 1,046 EX/an) et Education (12,5 %, 88 600 TB/mois ; 1,01 EX/an). En 2025, on
s'attend a ce que la vente au détail et en gros représente 13,1 % de tous les flux (390 300
TB/mois ; 4,47 EX/an), le secteur de la santé représentera 12,3 % de tous les flux (377 900
TB/mois ; 4,32 EX/ par an), et I'éducation représentera 12,1 % de tous les flux (367 800
TB/mois ; 4,21 EX/an). En 2030, on s'attend a ce que la vente au détail et en gros
représente 13,2 % de tous les flux (1 370 670 To/mois ; 15,69 EX/an), la Santé
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représentera 12,1 % de tous les flux (1 293 560 To/mois ; 14,80 EX/an) , et I'éducation
représentera 11,9% de tous les flux (1 262 730 TB/mois ; 14,45 EX/an).

De plus, en 2020, le plus grand volume de données circulant vers les principaux centres
de données cloud et de périphérie provient d'entreprises de 250 employés ou plus. Dans
les Etats membres de 'UE27, les entreprises de 250 employés ou plus ont déclenché 61
% de tous les flux de données vers le cloud (309 500 To/mois [3,54 EX/an] du total des
flux de 'UE27 de 504 700 To/mois [5,78 EX/an] en 2020)%. Les entreprises des Etats
membres de 'UE27 comptant moins de 10 employés représentent 8,5 % de tous les flux
de données vers le cloud (42 870 To/mois ; 0,49 EX/an). Les entreprises des Etats
membres de 'UE27 comptant de 10 a 49 employés ont réalisé 13,2 % de tous les flux de
données vers le cloud (66 560 To/mois ; 0,76 EX/an). Les entreprises des Etats membres
de 'UE27 comptant de 50 a 249 employés ont obtenu 17 % de tous les flux de données
vers le cloud (85 800 To/mois ; 0,98 EX/an).

D'ici 2030, on s'attend a ce que 65 % des entreprises de 'UE27 comptant de 10 a 49
employés achétent des services cloud utilisés sur Internet. C'est presque le double du
nombre en 2020 (34%) et supérieur aux 52% des entreprises de 'UE27 comptant 10 a 49
employés qui devraient acheter des services cloud utilisés sur Internet d'ici 2025.2° 46 %
des entreprises de I'UE27 comptant de 50 a 249 employés ont acheté des services cloud
utilisés sur Internet en 2020. En 2025 et 2030, ce chiffre devrait atteindre 68 % et 83 %,
respectivement®. Pour les entreprises de 'UE27 comptant plus de 250 employés, en 2020,
66% ont acheté des services cloud utilisés sur Internet. En 2025, ce chiffre devrait passer
a 90 %, puis a 97 % d'ici 2030%.

En termes de services*?, la proportion d'entreprises achetant des niveaux bas et moyens
de services cloud utilisés sur Internet est en baisse. Un nombre croissant d'entreprises
achetent des services cloud de haut niveau utilisés sur Internet. En 2020, 19 % des
entreprises de I'UE27 utilisaient de faibles niveaux de services cloud, 30 % utilisaient des
niveaux moyens de services cloud et 51 % utilisaient des niveaux élevés de services cloud.
En 2025, il est prévu que 15 % des entreprises utiliseront des niveaux bas de services
cloud, 22 % utiliseront des niveaux moyens de services cloud et 63 % utiliseront des
niveaux élevés de services cloud. D'ici 2030, la situation devrait considérablement
changer : 72 % des entreprises devraient utiliser des niveaux élevés de services cloud,
16 % devraient utiliser des services moyens et seulement 12 % acheteront de faibles
niveaux de services cloud.

Concernant les types de données, 41 % du total des données stockées dans l'infrastructure
cloud sont des données personnelles et 59 % sont des données non personnelles. Sur ces
41 pour cent de données personnelles, 11 pour cent sont générés par un
utilisateur/individu. Concernant les données non personnelles, sur 59 pour cent, environ
22 pour cent sont générées par une machine. Parmi les données générées par machine,
19 % sont des données industrielles (productives), a savoir utilisées comme intrant direct

38 Dans les pays de I'AELE, les flux de données des entreprises de 250 salariés ou plus représentent 48 pour cent des flux
(24 700 To/mois de 51 200 To/mois). Au Royaume-Uni, les flux de données des entreprises de 250 employés ou plus
représentent 66 % des flux (100 500 To/mois de 152 800 To/moais).

39 AELE : 20201 63 %, 20251 90 %, 2030 1 98 %. Royaume-Uni : 2020 i 41 %, 20251 72 %, 20301 95 %.

40 AELE : 20201 81 %, 20251 97 %, 20301 99 %. Royaume-Uni : 2020 i 63 %, 20251 92 %, 20301 98 %.

41 EFTA: 2020 7 90 per cent, 2025 1 98 per cent, 2030 1 100 per cent. UK: 2020 1 77 per cent, 2025 i 87 per cent, 2030 1
97 per cent

42 Les définitions d'Eurostat des services de cloud computing (CC) a faible, moyen et haut niveau sont les suivantes ; les
services CC faibles sont la messagerie électronique, les logiciels de bureau, le stockage de fichiers, les services CC
moyens incluent les services CC faibles plus I'hnébergement de la base de données des entreprises, les services CC
élevés sont les applications logicielles de comptabilité, le logiciel CRM, la puissance de calcul.
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dans le processus de production du point de vue de la chaine d'approvisionnement et les
3 % restants sont indiqués comme « autres données » par les répondants a I'enquéte.
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43 Manufacturing, Electricity Gas, Steam and air conditioning supply, Water Supply, Construction, Wholesale and retail trade,
Transportation and storage, accommodation and food service activities, Information and Communication, Financial and
insurance activities, Real estate activities, Professional, scientific and technical activities, Administrative and support
services
44 Eurostat definition: small enterprises: 10-49 persons employed; medium-sized enterprises: 50-249 persons employed;
small and medium sized enterprises (SMEs): 1-249 persons employed; large enterprises: 250 or more persons employed.
45See 6Definitionsd in Section 1. 2.
466Data intensive activitiesd refers to data stored inemtloud infra
to the use, production or/and provision of the cloud technology, such as industrial data, which is one of the typical data to
feed into customer relationship management (CRM) activities. For more information, please refer to Annex 1.
476 Data typed r ef er-personal dgiaeR esrosncan a la ndda tnao,n r e f eeclatig to an idéndfiadyor | nf or mat i

identifiable natural person (é), directly or indirectly, in pa
identification number, location data, an online identifier or to one or more factors specific to the physical, physiological,
genetic, mental, economic, cultural or social identity of that n

parliament and the Council, art. 4 defines personal data);Non-Personal data, refers to data as other than personal,
(European Regulation 2018/1807 (COD) of the European Parliament and the Council ).

48Eur opean Commi ssion Communication, O0A European strategy for dat
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free movemprt sohahodata between different EU co

—_ - =

Acknowledging the increasing rofaeadplEayopebdy d
Commi ssioni meZa@2®endnuni c&uropeam &t r a’teeigyi fgpr da
adevel oping a common European data space, inter
up a cloud service marketplace dgioec EW iumsee st mars
in new technologies, s u c-p e rafso rendagnec e ¢ ochopmuptuit ni gn,g /
computOGnegof the key acti oltsr aotff d doyn eiadcwr @apeam Dat
anal ytical framewor k fgBgvemeatshie i sqr atae @i cf | ioms
monitoring idat@idmd eewsasktiomg and investment choi ccé
cloud computing.

Due to the interconnect e(dboaly lEwsiompesasne £ nd red pp u
oper at e, which d&Eudés beyadmrmdst he he i mportance o
competitiveness of the European economy is furt

49European Commi ssion Communication, 6 Ae ODi gGQM(l 2 0Sli5n)g | 1e9 2M afrikneat! .St r
50 European Commission, Regulation (EU) 2018/1807 on a framework for the free flow of non-personal data in the European
Union.
51 In 2018, the value of the data economy in Europe reached 2.4 per cent of European GDP, and it is estimated to reach
almost 6 per cent of EU GDP in 2025. Moreover, the global data volume is expected to grow five times the 2018 figures in
2025. Sour ce: Li sbon Council, I nternational Data Corporation. 0 F
Tool 6 httpg://datalandscape.eu/study-reports/final-study-report-european-data-market-monitoring-tool-key-facts-figures-
first-policy)
52Eur opean Commi ssion Communication, 6A European strategy for dat
53 Idem.
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Commi ssion Cormmuwnitcadt i GoBmwpitalsdsiong a vi si on for E
transformation, phes€omsmunhacgetento radically t
economy and sothetyabgeRO0OBSO8.to materialise the
strategy that is to have 80% of dkmt papirthhyced sairng
2030, t he talhmbti t7TH5% ofs European enterprises have
services, big data anal ytdiep® dly0a,r0t0iof i cli iarhatientred
highly securse hedge node

Given the strategic importance of emointiitvoerniensgs doa
the European digital economy, while fostering t|
t he tEHJe Eur opean Commi Bei prmsdwuagiieeé stved on one of
key actions of the European Strategy for Dat a.
Thetuwhich is part of the European Commi ssion i
FI oMoni t o°pmgwvi,des an inndwast vmamendhpotdhe volum
t

ypes of enterprise data faowiihngwetsot icg aotuidn g nwhe
dat a sfalco wtshse EMJt er pri se dataan df leodwgse tion fcslaosuhde u ct u
movement of data from the end user to the data

was t OVtseervibesdata would flow from user in t
OVHI oud data centre. I n this study, the assumpt
cloud data €| odvdt & ocematirnes and 20 per c&nt f 1l ow:
The report provides a holistic approach and an
ffowing to cloud data centres and edge centres
t he UK; and bet ween EU tancda pEtFulrAe £ ouent ariels .di mens
fl ows, namePy NtAICE sedfotrsi §ggering the flows, en
medium, | argésenvéepdidatnsi ve ent®amd idaet act i
types (pepeosgailhhednst udy was not able to invest:i
t hd ocachd edge i nforfadthreuchbtuusriensesses providing cl
exchanges might arise so that businesses provi
operate more efficiently. Further more,attehe stu
cloud infrastructure on company premises.

The methodol ogy presented here can be used in f
across the European Union (the EU), between the
i smuppofBU policy, trade exrnciomsels ¢ reo tfei,dh dti ngs
provide useful evidence to support the evaluat.

and the tools for a continuous analysis of dat a
EU6s data processing sector.

54Eur opean Commi ssi on Communication, 62030 Digital Compass: the Eu
final.

556 The Eur opean Dat attpF/digta-stistegy.eciewapa.en/gnfpoliies/european-data-flow-monitoring)

56 The assumption is basedfromt he Eur opean Commi ssi on Communication, O0A European
final.

57 C Manufacturing, D Electricity Gas, Steam and air conditioning supply, E Water Supply, F Construction, G Wholesale and
retail trade, H Transportation and storage, | Accommodation and food service activities, J Information and Communication,
K Financial and insurance activities, L Real estate activities, M Professional, scientific and technical activities, N
Administrative and support services
58 Eurostat definition: small enterprises: 10-49 persons employed; medium-sized enterprises: 50-249 persons employed,;
small and medium sized enterprises (SMESs): 1-249 persons employed; large enterprises: 250 or more persons employed.
59See O6Definitionsdé in Section 1. 2.
606 Data intensive activitiesd refers to data stored inedl|loud infra
on the use, production or/and provision of the cloud technology, such as industrial data, which is one of the typical data to
feed into customer relationship management (CRM) activities. For more information, please refer to Annex 1.

6l6Data typeod r ef er-personal dgiaeForsmore iaformationdleaserefer to Annex 1.
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1. Refinitions

This report adopts a s aeadbherroucgfh otudr mshitshate parmréd
reference, they are defined here:

Il nternet traffic and data fl ows

T The Eur osthndatertpesimies ed tpr idweastcadrhgamniosati ons (
NACE sectomedCpubdl Mpr gsaencitsoart i ons ( NACE sect ol
T The tietmrnei st adapited &t @dipe boencniunntiecrant i on Uni c

(I'TU) definition iamdetursaeftdf itco gkesearitdeedntddy ho
enterpribseafibaead smdascurn ddhr st the end user a
addi dngaupd down!l fad traffic

T The tcdrommdsadta ifd owsoedde eaitiebri se data fl ov
cl oadd edagtea c e rdietsecgd abteaawifi g m ent er pri ses in
and publ itoo | soeucdtoadrastcdegret;®t e s

Dat a
1 Personal data: refersto6any i nformation relating to an
natur al person (é), di r e c referenceto aniidendfierr ect | vy,

such as a name, an identification number, location data, an online identifier or to
one or more factors specific to the physical, physiological, genetic, mental,
economi c, cultural or s oci gHBuropeahdregulationy of t h
2016/679 of the European parliament and the Council, art. 4 defines personal data);

1 Non-Personal data: refers to data as other than personal, (European Regulation

2018/1807 (COD) of the European Parliament and the Council );

Mixed data: consists of both personal and non-personal data;

Machine generated data: Data recorded, collected or produced by connected

devices, assets or networks independent of any human intervention; User

generated data: data generated by human intervention

=a =

A seriagdgi ot @ernmdemor e exdefisinvei one umdearnhsdteand
appr odaecvheeldopi n t.he etuodycul at o i n ttreed ucoeotr d ptn t
cl oud c oampdudgengc omplud i thygp e a naf edddgteas dctematr ear e

62Eurostat describe an déenterprised as 6éan organisational uni t pr
autonomy in decision-making. An enterprise can carry out more than one economic activity and it can be situated at more
t han o ne hitps:ieaduiogaeudeurfstat/statistics-explained/index.php/Glossary:Enterprise). Eurostat use the term
enterprise for organisational wunits in NACE sectors C to S. The
considered to be the private sector (NACE C. Manufacturing, D. Electricity, gas, steam and air conditioning supply, E.
Water supply; sewerage, waste management and remediation activities, F. Construction, G. Wholesale and retail trade;
repair of motor vehicles and motorcycles, H. Transportation and storage, |. Accommodation and food service activities, J.
Information and communication, K. Financial and insurance activities, L. Real estate activities, M. Professional, scientific
and technical activities. We adhere to the Eurostat approach of also describing organisational units in NACE sectors N to
S (N. Administrative and support service activities, O. Public administration and defence; compulsory social security, P.
Education, Q. Human health and social work activities, R. Arts, entertainment and recreation, S. Other service activities) as
enterprises. Thislat er group of enterprises are commonly regarded as 6publ
does not differentiate between the intermediate or ultimate country ownership of an enterprise. On some occasions the
term 6businessdhies awkeowadartdoraeypeitdti on or juxtaposition of the ter

63 ITU World Telecommunications/ICT Indicators Database Indicator i135tfb

64The terms 6cloud based data flowd and oéenterprise deallya f |l owi ng
in this report to avoid awkward repetition or juxtaposition of terms.
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considered within thandcome df sthecsboaidybeeweel

claud

Cl ou computing

Cl oud compsutdienfg necdemantdhavanlability of comput e

especially ,daotr®c@tlea amdyessnt d rpargoec eadrsd ngomputi ng po

without direct activre® management by the use

All devices that need to access this data or us:

usually ovefStheei ptveegemaesngralibBedcloud is ge:

easy to secure and control whikessfirbm ahlywWwienaeg

any ti me.

The three most common types of c¢cloud services a

T I'nfrastructur €l aaSh: Skaabcprovides users acc
resour ceasprsoucenssi ng power, data storage capa
secur e ndtaftea c e

T Platform as (Raa&®)ywvi €Eboud provides infrastr.!
framework (software development kits for var
businesses can develop and run their own apf
that can be creat;®d quickly and easily
Sdtware as (Haae&nvi Cd oud dfefveerls saeprpvliicceast itoani |
wide variety of business needs, such as cust
and business amnmnsluaildladdr Spapbiicati ons that ne
or malkcicleess, for example mobil & sales managen

T Eurostat defines |l ow cloud computing service
files. Medium cloud computing services is de
files, and hoptinangbésfdahebesneéerHigh c¢cloud co
been defined as accounting software applicat
power, by Eurostat

1 The Eur ost atuydenfgi rciltoiuadn computi ng ser Wi ces us
i s used to desecpirhbeseanmnhat has purchased an
serv.i’ces

Cloud computing can have some limitations, in particular increased latency of access to
information when the cloud data centre is located a long way from the user.”* When it
comes to time-critical applications requiring low latency, such as communicating with

65 Montazerolghaem, A. et al., 2020. d&reen Cloud Multimedia Networking: NFV/SDN Based Energy-Efficient Resource
Allocationd IEEE Transactions on Green Communications and Networking. 4,3. p873i 889.

66 Gyarmathy K., 2019. d&dge Computing vs. Cloud Computing: What You Need to Knowd
(https://www.vxchnge.com/blog/edge-computing-vs-cloud-computing). Enterprisesc an devel op their own O6pri)
infrastructure | ocated on their own premises accessedtwvwia a | oca
The Eurostat definition to describe an enterprise that utilises cloud services is an enterprise duying cloud computing
services used over the internet6 It is therefore possible that enterprises with cloud usage independent of the internet might
be under-represented in Eurostat data.

67 Akamai. 2021. &€loud computing serviceso(https://www.akamai.com/uk/en/resources/cloud-computing-services.jsp)

68 LeadingEdge. 2021. &hat are the types of cloud computing?6 (https://www.leadingedgetech.co.uk/it-services/it-
consultancy-services/cloud-computing/what-are-the-types-of-cloud-computing/)

69 Dynamix. 2021. & hat are the different types of services offered by cloud computing?6
(https://www.dynamixsolutions.com/what-are-the-different-types-of-services-offered-by-cloud-computing/)

70 Eurostat. 2021. &loud computing - statistics on the use by enterprises6 (https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=Cloud_computing_-_statistics_on_the _use_by_enterprises)

71 Apriorit. 2021. &Vhat Is the Difference Between Cloud Computing and Edge Computing?6(https://www.apriorit.com/dev-
bloag/531-cloud-edge-computing)
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autonomous vehicles, drones and augmented reality, there is a need for a faster, real-time
and more flexible solution.”> Edge computing can be one of the responses.

Edge computing

Edge compstiheg technol ogy, mpwo cagsddiaatrga | sytso rsa goef
critical appl iacaetnitornasl acwaoyu df rnoemt wor k cl oser to -
(which can be a person, a nikicrddiucesdahe traveltimaofdevi c e)
data, allowing processing to happen in real-time, effectively reducing latency closer to

zero.” Edge computing also reduces some of the amount of enterprise data flowing to

cloud data centres that might previously have flowed across internet networks to main cloud

centres in more distant locations.’

Edge computing devices are designed for quick data processing on-site and place less
emphasis on data storage. Cloud computing, in contrast, is based on considerably larger
cloud data centres designed for huge amounts of data storage and data processing.

The 6edged is typically det heed-ithgbdatiomsiveeree t he pl
the users are, where data and information is consumed, generated and transferred

between users and cloud applications.” For cloud service providers, this means the edge

of their cloud network where data is exchanged with users, partners and other systems.

Cloud service providers are driving the edge closer to customers through boosting edge
computing capabilities. This is possible due to the increasing sophistication of data centre
management software (DCIM)’® and growth in highly interconnected networks’’. These
developments help to ensure quality of service and place computer power closer to users
and end-point devices.

Undertaking data processing and storage at the edge also has the advantage of moving
the requirement for data processing and storage tasks away from some mobile devices
and 6i nt er net lod)fmain procesgpss.0Confputing and data processing are
undertaken at the edge, not within the |0T device. This may help to save power and
provides opportunities to increase performance.’®

A report addressed to the European Commissioner for the Internal Market in 2021 provided
further dimensions and locations to define the 6 n e anmd @ a ed@e, see Fi g u.r Ehe
report defines thedear edgedas typically some hundreds of kilometres away from the
customer.” The dar edgedis described as being at a high proximity to customers and
premises, within a range of 100km.

72 The time lag is generally only a few hundred milliseconds, but it makes a lot of difference in time-sensitive applications
like autonomous cars, where real-time data is required for seamless functionality. Furthermore, a large quantity of data
travelling back and forth over the network puts significant strain on bandwidth, further compounding the problem.

73 Srivastava A. 2021. & hat's the difference between edge computing and cloud computing?6
(https://www.quora.com/Whats-the-difference-between-edge-computing-and-cloud-computing)

74 Priyanka V. 2019. ®emystifying edge vs. Cloud computingd(https://dzone.com/articles/demystifying-the-edge-vs-cloud-
computing)

75 Barras. D. 2020. d¢How to speak like a data centre geek: Digital Edge vs Mobile Edge vs Micro Edged
(https://blog.equinix.com/blog/2020/08/07/how-to-speak-like-a-data-center-geek-digital-edge-vs-mobile-edge-vs-micro-
edge/)

76 Gartner Glossary. 2021. https://www.gartner.com/en/information-technology/glossary/data-center-infrastructure-
management-dcim

77 Wu C and Buyya R. 2015. Data Centre Networks. https://www.sciencedirect.com/topics/computer-
science/interconnected-network

78 Chandra et al. 2016. ®ffloading to improve the battery life of mobile devicesé IEEE Pervasive Computing. 15, 4.
(https://www.researchgate.net/publication/309452510 Offloading_to Improve the Battery Life of Mobile Devices)

79 Airbus et al. 2021. d&uropean industrial technology roadmap for the next generation cloud-edge offeringd
(https://ec.europa.eu/newsroom/repository/document/2021-
18/European_CloudEdge Technology Investment Roadmap for publication pMdz85DSw6nqPppq8hE9S9RbB8 7622
3.pdf)
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Main c¢cloud data centres

The main difference abnedt wvae ecn oau dd adtast hae eceetndtrtea i s s
I n a data center, data i s masotr goafntiezna tsitoonr.e dT hoen c
completely off premises and data i$% accessible

The main cloud data centres are able to achieve considerable financial economies of
scale in providing large data storage capacity and data processing.®! They represent the
core of the cloud computing network and provide important computing power and storage
capacity.®?

For this study, we estimate there are 20 main cloud data centres in EU27 Member States
and six in EFTA countries and the UK. Main cloud data centres can expand large data
storage capacities and computing processing for users quickly®’. They offer users
functionality and scalability in a quicker and more cost-effective way than purchasing
hardware and undertaking complex data management in situ.®

These main cloud data centres, sometimes called hyperscale cloud centres®, require
large financial investment around many hundreds of millions of euros to construct.®” They
usually have a minimum of 5,000 servers linked with an ultra-high-speed fibre network
connection. Power is the largest operational expense.®

Edge data centres

Edge data centres are yet difficult to define given edge computing technologies are
currently still in their infancy. The general consensus viewpoint is that edge data centres
are smaller facilities (than main cloud centres) that extend the edge of the network to deliver
cloud computing resources and cached streaming content to local end users.?® Since they
are positioned closer to end users, they can deliver services faster with reduced latency
thanks to edge caching.

Edge servers, which cache content for localities, can help to ease the burden for main cloud
data centres. If data, particularly higher bandwidth image files and video files, can be
located closer to the user, the amount of time it takes to load a resource is reduced and it

80 Brown S. 2020. Cloud vs. Data Center: Which Is Right for Your Business? https://www.rutter-net.com/blog/cloud-
computing-vs.-data-center-which-is-right-for-your-business

81 Waldhauser B. 2019. @' he edge and edge data centres6(https://www.dotmagazine.online/issues/on-the-edge-building-
the-foundations-for-the-future/edge-data-centers)

82 Airbus et al (2021. Ibid.) estimate that large cloud provide around 30 MW. Section 2 examining cloud data centre capacity
estimates average hyperscale cloud data centre capacity to be approximately 20 EX.

83 This estimate was derived from several websites, including TeleGeography (https://global-internet-map-
2021.telegeography.com), CloudScene (https://cloudscene.com/browse/on-ramps), and DataCentreKnowledge
(https://www.datacenterknowledge.com/cloud/telegeography-maps-world-s-cloud-data-centers). Cloud services providers
were then contacted to validate estimations. Hyperscale cloud centres can have storage capacities of up to 10 EX or
higher.

84 Users can start using cloud data services almost immediately after signing a contract.

85 Barras. D. 2020. Ibid.

86l n this study, hyperscale cloud centres will be referred to as

87 Judge P. 2020. d@&mazon aims to fast track three data centres in North Virginiad
(https://www.datacenterdynamics.com/en/news/amazon-aims-fast-track-three-data-centers-northern-virginia)

88 AFL Hyperscale. 2020. dJnderstanding Different Types of Data Centred This study estimates hyperscale centres
consumed 1.5 per cent of total global energy consumption in 2020 (https://www.aflhyperscale.com/understanding-different-
types-of-data-center). Hyperscale cloud centres can have storage capacities of up to 10 EX or higher

89 Ciena. 2021. What is edge cloud? @https://www.ciena.com/insights/what-is/What-is-Edge-Cloud.html). Data Foundry.
2020. d&cdge Data Centres Explained: What is Edge Computing?6(https://www.datafoundry.com/blog/edge-data-centers-
explained-what-is-edge-computing). Gyarmathy K. 2019b. &hecklist: How to Define an Edge Data Centred
(https://www.vxchnge.com/blog/what-is-an-edge-data-center). Sverdlik Y. 2015. ¢How Edge Data Center Providers are
Changing the | nt&htpsédviwivslatacepterkmawkedné.gom/archives/2015/08/26/how-edge-data-center-
providers-are-changing-the-internets-geography).
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reduces the volume of traffic flowing to main cloud data centres in more distant locations
that might previously have flowed across internet networks.*®

For IoT devices and internet networks, edge data centres also serve as clearinghouses to
store or distribute data being generated. Edge data centres can also provide remote digital
processing capabilities. By undertaking processing away from the loT device power can
be saved and batteries last longer in the device.®

Edge centres and locations are evolving. Some edge centres are being located inside or
adjacent to internet exchange points through which most local traffic flows. Internet
exchange points (IXPs) route internet traffic - they are supercomputers in terms of their
processing power. They process and route millions of data packets every second and work
to configure network traffic efficiently at major traffic points on the internet.

Telecommunication companies often provide internet services to their business and

household telecommunication subscribers. They arelocat ed on t he 6edged and

customersod internet traffic to internet

Micro data centres are smaller versions of edge data centres, usually about the size of a
school locker,®? which are ideal in remote locations. Micro data centres can be used to
bring edge computing even closer to end users and undertake data processing to assist
edge centres and minimise latency.

An edge node (or gateway node, or edge communication node) is a computer that acts as
an end user portal for communication with other nodes in cluster computing®. This means
users are able to complete tasks on the edge nodes rather than on the master nodes, which
prevents capacity losses®*.

Tel ecommuni cations data centres

Telecommunications data centres are facilties owned and operated by
Telecommunications or Service Provider companies. These data centres provide high
connectivity and are mainly responsible for providing mobile services and driving content
delivery®® but not usually cloud computing services.®® Having said that, some
telecommunication companies have however established strategic agreements with cloud
service providers to start providing edge service capabilities and offer their partners cloud
services. Telecommunications businesses have also recently started using their
telecommunications data centres to offer cloud services. Some telecommunications
companies are also using space within their data centres to provide additional services
such as colocation. It is worth noting that the provision of cloud computing services is not
the primary function of telecommunications data centres. For that reason, they have not
been included in the cloud and edge data centres in this study.

Colocation data centres®” house privately-owned servers and networking equipment.®®
The equipment it provides ( i.e. physical space and possibly servers, racks) to host cloud

90 Data Foundry. 2020. dcdge Data Centres Explained: What is Edge Computing?6(https://www.datafoundry.com/blog/edge-
data-centers-explained-what-is-edge-computing)

91 Gyarmathy K. 2019b. Ibid
92 Isberto M. 2020. &Vhat Is a Micro Data Centre?d(https://www.colocationamerica.com/blog/micro-data-center)

9QBWhat Is. 2020. 0Edge Node. 6 (htt pmsode)./ whatis.techtarget.

940VH Cl oud. 2021. O6About owhdoggb/em/andigiss/edye-rfodes/)t ps: / / docs.
95 Content delivery is the process of delivering media over a medium, for example, the internet.

96 AFL Hyperscale. 2020. Ibid. The primary function of these data centres was not the provision of cloud computing services.
They are not therefore included among the cloud and edge data centres examined in this study.

97 Colocation data centres are not taken into account in this study.

98 365Data Centres. 2021. &hat is colocation and how does it compare to the public cloud?6
(https://www.365datacenters.com/portfolio-items/colocation-compare-public-cloud/)
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computing capability is then leased in whole or part to customers. Colocation data centres
can be leased to cloud service providers, telecommunication companies and/or hundreds
or thousands of individual business customers.

Enterprise data centres

Instead of leasing equipment or servers in colocation data centres, some businesses create
their own enterprise data centre®. Enterprise data centres are owned and operated by
the company or a subsidiary of the main enterprise.'®® Some use external companies to
undertake initial fit-outs and network installation before being maintained internally. They
can be |l ocated on t H &-panemposefwies pr emi ses

Ot her types roefs data cent

In addition to the types of data centres mentioned above, there are other data centres
including Cloud On-Ramp and Points of Presents.

Some data centres that provide on-ramp access to cloud services that enable customers

to have direct access to cloud service providers.®* Cloud On-Ramp, sometimes known as

a O6cloud exchangeb6, i s a ddloudedata certrethah povides on ser v
a b u s b IT estwerk with direct connectivity to adjacent cloud service providers édge

computing infrastructure.?? This is possible because cloud service providers rent space in

cloud on-ramp data centres, rather than building their own data centre. This space is thus

providing edge services.

Many cloud service providers are setting up Points of Presence (PoPs), also known as
local hubs, in data centres and micro data centres in high internet usage areas to speed
up their response to customer queries.'® Points of presence are generally located near
internet exchange points (IXPs)* with which they have peering agreements.% Proximity
to IXPs (that route internet traffic) enables much faster response to customer queries.%
As noted above, points of presence can be as simple as a server in a data centre or a micro
data centre. In contrast, edge data centres provide points of presence, but with full
deployment of data storage and data processing technology.

The roadmap developed by 27 EurpeeamanC&iBfiss pirese

for I nternal Ma¥ keoviide sMay @R9HDeflul overview of
geographies for key terms such cloud, Fihgamr eedge
1. |l oT devices and sensors are | ocated to the | ¢
centres are |l ocated on the right

99 Enterprise data centres are not taken account of in this study.

100 AFL Hyperscale. 2020. Ibid

101 Cloudscene. 2020. &loud On-rampd(https://cloudscene.com/glossary#cloudonramp)

102 Upstack. 2021. &loud On-ramps and their benefitsd(https://upstack.com/data-center/cloud-on-ramps-direct-connection-
advantages)

103 Stackpath. 2020. dPoints of presence vs. edge locationsd(https://blog.stackpath.com/point-of-presence/)

104 Cloudfare. 2020. &Vhat is an Internet exchange point?6(https://www.cloudflare.com/en-gb/learning/cdn/glossary/internet-
exchange-point-ixp/)

105 Peering involves the interconnection of administratively separate internet and/or cloud networks for the purpose of

exchanging traffic between the users of each network. NetNod. 2020. &Vhat is an IXP and what is peering?6
(https://www.netnod.selix/what-is-an-ixp-and-what-is-peering)

106 Rahi Systems. 2021. ¢oint of presence micro data centresd(https://www.rahisystems.com/blog/pop-point-of-presence-
micro-data-centers/)

107 Airbus et al. 2021. Ibid.
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Source. Roadmap'® 2021. page 12

Public, private and hybrid cloud

A public cloud is a cloud service offered to multiple customers by a cloud provider, such
as OVH Cloud.'® Public cloud service providers may offer cloud-based services such as
infrastructure as a service (laaS), platform as a service (PaaS), or software as a service
(SaaS) to users for either a monthly or pay-per-use fee, eliminating the need for customers
to host these services on site and/or in their own data centre.!°

Private cloud is cloud resource solely dedicated to a single end use.!'! Most private clouds
are on-premise.'2 Organisations are now building private clouds on rented, vendor-owned
data centres located off-premise.!3

Hybrid cloud enables users to combine private and public cloud. Hybrid cloud integrates
at least one on-premise private cloud with at least one public cloud service. This
combination provides enterprises with flexibility to switch workloads to the most efficient
platform as needed!4,

Overview of the report

This section has provided an introduction to th
imhe fields of dat a, data fl ows, cloud and edg:
centres, and public and private cloud used in t

108 Latency does not depend only on distance. Other factors influencing latency are: i) Access technology (5G and FTTH
are much lower than 4G); i) transport topology and technology; iii) core network configuration (user plane location,
breakout point); iv) network optimisation (traffic prioritisation, bandwidth allocation and edge node selection).

109 Cloudflare. 2020. &Vhat is public cloud? Public vs. private cloudd(https://www.cloudflare.com/learning/cloud/what-is-a-
public-cloud)

110 Vmware.2020. &Vhat is public cloud?6(https://www.vmware.com/topics/glossary/content/public-cloud)

111 Cloudflare. 2020. drivate cloud vs. public cloudd (https://www.cloudflare.com/learning/cloud/what-is-a-private-cloud).
TechTarget. 2021. &Vhat is private cloud?d(https://searchcloudcomputing.techtarget.com/definition/private-cloud)

112 The Eurostat definition to describe an enterprise that uses cloud services is an enterprise duying cloud computing
services used over the internetd Strict adherence to this definition would exclude an enterprise with private cloud
infrastructure located on its own premises accessed via a local network. It is possible private cloud usage might be under-
represented in Eurostat data for enterprises with on-premise private cloud.

113 Citrix. 2021. &Vhat is private cloud?6(https://www.citrix.com/en-gb/glossary/what-is-private-cloud.html)

114Vennam, S. 2019. | HBpd://wwev b .bomiukden/@dudyleach/dybrid-cloud).
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Chapter 2 provides an overview of the key findings of the study for enterprise data
flows to cloud and edge data centres in the EU.

1 Chapter 3 examines enterprise data flowing to cloud data centres. Information
was not available to enable mapping of data flowing between two or more cloud
data centres.

1 Chapter 4 investigates where some of the different types of cloud infrastructure are
located. Analysis of sources, including cloud service providers, provides details of
the locations of 26 cloud centres and 73 edge data centres in the 32 countries
examined in this study to understand where cloud data flows to.

1 Chapter 5 summarises the lessons learned over the course of the study especially
with regard to methodological aspects.

1 Chapter 6 summarises the main conclusions of the study.

Among the edge data centres considered in the
mi ght be on cohmpat Mot ot ebacommunications c¢omp
t he exce®ltouodn Prfdiwaiviteera 8nar Ketl eslsanrdam 1 per ce
Europe and have therefor e.beleme extcH aurd etdy f & so no fa nd
such as enterprise data centres and telecomunic
the mapping due to | ackaoketi "' loamasi on or smal l

The rgipoes an overview ofcleoairdr perdigsee ddaattdae cfelna wse
EU27 Member States, EFTA countries and the UK. Analysis is disaggregated by NACE
sector, enttevpldi serwiinedand( pgmpeomdipearnd nmadn .

Enterprisecdotuadfédgwetdata centres is the movem
user to the data centre inwgset®Vabaer vFioce se x atnpd
data would flow from a wuser in the co@WwHTry whe
cloud data centre. I n this study, the assumptio

ta fl owd otuedt macentres and 20 per c®¥nt flows t

addihtei ogeipvoeest some details on the | ocation of
ntres, t heir capadcihtiy and owbeiomeuttiol iusnateirasrn .a
owi ng t BU27 Memlmar State® EFTA countries and the UK. Further det ¢
out cloud and edge data fl ows betdaeEmMmi scountr
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115 For backup purposes and to redistribute the load of different data centres.
116 Flow between data centres for exchange and back up purposes is known to take place. This would be additional to
cloud data flows examined in this study. It would thus be interesting to know the magnitude of these flows.
117 They are generally concern particular localities, information is sparse and by agreement with the project officer this study
does not have the resources to undertake this fine grained level of analysis.
118 Smaller market share means that the proportion of cloud data flows by these means only account for a very small amount
and thus by excluding them would not make a significant difference to the overall results of the study.
119The assumption is based from the European Commission Communica:
66 final.
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2.0verview of data fl ows

2. 0ata flows in Europe

This section provides an overview ofl. more ful so

As specified in Section 1.2 above,ent er pri se is wused t hrroiubgghout t
private sector organisat¥™onandi pulNAICE sect or soK
( NACE sect¥)r.s N to S

Analysis estimates that flow of data stemming from enterprises buying cloud services used
over the internet was 708,790 TB/month (8.1 EX/year) in 2020 across EU27 Member
States, EFTA countries and the UK. This is expected to increase to 3,025,388 TB/month
(34.6 EXl/year) in 2025 and 10,577,600 TB/month (121.1 EX/year) in 2030. Across the 31
countries examined, by 2030 the amount is forecast to be 14.9 times greater than the
estimated 2020 value.

In 2020, for EU27 Member States, it was calculated that there was 504,763 TB/month (5.8
EXlyear) of data flowing to cloud and edge data centres. By 2030, the amount is forecast
to be 15.2 times greater at 7,669,835 TB/month (87.8 EX/year). This estimate is based
on data from 26 main cloud data centres and 73 edge data centres across the EU27
Member States, EFTA countries and the UK'?2, In between these two years (in 2025), EU27
Member States data flows is forecasted to be 2,201,058 TB/month (25.2 EX/year).

Predications state that the EFTA countries will be 12 times greater from 2020 (51,211
TB/month [0.59 EXl/year]) to 2030 (616,687 TB/month [7.1 EXlyear]), in terms of data
flowing to cloud and edge data centres. In 2025, it is expected that EFTA countries will
have 193,390 TB/month (2.2 EX/year) of data flowing to cloud and edge data centres.

The UK is forecasted to experience a significant increase in data flowing to cloud and edge
data centres from 2020 to 2030 (15 times greater). In 2020 data flows was equal to 152,815
TB/month (1.7 EX/year), in 2025 630,940 TB/month (7.2 EX/year), and in 2030 2,291,077
TB/month (26.2 EX/year).

See T a b 1 b=low for further details of total flows of data to cloud and edge data centres
in 2020.

120 C Manufacturing, D Electricity and Gas, E Water Supply, F Construction, G Wholesale and Retail, H Transportation, |
Accommodation and Food, J ICT, K Finance and Insurance Activities, L Real Estate, M Professional, Scientific and
Technical.

121 N Administrative and Support Activities, P Education, Q Human Health and Social Work, R Arts, Entertainment,
Recreation, S Other Service Activities.

122 Full list is displayed in Figure 9 (page 34) and Figure 23 (page 82).
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Tabl:e Ov e rovfileoww o f

datnadt eddagttao ude nt r,e s2 G 2n5

2020 2025 2030
Flow to cloud | Flow to cloud | Flow to cloud
(TB/month) (TB/month) (TB/month)

EU27 Member States 504,763 2,201,058 7,669,835

EFTA 51,211 193,390 616,687

UK 162,815 630,940 2,291,077

Total EU27 EFTA UK 708,790 3,025,388 10,577,600

Belgium 24,567 94,965 307,673

Bulgaria 2,704 12,447 53,605

Czech Republic 9,290 44,533 164,557

Denmark 23,023 89,898 281,185

Germany 93,474 424,732 1,583,855

Estonia 3,061 14,383 46,130

Ireland 10,595 43,096 148,570

Greece 3,296 15,916 65,304

Spain 43,096 186,759 682,122

France 75,039 335,685 1,180,543

Croatia 2,667 13,121 48,180

Italy 58,974 286,944 931,104

Cyprus 683 3,343 12,864

Latvia 1,451 7,250 30,524

Lithuania 3,620 16,513 59,092

Luxembourg 1,403 5,410 20,133

Hungary 6,350 29,050 100,920

Malta 945 4,639 15,851

Netherlands 41,459 165,765 550,383

Austria 10,388 47,586 170,350

Poland 18,470 86,978 298,755

Portugal 8,964 36,112 123,077

Romania 5,073 28,410 127,238

Slovenia 2,611 10,994 39,412

Slovakia 2,852 13,010 48,445

Finland 17,469 62,462 196,263

Sweden 33,238 121,056 383,699

Iceland 1,294 4,869 15,566

Norway 17,067 63,655 198,783

Switzerland 32,851 124,866 402,338

United Kingdom 152,815 630,940 2,291,077
In 2020, EU27 Member States data flows to cl
greater than EFTA countri es Baynd20330t,i ntehse gEUe2a7t eMe
States data flows will be 12 times higher than
UK. This implies that the EU27 Member States
however the EFTA count rghetsl ywislllovweer gpacwe.ng at
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Converssmal | est data flows arise from Water Sup
TB/ month; O0.04 EX/yedrACBE BIl.&c tpreirc icteyntagn 3, 800 (T B
EX/ year) andNReEeB| &s6aper (cent, 4,200 TB/ mont h;

fedsisemavyi ces and | CT sector s.

Fi gWwRrbekat a ftbwadod edge data centres by sectors in 20:
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Data Flowing to Main and Edge Cloud Data Centres (TB/month)

Fi g@Brpg ovides an overview of the proportion of
Me mb &r atuetsi | i sing cloud services in business and
to BSHhe I CT sectcent ) 7Papefrar higher | evels of cl
averages f O0B6tper Etent in 2020), EFTA (64 per

Construction has the | dwestngl eeMelusd osferemicersp ruis
i nt e Lowest levels of cloud utilisation are found in the Construction (23 per cent of

enterprises) and Transportation sectors (29 per cent).

123 This includes hospitals, medical and dental practices, residential nursing and care, social work without accommodation,
and child day-care.

34



Study on mafplpowsgy dat a

The I CT sector FNAGEasetherhidIyphest percentage |
buying c¢cloud computing ser(viQtepernBuddnda)ee rt ot hiet
relatively small size in terms of number of empl
the highesft dodaotl aamel oowiomgddt @ dmpai tentres (34,080
2020) . F oFri ge@®sderopvise t hat the health sector (NACE
services group NACE N tentSer pfrays en3gcs cpleoru dc ecna mpou
services used .ovebDuéd hteo istnhzeer &t gt he sector (21.'!
2020k, ompmari son with | CT, it has far chiommweér volu
edge centres (64,380 TB/ month in 2020)
FigwreCloud service adoptioenbysenterpriase&Uilid, dEFTT¢
2020

N to S All Public Sves
M Prof, Scientific & Technical
L Real Estate

JICT

| Accomm & Food

H Transportation

G Wholesale & Retail

F Construction 23
E Water Supply 30
D Electricity & Gas 40
C Manufacturing 36
0 10 20 30 40 50 60 70

Percentage of enterprises

Source: Eurostat data (i soc_cicce_use)

2. Bata flcowatdod edge data centre
adoption of <cl oud cbhboympeunttienrgp rsie
si ze

The previous section noted tahoutueonséempripseyi
cloud computing services used over the internet
section presents the results of anadIlydainsd e x ami |
edge data centres and the adoption of cloud ¢
(empl oyees) .

The findings on the proportion of enterprises in different employee size bands highlight that
in the EU27 Member States, the vast majority of enterprises are small i 96.9 per cent of
enterprises have less than 20 employees.!?®

Large enterprises with 250 or more employees comprise 0.2 per cent of enterprises but
they employ 35.1 per cent of the workforce. As F i g & shews, it is also known that larger

124 Employment statistics for 2020 are derived from SBS: Annual enterprise statistics by size class for special aggregates
of activities (NACE Rev. 2) [SBS_SC_SCA_R2__custom_613220].

125 Similar circumstances prevail in EFTA and the UK.



Study on mafplpowsgy dat a

enterprises with over 250 employees have higher levels of cloud service adoption. Thus
the largest amounts of data flowing to main cloud and edge data centres come from
enterprises with 250 or more employees (see F i g é) la the EU27 Member States
these enterprises created 61 per cent of all data flows to cloud and edge (309,500
TB/month [3.54 E X/ y eoftotdl EU27 flows of 504,700 TB/month [5.78 EXlyear] in
2020).125 In 2025, enterprises with over 250 employees accounted for 59 per cent of data
flowing to main cloud and edge centres (1,298,100 TB/month [14.86 EX/year] of 2,201,000
TB/month [25.19 EX/year]). In 2030, enterprises with over 250 employees accounted for
56 per cent of data flowing to main cloud and edge centres (4,266,600 TB/month [48.82
EXlyear] of 7,669,800 [7.31 EX/year]).

Fi gur eDat a cfllooamddt oedge data centres by different

500,000
450,000
WEU27 mEFTA = UK
400,000
350,000
300,000
250,000
200,000

150,000

100,000

, I

Oto9 10to 49 50 to 249 over 250
Enterprise size (number of employees)

Data Flowing to Main and Edge Cloud Data Centres (TB/month)

Fi g udrshows how data flows are highest among businesses with over 250
employees.

F i g & shews historic data from Eurostat between 2016 and 2020. Analysis extrapolated
values from 2021 to 2030%?’.

In Fi g &,rd&a relating to EU27 Member States is presented in blue. The light coloured
line is for enterprises with 20 to 49 employees - in 2020 34 per cent of these EU27
enterprises were buying cloud services used over the internet. The blue shading darkens
as enterprise sizes become larger, for example in 2020, 46 per cent of enterprises with 50
to 249 employees were buying cloud services. Finally, the dark blue line shows that in 2020
66 per cent of the largest enterprises with over 250 employees were buying cloud services
used over the internet.

126 In EFTA countries data flows from enterprises with 250 or more employees comprise 48 per cent of flows (24,700
TB/month of 51,200 TB/month). In the UK data flows from enterprises with 250 or more employees comprise 66 per cent
of flows (100,500 TB/month of 152,800 TB/month).

127 The methodological annex provides an overview of extrapolation methods.
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In 2030 it is expected that 65 per cent of EU27 enterprises with 10 to 49 employees
will buy cloud services used over the internet. This is almost twice the number in
2020.

Cloud service use by medium sized enterprises with 50 to 249 employees is expected to
reach 83 per cent in 2030, 1.8 times greater than the 2020 figure. Among the largest EU27
enterprises (with 250 or more employees) cloud use is expected to almost reach saturation
point at 97 per cent in 2030, this is almost 1.5 times the number in 2020.

Initially higher levels of cloud services use can be seen in EFTA countries against EU27,
all lines for these countries are shaded green. In enterprises with 10 to 49 employees in
the three EFTA countries cloud adoption was 63 per centin 2020. 81 per cent of enterprises
with 50 to 249 employees have adopted cloud services and 90 per cent of enterprises with
over 250 employees have adopted cloud services. In 2025, for these three different
enterprise sizes adoption levels are forecasted to be at 90 per cent, 97 per cent, and 98
per cent, respectively. For all sizes of EFTA enterprises cloud adoption is expected to
exceed 98 per cent in 2030.

Similar growth levels can be seen for the UK. UK lines are shaded brown. In UK enterprises
with 10 to 49 employees, cloud adoption was 50 per cent in 2020. Growth to 72 per cent
and 95 per cent was predicted for 2025 and 2030, respectively. 63 per cent of enterprises
with 50 to 249 employees was estimated to have adopted cloud services in 2020. It is
expected that this will increase to 92 per cent in 2025 and 98 per cent in 2030. Enterprises
with over 250 employees have higher levels of cloud service adoption for 2020 (77 per
cent), but more similar levels in 2025 and 2030 (87 per cent and 97 per cent, respectively).

Fi gwbr eCloardvacepti on by enterprises of different

100

90
80
70
60
50
40

EU27 10to 49 EFTA 10 to 49 UK 10to 49
—EU27 50 to 249 —EFTA 50 to 249 —UK 50 to 249
—EU27 Over 250 —EFTA over 250 —UK Over 250

30

Percentage of enterprises

20

10
0

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Source: Eurostat data (i soc_cicce_use) and study team extrapolation128

128 Linear extrapolation was undertaken to forecast values of different sizes of enterprise to 2030. Some of these
extrapolations led to the creation of values greater than 100 per cent. Clearly this is unrealistic as percentage values can
never be more than 100. To adjust these errors, data from s-shaped adoption curves was utilised. The data represents the
flatter parts of the s-shaped curve at the start and end technology adoption. The utilisation of s-shaped methods ensured
values were never greater than 100 per cent.
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I'n EU27 MembernS2@altésa similar number of enter
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By 2030 the situation is explXtpar toe ncth anfg ee nsti egr

are expeltea edsitomog high |l evels of c¢loud services,
use medium services and only 12 per cent wil/l
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cent, 2t ,peandel5 per cent, respectively.
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he UK (see brown |ines) follows a similar traj
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edium | evel cloud serVveveb,chonddl8epericeent | o

129 Low services include email and office software. Medium include file storage and database hosting (alongside those
included as low). High includes accounting applications, CRM, computing power (alongside those included as low and
medium).
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increasede lionw tofie dalt @aud and e dget wiehdiy 50dn 76 @ s
TB/ moahd) 20/30669, 800 TB/ mont h) .

Enterprises are also moving to higher |l evefbowf serv
of data to cloud and edge data centres

Fi gwrsehows t hat there is forecast to be a st e:
enterprises buying |l ow and medium | evel cloud s
is forecast t o poreo paomr tiimar eods eenitrer pri ses using
services that, due to their greater intensity

bet ween entedpuidsasnndardige data centres

Fi guferecast sf Itorme olfi kdealtya t o cl olbektawvied@Bedgd dat a
2030 for the three differ erctl oluadv eclosmp(ultd w gmedeirwm
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Growth in the number of enterprises utilising h
the EU27 Member St ates) , combined with 18 fold
bet ween 2016 (EU27 enterprise average 1l&d. 7 GB/ |
forecast to |lead to | arge increases in enterpri:

Enterprise data flowing to cloud and edge dat a
to grow from 63,340 TB/ month (Oid228X6yetard, LAO]
TB/ month (66. 67 ¥EX/lyneatrh)e itnhr2c0e30EFTA countries,

and edge data centres using high | evel service
(0.12 EX/year) in EU27 Membermo®tdat ds6.i138 EXI§Fetn
2030.

I n the UK data flowing to cloud and edge data c
to grow from 25,190 TB/ month (0.31 EX/year) in [
TB/ month (22.02 EX/year) in 2030.

As woul gebeteedxfrom declining adoption rates f«
services, enterprise data flowing to cloud and
than high | evelFige&ireice use, see

2. Geography of data fl ows

The final stage dfheamaelowsapdep omsee dcdtoaurdd| owi ng
e

edge dantarest bypri ses buying cloud compgteetrinreg s e

Anal ydidshenaassumpti on thatrtpheé semadnomndd i edvg @ g t
datca ntwielsl be proportional to the market share
I n each country estimatescWweandl made eafafrdeast a f |

130 To enable differences in smaller values in Figure 7 to be identified the y-axis is restricted to 2 million TB/month.
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the ten main cloud servibes spudviiderasn ad yyamisn eeds
enterprise data generated by a country.

The final el ement of analysis wascltaouns teidngeet e t
datcentafellse ten main cloud ser vliihcee sl opcraa viiodnesr so fmi
cl oaidld edge datoa ctehnet rteesn main c¢cl oud services p
study. For each of the 31 countricdvamdaenmdged i
dat centre for the ten main cloud sedvheesngrovi
point decl oammé teidgre (data centre) otuad edgededat afced
destination of data generated bcputdme BHgeouwmt mi
centcroeusl d thus be model |l ed.

This analysis esti mattdl| eamntdde repd gcee edtadirmatscao U f torwii engy
t hat possessed cloud infrastructure. The analy
amount (TB/ momtihge odateantferowi ng to c¢cloud servi
countries 2016 to 2021

By far the | argest amount of entoanmndr iesdgedataa af
centres innGeOMBAOnyYy .Ger manBTBemenvead(15Y49EX/ year
data ffdi@owsot her Thiuatrpeseoaest of cloud data f
Member Stabtbep®rameént of c¢cl oud 3dad wntfrlioaws stcu dbised

The EU27 Member State receiving the selcowmd hi gt
and edge data centNeetsheirn a2nedes/ (w8ags,t 6h el EX/ year)

Both these countries (Germany and the Netherl an
to thkepbpaundd edge data centres in 2020 than the UK
I n 2020, the UK received 12.7 per cent of total
the 31 countries studied. EFTAd atoau nftlrd veisn g etcee i«
and edge (fidbg i510i6t iTdBY mont h, O0.18 EX/year).

The final stagexami a@edl get entel pairdd ee dlqad ad dtl &\
centfreers the 31 countries examined in the study.
i mfwls t o a country from data outfl ows generated
are preskeingt@erde i n

FigB8reveals that three countries hawleoamkdt ent e
edge dataAd¢éntordser countries have net data out f
Fig8redi cate there is more enterpcil samddagadgd | ow
data centres in daharftowhhtbagriysa(iofh athlreec tooanudrtt r y
or edge datd2cewmumési es do no¥) .have this infras

131 Analysis focuses on 2016 to 2021 because information about cloud infrastructure in these years is known. Many
commentators predict considerable growth in cloud edge data centres in the next few years. Extrapolation to create
forecasts in the future, when the distribution of infrastructure will change considerably, would create spurious results.

132 The 12 countries that do not have any cloud infrastructure are Bulgaria, Estonia, Greece, Croatia, Latvia, Lithuania,

Luxembourg, Hungary, Portugal, Romania, Slovenia, and Slovakia.

41



Study on mafplpowsgy dat a

Fi gwBrDeata fl ows geography: Netatianfll owi ogt t loow!| mapg fa
datcentfres the 31 countries examined in the study

-86,751 58,494

The country with the hdlgdaeddt emdgte deatta icrefnltawve st d
Germany. rGetr mamt erpri secdadadi e6gewdanbpai tentres
was 58,494 TB/ month (0.67 EX/year). @Genremaonfy h a s
the top three cloud service providers.

Il reland has t hreetseemtnar i ighecddatnda ierdfgleo w att @ ictesn
(451 98B/ mont h, Ol. r5e3]1 abEnXd/ yteeas )a r el ati vely small

2020) agdnenh®%es595 TB/ month (0.12 EX/year) of e
cl oaardd edge data centres. However, it i s unique
t hteotphr ee c¢cl oud service providers with the | arge
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The Netherl ands hast tédet eéhprids é&dIdcdaeddt iendfgleo v att ca
centres in 2020 (45,504 TB/ month (0.52 EX/year)
centfroer’/o of the top three cloud service provide

The EU27 Member State witeinttereprliaséoabdd acalteo ut f
data centres inl talhhenr, 2008t rt iheoas gihge troa i ma vee oourd
data cenhrreadgadcentres. As a result, Inetlsyent er j
42, B3 montOleEX( Qedar ) .

Of the 31 countries examined | argest net enter |
UK. The UK has quite a | ot of dladwmd icdhdfrarsd e nitcrt e
one of the top pPhoeéedelrditd Woersvinome have main cl
for the second and third | argeshéechettdenseewvpcrces,|
out flow in the UK in (210 2BX/waear8)6., 751 TB/ mont h

As previouslFy gé8sploavisn dfhleo wsetof data flowing to

data c&ab2beesl.ow, shows the tot al i nfl ows of dat ¢
centres in the EU27 Members States, EFTA count
mentioned previously) do notudawvet alnyi cfl lowws i of
equal to zero for these countries.
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Tab?2énflow of data flowing to cloud and edge

in the study (TB/ month) from 2016 to 2021
[ 206 | 27 | 2018 | 2019 | 2020 | 2021 |
EU27 109,214 156,579 217,237 307,682 435,847 588,108
EFTA 4,059 5,789 7,860 11,082 15,506 20,883
UK 19,023 26,516 36,860 49,073 66,064 88,798
Total 132,296 188,885 261,957 367,837 517,417 697,789
Belgium 5,524 7,986 11,136 16,231 23,486 31,790
Bulgaria 0 0 0 0 0 0
Czechia 183 280 404 571 801 1,111
Denmark 623 888 1,214 1,674 2,302 3,126
Germany 35,943 51,997 72,720 105,202 151,968 180,747
Estonia 0 0 0 0 0 0
Ireland 16,234 22,629 31,153 41,779 56,576 75,730
Greece 0 0 0 0 0 0
Spain 1,167 1,671 2,207 3,072 4,269 5,707
France 14,248 20,553 28,535 39,586 55,001 75,152
Croatia 0 0 0 0 0 0
Italy 3,369 4,857 6,836 10,689 16,051 45,827
Cyprus 25 42 59 83 119 167
Latvia 0 0 0 0 0 0
Lithuania 0 0 0 0 0 0
Luxembourg 0 0 0 0 0 0
Hungary 0 0 0 0 0 0
Malta 17 25 38 54 77 110
Netherlands 21,654 31,242 43,643 61,609 86,963 117,891
Austria 1,014 1,547 2,170 3,229 4,701 6,495
Poland 362 550 756 1,176 1,774 2,386
Portugal 0 0 0 0 0 0
Romania 0 0 0 0 0 0
Slovenia 0 0 0 0 0 0
Slovakia 0 0 0 0 0 0
Finland 1,775 2,472 3,271 4,533 6,309 8,316
Sweden 7,077 9,840 13,096 18,193 25,448 33,5562
Iceland 45 63 87 119 163 218
Norway 1,551 2,187 2,893 4,011 5,567 7,388
Switzerland 2,464 3,539 4,880 6,952 9,776 13,278
United Kingdom 19,023 26,516 36,860 49,073 66,064 88,798
Unknown 48,932 69,861 96,888 136,049 191,373 258,086

2 . Batfa owd altyay p e

Data flows by type (personal and non-personal) were estimated using the way data was
generated (machine-generated vs user-generated) and stored as a proxy. It is important to
mention that mixed dataset can consist of both personal and non-personal data. Mixed
datasets represent the majority of datasets used in the data economy and are common
because of technological developments such as the Internet of Things (i.e.digitally
connecting objects), artificial intelligence and technologies enabling big data analytics.

This was done using findings from the literature review and online survey conducted for the
study (see Chapter 3 for more details).

The online survey was designed in order to complement the economic data flows findings
presented above, which predominantly use secondary sources as opposed to primarily
sources used for the survey. For example, in this study, the analysis found that 12,620
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TB/day of enterprise data was flowing to cloud servers. The survey found that on average
59 per cent of total data stored in cloud infrastructure is non-personal data (see Fi g @) e
If survey respondents were representative of all EU27 Member State enterprises, this could
suggest that 7,446 TB/day of enterprise data flowing to cloud servers is associated with
non-personal data in 2020.

As there were issues regarding the representativeness of the survey given that, findings
cannot be extrapolated in this report and only raw findings can be presented. The survey,
conducted over a sample of 174 respondents, show that 41 per cent of the total data
stored in cloud infrastructure is personal data and 59 per cent is non-personal data.

FigwreShare between pperpesoodmwitiaansd omerd in cloud
enterprises
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58.1

Personal Non-personal

Moreover, the survey findings shed light on the estimation of data generated by users.
According to survey respondents, of the 41 per cent of personal data (namely data relating
to identified or identifiable person), 11 per cent is generated by a user/individual.

Concerning non-personal data, namely any data other than personal, out of 59 per cent,
around 22 per cent is generated by a machine. Within machine-generated data, 19 per cent
is industrial data. Industrial data was defined in the survey as data used as a direct input
into the production process from a supply chain perspective. A full overview of survey
respondent is presented in annex 9.

2.0l oathd edgytea centre capaci

The majority of analysis undertaken in this study focuses on the amount of data flowing to
cloud and edge data centres from countries. Insights are also further disaggregated by
NACE sector and company size (employees). Chapter 4 takes a closer look at the
characteristics of cloud and edge data centres. It examines the location of main cloud and
edge data centres and provides estimates of cloud data capacity and the amount of
capacity utilised by enterprises buying cloud services used over the internet.
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Cl oud oompsuetrivi ces are relatively new. The firs
introduo®ddd8The industry has grown and changed
15 years. Significant early growth in huge hyperl
by sobderable growth, iwhiedize ecommet tmgpoy ed!| @ udne ©
serviceg uedunesing | atency closer to zero. Edge c
of cloud traffic that would previousl yeshave fl o

Sectli.g2rovided andefviemivéiecoonmdfodbmputing and the d
of main c¢cloud data centres and near and far ed

t hat growth in smal/l edge centres,trtehse adred etl o
utilisation of telecommuni cations companieso6 d
activities, makes defining edge centres and id

di fficult

Analysis in this study estimatesclkbedvohuamecehnt
from enterprises buying cloud computi Hgweseew, ce
some of this data flows to companies providing
in size and have a smal/l mar kfett smdhamar Kdtesfson h
countries i ncl Theadmki ent aannaal lyyssiiss) .suggests these s
a combined mar ket share of 27 per cent.

Thenal ysis presented in reveals that ten c¢cloud
approxliymart3e per cent in the countrilwowamanadgsed.

data centres for these ten pr ¢&vigdleOedsn ah g si been
therefore focuses on data flows to the 26 main
centres of the ten | eading cloud service provid:¢
in the 31 countries ®¥xamined in this study

The vol ume of cdatuad falnodwiendgget data centres from ¢
computing services used over the int&tnheatt f or
have 27 per cent of the mWhkE®e t bihsaash obaelegns easb |ien
to estiwmablteméhef data flowing to these ¢l oud se
t hleocati on odl| adahtdi redngaei ndat a c enthrass niog urhlenmewrr
beemossitilelsea i mate to where thhe mébobhaddaladagi cfallow

providesher details of these calcul ations.

Figde ovi des laoaunddsedgef oent hesten main cloud se
used when investigating fl ows Seoctdlomudd.dla tdae scce
how several sources for-chbtckednbyrmaht aot wear ehc

providers.

133 Gartner.2020. & our data centre may nod@ be dead but itds morphing
(https://www.gartner.com/en/documents/3990241/your-data-center-may-not-be-dead-but-it-s-morphing). Amazon
introduced its Osimple storage s@oogleiAgperindim08006 and Google relea
134 Section 4.1 provides an overview of the location of these centres. The ten cloud service providers examined have
market shares of more than 1 per cent. Most telecommunications companies (with the exception of Deutsche Telekom) in
Europe have a market share of less than 1 per cent across Europe and have therefore been excluded from analysis.

135 These are not part of the 73 per cent of the market for which the location of main and edge data centres is known.
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Fi gur@e Locations of atntdel gmaidmtal cawedtres i n, EBRTA Membe
and the UK
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6M6 indicates a main data centre. 6EO indicates and edgesdata centre.
Due to commerci al confidentiality, many c¢loud s
i nformation about the | ocati onanadn deddagtecar aget capa
Since this research is an epl cddagteacreyntirewe stni geé

EU, EFTA and the UK

I n the absence cdfoairddsieglges dabaufstorage capacity
provitchdrss study utilsbfeidnt &xambeotuito syd wrbad cl oud da
capacilthye met hod ol @ gbyeicitdi Apnrad yes i s celscdairdda teeddy e

data centre storage capacities in Europe. The
provided global <cloud stor&ge estimates for 201

Analysis showed that in EU27 Member States, <clo
EX in 2016. Business cloud data centre storage

TabBe Esti matlesadof edlggtea cent
EFTAnd the UK 2016 and 2021
edB

Cloadd

re sittoyr aigne Ecla2p7acMe mber St

Busi ness

dat a eddagt ea
storage St
2016 (EX)2021 capacity

( EX)

136 Cloud service provider web sites and TeleGeography (https://global-internet-map-2021.telegeography.com).
CloudScene (https://cloudscene.com/browse/on-ramps).
DataCentreKnowledge(https://www.datacenterknowledge.com/cloud/telegeography-maps-world-s-cloud-data-centers). In
addition, direct contact was made with cloud service providers to seek information.

137Ci sco. 2018. 6Cisco Global Cloud Index:=21Forecast and met hodol oc
(https://virtualization.network/Resources/Whitepapers/Ob75cf2e-0c53-4891-918e-b542a5d364c5_white-paper-c11-
738085.pdf).
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14.5 2.4 10. 2
6 8 11 47
535 90 374
I n 2016, it was estimated that 43 per cent of g
2021 it was ebkoli magedwflouwoul d have occurred at
States c¢cloud data centre stor aBesicmaeasidclyowasda
cetnre storage capacity wasl teswa smaesetdi niaot ebde t3hlart
cloud capacity was utili,dadtihrradashsceaghleat smetalhod

foremaaset proveéedeidonnd

It was possible to extrapolate Cisco estimates and provide forecasts for 2025 and 2030,

seeTab4. e

Tab#eEst i matced L aafd

EFTANd

Cloud and edge
data centre

storage capacity

edlgtea
t he

Cloud and edge
data centre
storage capacity

csetnd rr eeg e
UK i n

Business cloud
and edge data
centre storage

capacity in
2025

EU27 Menm

and 2030
Business cloud
and edge data
centre storage

2025 (EX) 2030 (EX) ?Sg)acny 2025 ?E)Q?Clty 2030
EU27 1,390 5,356 973 3,749
EFTA 172 31 120
1642 6326 1149 4478

Forecasts suggest that in 2025 EU27 cloud data centre storage capacity is forecast'® to
be 1,390 EX and business cloud and edge data centre storage capacity would be 973 EX
in 2025, this is 2.1 fold increase on business storage capacity in 2021. In 2030, EU27 cloud
data centre storage capacity increases to 5,356 EX and business cloud data centre storage
capacity is estimated to be 3,749 EX. This is 8.3 fold increase on business storage capacity

in 2021. Table 3 extrapolate forecasts for EFTA and the UK.

138 Using linear extrapolation methods. These are described in the methodological annex.
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33A methodol ogy for mapping d

Thiclsapter presents the methodol ogyThesmgmnkaddlog
alongside the overview of dachaptilsovad &kfeiyeseabkd

of theasstitdyprovides the modelling f riasnee whhatka d e\
flows to cloud and edgeThafsasdyudbhtasr deiem tdkis$
replicable in the futuref fdoat aupfdlat wa gmh dhret omap

enterprise daptua Idillcound ngnd edge .infrastructures

Fi gurlie Overview of ther meshomhat ogyg cloud based data f

Understanding the dimensions of data flows

Literature review Scoping interviews Workshop T1 and T2

Typology of data
flows

Report on data
D analysis

methodology and
Modelling Interviews Survey first inventory
Mapping data flows D .

First, the study team conducted a |iterature re
associated measur enuenndte rimentohikeo cha@| @ ait e s ovri ggavrsi sed a
expert workshop to discuss the existing differe

Di f fter@inmensi ons of data fl| ows tywerl & gegx plf o rdeadt at o
(for more denaeiDleddigekerg a typology )of Scatean an
d mensions were ilni tdiaalal yt yipdeesnt i2f)i etdechnol ogy e
actors wusing cloud services, 4) functional ar e
services, 6) serALras,t hi)r dj esotge pa,pnetgh emest hadgolt e g@yn
to measure data flows and coll ect pddatmarfyl awmd
di mensidemssTihe eddat a col |l ecti otnheprtbecaens e dat kbowbdse
seveni wumeafsur abl e dtc man(smragmesl y ndaorwno wihneg geogr apl
di mension in origin and,decf{teomlagdtoinndg | @mwlsy bd/a tca
nace seceaot ey p(rniasmee | syi znear r owi ng down the actors
enterprdesrgyiacmeesl ygfoousli aud service uandatsati on
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t yplehhe overvi ew dofs echataan gfl Ifadwideynenbosaes i s prese
Chapter 2.
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provide a comprehensive mapping of data fl ows
typo, oggsy Section 3.3 details.
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3.A methodology to examine ente

fl ows
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Second stage analysi s3.ils 3described in section

Standardi sati on provadds amdmesatgaatalmée nglumlber of
empl oyees, rather than enterprises, employed in

andn differesaingectoudhiserwités.then serve t

o

accurately the volume of data flowing from ent

across the EU27, UK and EFTA.

Eurostat provide enterprise$datFtorby xaimpeé ehanads E

in 2018:

T The 602,300 enterprises with 60 to 96 pers

(average si ze aplprédpx ipneartseolnys )14 per cent of
size use cl*ud services
1T 26,600 enter prdi9sobe sp ewistohn s6 leOmptlooyed 515, 100

en

el

size 19.4 persons); 36 per cent of enterpris

139 Eurostat indicator isoc_cicce_use. Data was extracted on 2 March 2021. The data provides sectoral and enterprise
size (employees) insights to enterprises buying cloud computing services used over the internet. Eurostat data is used for
the time period 2016 to 2020.

140 The average size of all enterprises in Belgium (7.2 employees) is provided only for illustrative purposes to enable
comparison in the bullet points below with the average size of enterprises in different size bands. The figure of 7.2
employees is not used in analysis.

141 This is also dependent on the intensity of the use of data.

142 Eurostat has data for EU 27MS, EFTA (excluding Liechtenstein) and UK.

143 Eurostat data for this indicator (0-9 employees) is sparse, thus this per cent has been calculated through thorough
estimations.
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T 4,100 enterprises with 650 to 24986 persons e
size 101.4 persons)sesS5ipethtenbanfl shtzerpse

1T 986 enterprises with o6émore than 25006 persor
(average size 1,051.6 persons); 79 per cent ¢
services.

Analysis enabl es thes sttoaoldegplt dt edt bgncptoakating

of employees who are employed in enterprises of

services used ovewxampéneiBretlegrinuem .anFaodlrysi s esti ma

there2wéBemil |l i omorekmmigoyendosapt rgpcieed computing

used over .the internet

The hird stage maombi aeal ySsiagge 2 insights (abo

empl oyees in enterprises that buys clowd servic

fi oedoadband traffic (exabytes (EX) per annum) t
traffic.

The investi gattriadnf icefntiemrtpesdetsh e hboeerpuniidesing

cl oud stehravti ctehnsey have bought anadndartehmasser hgkownegr
ot her acti.viTthiiess pomlviiddeetsalahsi ght sowWep eudemamlidoy
nool oud whiadhicagn then be used when estamating
fl owi ngaind eddgtead centres in Stage 4.

To continue our example, iimtBegitimc( g6L8empt bg
0.98 GB/day (29.8 GB/ month, and 357.6 GB/year).
million peopl ¢otHi §8dqudBf day (139,581 TB/ mont h,

Théourth stage(rodw adn)alwyseaes r eduwl tsst afgreo m waon aalnyds i
three to estimate data flows to cloud and edge

Anal ysis in stoagd hfeoiypmofpda dtsoetsal business traffi
that is exchaamgaddeddagieah celnaucds (among enterprise
Bel gi um, thishias edei mMmdteeWdoadd dada@ae tdata centr
ent er buiysemg clbiudgcoepwui ces usiedl2DVvEB/ ddye (N2 .,e9

TB/ mont h, and 155,409 TB/year) in 2018.

Mac+ evel analysis undertaken in Stage 4 esti mat
ent er Portios ecsh madi deddagtea centres in EWR2Y Menber T B/t dd
in 2018 (245,471 TB/ mont h, and 2.8 EX/year). T

countries and the UK is 11,785 TB/daw 838, 845
Enterprise dat anfdl ceddagiey ¢ ®ntcil @s diesa sfeo roevecears tt hti or t
fold: to 251,883 TB/day (7,669,835 TB/ month, an
in 2030 and 347,376 TB/day (10,577,600 TB/ month
countries and the UK. At the i ntaerfrheodMi antge tpoicnlt
dataand ecdegret res i s forecast to be 54,857 TB/ day
EX/ year) i n EU27 Me mber St ates and 75,527 TB/ d
EX/ year) for EU2 7, EFTA countries and the UK.

144 The description of the methodology below describes how an estimate of total internet traffic in Belgium can be used with
information about internet traffic flowing to households (70 per cent of all internet traffic) and enterprises (30 per cent) to
calculate average traffic flow per employee.

145The modelling in this paper is |l argely based on Eurostat o6ente
organisational unit producing goods or services which has a certain degree of autonomy in decision-making. An enterprise

can carry out mor e t han one economi c activity and it can
(https://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary:Enterprise) . The Eur ostat definition of

does not differentiate between the intermediate or ultimate country ownership of an enterprise.
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Theinal stage(rodw ah)al wtsiilsi ses i nformation about
cloud data centres and 73 tehdeg eo rdiagtian saenmrdv ed ess ttion
the 75,527 TB/ daglofuddadataldgwinn gaectsroovsisl It hfel cEW 2 7
Me mber Sheat K, ah.d HFEFrTAei ght of the main c¢cloud

near est cloud and edge data centres to each o
identi fied.ndTtleddagied ofuldows from each country were
enabl ed bowthghtdeati nati on tmelntoerrigpdrioasdf edher e

data flows that were identified in Stage 4 were

For exampl e, analysis esti mat ecs|l otamlalt eidrge2 @8 at
centres by Bellguwinngndleopdi semputing sersices u
12,950 TB4dmbat hl ows generated by Belgian enterp
flow out of Belguim into ot htta «eaemnutnrtandadd sy swist H oa
that the ftbwawmdd aedge daot a centres i nBeBledguwiinmm fr
andt her countries ebaywimgdclioudheomputdiyng ser vi
intewasetll, 130(TBf mowshof dat a)

More detailed descriptions of each stage of mac
sections of this chapter.

3.12St age One: Cloud use by enterpris

The first stage of the study examinedt Eup
buying cloud computi ng ndermrwiedleess goca&ld ofvred b
the geographical fl ows ofcl eaddr prdigssee ddad ta
enterprises buying cloud computtngaserkheéerce
at the start odr stthaen ds thuodw maonyunednc éopdi £ @
serviomeshe 31 countries Envespfi gaéxldnwd ad
servcoekd then be omitted from anal ysi s.

The characeeaetiesprcses fchounpiuntg nglwawd ail c®s i1
enabling the study to have a more granul ar
enter puiy$@g cl oud c obmp uat innugmbseerr voifc eesnt er pr |
i ncluded:

T Country (E&Rd, UEFTA
T Sector (NACE C to S);

T Enterprise size (60 to 96, 610 to 49606,
I n addition, Eurost at provided informatio
usedit erprises buying c¢cloud computing servi

Using stthoeg iltki Eurostat data from 2016 to 20:
provide forecasts abeanterpbeiskar dayenigsci c
used over uheilin2esdoet
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The starting point for the anabapdi eddgé eretndrrpersi
i s arhel ysis of E&%lons tpaatr tsitcautliasrt,i ¢sh.e st atistics
cloud computing s er vlincteesrTrheesseed sotyaetid vsitdhee sr ob u st
information,natobshattathiidses, about the “use of |
bet ween 2014 and 2018 by:

T Country (EU27, EFTA and UK);
T Sector (public aNACRrCvaBoeNppctors
T Enterprise size (inl®adndss2df tdl 419, 9® 5061 O
mored empl oyees) ;
Nature of closad 6kbowjcmeduti and high | evel)

he data is robust and iptnmvaldeuwd iumme dbyatenti enrsprg

the preceding variables. For exampl e:

T The small est | evelasc roofs sc ltohued EuUt2i7lii Meadlh&h St a
occurred in Bulgaria )1 per cent of enterpr

1 The highest | evel of c¢cloud utilisation occur

1T The | CT®Bastbhe hisghbhéstcl bedeltilisation (70

T Cloud use in EU27 Member States is highest (
6more than 2506 employees and |l owest (20 per
empl oyees

T EU27 growth in cloudisersviwas Uge 3bypeentcempg C
2016 tyo 2020

T I'n 2020 in EU27 Memntheenrt Sotfa tebnstyellrBpgrlicspeesud s er v
used over wkeei bugingt |l ow | evel services. :
|l evel services and 51.3 P?er Siemtew2O0OE6buléengr
of enterprises buying |l ow and medium | evels
buying higher abevekreaseidces h

Anal ysis of the Eurostat data provides a useful

and al so exbaapphéabirhgend® @srionvciede20i nsi ghts to

Fi gurehodws the forecasts inn bcgl oeundt es eprrviisceess uasd af
dataf or three geogrBpBvVvcalEFTAcatdatthei sUKof rob
Eurostat data concerning cloud adoption by ente
2016 to 2020) eniabédretsi tirecids t o be

146 Eurostat indicator isoc_cicce_use. Data was extracted on 3™ March2021. On 21 January 2021 Eurostat updated the
indicator; providing statistics for 2020, but not for 2019. Our team extrapolated estimates for 2019.

147The Eurostat definition i ssebdBuoyv ecrl otunde cionmpeurtnientgb.ser vi ces u
148 Low services include email and office software. Medium include file storage and database hosting (alongside those

included as low). High includes accounting applications, CRM, computing power (alongside those included as low and
medium). It will be reasonable to assume that higher level, more intense users, will exchange greater volumes of data.

149 Data in this bullet point list relate to Eurostat indicator isoc_cicce_use for enterprises. Analysis for this paper standardises
information within countries using low, medium and high levels of cloud services. The difference between comparing
performance for enterprises and the workforce employed in enterprises is explained later in section 4.4.

150 NACE sector J.

151 There is a paucity of Eurostat data for enterprises with fewer than ten employees. Data was only available for five
countries.

152 Low services include email and office software. Medium include file storage and database hosting (alongside those
included as low). High includes accounting applications, CRM, computing power (alongside those included as low and
medium). It will be reasonable to assume that higher level, more intense users, will exchange greater volumes of data.

153 Eurostat. 2020. All enterprises, without financial sector (10 persons employed or more) buying cloud computing services
used over the internet. Indicator isoc_cicce_use last updated 24 February 2020.
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The | atest Hu2rOo2shyaws dtalteat i n 2020, 36 per cent o
Member States were 6buying cloud™8et wieeas 2046d
and 2020, the average rate of t&rTohvet h1&(r SE@R)t was
CAGR figureoinsaugear | y thoa sixst rfarpoorh a2 6@ dar, fcoernetc a s t
of enterprises usirmgndl dg8dpeer cieneésiinn223D.

Similar methods were used to forecast gereowth in
l evels of c¢cloud utili saté4 nperhame EAIRRN fMeenth@ERTASt
countbreiteveen 201@&ad@d52@p22bsicmgntt.hi s CAGR figur e,
estimated that by 2025, 93 per cert ahdebyelplri

(thus 2030) all enterprises will be wusing cloud
The final country, t he UK, is in a similar situ
enterprises were using cloud services. Gr owt h

10. W&r cent, which is |l esssthb&si BEg27¥han€ABRTAI ga
been estimated that by 2025 75 per cent of ente
I be using c

2030 98 per cent of enterprises wil

Eurostatovréeeds peasonable basis for forecasts.
in extrapolating results. Te eshhnaopl eodg'fomiartvioept o wn o
(percentage) |l evels of adoption from early wuser !
perncteages then eisecraage.r TPhrercieant pgebablkyeabes c
stage of adoption¥®™fotncktbed fi nalamped €c wrfvet,hel a
adopters are generally smaller in numbers and n
of technologies is rarely reached since some pe
example, 2 per cent of EU27 hé&useholds do not h
Numerous forecasts for growth in sales (u/$) fr
numbecl oid data centres are available. These r1 ¢

revenue growth for t hg%8beutoftfheeyi ndgo cnl ootu dp rscewrivd ec es
tgr owthhnthmbefr enterprises using cloud services.

OQur team haabbelwyobfiend one report that offers
by enteThir$ spsovides a useful cross reference &
Eurostat CAGR figures for cloud growth descri be:
12 . 4 5c epnetr, UK 10.95 per cent CAGR). This foreca
cent CAGR 2016 to 2021 in the number of enterpr
is |l ower than past EU27 Member State and EFTA t
UK growt hasatesecast®d in this study.

154 This is the top level categorisation of cloud use utilised by Eurostat. More granular breakdowns by the characteristics in
the first set of four bullet points provided above.

155 When Eurostat data (or other statistics) are updated in the top down model, CAGR can be recalculated by recalibrating
the CAGR equation to adjust the value of an investment at the end of the period and the value at the beginning of that
period and changing the number of years between the two dates in the exponent of one divided by the number of years.

156 This differs from a linear curve which increases (or decreases) by a constant.

157 EU27, EFTA and UK.

158 European Commission Eurobarometer 335 eCommunications household survey
(https://ec.europa.eu/commfrontoffice/publicopinion/archives/ebs/ebs 335 sum_en.pdf)

159For exampl e | DC. 2019 httpst/\Bvide.coin/geadSc\sp2eontairedl=pruS45625619 The study
focuses on those already using cloud services.

160 Cisco global cloud index. 2018 (https://virtualization.network/Resources/Whitepapers/Ob75cf2e-0c53-4891-918e-
b542a5d364c5 white-paper-c11-738085.pdf).
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Fi gur8e Cl oud service utili aoi O3By enterprises 201

100%

—EU27 —EFTA —UK

90%

80%

70%

60%

50%

40%

Percentage of Enterprises

30%

20%

10%

0%
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Source: Eurostat data (i soc_cicce_use) forecasts use CAGR rates 2016 to 2020, made by the study team, documented in preceding
text

In 202019 Chaddan wrdpnmneécedeast ating i mpact on | |
society and economies function. Many economic
decisions about how to accommodyatGoeMIhde nmad Dnig\ee

term forecasts. Mc Ki nsey gmrmddiict sGDP rd&thwmrd s tion
terms of internet traffic, Tech4i 2 and others h:
per cent in some | oca®Bwtnswiftohil mwfiinge | we &ldo wanfs

eased, internet tr af fliocc kvdoolwnmelse vreeltsu.r ned t o pr e
A smal l number of articles have beléOn omu blIT sahnedd
cloud spending. A Gartner repogtbyugg2sper acde
enterprises evafuate | T spending

Ot her studies suggeat ianpsamal, | ,gieafgoorratlalryd bty olurdi rucg
and spending. For exampl e, from a small gl obal
Flexera state 31 per cent of responden%A sugges
survey by @arpab8tion discoverdld taspomlBde ptesr a

bringing forward their move to the cloud.

161Mc Ki nsey. 2020. O6CovidlOes@drmondad health and crisis
(https://www.mckinsey.com/~/media/McKinsey/Business%20Functions/Risk/Our%20Insights/COVID%2019%20Implicatio
ns%20for%20business/COVID%2019%20July%2023/COVID-19-Facts-and-Insights-July-23-vF.pdf)

162Techd4i 2. 2020. 6 Q oewr i ndeltftpsiAmpdéechdli2.com). i n

163Gartner . 2020. OForecast: Enterprise | T Sp2@ddnglBpgoVvVepdatab

(https://www.gartner.com/en/documents/3984513/forecast-enterprise-it-spending-by-vertical-industry-mar)
164Shah, S 2020. O6Why c| o Rdcontesr (https:f/wevw.radonteul.nettethaotogykeloud-budiness-

2020/benefits-cloud-computing-covid). Mar ket s and Mar ket s. 2020. 6Covidl19 impact o

(https://www.prnewswire.com/news-releases/covid-19-impact-on-cloud-computing-market--exclusive-report-by-

marketsandmarkets-301047436.html) Fl exera. 2020. OFI| e x er httpsS/infa.flegeragdm/S03-oud Report

CM-REPORT-State-of-the-Cloud-2020)
165 https://datacentrereview.com/content-library/opinion/1738-covid-19-s-impact-on-cloud-adoption
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I f these increases are indeed taking place, the
spending. Synergy ResearcthonGrco wpdnotnd rialsatr uQR2 u
passed tihlel i$8r0 MWiwli @adhamge in the percentage gro
Q2 2019 andf3@2 p20x20 ent fr e 2cOhlaBn gteo Q2 2019 was
cent Synetrilggtcriedpdgre®Qd 2017 to Q2 2018 was 52 pe

The c¢cloud maeketocgnboivh but revenueabfnogrumals do
increase in cloud serwli9.e purchase due to Covid

I't is possi-bd9 emitdhatt @ieemdndab cschsotr tt o cwiotuhd ssoemrev i C
enterprises bringing forwahdrexkxpentdaverecwhrchoec
overall, for model |l ing purposes in this study,
suggested that the d% atus quo is maintained

The figupeobielesy an overview of the proportion
services in business and ghkl il  €CTsesetcoosf o(tfY RNAC
EU27 Member St at es, EFTA haesunftarri ebsi gahnedr tlheev el s
utilisation than thé36é6verageentforintRle2B8Yy, EFTA
UK(53 per cent) .

Figurde Cl oud service adoption by enterprises in diff
in 2020

NtosAllpublicsves [ ss

| Accomm & Food ‘36

H Transportation 29

G Wholesale & Retail |34
F Construction 23
E Water Supply 30
D Electricity & Gas 40

C Manufacturing 36

o

10 20 30 40 50 60 70
Percentage of enterprises

Source: Eurostat data (i soc_cicce_use)

Manufacturing has a | ow | evel ofcoarpaud esse rav inouec t
| arger proporttham pLdepeerpensemore manufacturi
I CT enter Amineeas )3 provides estimates for cloud s
NACE sectors2Cl16o0 Wi fhofmorecasts to 2030.

Figure 14 shows historic data from Eurostat between 2016 and 2020, and extrapolated
forecasts to 2030 for cloud service adoption by enterprises of different sizes (employees)
in EU27 Member States, EFTA and UK.

166 Synergy Research Group. 2020. O6Quarterly Cloud Spending Bl ows F
(https://www.srgresearch.com/articles/quarterly-cloud-spending-blows-past-30b-incremental-growth-continues-rise)
167 Excluding any short-term boost that may have arisen due to COVID-19 from this study.
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In Figure 15, data relating to EU27 Member States is presented in blue. The light-coloured

line is for enterprises wi,t3fpeoczr of these BU26 e mp | o)
enterprises were buying cloud services used over the internet. The blue shading darkens

as enterprise sizes become larger. For example, in 2020, 46 per cent of enterprises with

6050 t emplayéex were buying cloud services. Finally, the dark blue line shows that in

2020, 66 per cent of the largest enterprises with over 250 employees were buying cloud

services used over the internet.

I n 2030 it is expected that 65 per cent of EU27
will buy cloud services used over the internet. This is almost twice the number in
2020.

Cloud service wuse for medi um si zed entserprises:c
expected to reach 83 per cent in 2030, 1.8 times greater than the 2020 figure.

Among the |l argest EU27 enterprises, those with
is expected to almost reach saturation point at 97 per cent in 2030.

Initially higher levels of cloud services use can be seen in EFTA countries. All lines for

these countries are shaded green. I n enterprise
EFTA countries, cloud adoption was 63 per cent in 2020. In 2025, cloud adoption is above

90 per cent for all enterprise sizes. Accordingly, for all sizes of EFTA enterprises, cloud

adoption is expected to exceed 98 per cent in 2030.

Similar growth levels can be seen for the UK; UK lines are shaded brown. In UK enterprises
with 10 to 49 employees, cloud adoption was 50 per cent in 2020, 72 per cent in 2025 and
95 per cent was predicted for 2030.

Fi gurs5e Cl oud service adoption by enterprises of diff

100

90
80
70
60
50

40

—EU27 10 to 49 EFTA10to 49 UK 10 to 49
—EU27 50 to 249 —EFTA 50 to 249 —UK 50 to 249

30

Percentage of enterprises

20 —EU27 Over 250 —EFTA over 250 —UK Over 250

10

0
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Source: Eurostat data (i soc_cicce_use) and study team extrapolation168

Annex 3 persa v imbease s f or cloud service adoption
(employee) sizes from 2016, with forecasts to 2

168 Linear extrapolation was undertaken to forecast values of different sizes of enterprise to 2030. Some of these
extrapolations led to the creation of values greater than 100 per cent. Clearly this is unrealistic as percentage values can
never be more than 100. To adjust these errors, data from s-shaped adoption curves was utilised. The data represents the
flatter parts of the s-shaped curve at the start and end of technology adoption. The s-shaped method ensured that values
were never greater than 100 per cent.
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This section has deslcayv dledarmsdlaygsei © nteo marcvesti gat
use by &ent esrexrtioges coenttryypEamadssat vidata i s use:(
information about the char ac-theortihs tpircisv adfe emtde rpf
t hat are buying cloud services used over the in
are disaggr egasteecd obry acnodu retnrtye,r pri se si ze (wor kfc
The annual increase (CAGR 17.3 per cent) in ent
f orecast cl oud useln nEQD2 4 Meamlde r2 038t0at e s, t he

enterprises using cloudrbom 2dreeastcend incrOdSc
cent i.n 2030

Concl usi on

This section has introduced the first stage of

fl owi ngamnad ecdegnetdres. At the heart of the anal ysi
enterprises buying c¢cloud computing services us
insights by country, sector, and enterprise si z:¢
countsrtivedsi ed from 2014 to 2020 to extrapol ate ¢
computing services usedEoverptheei nherghtstar @
but as the next section highlights, enterprises:c
millioml e¢g.e Standardi sation methods are therefor
t hmumbef people employed in enterprises buying

3.1.3St age Two: Cloud use by enterpris

Eurostat data and stedyeepti masedbuyyong080
used ovVeart erimeeetrt aken in stage one provide«
However, a problem witheebheeppissee stati al
empl oyee to many thousands of employees

I f there are two eptegpuB®das olveyand ecih eu b
empl oyee and the other had 10, 000 empl oye:
have much higher | evels of data fl owing t
with one empl oyee.

To addr esbsl eeninyi sanpdr obetter understand the v
di fferent si zes, it was necesstaor ye sttoi nuastee
of employees in enterprises buyi nAnall ysids
providteidmet es by country and NACE sectors.

The pr ecedipargo vaindael dy sa sr o b Vol anass

of enterprises buying cl ed over
the i ntebBmtegdr pri se data i second
stage of anal yaicent(sée a ‘s — T
undertake a standardisati 2 ["™9momnns e € ST 1 mat
data for this. PO Y <
Secti2onbriefly introduce |, = cceme B dr
standardisation by wusing Lo« ics to
that enterprises can ranc one emp

t o many t hoofus &@mgegd oyide s. )
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probl ematical for this study which has the goal
data sereatserpromes buying cloud services used

I f there are two eseewVvpcCciseseskidyteenrgnreothdutdad one

empl oyee and the other had 10,000 employees one

have much higher | evels of data flowing to clou

with one employee. Al'fit owbelrdtihé ngsadenalgl e qua

the enterprises with 10,000 employees might hav
0

flowing t cloud and edge data servers than tt
di fference highlights ththeneruwmbteor konfo wp emoopriee aw
enterprisesspPuyicgsclused .oveThitsheprionbileenrmedan be
by using standardisation met hods. Standardi sat
more detailed overviewho&dddihtei anmealhoad mmglyes wii s
met hodol ogi cal Annex.

3131 The need for standardi sati on

This problem in estimating data fl ewsetpricdeosaud
buying cloud serviceariuses bheoecausdeEumaeetratetpr o
t he number of ent esreprrviisceess buusyeidn go vceEa utdhset aitn t deor ense
provide information about the number of peopl e
services used .over the internet

Knowing the number of eateirpes$ sesetdbugea@agotheauidn
great deal of help in estimating data fl ows. T
per enterprise nor are there f i guor ecsl ofuodr aanvde readg
data servers Axirivaentsenropmni sien. t h g( aenx aemmptl eer parbi osvee ¢
havoene or thousands of employees) enteapdi ses a
activities (tNhAQE asveecrtaogres )v al wed cwd ualtde baen dh acrodu | tdo

spurious results if applied?o a random select.i
The next stage of this study uses an innovative
per employee. The final st age iumetse ftuhrd hperro g srn
of internet traffic per employee that flows to

wor kiemgt empri ses buying cloud services used ove
I n the next two stages it i s importlintg tion kno
enterprises buying cl oud sseor vtihcaets cuaslecdu |oavte ro ntsh
internet traffic per employee (stage 3) and ave
cloud and edge data servers (bBtagtudy. can be ap
Once again Belpriauwin des ameadx dampl e of how the stan
applied. Stage one analysis presented Eurostat
enterprises in Belgium employed 4.795 million p
Eurosttaat adass o red@®aped ¢tbat of enterprises in

computing services .used over the internet

169A comparison with o6al |l twhédntergrises @rpe withlorie employeé the other with 40,080

employees) in the same sector, in the same country or region and at the same time. It is these parameters country,
sector and year that are used in the standardisation process.

170 The nearer one got to the population of enterprises in a country, the more reliable estimates using average values
would become.
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Eu
Be

simple method of standardisati on ewotuel rdp rbies etso
Bel gium bought cl oud eomgthtei nigntseoraowitdc ensot u sk
reasonable to assume that 40 per cent of emp
terpriscedlsoubduyciomgputi ng servicesThsesedwowued Eiea :
918,000 people empl ogé&ud icro mgpruttd rmpr isseea svilcweysi ng

ternet

e figure of 1,918,000 employees is useful ove
d made more robust.

rostat provide stati setnitcesr pfrwoysiensgped peompuat Bge
rvi ees oivetrer net for four di fferent sizes (emj
curacy can be achieved if the preceding metho
terprise. Once again Belgium is used as an e
rostat provialebynsiezerhasredd aftfoar eenpzidapBeed,sn i n

l gi um:

Enterprisédr twthHhd per solrhsee e @@IRq BOM: entner pri se
Bel gi umOwit bh 96 per.sonlsn etnoptl aoly. ebdd e peimelhipdyeeye s

Eurostat dataefadtpp2@i8 mately 14 per csemte of e
band use c|¥%uAnasleyrsviisceusses t he previous assump

the workforce are |likely tocbeudmpbmpeti hg eert
used overrmnmlkeeThins wo u2l2d5 , gagebeptl e teampl oyed i n en
buyichg@gud computing services used over the inte
Enterpri 8@ sd%di tphrer sons Tehmepl @ged 00 enterprises =
to 49 perisod3ss ,ednippll coyy melBgi um in 2018. Eur ost

t

0
haé per cent of wenbtaenudeei sesudisehigsterzerevi c
pti

assum on that 36 per cent of the workforce
buyichg@gud computing seirvti ercsclths ad wo wBe0d , Blfedat e |
people employed i rleontdercmmipsid $ nlgu siemgy i ces used
Enterpri s@&s t2gi® hper sons dmpéodedd8At er prni ses
Bel giudmO we®8& persons dmmladyahey3 eémpPployyees
Eurostat data forpeONl@8entevefal sstt hepdiSdésee ¢ houdt
serviAneasl.ysi s uses the previous assumption tha
l' i kely to be empl oyeal ociund ecnotnepruptriinsge ss ebruvyi c e s
i nternelthi s would 70 ,egqBubaptiee teomp | oyed i ncleonutder pr i :
computing services .used over the internet

Enter pri $heosr ewitthhapne rs5Mé e niphlreey ead :ee rtt, dlO®r i ses
wi tohe 62 9®r s onisnlge B! osympll iogrme 8el gi um in 2018.
esti mat epetrhatent9 of ent drapudd es ecsl d ind Wshé rsg isti &z ee.
previous assumption that 79 per cent of t he
eretr pri sesl budi ogmputing servicesThsedwouvued e

t
t

6, 326pesd@PWl e employed i mleonutdecpmipues nlgupiemgyg i ce
he internet

171 Eurostat has data for EU 27MS, EFTA (excluding Liechtenstein) and UK

172 Eurostat data for this indicator (0-9 employees) is sparse, thus this per cent has been calculated through thorough
estimations.
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The above approach is more refinetl ahahyshes whe)
estimated 1,918,000 peopl e ecnhpoluody eado mpnute mtge rsperr
used over .the internet

When one totals the four estimates (for company
2,222,460 people emplmgéduidncempetpnigssesserbugies
nternemlthi s estimate is 304,460 (13.6 per <cent)
nal ysi s.

[

a

The methodol ogical annex describes why a more d
size bands, pmdvudesl bgthegher estimates of peo
buyichgud computing servité@danudbeodadvbasthle niant em
The main underlying reason is because in most e
enter grdi, 9D ; 0.6 per cent of alll enterprises ir
empl oyees, which are bighdadompetsngf sbuyi ogs
i nte(rmtper cent in Belgium), employ a relative
per cent) .

The annex also highlights how the approach was
above analysis for each of the NACE sectors stu
in each country studies for evey yEuwreoasrt aftor( 2nwhli 6
2020) or for forecasts of future trends from 2¢(
30,000 computations.

T
e

his more detailed analysis derived an esti mat e
mpl oyed in encéomunpsid s nlguwiemg i ces used over th

3132 Standardi satWornk fofrceha n enudteirgpirseses

cl oud serB/ld2c7e sMeirmber St ates, EFTA cour

UK
Research has replicated the preceding Belgian m;
data 2@ror2@&l 1l 31 countrie¥®Daxamabhedt i hhéhpestal
enterprises utilising | ow, medium, and high cl o
groups of enterprises was calcul ated per year f ¢
and the UK using the wasl 8t HEaurr otsrtaants fdaart me d Tthd spr ¢
the number of people in each of those groups th
cloud services.
The Fbguo#ww provides details of the number of pe
cl oud swesrevd coevser H*herieaehnet the 31 countries e
The highest number of people employed in these
the UK. These workers represent 53 per Bent of

[

K
Gag many has a | arger workforceOtien,t Ger EKEny 40a
small er number of people working in enterprise:

173 The 31 countries include EU27 Member States, three EFTA countries (Iceland, Norway and Switzerland) and the UK.
Liechtenstein is a very small EFTA country but due to an absence of Eurostat data for many of the statistics utilised in this
study it is not included in analysis.

174 The figure includes all enterprises using low, medium and high cloud services.
175 Eurostat indicator LFSI_EMP_A (https://ec.europa.eu/eurostat/databrowser/view/Ifsi emp_a/default/table?lang=en)
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overall proportion of enterprises conmegct3e8d t o
per cent of employees are in enterprises buying
Fi gurée The number of people employed in enterprises

the internet My country in 20
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Tabl pr ®é&viaddurt her breakdown of people employed
country, that buy cloud $%rvices used over the

I n total, in EU27, EFTA countries, and the UK,
to S there are 63. 4nhgmiilnl iennt epeaplse swdrhlait buy
used over tW&@hiateepeesents 27.5 per €231t of ¢t}
mi | i-fomr the 31 countries examined in this stud

176 The Eurostat isoc_cicce_use data set does not provide data for Agriculture (NACE A) and Mining (B). Eurostat enterprise
and cloud data had several missing cells for sectors and countries. Eurostat does not provide data for Liechtenstein
(population 38,000) - an EFTA country. Valuesi n mi ssing cells were extrapalatted offr adrheap|
same country where appropriate. Data is not provided for Finance and Insurance Services (K). ICT (J) connectivity levels
are used to extrapolate connectivity levels for Finance. The only public sector NACE sector is administrative and support
services (N). This level was therefore extrapolated to NACE public sectors P to S.

177 The figure includes all enterprises using low, medium and high cloud services.

178 Eurostat Ibid. Indicator LFSI_EMP_A (https://ec.europa.eu/eurostat/databrowser/view/Ifsi emp_a/default/table?
lang=en
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Tab6Ehe number eomplpeyed ei n
cloud services used @wWer
All NACE NACE Sectors NACE Sectors
Sectors (Cto §) (Cto M) (NtoS)
EU27 Member States 44% 41% 50%
EFTA 70% 69% 72%
UK 58% 55% 61%
Total 47% 449% 52%
Belgium 61% 54% 71%
Bulgaria 21% 19% 26%
Czechia 35% 33% 40%
Denmark 69% 68% 71%
Germany 45% 44% 48%
Estonia 53% 51% 57%
Ireland 55% 51% 62%
Greece 19% 16% 25%
Spain 37% 31% 48%
France 44% 41% 49%
Croatia 43% 42% 46%
Italy 53% 49% 64%
Cyprus 34% 33% 35%
Latvia 24% 24% 24%
Lithuania 38% 36% 44%
Luxembourg 43% 39% 50%
Hungary 34% 32% 36%
Malta 54% 50% 60%
Netherlands 58% 51% 68%
Austria 46% 43% 50%
Poland 34% 32% 41%
Portugal 37% 34% 42%
Romania 21% 20% 24%
Slovenia 43% 41% 48%
Slovakia 27% 28% 26%
Finland 75% 72% 81%
Sweden 76% 73% 80%
Iceland 65% 64% 67%
Norway 68% 65% 72%
Switzerland 71% 71% 72%
United Kingdom ‘ 58% ‘ 55% ‘ 61% |
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Tabl:e The number of pemprmilwandeaplpoyescksi my sector and
buy c¢cloud services usedO2vWeACE hsee citnotresr nCe t o M
€ Manufacturing P Elaté:citv &) EWater Supply  F Construction c WI';:I:TIe & H Transportation | Accomm & Food
EU27 States 49% 54% 52% 31% 39% 47% 32% 46% 29% 31%
EFTA 76% 81% 68% 61% 69% 71% 66% 70% 59% 64%
UK 60% 70% 63% 42% 60% 63% 55% 53% 49% 48%
Total 52% S7% 52% 36% 23% 50% 39% a7% 33% 34%
Belgium 68% 83% 58% 42% 50% 66% 36% 55% 49% 38%
Bulgaria 24% 34% 31% 17% 14% 22% 15% 23% 13% 12%
Czechia 40% 42% 38% 21% 29% 39% 23% 35% 17% 21%
Denmark 75% 67% 70% 58% 69% 74% 62% 67% 56% 63%
Germany 51% 48% 48% 33% 43% 48% 35% 47% 31% 37%
Estonia 61% 66% 59% 40% 51% 53% 51% 52% 51% 33%
Ireland 52% 52% 53% 35% 53% 52% 51% 59% 39% 45%
Greece 21% 30% 23% 11% 15% 19% 14% 15% 16% 11%
Spain 39% 46% 52% 20% 29% 34% 24% 43% 11% 24%
France 50% 61% 55% 30% 39% 52% 29% 48% 33% 29%
Croatia 48% 8% 51% 34% 43% 8% 34% 22% 28% 25%
Italy 58% 70% 67% 37% 43% 62% 40% 57% 26% 34%
Cyprus 36% 63% 34% 26% 32% 40% 39% 42% 25% 27%
Latvia 27% 35% 31% 20% 23% 30% 23% 26% 16% 13%
Lithuania 44% 44% 43% 31% 33% 41% 31% 35% 16% 20%
Luxembourg 41% 39% 40% 35% 38% 45% 35% 41% 21% 39%
Hungary 43% 53% 47% 19% 25% 41% 23% 30% 18% 18%
Malta 49% 19% 29% 8% 50% 57% 51% 54% 37% 3%
Netherlands 59% 56% 66% 43% 54% 62% 42% 52% 44% 41%
Austria 54% 44% 47% 39% 44% 48% 32% 42% 42% 29%
Poland 41% 54% 39% 20% 28% 34% 22% 33% 21% 19%
Portugal 38% 43% 49% 28% 31% 41% 28% 41% 32% 26%
Romania 25% 32% 27% 15% 16% 21% 15% 23% 12% 14%
Slovenia 51% 54% 50% 29% 41% 42% 31% 35% 25% 22%
Slovakia 35% 2% 39% 15% 23% 31% 24% 28% 24% 17%
Finland 82% 82% 73% 64% 72% 71% 67% 7% 54% 62%
Sweden 82% 84% 81% 65% 73% 76% 69% 76% 65% 65%
Iceland 74% 82% 74% 48% 68% 77% 65% 65% 33% 49%
Norway 74% 77% 70% 57% 67% 68% 63% 70% 40% 57%
Switzerland 76% 83% 67% 64% 70% 73% 67% 70% 68% 68%
United Kingdom 60% 70% 63% [ 42% [ 60% 63% 55% [ 53% [ 49% 48% |

(Predominantly private sector)
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Tab8e The

number

of

p epoupbl leindeenpp roiyeas i my

sector

and c

buy c¢cloud services used®O0oVvNACE hsee citnotresr n\Ne tt oi
EU27 Member States 50% 50% 50% 50% 50%
EFTA 72% 72% 72% 72% 72%
UK 61% 61% 61% 61% 61%
Total 52% 52% 52% 52% 52%
Belgium 71% 71% 71% 71% 71%
Bulgaria 26% 26% 26% 26% 26%
Czechia 40% 40% 40% 40% 40%
Denmark 71% 71% 71% 71% 71%
Germany 48% 48% 48% 48% 48%
Estonia 57% 57% 57% 57% 57%
Ireland 62% 62% 62% 62% 62%
Greece 25% 25% 25% 25% 25%
Spain 48% 48% 48% 48% 48%
France 49% 49% 49% 49% 49%
Croatia 46% 46% 46% 46% 46%
Italy 64% 64% 64% 64% 64%
Cyprus 35% 35% 35% 35% 35%
Latvia 24% 24% 24% 24% 24%
Lithuania 44% 44% 44% 44% 44%
Luxembourg 50% 50% 50% 50% 50%
Hungary 36% 36% 36% 36% 36%
Malta 60% 60% 60% 60% 60%
Netherlands 68% 68% 68% 68% 68%
Austria 50% 50% 50% 50% 50%
Poland 41% 41% 41% 41% 41%
Portugal 42% 42% 42% 42% 42%
Romania 24% 24% 24% 24% 24%
Slovenia 48% 48% 48% 48% 48%
Slovakia 26% 26% 26% 26% 26%
Finland 81% 81% 81% 81% 81%
Sweden 80% 80% 80% 80% 80%
Iceland 67% 67% 67% 67% 67%
Norway 72% 72% 72% 72% 72%
Switzerland 72% 72% 72% 72% 72%
United Kingdom 61% | 61% | 61% | 61% | 61% |

(Predominantly public sector)

Conclusion
This section introduced the standardisation
in enterprises buying cloud services used o
enterprise and workforce sizes was wusedtbo
indicate how size contribution in terms of

67

nS 20

pro
ver

hi

en



Study on mafplpowsgy dat a

contribution tBeltghieu mwowaksf oused t o provide a si
approach.

It was highlighted that a more grtamal @amalayppir o at
create tablesAnalybdis wastfonther enhanced by u
met hodol ogy to undertake analysis for each of t
enterprise size band in eatbrcwhhnthydatadivas Do
Eurostat (2016 to 2020) or for forecasts of fut

Further details of the rational3®, 000 tctlhewpappt oa
wer e undertaken using t he st almel a rfdoiusnadt i D n ma
Met hodol ogi cal Annex.

3.14St age Three: Data flow per empl oy

The third stage of the study focused on in
statistics from 2016 to 2020 wer8lusedntoi:
i nvestigat edAnian ytsheed sltTudyand Ci sco i nternet
i nternatnttir af2f0i3d .

The focus ofentthirprdtsiedycditGaundd| e WwigegrdtnmeaLi s c
statistics were used to find they pemntcerngraigs

Esti mates of the enterprise internet traff
the basis for analysis to estimate average
empl oyee.

3141 Data use by employees

This third stage of ana|Yereeny: TU, Ci s
TeGeography statistics tot al
internet traffic for ent ' nabl es
traffic flow per empl oy : ated. T
information acegdiirmdamnal

estimating enterpriesredda ST i~ ahhiii oud

d at a centres | n St a g e 4 3 Total business data flow Pmp‘l;r fon of business.

Our research team coul d ‘ ) tion on
average i ntpeerrneetmptimoayBetiét. ¢ |[: = RS
Therefore, our starting pc+ v o+ o+ wmating thi
was to examine an#faald theermnet useaftfhic i nfor mat
average volume wgedeteernperti stersaf f i c

Using Belgium as an example helps to show the ¢
research. t akdrst raere heg ovi ded bel ow and in the me

Stage one analysis presented Eurogdgthat Beadtgd ab h.
workforce was4.comprmisleldi oAnpleypie® described | at
estimates Slatgearetrat gdi i nternet traffic in B

179 EU27 Member States, EFTA countries and the UK.

1801 TU desafrfiibe foltows 6 as 6 t-broadbdnd subsgileers eneaaured at thdeyd useir acaeshs point
by adding upload and downl oad trafficéo. Data coverage became mo
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(exabytes). Dividing 4t T®5s)mziérdtod nBdleg iwaom kif otr € n
flow in 2018 (1.6 EX per annum) provides an ave
GB peroyem.l These workforce averages are used

proportion of average empl oylecardda tead gteh adta tias cfelna
ienterprises buying cloud services used over th

A handful of stmdies ofoalideimsérnet traffic in
include International Tel ecommunication Union (
Tel eGeography for annual internet traffic in Eu
I nternational Tel ecolmmeuniTcat ioon gumiadn:y t he | nt e
Uni on, i sed sgpercywl of the United Nations that i
on information and communi catiirofnortneacthinoon oigs ec ol
from natlenammunication/ I CT ministries and regu
therefore be a robust and reliable source of da

The I TU provides data for fixed broadband traffi
statheag tt he data rel ates tho otarddbfafnidc sgdmsermratbed sby
at the end us®Thacgyeas pPOLABtis the | atest year f

i kewi s e, this is also the | atest yaai oholi s wh
availabl e.

|l TU statespirovyided for 14 of the EUZ7 Ak mblea S
next section describes, | TUr sttapattoet des f weereaei:t
tot al i ntfeorrn etth et r3alf fdoauy,t rfaeced danblt@éhs ss st luel dat a
to provide forecagdamsedfatred nifEhearcegenopwitideate for
EU27 Member States where information was avail a

per cent®¥( CAGR)

Two studies provide complementary insights to i
poinuedtdat neither study provides a source or
studies ar e:

Ci s:cCd s'esti mates EU270fi n220 nEX7&rQp08i T8/ day,
and 23,593,000 T®BTmewt hprena2018AGR of 22 per
Nosouricse provided for these estimates. | f t he
mai ntained, study team analysis estimates that

1811 TU met adata further stated tHhewndlowma itg arhda cwr.e dNobd ad chiemg meg aar
provided. Data coverage became more extensive in 2016. Metadata is provided by ITU.

182 Belgium, Bulgaria, Croatia, Czechia, Denmark, Germany, Greece, Hungary, Ireland, Italy, Portugal, Romania, Slovakia
and Spain.

183 Intuitively this figure seems high, but this could be because of considerable growth in the use of video applications
(Netflix, Amazon Prime, YouTube, Hulu, Peacock, Disney etc.) which have very high bandwidth requirements. Growth in
audio streaming applications (Spotify, Apple Music, Amazon Music, Deezer, Tidal etc.) could also be a contributory factor.

184 6Cisco visual net working index: Forecast s and t
(https://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/white-paper-c11-

741490.html) and Cisco slides (particularly slide 8) can be found at (https://www.cisco.com/c/dam/m/en_us/network-
intelligence/service-provider/digital-transformation/knowledge-network-webinars/pdfs/1213-business-services-ckn.pdf)

185Ci sco forecast internet traffic in 6Western Europe of 49.9 EX
Study team analysis O6r ever s e ddcaltulate 27CEX@ Rearens201B foraMeserndtirope. nt a f | ows
effect this was reverse extrapolation, extrapolating the CAGR rate to a previous year (2018). This then enables comparison
with 2018 data provided by the ITU and TeleGeography. Page 3 of Cisco Visual networking Index (2017 to 2022) document
states that 6By 2022, We will!l have 380 million Internet users (&
popul ation) in 2017606. This equates t o milont The BUR7 pdpelatibnesizenis Eur ope po
444 million. A discrepancy exists but for ease of comparison Western Europe is assumed to mean EU27.
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a year in 2030 (8,450,000 TB/ day, and 256, 7 2¢
provide &0 hoswi g¢ghey forecast growth of 22 per

Tel e Ge o g Ted pehGre:o ¢ easpthiymat es EU270fi n2@7n&t EXrahf

t heir 2018 internathd mmpt hddel csghyuscesti mate i
provikKerdecasts of fut urpe ogvriadvetdh dalrhee araspo an sto |
estimates of internet traffic in Asia for 201¢
Latin America (45.6 EX).
Together, the three sources provide relatively
I TU 225 EXi sacoye2anrqQ KX and Tel BlfGe odirfafpdiiye RbBe& IEeXt.
the estimates is appfoxcenatbbyl| Z0 peti mames ar

C ounltewel dat a, rat her than woGiwsdders tainntda t Teesl ,e Gteloe
study team mateses|l Tresuither anal ysi s®wnlkhis s

enable different estimates for European iimsterne
interesting that both the I TU study and Cisco ¢
pecent per annum. Since there is agreement bet
per cent) is used in the analysis in the remain

growth from 2020 to 2030.

Tender Specifications ftitphue agdteudyyhaits tdhteo oprj ewit
analysis of enterpriasned deddbgbea f t ewi ngs t wi thiomdand
Member States and¥®TEHFeTAstcodyntirs ealbso required to
data fl owiaanngd teddagcech o e nt n private and public se:
and N to S, respectivel y). |t was therefore ir
estimates for the progpoetiatcedcecth pirntsersndti nt NAFCIE]
compared to t heotphreorp osrptuieodne sfirnoaimt | y househol ds.

The first stieptémnge nemafefeiltgb priasastyes si mat e
internet traf f(iic. & rhoonusad H o lsd uancde se.nlthd rsp rainsad yisri tse
is described bel ow

As noted above, the | TU provides .dihhngavdaast mf or ma
available for 14 of the EU27 Member States an
extrapmleathioads weretandeaeltcakaeme internetiesraffi
where | TU data walshenomul d&v @il leabrleegr essi on analy
|l earning methods to estimate internet traffic
provided information are described in the metho
Thmet hodol ogi cal annex also describes how Cisco

used to forecast g¥owtmhia anaky s30s5 eEXdiyheaatre so ft
i nternet traffic is flowing, isheadgs®U@ 7 Member St at

Predictions by the study team estimate there wi

i n EU27 Me mber St ates i n 2025, I n 2030, f or ece
EX/ year of totdlhei ianét egmooukircadedaifan overview of
traffic foréctas?2630rbmr20he 31 countries includ

internet traffic forecasts witlelr pirnclesde traffic

186Tel eGeography 2018. 0 G lhtpd/@lbbalinternet-map-2G18.tefemengrablly tdnd. (

187 Sensitivity analysis in the model developed for the study enables alternative values for many components to be changed
from default values to examine the effect of different assumptions on the outcomes and impacts investigated.

188 Tender Specifications page 11.
1896 Ci sco visual networking index.: Forecasts and trends 2017 to 2«
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Tab9d nternet traffic (EX/year) 6itm RO&8031 countr

[P 2016 | 2017 | 2018 | 2019 | 2020 | 2025 | 2030
EU27 138 168 205 250 305 825 2,229
EFTA 8 10 12 14 18 48 128

UK 30 36 44 54 66 178 481

Total 176 214 261 318 389 1,050 2,838
Belgium 4.5 55 6.7 8.1 9.9 26.8 72.4
Bulgaria 1.9 2.4 29 3.5 4.3 11.7 31.5
Czechia 3.6 4.3 5.3 6.5 7.9 21.3 57.6
Denmark 3.6 4.4 5.4 6.6 8.1 21.8 58.8
Germany 27.0 329 40.2 49.0 59.8 161.6 436.7
Estonia 0.7 0.8 1.0 1.2 1.5 4.0 10.8
Ireland 21 26 3.1 3.8 4.7 12.6 34.0
Greece 25 31 3.8 4.6 5.6 15.2 41.1

Spain 14.4 17.6 215 26.2 31.9 86.3 233.3
France 19.4 23.7 28.9 35.3 43.1 116.4 314.7
Croatia 0.8 1.0 1.3 15 1.9 5.1 13.7
Italy 151 18.5 225 27.5 33.6 90.7 2451
Cyprus 0.3 0.3 0.4 0.5 0.6 1.6 4.4

Latvia 0.8 0.9 1.1 14 1.7 4.6 12.5
Lithuania 1.2 1.4 1.8 2.2 2.6 71 19.2
Luxembourg 0.4 0.5 0.5 0.7 0.8 22 6.0

Hungary 27 3.3 4.0 4.8 5.9 16.0 431

Malta 0.2 0.3 0.3 0.4 0.5 1.3 3.5

Netherlands 8.3 10.1 12.3 15.0 18.3 494 133.6
Austria 3.5 4.2 5.2 6.3 7.7 20.8 56.1

Poland 8.3 1041 12.3 15.0 18.3 49.5 133.8
Portugal 3.3 4.0 4.9 5.9 7.2 19.6 52.8
Romania 3.7 4.6 5.6 6.8 8.3 224 60.6
Slovenia 0.8 1.0 1.2 1.5 1.8 4.8 13.0
Slovakia 1.4 1.8 21 2.6 3.2 8.6 233
Finland 27 3.3 4.0 4.9 5.9 16.1 43.4
Sweden 4.6 5.6 6.8 8.3 10.1 27.3 739
Iceland 0.2 0.3 0.3 04 0.5 1.3 3.6

Norway 27 3.3 4.0 4.9 6.0 16.2 43.7
Switzerland 5.0 6.1 7.5 9.1 111 30.0 81.2
United Kingdom 29.7 36.2 44.2 53.9 65.8 177.8 480.7

Source: Study team further analysis and extrapolation from ITU data Indicator i135tfb from the ITU WTID subscription data set.

To replicate the methodology to estimate inter
necessary to afmab¥%ard deadtai matoan t he pmetpotrrtafofni @
in the table that is generated by enterprises.
Cisco estimates that in 2020entféexpdimpedaddand d

per cent of iTihtee rrneema i tnr anfgf itcr.af f i c (75.2 per
househdNbtde Ctitsa&cto do not provide a source or meth
could any ot her Q@mluy ciss de fdroauwnmiddesi ndpitshe n€Cios ane

figure of 24.8 per cent of internet thlad fti @ ger
esti mate that enterprise intrnet traffic is 75
Cisco predict the proportion of total i nternet
increasing. I n 2023 they predict 26rip#escent ¢

190 Table 9 estimates that total internet traffic in 2020 is 305 EX/year. If this figure is multiplied by the percentage of internet
traffic generated by enterprise (24.8 per cent) on can estimate that enterprise generated internet traffic in 2020 is 75.7
EXlyear.
191 Cisco annual internet report page 6 (https://www.cisco.com/c/en/us/solutions/collateral/executive-perspectives/annual-
internet-report/white-paper-c11-741490.pdf). Cisco forecast that in 2023 consumer share of devices will be 74 per cent.
Consumer growth is expected to grow at 9.1 per cent CAGR and business growth at 12 per cent. Using the Cisco estimate
for 2023, ourteam extrapol at ed O6backwardsd an estimate of 24 per cent for the
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I f this rate of increase in internet traffic ge
26 per cent in 2023) is sustained the study tear
wi || be generated by entcerngr iimne 20802025 and 29.
I n 2025, the study team have forecasted that :
attributed to enterprises, thus enterprise int
EX/ year (825 TmXAwea2w. Of pem cent). I n 2030, the

there wild.l be 2,229 EX/year of total internet

enterprises, tbhuseéentenpfisei sn651EX/ ye%&r (2,22

Tabl®rovides forecasts for internet 6toabDBO gen
for tbhenBflies included in the study.
Tabl@Forecast of internet traffic (E®/oyealr3)0 gener a
[ 2016 | 2017 | 2018 | 2019 | 2020 | 2025 | 2030
EU27 32.0 39.7 49.2 61.0 75.7 222.0 651.0
EFTA 1.8 23 28 3.5 4.4 12.8 37.5
UK 6.9 8.6 10.6 13.2 16.3 47.9 1404
Total 40.7 50.6 62.6 77.7 96.4 282.6 828.9
Belgium 1.0 1.3 1.6 2.0 25 7.2 211
Bulgaria 0.5 0.6 0.7 0.9 11 3.1 9.2
Czechia 0.8 1.0 1.3 1.6 2.0 5.7 16.8
Denmark 0.8 1.0 1.3 1.6 2.0 5.9 17.2
Germany 6.3 7.8 9.6 12.0 14.8 435 127.5
Estonia 0.2 0.2 0.2 0.3 0.4 1.1 3.2
Ireland 0.5 0.6 0.8 0.9 1.2 3.4 9.9
Greece 0.6 0.7 0.9 1.1 1.4 4.1 12.0
Spain 3.3 4.2 5.2 6.4 7.9 23.2 68.1
France 4.5 5.6 6.9 8.6 10.7 31.3 91.9
Croatia 0.2 0.2 0.3 0.4 0.5 1.4 4.0
Italy 35 4.4 5.4 6.7 8.3 244 71.6
Cyprus 0.1 0.1 0.1 0.1 0.1 0.4 1.3
Latvia 0.2 0.2 0.3 0.3 0.4 1.2 3.6
Lithuania 0.3 0.3 0.4 0.5 0.7 1.9 5.6
Luxembourg 0.1 0.1 0.1 0.2 0.2 0.6 1.7
Hungary 0.6 0.8 1.0 1.2 1.5 4.3 12.6
Malta 0.0 0.1 0.1 0.1 0.1 0.3 1.0
Netherlands 1.9 2.4 29 3.7 4.5 13.3 39.0
Austria 0.8 1.0 1.2 1.5 1.9 5.6 16.4
Poland 1.9 24 3.0 3.7 4.5 13.3 39.1
Portugal 0.8 0.9 1.2 14 1.8 53 154
Romania 0.9 1.1 1.3 1.7 241 6.0 17.7
Slovenia 0.2 0.2 0.3 0.4 0.4 1.3 3.8
Slovakia 0.3 0.4 0.5 0.6 0.8 23 6.8
Finland 0.6 0.8 1.0 1.2 1.5 4.3 12.7
Sweden 1.1 1.3 1.6 2.0 25 7.4 216
Iceland 0.1 0.1 0.1 0.1 0.1 0.4 1.0
Norway 0.6 0.8 1.0 1.2 1.5 4.4 12.8
Switzerland 1.2 14 1.8 22 28 8.1 23.7
United Kingdom 6.9 8.6 10.6 13.2 16.3 47.9 140.4
The introductory section about the analysis un
Belgium as a case study to describe how average
was calcul ated. This method of dividengieprptefp

192 EFTA: 2020 total internet traffic is 17.2 EX/year, enterprise internet traffic is 4 EX/year (17.2 x 24.8 per cent). 2025 total
internet traffic is 47.2 EX/year, enterprise traffic is 13 EX/year (47.2 x 26.9 per cent). 2030 total internet traffic is 128.3
EXlyear, enterprise internet traffic is 38 EX/year (128.3 x 29.2 per cent). UK: 2020 total internet traffic is 65.8 EX/year,
enterprise internet traffic is 16 EX/year (65.8 x 24.8 per cent). 2025 total internet traffic is 177.8 EX/year, enterprise internet
traffic is 48 EX/year (177.8 x 26.9 per cent). 2030 total internet traffic is 480.7 EX/year, enterprise internet traffic is 140
EX/year (480.7 x 29.2 per cent).
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the workforce in a country was replicated acros
provide the GB/ month internet traffic Tmeérl emont h

In 2020 in EU27 Member States average internet
This is expected to grow 2.7 times to 94 GB/ mon
fold) is expected to ihtrcepee awmpl ageei nioe r2roelt
2030
Tabl®Esti mates of internet traffiéd oper03d@mpl oyee (
[P 2006 | 2017 | 2018 | 2019 | 2020 | 2025 | 2030
EU27 15 18 22 27 34 94 264
EFTA 22 28 34 42 52 142 395
UK 19 24 29 36 45 123 342
Total 16 19 23 29 36 100 280
Belgium 20.3 24.8 29.8 36.4 45.5 1275 358.4
Bulgaria 13.3 15.6 19.4 234 30.2 82.4 231.0
Czechia 14.3 17.4 21.4 26.6 33.4 91.6 256.8
Denmark 27.2 33.4 40.8 49.7 62.7 171.4 477.4
Germany 13.5 16.5 204 25.2 30.9 85.6 238.7
Estonia 21.3 259 3241 39.2 50.5 137.8 389.1
Ireland 20.2 24.6 29.6 35.8 45.1 114.9 304.4
Greece 14.1 17.1 20.8 25.3 31.8 86.6 239.4
Spain 16.2 19.5 23.6 28.8 37.0 97.3 265.7
France 15.1 18.6 229 28.4 35.4 99.9 285.3
Croatia 10.8 13.0 16.0 19.7 24.8 69.1 195.4
Italy 13.7 16.8 20.7 25.6 32.6 91.2 261.0
Cyprus 15.2 18.0 21.2 25.6 32.0 87.5 238.9
Latvia 17.9 220 26.8 33.3 42.5 121.4 352.9
Lithuania 18.0 224 26.9 341 43.4 119.6 340.7
Luxembourg 29.6 34.6 42.3 50.6 62.3 160.2 420.9
Hungary 12.6 15.4 19.0 23.4 29.2 76.3 206.8
Mailta 21.0 24.7 28.1 33.2 40.7 97.3 242.6
Netherlands 20.2 245 29.8 36.3 45.3 125.4 349.6
Austria 16.8 20.7 254 31.3 39.1 108.2 308.5
Poland 10.6 12.9 15.9 19.7 24.6 68.8 1951
Portugal 14.5 17.5 21.3 26.2 33.4 90.7 252.8
Romania 9.0 10.9 13.5 16.9 215 62.4 184.0
Slovenia 18.1 21.2 25.9 324 40.3 111.8 313.8
Slovakia 11.9 14.6 17.8 22.0 279 74.8 206.8
Finland 22.4 276 33.3 40.9 51.8 148.0 425.6
Sweden 191 23.1 28.3 348 441 119.8 334.0
Iceland 23.5 29.2 34.8 43.3 53.8 140.6 378.9
Norway 211 26.2 31.9 39.0 49.2 139.0 396.9
Switzerland 22.6 279 34.2 42.4 52.6 145.6 408.6
United Kingdom 19.4 23.9 29.3 36.0 45.0 1229 3422

These aver agentfergrueteesmpfbobry ee pach month can be u
stage oifs eamtmilmast e the volume of dataahbowdgg frc

dat a c edHotweevse.r , firklke i o paohriteironne t traffic fl ow
enterpriseand oedtagtemau dcent res Thessrequinedstigated
penmhtée stage of analysis described in the next

Concl usi on

Thi s section utilised, enhanced, and validated
mul tiple regression methods to estimate interne
study.
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Both the I TU and Cisco forecast f naeannoeat t ISamhfci

there i s agreement bet ween the two sources thi
analysis in the remainder of this section to f
2030.

Esti mates provided by Ciscontemmetgreinreg faftieed pyo
enterprise were used to estimate the enterprise

The final stage of analysis esti maitmetderir metermnreaf f
gener atatebipm isseech coonomberbypftbepl oyees in cou
These estimates provide the starting point f o
proportion of total enterprise internet traffic

3.1.5St age Four : Enterprise adadt ea@digleowl

data centres

Thiss$ ajeescr i bes t he nmhetpleaddaloogndeeveake t he
anal ygihe estimation of erctl oramrdi seed gdeaetdan t fa
enterprises buying cloud computing service

Stage 4ianfiormaées on fr omttalge st. wo Sp raepcsteaddi dagr
data about the number of employeessénvieate
over the i nTtheirsneitnf or mati on was provided
enterprise (employees).

Enterprireet ihtaffic infoStmgei grartacoubatyg
average internet traffic (calcul ated as Gt
I n stage 4, the number of empl oyees i(nstaac
anal ysis) was multiplied by average inter
analysis made it possible to estimate to

enterprises of a particular size.

The final el emantysofs ®tsdagenad eal t he percen
or entefpaipeaerticul ar size that was fl owin

Enterprise routent armngdroirsamad ilowny,i fgprcl oud co
internemtal g sed to find the average pefricewit
cloud service providers.

Enterprise internet traffic consist aocfhitelvee con
operational activities. For exampl e, S ome ent
i nformation about research publications or pot
activities. Traffic also consists odnddadtahefrl ow
communi cations are sent .t &omeppfi ehe andecpsi sm
will be sentcenmcamedsonuac eliavead fteromrelsoud dat a

The major objecti vegefoogrr atphhiisc asltdgyd ynmraigpd/ eatimdgh e
of enterprise datand | edjtesgnt oecmhoent er pri ses bu
cloud computing services used over the internet
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3151 Router management and monitoring info
OQur study has developed an innovativefrmenw app!
internet®Trheutsearas ed ma@ajnomresohjmadct onme of t he propor

i

internet trafficand adddagiehowedhttrescfood enterpr
computing services &hsaesd noverprtelad oiompti er roekte st udy
insights have been found in other studi es; an.
di scussion.

«
<

I nternet traffic monitoring software is includ:¢
enables users to check fdada@nnleecvteilvsi taynd eglaanm n é u t
examine network outages, and unrdesr ssttaurddy seoareirt

was used to find the volumes of data flowing to

The figupreowiedesyv a scr eenns hboet oobft adiantead tfhraotm caa Ci
Access to the I P addresses of all websites cont e
internet traffic destinat-upnsabhdspoprigins. gé&heno
to obtain the:

T latitude and |l ongitude of the I P address;

1 country of the I P address (ge¥ferally with 99

1T region/state of the I P address (90 per cent a
f city of the | P address (81 per cent accuracy)
Fi gurseholwis, the names and applications for man

—

As

router monitoring softwardoi kftor &&a.mpl 6B) it & &s (
523.5 GB) and 17 (Windows Office 365, 885. 9 (
informaefonetperovides a useful method of monito
fl owi ng t hr oacgl ho uad ordoatdegret t e. Thus, router manag
an innovative method for examiamndgadgdeaercpepni sesd.

193 Asitsnameimp |l i es, a router O6routeso6 traffic between the device in a
194 https://whatismyipaddress.com/ip-lookup.
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Fi gurife An example of management information provided
Clients i~ forthelast30 days ~ 20.95 T8 (+10.67 TB, +10.29 TB) Appilcations
400 Mb/s
300 Mb/s
200 Mb/s
0 Mb/s
Feb 04 Feb 07 Feb 10 Feb 13 Feb 16 Feb 19 Feb 22 Feb 25 Feb 28 Mar 02 « Hide
Applications details
# Description Group Usage ” % Usage Group usage Group % usage
1 Miscellaneous secure web - 7.92TB — 37.3% 7.927T8B — 37.3%
2 uop - 1.70 TB - 8.0% 1.70 TB - B.0%
3 Miscellanecus secure web - 212.250.159.189 - 1.68 TB = 7.9% 1.68TB - 7.9%
: Sumamre ) w1100 Lie e L
6 CDNs - 714.47 GB * 3.3% 714.47 GB * 3.3%
7 YouTube Video 668.25 GB . 31% 886.47 GB . 4%
8 Sharepoint Productivity 592.78 GB r27% 885.92 GB . 4%
" IR - e e —— =
m secure web - 192,168,144,248 - 543,24 GB " 2.5% 543.24 GB v 2.5%
12 Miscellaneous secure web - github.com - 490.38 GB ¢ 2.3% 490.38 GB . 2.3%
13 Dropbox File sharing 430.35 GB r2.0% 523.53 GB 2.4%
12 © kbt e PP BB - i s o
16 microsoft.com - 290.94 GB To13% 290.94 GB ro13%
17 Windows Office365 Productivity 272.95 GB 13% 885.92 GB " 4%
18 SSH - 263.04 GB T12% 263.04 GB TOL2%
S ST o e =
21 Spotify Music 95.80 GB 0.4% 178.30 GB v 0.8%
22 Facebook Social web 95.74 GB 0.4% 207.35GB o1.0%
23 Tunes Music 76.03 GB 0.3% 178.30 GB o 0.8%
The informatiidmnhgprwad deblt ai ned in February 202
I nnovation Centre in Leicesteusi nekdestk iuss ecsompr
Cisco routers which provide details (in aggre
websites used. The Centre recorded 7.90 TB of i
of this internet traffic waastamdt ecdegnetitstesidsat a f |
means that 17.2 per cent odnd naddageaeett. rtersaf fi ¢ f |
The study team contacttedtamrdrcl200t drnnworak ploanc e s
September and December 2020 in the 31 countries
i nformati on The response rate was poor Many
many of their tenants werlet wowkulindg rfhotombdéd omepraa
t he -Quorvdi d situation ex&mumeéecdepr eeispwIse.s were r
seven had CisDcuor irnogutdeirsscsussi ons respondents aga
conditions were very diddssureaanc dg oaf naomamay mi tDye seé
support to navigate the router dashboards, onl
Thi s meatnhse tahvaetr age | evel of inteameétedlataad f i c f
centwas recorded at 17.6 per cent
I n jatdidon t o r out erl eavneall yasniasl,y stihse gmiecsrtoi onnair e a
about yearly dat a ofsluoccvh a nadnct! hetddadpeeanufteEsr t he

195 Dock Innovation Centre in Leicester, UK (https://www.dockleicester.co.uk/).
196 Relevant cloud apps listed in router output include SharePoint, DropBox, Windows Office 365, Microsoft OneDrive,

iCloud, Google drive etc.)

197 The remaining seven used a variety of other routers.
198 See section 3.2 which describes an interview survey with enterprises. This provided 61 complete and usable replies,
prom the survey of 127 enterprises.
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61 enteprpavisckisng i nformation about tfheisret grureestt i
traffic fl| @wdneldagtoese nctiweessd 1 6. 6 per cent .

The overall average across the two methods was
used i n Viden ableylsiiesv.e t hat in the future, meuter an
and investment, it would be possible to create
to offer considerable insights into internet tr
on a regular basis.

Applying the figure folfowi7ng tpoerclceend @mo ndgatent e
cloud data services, it is possible to forecas
met hodol ogy is relatively simple. Belgium wil!/
met hodol ogy.

Staganal ysimatesit t he number of people working i
services used over the intéenn8eigtbBhm&80was 2, 896

I n Beligni 2nbB6 average amount of data used by Be
GB/ mohsd@abl®B n the previollhs ss ddtgiuare) was used as
with theO 2p88®Bl, ®O0Oworking in enterprises buying
internet to estimate the amount of data that wo
estimated the figure 142,800%TB/ month of data (

As noted above, 7we2 epsetri ntactnet tohfatt hlnseddatgewdht af
cent-tds s is 24,560 TB/ montHB° (0.28 EX/year) in B

3152 Data fl owingoaddmadgeedatas

Sectipares2ents the results for this analysis for
and 2030. For that year range, Eurostat statis
anal ysi s. Linear extrapolation techni qtusesofare u
the analys$i s to 2030

Sectisohmows that in 2020 thecbhodmdnee dogfe dsaarav efrl so w
EU27 Member State enterprises buying internet

(5.78 EX/year). The figurB8lf2it0EFBEAmoonuht (DeS59i
In the UK the estimate is 152,810 TB/ month (1.7

EU27 Member State enter panids eedddghechacehowengi sof ot
i ncreafsoel di5f rom the 2020 | evel to 72680r, B0 TB/ I

2020 to 2025, data flowing to cloud ahdl édge da
2,201,000 TB/ monthi KewirssemgR/0YdOdmyo. ROBAHol d 12

i ncrease 1is predicted, 61&n®80Dr M2 A B Ofleotl @7 . 1 E
increase is predicted, 1 9T8h 3 9WK TiBY meoxnp ehc t(€2d 2t & Xi
2,291,070 TB/ month (26d2tBX/6B®&amNRX0i T B2mdath (7
202%he faster growth rate in EU2t7i vMel nyb elro wS tsattaers
position in terms of btuhyd nrmgu ned eoru do fc oemptud ri pMrgi sseesr \

199 2,896,000 x 45.5 GB/month =142,800 TB/month
200 17.2 per cent of 142,800 TB/month = 24,560 TB/month

201 Simple linear extrapolation for some components of the model provided unrealistic elements, for example percentages
over 100 per cent. To preventtheseer r o rsshapsedd curve components were intotedyoduced i n
large or small percentage values arising. Further details of the methodology are provided in the methodological annex.
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the intdpnake wi

[ i ncrease

among

enterprises

those that are connected.

Tabl2Dat a f Icolwsa dido edgrev@Bg mo)RtOHL 6 t o 2030
GEO(labels) | 2016 | 2017 2018 | 2019 | 2020 2025 2030
EU27 122,527 176,587 245,471 352,301 504,763 2,201,058 7,669,835
EFTA 14,049 20,075 26,976 37,382 51,211 193,390 616,687
UK 44,652 62,084 86,398 114,204 152,815 630,940 2,291,077
Total 181,228 258,746 358,845 503,887 708,790 3,025,388 10,577,600
Belgium 6,677 9,900 12,949 17,755 24,567 94,965 307,673
Bulgaria 543 920 1,287 1,864 2,704 12,447 53,605
Czechia 2,075 3,246 4,682 6,613 9,290 44,533 164,557
Denmark 6,229 8,884 12,143 16,741 23,023 89,898 281,185
Germany 20,383 29,448 41,634 61,929 93,474 424,732 1,583,855
Estonia 555 838 1,210 1,979 3,061 14,383 46,130
Ireland 2,873 3,903 5,238 7,476 10,595 43,096 148,570
Greece 856 1,276 1,946 2,522 3,296 15,916 65,304
Spain 12,033 16,810 22,388 31,356 43,096 186,759 682,122
France 18,983 27,514 39,204 54,189 75,039 335,685 1,180,543
Croatia 633 1,020 1,395 1,953 2,667 13,121 48,180
Italy 10,689 15,257 21,905 37,261 58,974 286,944 931,104
Cyprus 137 232 323 464 683 3,343 12,864
Latvia 281 453 646 975 1,451 7,250 30,524
Lithuania 774 1,309 1,799 2,563 3,620 16,513 59,092
Luxembourg 365 474 693 996 1,403 5,410 20,133
Hungary 1,458 2,252 3,181 4,515 6,350 29,050 100,920
Malta 211 306 458 661 945 4,639 15,851
Netherlands 11,896 17,030 24,724 31,934 41,459 165,765 550,383
Austria 2,168 3,415 4,650 7,035 10,388 47,586 170,350
Poland 3,508 5,283 7,294 11,888 18,470 86,978 298,755
Portugal 2,202 3,564 4,521 6,105 8,964 36,112 123,077
Romania 879 1,396 1,998 3,252 5,073 28,410 127,238
Slovenia 671 869 1,268 1,840 2,611 10,994 39,412
Slovakia 698 998 1,435 2,032 2,852 13,010 48,445
Finland 5,571 7,583 9,739 13,010 17,469 62,462 196,263
Sweden 9,179 12,405 16,760 23,392 33,238 121,056 383,699
Iceland 359 499 689 943 1,294 4,869 15,566
Norway 4,764 6,885 9,006 12,452 17,067 63,655 198,783
Switzerland 8,927 12,691 17,281 23,986 32,851 124,866 402,338
United Kingdom 44,652 62,084 86,398 114,204 152,815 630,940 2,291,077

Figurseholw8s a graphical represent aTtaibol2e olf t he
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Fi gur8e Enterprise datanfdl ediig;egg ¢c¢eontcd esdi 6t 3B2md0Ot h 2C
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Data flowing to main and edge cloud data centres ('000 TB/month)

Aggregate dat anfd oetdagteh ocehbuds can be disaggreg
enterprise sihzeThleesmepl dgteads fl ows will be infl u
empl oyees in a sector or enterprisrtofpmpiases ctul
buy cloud services ised over the internet

Figurpr olv9i des an overview of the ocaurddpedigieond ad fa
centres for NACE sectors C tforS.t hlear3de stoudidatra eft
come from the Health sector (NACE Q, 12.9 per ¢
1.05 EX/year); Ret ai l and Whol esal/emo(nNAWCGE 1G,0 51 2
EX/ year) ; Education (12.5 per cenandad,l 6@0 TB;
admi ni s {9 .g@Eir o ©6e9n, tITMBO mo Ot. BX/ year ) .

Convertsheelmal | est data fl ows ar
TB/ mont h)Y, ceEtgtNAGB; G&s5(per ¢
Real ENAGEe Q. 6 per cent, 4 2

se from Water Sup
nt 3,800 TB/ mont
0

i
e ) ’
0 TB/ mont h; 0. 05

202 For example, Real Estate (1.66 million employees in EU27 Member States in 2020 [Labour Force Survey data]) has a
slightly smaller size of workforce to Water Supply (1.68 million employees)). Due to a higher proportion of enterprises buying
cloud services used over the internet, Real Estate (43 per cent of enterprises buy cloud services; 4,210 TB/month) has
more data flowing to cloud data servers in 2020 than Water Supply (30 per cent of enterprises buy cloud services; 3,506
TB/month).
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Figur9®ata ftbwadd edge data centres by sectors in 20
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Annex»r®videsnaees of dalt @anfdl cemi gnegg daot a centres
sectors C to S from 2016, with forecasts to 203

Section 2 examined the proportion of enterprises in different employee size bands. This
highlights that in EU27 Member States most enterprises are small - 96.9 per cent of
enterprises have fewer than 20 employees.?®® In 2020, 34 per cent of enterprises of this
size purchased cloud computing services used over the internet.

Enterprises with 6250 or mored employees compr |
they employ 35.1 per cent of the workforce. In 2020, 66 perc ent of enter pri ses
2506 employees purchased c¢cloud compuhisisg ser vi
almost twice the proportion of cloud service utilisation of smaller enterprises.

It is therefore not surprising that the largest amounts of data flow come from enterprises

with 6250 or more employeesbé. I n EU27 Member St
more employeesd created 61 per cent of all dat ¢
E X/ y efaota|EU27 flows of 504,700 TB/month in 2020 [5.78 E X / y]¢ 4 r

In EFTA countriesi n 2020, enterprises with d&pbr@enor mor e
of all data flows to cloud (24,700 TB/month [0.023 E X / y efaota] EU27 flows of 51,200
TB/month in 2020 [0.048E X/ y & g .

Inthe UKin2020,ent er pri ses with 06250 66percentrofalldatmp| oy ees
flows to cloud (100,500 TB/month [0.095E X / y efé&otal|EU27 flows of 152,800 TB/month
in2020[0.145E X/ y é § .

203 Similar circumstances prevail in EFTA and the UK.

2041l n EFTA countries data flows from enterpri sentofflovist(24,700250 or mo |
TB/month of 51,200 TB/month). In the UK, data flows from enterprises with 250 or more employees comprise 66 per cent
of flows (100,500 TB/month of 152,800 TB/month).
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Fi g®r@e Dat a cfllooand étdogleat a centres by different sizes o
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Annex 3 psovimdaees of daladaadddf |leodngien gd attoa centres |
enterprise sizes from 2016, with forecasts to 2

3153 Data fl oowionegddt oedgeedaagsa propgortion
al |l enterprise data traffic

Tabl@&rovides an insight into the magnianhdde of
edgdeat a centr esTabd@®ecavwsd ctaHilsy,as a proportion of
from enterprises (in the middle col umn) and to
enterprise for tthhee 0BT, EBETAMaeambder States, the
(505,060 TB/ month) of entaenrdpreddagtecadatat f eEswiopr e
7.6 per cent of the 75.7 EX/year (6,614,000 TB/
al so shows df 9t pteal ciemtter net enterprise and con:¢
(26,651,000 TB/ monthk¥ flowing in the EU27

The higher |l evels of uptake of c¢cloud computing
EU27 cause the percentamg@e tod aaldd edilagteai scee ndtarteas ffl
EU27 and EFTA countries in aggregate terms to

EU27 Member Slthaet elsK has higher | evels of enterpr

205 This is primarily an estimate for day-to-day flows from enterprises to cloud providers. It does not take account of one-off
uploads and downloads when changing cloud service providers. But this consideration may be negligible since Flexera
estimate that 93 per cent of enterprises have a multi-cloud strategy. Data flows associated with change in providers are
therefore likely to be decreased since flows to one provider might decrease at the same rate as growth to the new provider.
Flexera Cloud computing trends: 2020 state of cloud report (https://www.flexera.com/blog/industry-trends/trend-of-cloud-
computing-2020)

206 The calculation uses data about enterprise data flowing to cloud and edge data centres and divides the figure by the
internet traffic within the geographical location for enterprises (in the middle column) and all internet traffic (enterprises and
households) in the right column.
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over the internet t had oavé27 | MevmeHd esr t Sitasnt EF,TAb eto u
i mMabl ear®2t herefore between these two areas.

Tabl® Enterp
t

se dat anfdl edlggteg t entitesdas a proportio
traffic to t t

roi
he hr eedigedgirmphl z@& | areas stu

Enterprise dat

Enterprise d eddgtea|c | oadd edatea
fl owing &an as a |centreprapoat.
edgkata cen|of rprise/(enterprise
a i i n
EU27 5.78 EX/yeg7.6 per cent 1.9 per cent
TB/ mont h
EFTA 0.59 EX/yeil3.4 per cent|3.3 per cent

TB/ mont h

UK 1.75 EX/yegl0O.7 per cent|2.6 per cent
TB/ mont h
EU27, EFT| 8 1 EX/year|{8.4 per cent 2.1 per cent
UK TB/ mont h
Euro¥saatistics reveal that 64 per cent of ente
cloud delivery mode (meaning data which are in
provi&€iskco al sot heastt iMAtE per cent of cloud wo
instances used public cloud delivery mode with

private cloud #6dvipder seinh 20181 oud . BXhtyeeappnr, ses
(157, TBOMY9nnh EU27 Membe@EXBlygtds RPB/OmM9 n tEHT A
countarnide IEXG 2%, BB/OmMgnh ht ien WKubl i ¢ cl oud.

Furthermore, Cisco estimates that the proportio
at approximately five per cent per annuwm. Ther
cloud data fl ows wil/l utilise public cloud dat a
to 2018 suggests stability in public cloud use
Eurost at data states that in 2018, 46 per cent

priviaoedcdat &°Sderctet eeshael peofc ebhtraggset at data for
priwatdes LDPO %coo ilted assumed t hat some enterprises,
use hgyboud delivery mpdel meaandgpbiovat?. cl oud
Ci scoa hlaower esti mate of 36.1 per cent of <c¢cloud

private cloud data centres in 2018.
Tablerovides an insight to enterprise data fl owi
examined in the study. The first column present

cloud dmaés. cEmé second column presents Eurost af
enterprises buying cloud computing sepruvbilciecs us

207 Indicator isoc_cicce_use (https://ec.europa.eu/eurostat/web/products-datasets/-/isoc_cicce use)
208The Eurostat metadata description is 6écloud services delivered
209Ci sco. 2018. 06Ci sc o httds:Bvbtaalizationlnetwodk/RésoudcesiVbitepames/0b79cf2e-0c53-4891-
918e-b542a5d364c5 white-paper-c11-738085.pdf) Cisco estimate that cloud workloads and compute instances in public
cloud data centres in 2016 were 58 per cent. This is estimated to increase at 4.95 per cent per annum to 73 per cent in
2021. Analysis suggests that in 2018 the proportion would be 63.9 per cent.
210The Eurost at met adata descr i ptoindaia cénges of cdrvicel providers rexclusocvedlys del i ver e
reserved for the enterprisebd. Eurostat indicator isoc_cicce_use
211 Eurostat statistics for public and private cloud use are volatile, few clear trends are visible even for individual countries.
It is possible the data is inaccurate.
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cloud servMTehe itrhi2dl& ol umn presenprsi Eaoa@st at s
equal ent da¥*adhienf®@t8h column provides an estir
traf hi each.?Tohuent friyn al column provides an estin
enterprise data flowing to cdlelntde dptnaete etinrharfefisi ca.:

212Eurostat data is for enterprises that purchase cloud services 6
a percentage of O6enterprises t hat,Elrastat statistiosdfod puslieand grivate sldud As not ed
total more than 100. For ease of reference, data has been adjusted so that public and private cloud services total 100 per
cent. Eurostat does not provide public and private cloud data for Switzerland. Accordingly, percentages were estimated as
the average of other EFTA countries.

213Eurostat data is for enterprises that purchase cloud services 0
reserved for the enter pripgyae & ess tehapgerbaugntcd paidofsedeantcesd. As not e
for public and private cloud total more than 100. For ease of reference data has been adjusted so that public and private
cloud services total 100 per cent. Eurostat does not provide public and private cloud data for Switzerland. Accordingly,
percentages were estimated as the average of other EFTA countries.

214 This estimate includes data flows within the country, within EU27 and elsewhere in the world.
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Tablld Enterprise dat aanfd oemdianega tcoendlreewd di shggdegat ed
del i veryamidodaess a proportion oifn 02thle& internet traffi

Proporti i Enterpris
enterpri i fl owi ng aina

dfl owi ng i edgaes prop
cl ocaurdd e of enterpr
internet t

245,471 |58 42 17,914,3|1.4%

26,976 63 37 1,032,522 6%
UK 86, 398 72 28 3,863,11|2.2%
Bel gi um BFWEHEEE 48 52 581,588 |2.2%
Bul gar i a [FENK 61 39 253,549 |0.5%
PN N 4, 682 6 2 38 462,692 |1.0%
DENNOEESEN 12, 143 57 43 472,719 |2.6%
Ger many 41, 634 58 4 2 3,509,65|1. 2%
RN 1. 210 77 23 87,159 1. 4%
I rel B 5, 238 72 28 273,604 |1.9%
Gree 1,946 69 31 330,187 |0.6%
Spai 22,388 60 40 1,875, 11(1.2%
Fran 39,204 49 51 2,529,36|1.5%
Croa 1,395 52 48 110,301 [1.3%
It al 21,905 50 50 1,969, 73/1.1%
Cypr 323 59 41 35,0096 0. 9%
Latv 646 59 41 100,345 |0.6%
Lith 1,799 73 27 153,992 [1.2%
Luxe 693 55 45 47,988 1. 4%
Hung 3,181 58 42 346,661 |0.9%
Mal t 458 67 33 27,933 1. 6%
Net her 24,724 58 42 1,073,64/2.3%
Aust ri 4,650 69 31 451,114 |1.0%
Pol and 7,294 6 4 36 1,075,58|0.7%
Portug 4,521 66 34 424,731 |1.1%
Romani 1,998 7 4 26 487,116 |0. 4%
Sl oven 1,268 57 43 104,324 |[1.2%
Sl ovak 1,435 71 29 186, 939 |(0.8%
Finl an 9,739 73 27 349,139 |2.8%
Sweden 16,760 61 39 594,080 |2.8%
UK 86,398 72 28 3,863, 11|2.2%
l cel an 689 53 47 28, 650 2. 4%
Nor way 9,006 66 34 351,383 |2.6%
Switze 17,281 59 41 652,496 |2.6%

The first c o IT@amhdeeonfla bd aetsa tihre r el ati ve i mportanc

flowing to cloud and edge datTahec ebnlta(caks I[flibnoemed i f
cenitn) t he bar Fgmgiapde c2alt es t K&t hlaBt cooaumprriisees 2 per

215 As noted in previous footnotes Eurostat information does not usually total 100 per cent for public and private cloud within
a country. In this table data has been revised to ensure that the sum of the percentages of public and private cloud total
6100 per cent 6. Srisentlae tadrounding r ences may

216 The 13 countries are UK, Germany, France, Netherlands, Spain, Italy, Switzerland, Sweden, Belgium, Denmark, Finland,
Norway, Poland.
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mor e of eamttear grliosveamgl tedthged oawwd@hesescountries ar
the Dbl aGokl Ileictei.vely, the 13 countries comprise
fl owinganad eddagtead c2'ntres

e

The United Kingdom with i86¢ 3088t daBf mowit hgofoeal e

data centres has the highest | evels of data flo
cent of all enterprise data flowing to cloud an
included in the s4tlydy3. 4 T@Be/rmoanntyh wift hent er pri se
and edge data centres has the second highest | e
fl ows represent 11.6 per cent of all enterprise
The | eadi ng EFWIAt zeomulnand wlsi ¢cSh has 41, 634 TB/ mo
flowing to cloud and edge data centres. Swi ss

of all enterprise data in the 31 countries anal

FigWwrile Teehtaérprise data Bhdwiedagted ocentoruals f or each

C (

2020 as a percentage of total e&emd eegdpaytéas ec ednattrae sf Ifoowi r

countries itrhehadegdiisn

100%

a0% m UK 24.1% Germany 11.6% France 10.9%
0

Netherlands 6.9% = Spain 6.2% Italy 6.1%
80%

Switzerland 4.8% m Sweden 4.7% W Belgium 3.6%
70%

Denmark 3.4% M Finland 2.7% B Norway 2.5%
60% m Poland 2.0% Ireland 1.5% Czechia 1.3%
50% Austria 1.3% Portugal 1.3% Hungary 0.9%
40% ® Romania 0.6% W Greece 0.5% m Lithuania 0.5%

m Slovakia 0.4% m Croatia 0.4% m Bulgaria 0.4%

30%
m Slovenia 0.4% m Estonia 0.3% m Luxembourg 0.2%
20%

_ Iceland 0.2% Latvia 0.2% Malta 0.1%
10%
|

H Cyprus 0.1%

0“0

Concl usi on

This penultimate stvedeopefd tame i amalvyadii vy edanet hod

overall volume of enterprise data flowing to

C |

each stage set the grounding for the next. Anal
Stage 2 about ebetismbaedafdi sednumber of employe

cloud services used over the internet in 2018
provided Stage 4 with a more robust basis for

C

in pkheldstnmaget age 2 ecsrtei afagitdech e number of empl oy
enterprises buying c¢cl oud sTehrevsiec eess tuisneadt eosv ewnwe rteh ec

analysis in this stage

Stage 3 estimated enterprise i nteranceht ctoruanftfriyc

provided the basis for analysis to estimate avel

per empl oyee.

217 Leading EU Member State enterprise data flowing to cloud and edge data centres as a proportion of EU27 flows reveal
that Germany has 17.0%, France 16.0%, Netherlands 10.1%, Spain 9.1%, Italy 8.9%, and Sweden 6.8%. In total these six
Member States have 67.9 per cent of EU27 enterprise data flowing to cloud and edge data centres.
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I nsi ghtrsoutferrommanagemeat i o4h e sgeute smii coyrnmaab awets t he
proporéenbar pfi stea aifrfitietgor dctd wad deddagie®e nt, r ¢esocul d t hen
be applied t.ol hsatveg alggadep ®tf per cent of enteropri
fliomtgo chonddedgteeensg réefrom this stage) was appl
averagetintraffec per empf otylreee N U moemr safagem@Bl)oy
enterprises buying cloud é6trumcesageed)over the

Traver@be. 2 pwas cteman applied drmt eémpgroirsnatii otnerame
from 2018etne rdttevlae@mssi bl e bBode $§ orma@aasmount of
enterprise dataanrfd oedlagtga tcoendlrewd from enterpris
computing services furserd 228 ttdhe20hQ eirme$t age 4

316 St agiev.eFEnt erprise data flowing to
and edge infrastructures

Thifs nal o#8th®amge hodelxagny nes t he geographica
f 1l owicnlgoautdd e d gcee rdtarteast &bypri ses buying cl ou
over the internet

The enterprise cloud flow geography utili
enterprise datoandd | ®dvgceegdtarteast drypr i ses buyit
services used iovmeeatheofi ntleen&t countries

Anlaysi s makes the assumpnti emprihad dateaurdtmoal

datca ntwielsl be proportional to the mar ket ¢
each country estimates weédroaunthaddgeehdd®ma t f
main cloud services providers examined in
data generated by a country.

The | ocatioheambdf ewagien data centres were id
of the 31 cywind riicdeant iafniadd | ohed nedge sd aima i
ten main cloud services providers. An al
enterprise data fl owedhtaedm2a20npet ocendatf:
centresOmatshes of these assumptions, it wa

cloud data flows and examine the volume o
This analysis estimat eéeal| @oamdér pd geerdtdransast ofu
tdhht possessed cloud infrastructure.
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Fi g wr2e e | WO wiadhe oV er Vi e Macolevelanalysis

Cloud utilisation by country, sector

I O C at | OCI'I|S Oaﬂﬂd %gj g e $at -ﬁ and enterprise size
26 mal odiadt a centres we&sr —
of the 31 countries exa 10 — y. The
edgekatantcres were Potat| " F=====z =
countries stu*iodd.t hleas _2 ________________ o
studied did mrdtoobdaweeg e 3 =
centres e o

4 “‘*“"lki?."ﬁ’iiﬂf?‘”I

5 Cloud flow geography

Fi gwRr2zeocations of teamed dnppd nd atl@udent res i n, EBRTA Membe
and the UK

Cloud Cloud Cloud Cloud Cloud Cloud Cloud Cloud Cloud Cloud
Provider 1 | Provider 2 | Provider 3 | Provider 4 | Provider 5 | Provider 6 | Provider 7 | Provider 8 | Provider 9 |Provider 10
. E E E _ E E
M

AT E
BE E
E
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DE M M +4E 4E M 3E M M E
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| A E M
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ntervi ewsnewibtth | eading c¢cloud service providers
enterprise dat anfdl eddagireay dentcrloudi s undertaken a
Obest avaal xkeing r d 4. This automated and compl e:
vol umes of internet traffic will adhere to 01l oat
probably aims to minimise traffic costs for clo

Anal ysi s?gutpgelsdaisd service requests from an ent
nearest data centre, DbutThtehisg uidtisguhrdlaink ealkye nt od alt e
|l ow speed testing (p*%tnhgatt iweerse) o aoc hlebd woenb stihtee sc

—h

218 Belgium, Switzerland, Germany, Finland, France, Ireland, Italy, Netherlands, Norway, Sweden, UK.

219 The 11 countries with main cloud data centres plus Austria, Czech Republic, Cyprus, Denmark, Spain, Iceland, Malta,
Poland.

220 Bulgaria, Estonia, Greece, Croatia, Latvia, Lithuania, Luxemburg, Hungary, Portugal, Romania, Slovenia, Slovakia.

221 Cloudacademy. 2019. Disadvantages of cloud computing. https://cloudacademy.com/blog/disadvantages-of-cloud-
computing/

222 Web sites were selected to provide coverage of at least four of the main cloud service providers where they were hosted.
Sites included Adobe.com cached at Microsoft Azure cloud data centres, Amazon.com AWS, Apple.com AWS, Bing.com
Microsoft Azure, Ebay.co.uk Google Cloud, Facebook.com AWS, Google.com Google Cloud, Instagram.com AWS,
Microsoft.com Microsoft Azure, Office.com Microsoft Azure, Reddit.com AWS, Tmall.com Alibaba Cloud, Twitch.tv AWS,
Twitter.com Google Cloud, Yahoo.com Microsoft Azure, Youtube.com Google Cloud.
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dat atcesn of the |l eading c¢cloud service providers
study showed that ping times imply relatively |
Ping times indicated that mo st tamadf eddtgavas r ou
cent’#@&@bhe assumption is 8t0heref amrtmd mpdeaehhowi ng
to cloud froimta maumtcyoud data centres; the r
fl ogvst o edge data centres.

Assumptions al sabbad tbemdiokmadeabet prise data to
and edge data cehbouvessefvi.be paowni der s

One coul d assume dlheoeu ddfilsaews biunt ieoanc hofcountry i s
rata with the mardc&ledprdohva rdee rosf itnh &a Indadaviregnh | cioguhnttsr y
that there is no agreement in market research 1

cl oudr vpircoevi derrfl.i nWeQ were unable to find mar ket
inter vl odaEWd2 7, EFTA31t hendWkjioaomiveebseg i gat ed i n
study

Tabl® Gl obal mar ket share for | ed@i0®g cloud service
D d P 0 c a € a d a e a
a € % a e % . Bule
Cloud Prov, 329 32% 33 %
Cloud Prov|i1o 2 %% 17 %
Cloud Prov| 7y 9 % 8 %
Cloud Prov|soy 6 % 5 %
Cloud Prov 5 % 5%
Clokdovi de 2 % 3%
Cloud Prov 1%
Cl oud Prov 1%
Ot her s 3 % 26% 27 %

Source: Canalys, 2021. Statista, 2021 22°:

The finaTabcldg uonni des details of the percentages
cloud eeovider sug didntheewabrfsi st hi®s st udy

Once again, Bel gium is useids twasdeunoderttrak en.hoR
analysis has highlighted that Belgium had 24,56

223 Analysis shows a strong statistical relationship (R2 = 0.75) between distance from cloud data centre locations and access
speed. Distance of a location from cloud services explains 52.9 per cent of variance in connection speeds. Tech4i2. 2020.
6Covi d19 i mpact chitps://admin.teah4i2ecom/staragedtidoughs/23/files/Tech4i2-Covid19-and-internet-
Europe-and-N-America-4pdf.pdf)

224 Ratio and interval data enable mathematical analysis because the relative difference between data points is known.
Ratio data is provided on a scale that not only provides the order of data points, it also makes the difference between data
points known along with information about the value of true zero. Interval data is a numerical scale where the order of data
points is known as well as the difference between data points (percentages are a good example of interval data)

225 Canalys quoted at https://www.parkmycloud.com/blog/aws-vs-azure-vs-google-cloud-market-share.  Statista
https://lwww.statista.com/chart/18819/worldwide-market-share-of-leading-cloud-infrastructure-service-providers

226 The market share adopted for the study in the right hand column was based on global market share information. In
general an average value was taken. Cloud Provider 7 and Cloud Provider 8 are relatively large providers in their own
countries (France and Germany respectively) but both are small in European terms and were thus allocated one per cent
market shares. The total market share from known sources in table 13 is 73 per cent. Thus 27 per cent is unknown. These
unknown providers are not listed in the two sources, thus we cannot name them. lItis highly probable they are local providers
that have less than one per cent market share. Since we do not know the names of these providers we cannot know the
locations of their main and edge data servers.
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servéhse.second Tabl esthibswesf t he proportion of dat a
the service providers arctcogaiinmg tthe tlhef tmaa kled mmp

TablLlé Share of Bel gium enterprise data flowing to d
2020 and the | ocatpoosimiaé mt ltanodu elefdapasitl i t i es
ClporBO«tri\aiecl:' ® Cloudcdea‘]tTaNearesn aecdi
( r 80 % offor 20% of
Cloud Provi (33% 8,100 Ger many Net her |l ands
Cloud Provi (17% 4,170 Net herl and Net her |l ands
ClorPdovider | 8% 1,960 Bel gi um Net herl ands
Cloud Provi (5% 1,220 Ger many UK
Cloud Provi (5% 1,220 Ger many Ger many
Cloud Provi (3% 737 Ger many Net herl ands
Cloud Provi(1l% 245 France France
Cloud Provi(l% 245 Ger many Ger many
Ot her s 27 % 6, 630 -

Thus, 33 per cent ofcl odiadtla B(ed 4,i uiD seThd Xepnepertti dsde t
fl o€l oud ProO@R2eirs2equates to 8,100 TB/month. T
for the proportion oft hentoerhperri scd oduadt as efrlva wien gp rtc
As noted previously, 80 per cenkr oofi dsshet B@&mo un
TB/ mont h,y@pr0i7s EaXlI/| ocat €d otvormdteeme ldatbaeserver. AS
in the table, Ger mahryoviisdathaelcneenatrrees tt omaBenl gi um.
three for the nearest main data centres for e
right most column | ists tkeslkoveaeri éms efachhefned
The nearest edge provider to Belgium is in the
dat a odhrtavei deltl 1receive approximately 6,480 TB

Bel gian enterpriPsevdad,al 00 omB/nngo nntoh mul ti plied
The remaining 20 per cenyeHrli, 280 ABJ anoehdtghe, @ 0. 0 2

servers in the Netherl ands.

This process is replicated for (tflbe ®@teH drheaneven
the overall approach is then replicated across 8
to 2%621.

Having replicated the methodology explained in
included in the analysi s, it owadapas il mlwe ntgo f & X
country studied to main and edge data centres.
provided earlier in the study. I't is replicate
easily compared wit her pirnifsoer ndaatti ao nf |l aawm dnt ge dignet o t
data centres in the 31 countries studied.

227 Due to the huge growth in edge data centres, analysis beyond 2021 would provide erroneous results.
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Tabl&Enterprise datca ofalctodwd gudgattao ser véhe cBduonmri es
examined in2@he tdo B2 mont h)

[GEO(abeis) 2016 | 2017 | 2018 | 2019 | 2020 | 2021 |

EU27 122,527 176,587 245,471 352,301 504,763 681,754
EFTA 14,049 20,075 26,976 37,381 51,212 68,727
UK 44,652 62,084 86,398 114,204 152,815 205,393
Total 181,228 258,746 358,845 503,887 708,790 955,875
Belgium 6,677 9,900 12,949 17,755 24,567 32,836
Bulgaria 543 920 1,287 1,864 2,704 3,683
Czechia 2,075 3,246 4,682 6,613 9,290 12,933
Denmark 6,229 8,884 12,143 16,741 23,023 31,262
Germany 20,383 29,448 41,634 61,929 93,474 122,275
Estonia 555 838 1,210 1,979 3,061 4,210
Ireland 2,873 3,903 5,238 7,476 10,595 13,866
Greece 856 1,276 1,946 2,522 3,296 4,751
Spain 12,033 16,810 22,388 31,356 43,096 58,165
France 18,983 27,514 39,204 54,189 75,039 103,965
Croatia 633 1,020 1,395 1,953 2,667 3,813
Italy 10,689 15,257 21,905 37,261 58,974 81,518
Cyprus 137 232 323 464 683 953
Latvia 281 453 646 975 1,451 2,015
Lithuania 774 1,309 1,799 2,563 3,620 5,008
Luxembourg 365 474 693 996 1,403 1,751
Hungary 1,458 2,252 3,181 4,515 6,350 8,770
Malta 211 306 458 661 945 1,338
Netherlands 11,896 17,030 24,724 31,934 41,459 57,630
Austria 2,168 3,415 4,650 7,035 10,388 14,185
Poland 3,508 5,283 7,294 11,888 18,470 24,704
Portugal 2,202 3,564 4,521 6,105 8,964 11,438
Romania 879 1,396 1,998 3,252 5,073 7,236
Slovenia 671 869 1,268 1,840 2,611 3,501
Slovakia 698 998 1,435 2,032 2,852 3,894
Finland 5,571 7,583 9,739 13,010 17,469 22,615
Sweden 9,179 12,405 16,760 23,392 33,238 43,439
Iceland 359 499 689 943 1,294 1,727
Norway 4,764 6,885 9,006 12,452 17,067 22,917
Switzerland 8,927 12,691 17,281 23,986 32,851 44,083
United Kingdom 44,652 62,084 86,398 114,204 152,815 205,393
Unknown 48,932 69,861 96,888 136,049 191,373 258,086
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Tabl@Enterprise

dathoatoweadgetodoat ahsee®lantsiirn

examined in2@he tdo B2 mont h)
[ 206 | 2017 | 2008 | 2009 | 2020 [ 2021 |
EU27 109,214 156579 217,237 307,682 435847 588,108
EFTA 4,059 5,789 7,860 11,082 15,506 20,883
UK 19,023 26,516 36,860 49,073 66,064 88,798
Total 132,296 188,885 261,957 367,837 517,417 697,789
Belgium 5,524 7,986 11,136 16,231 23,486 31,790
Bulgaria 0 0 0 0 0 0
Czechia 183 280 404 571 801 1,111
Denmark 623 888 1,214 1,674 2,302 3,126
Germany 35,943 51,997 72,720 105,202 151,968 180,747
Estonia 0 0 0 0 0 0
Ireland 16,234 22,629 31,153 41,779 56,576 75,730
Greece 0 0 0 0 0 0
Spain 1,167 1,671 2,207 3,072 4,269 5,707
France 14,248 20,553 28,535 39,586 55,001 75,152
Croatia 0 0 0 0 0 0
Italy 3,369 4,857 6,836 10,689 16,051 45,827
Cyprus 25 42 59 83 119 167
Latvia 0 0 0 0 0 0
Lithuania 0 0 0 0 0 0
Luxembourg 0 0 0 0 0 0
Hungary 0 0 0 0 0 0
Malta 17 25 38 54 77 110
Netherlands 21,654 31,242 43,643 61,609 86,963 117,891
Austria 1,014 1,547 2,170 3,229 4,701 6,495
Poland 362 550 756 1,176 1,774 2,386
Portugal 0 0 0 0 0 0
Romania 0 0 0 0 0 0
Slovenia 0 0 0 0 0 0
Slovakia 0 0 0 0 0 0
Finland 1,775 2,472 3,271 4,533 6,309 8,316
Sweden 7,077 9,840 13,096 18,193 25,448 33,5652
Iceland 45 63 87 119 163 218
Norway 1,551 2,187 2,893 4,011 5,567 7,388
Switzerland 2,464 3,539 4,880 6,952 9,776 13,278
United Kingdom | 19,023 26,516 36,860 49,073 66,064 88,798
Unknown 48,932 69,861 96,888 136,049 191,373 258,086
Tabl®rovides an overview of the
service providers in di
and edge data centres at the foot
proportion (27 per cent) of. data f
Tabl& ecords values
cl ourd edge data centres for the
The 27 per cent of data flowing to

amount

(TB/ mont |

P @ahentun&koomwnr das a2 ®1 & wt

of the
owing to

tabl e

unk

of bzeraal sfeort hled @awentnroite s hou
eiight gw@en

6ot her o

228 Analysis focuses on 2016 to 2021 because information about cloud infrastructure in these years is known. Many
commentators predict considerable growth in cloud edge data centres in the next few years. Extrapolation to create
forecasts in the future, when the distribution of infrastructure will change considerably, would create spurious results.
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infrastructure | ocations is unknown) are includ
smal |l @i dere (that collectively appear to have
appreciated.

By far the | argest amount of entoanmndr iesdgedataa af
centres i nnG&rMBAdONYy .Ger manyBTBémenved(15X4DEX/ year
data ffd@owsot her Thiuat repeseaest of cloud data f
Member Stabte®rameént of cl oud 3dmduwntfirioevs satcu dised

The EU27 Member State receiving théysaeltaemnd hi gt
and edge data centNeetsheirn a2nBded/ (w8ags,t t6h el EX/ year )

Both these countries (Germany and the Netherl anct
to tcHewaumdd edge data centres i n 20210. @2hamlmX/tyhea rUK.
In 2020, the UK received 12.7 per cent of total
the 31 countries studied. EFTA countries recei
and edge (fidbg i510i6t iTdBY mont.h, O0.18 EX/ year)

The final table in this section examines the n
examined in the study. This is founTdabdy subtr e
from data outfTalwbeplE®rseaxa@mdpliem, the net data f|I
is 1,080 TB/month (0.01 EX/year). Using the |
subtracting 23,486 TB/rmémwmautld dadge i dd lomwd eori b e
Belgium from the 24,567 TB/ mont h. Thus, t her e

Tabléepresents net enterprise data flow figures
study. Three countries have meéetoaddt edpei datda
cent?® es These three arTeabd@pheyedl i nhboédposmitive
ot her countries have net dabhe oMt Ailewsi gmi easl si f

there is more enterprise dalt@@rddl cewligneg doauta ocfe ntth
ot her coundtartiaed ltolwdmg i nto the cdowndt reydgei fdat e
centres; as noutnetd ieeasr Idioernolt2 hcaowve this infrastr.:!

229The 6total d figuTablel9nstte®eamé onumher owTBf month) as the 6unknownd
Table 18. The negative figure arises because, as noted earlier the locations of the cloud or edge infrastructure for the
smaller cloud services providers that comprised 27 per cent of the market could not be allocated to a country.
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TableNet inflow onteupfiesw dhtkRoadHowedgetdata server :
thecdlLntexa@&mined i n2@he tdo APB2 mont h)

[ 2016 [ 2017 [ 2018 | 2019 | 2020 | 2021 |

EU27 -13,312 -20,008 -28,234 -44,619 -68,916 -93,647

EFTA -9,990 -14,286 -19,116 -26,299 -35,706 -47,844

UK -25,629 -35,568 -49,538 -65,131 -86,751 -116,595

Total -48,932 -69,861 -96,888 -136,049 -191,373 -258,086

Belgium -1,153 -1,914 -1,814 -1,524 -1,080 -1,046

Bulgaria -543 -920 -1,287 -1,864 -2,704 -3,683

Czechia -1,892 -2,966 -4,278 -6,042 -8,489 -11,822

Denmark -5,606 7,996 -10,929 -15,067 -20,720 -28,136

Germany 15,560 22,549 31,086 43,273 58,494 58,472

Estonia -555 -838 -1,210 -1,979 -3,061 -4.210

Ireland 13,361 18,726 25,915 34,304 45,981 61,864

Greece -856 -1,276 -1,946 -2,522 -3,296 -4,751

Spain -10,866 -15,139 -20,182 -28,284 -38,827 -52,458

France -4,735 -6,961 -10,669 -14,603 -20,038 -28,813

Croatia -633 -1,020 -1,395 -1,953 -2,667 -3,813

Italy -7,319 -10,400 -15,069 -26,572 -42,923 -35,691

Cyprus -112 -191 -264 -381 -563 -786

Latvia -281 -453 -646 -975 -1,451 -2,015

Lithuania -774 -1,309 -1,799 -2,563 -3,620 -5,008

Luxembourg -365 -474 -693 -996 -1,403 -1,751

Hungary -1,458 -2,252 -3,181 -4,515 -6,350 -8,770

Malta -193 -281 -421 -607 -868 -1,228

Netherlands 9,758 14,213 18,919 29,675 45,504 60,261

Austria -1,155 -1,869 -2,480 -3,806 -5,686 7,690

Poland -3,146 -4,733 -6,538 -10,712 -16,696 -22,318

Portugal -2,202 -3,564 -4,521 -6,105 -8,964 -11,438

Romania -879 -1,396 -1,998 -3,252 -5,073 -7,236

Slovenia -671 -869 -1,268 -1,840 -2,611 -3,501

Slovakia -698 -998 -1,435 -2,032 -2,852 -3,894

Finland -3,796 -5,111 -6,468 -8,477 -11,160 -14,299

Sweden -2,102 -2,566 -3,664 -5,199 -7,790 -9,887

Iceland -314 -436 -602 -825 -1,131 -1,510

Norway -3,213 -4,698 -6,113 -8,441 -11,500 -15,529

Switzerland -6,463 -9,152 -12,401 -17,034 -23,075 -30,805

United Kingdom -25,629 -35,568 -49,538 -65,131 -86,751 -116,595
The country with the hdlgdaeddt erdegte dattaOiwetltave st d
Germany. nrGetr mamt er pri sectovadi e ewdabaitentres
was 58,494 TB/ month (0.67 EX/year). Gleaumh ny hae
Provider 2, but unl i ke the two countries in sec
and the Netherl ands) it does not have main c¢l ol
|l argest c¢cloud service providers .(Cloud Provider
Il rel and has t hreetseemtnar i ighecddoatml ierdfgleo w att @ ictes |
(45,981 TB/ mont h, 0.53 EX/year). Il reland has a
2020) and only has 10,595 TB/ montwh n(gOl.tadadddE X/ y e a |
edge data centres. However, it is unique in he
cloud service providers with the | argest market
and Cloud Prbhivgi@@e 5, see
The Netherl ands hast téet eéhprids é&dIdgdaeddt iendfgleo v att ca
centres in 2020 (45,504 TB/ month (0. %52 HXY¥twear)
centres for Cloud Provider 3 and Cloud Provider
unli ke I reland, it does not have a main c¢cloud
service provider with the | argest market share.
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The EU27 Meembweirt hSttahte | argeserpei séovadd asvd @¢
data centres inl talhenr, | 2008t rt iheoa gihge troa i na vee oourd
dat a ceihtrrecel paen dc,sreteli gdeDAs a result, net enterpri
frdmaldy, BT montIEX( QFedar ) .

Of the 31 countries examined | argest net enteryg
UK. The Uk had odi tdata infrastructure, incl udi
data centre. But it does not have main c¢cloud d

cloud service providers (Cloud Provider 3 and
ent eésgr data out flow in the UK in 2020 was 86, 7

Fi gu23rovides a graphical representation of the
enterprise dalt @eaundd cewlignreg dtadtah escedrlvnetersiaginsdomed i n t he
study 0Oin 202
B ]
-86,751 58,494
’ &,
Fi guz3ata flows geography: Neltatianff Il acw/iovagdtdlt loow map

edge danhtaffes the 31 countries examinedOin the stu
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Concl usi on

This final stage of the analysis developed a fu
details of enterpramsée ddngfa afstauscd ue esheoeuvudU2 7, E
and theTWH& cul mi nati osmstoifmdBtt agne dnddatbgf hows
to clamdd edgrever s in TB/ month for 2016 to 2030.

Furtherf mossetalgee &dnsadtyssitshe destinatioal bibo@t oud
t he voldmme dfl owssnd oescegew ude pndbviaesxwcdrudi ng t o
their maskatcrolsare he EU27MS, ABRTA sarsd tthlreem PKi n

investigated the | ocactliommd efdgtehea anearcexnt rmaifor
service provider in all/l 31 cowmtarriee sc.| oTulde nd,a ttah
vol umes were allocated to the relevant countrie
After completing the analysis, it was possible
cl oaudd eddagtea centres i n eachclcouddt reyd gteh a tn f proassst er su
in tlheoldintries examined in the study

3.Qol l ecting primary daafa colno udn e
data fl ows

I n parall el t o t he deevveello parpeprto aocfh ,t hdee smeiarcirboe d a
l evel appsodebigommeg! ement tthoe gaentd biymesnisgchat a t y p «
(persona-pemécomati t dati gmedvadi ng more detailed in
primari hyeronmi ewd nWwirabhtnithet ure networks and cl o
proviadnedr sa survey of Thliecudpopatoa cnhis@irssveédne uat ng
primary data from the interviews and the survey
The objectiwterohiastwlseo t ar get primarily <c¢loud

infrastructure networks. The ai m oMast He nggteudy ee
insightessenvibes provide@Bady, cPoald, proaasdeEdge
added value cloud services, suchiasEAFrpopbkbl|l asck whk
as volume of data stored in cloud infrastructur
The objecsuy evwapsf ttohet arget primarily c¢cloud dat a

di fferent sectors targeted in the adwmdygi andatpiud
and academia) departing from a first survey de\y
part of the European Da*ané&l pwbMbshéedrongt hei EU
in the cfbh®hre aim was to focwd dhet hsepasr amalc tpi
insi gkt udn datthaatt yogpoeewsl d not be -tapelLbragpkbgpathe
survey gathered 174 responses.

The mievel approach all owelddt Bot:fh@t B @ar svieiyma tmad e s
that the drogdli Mactlaowd i nfrastructur eperssoAnads per
dat a

The survey proviodemd bdli g itresceunhstlisog e fduantca iaonnda |

area namely the most cloud intensive productive
the survey fienddihags i hi @0I2i0ghtt he percentage bet
infrastructure used to stpenre ddoaitda @vesa s2&degng.r o x i ma

230 https://ec.europa.eu/digital-single-market/en/european-data-flow-monitoring-initiative
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Mor eotvviee, survey findingsl| cihmbtwe ntshiavte tphreo dniacstti v e

resear
storag
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enabl i
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areas
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i nte
no-pe

0]

e

= = @ ~
~n<o0oo OD*"
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A daztoa
|l evel
f | oawnsd

The mé
based

ch and codoerveed rompianegig or iaevei tahd tni vant, deanttaer pr i s
e -apd ebachke most cloud intemMginteradciitvionisd

mMHomwte ver, duewdloi atbhiele tfyi nodfi ngs ,ati tc owanst r vy

dttase the findings on functional areas &
ng technology findiag® fwiom the toheey fim
umption in tthhe maon@génlgi s@dmcsedniomg t he fu
due toolfowhanswewvwayateéeci ded t o not i ncl t
mondelohil ygf waws tant tdmd aE on | ow, medi um an
e. Hence, only the findings on data types

|l ack of responsiveness or knowledge of i
: cloud centre capacintoy &red gsadrhwircecdas tphrro
i ews . Swrcwginki detnasidana ¢ iyspheasr e of personal
onal data store wians cnloau dd eiemferda srterl ui catbul ree )e,
heThina |l psifghvye di mesnsnigomost| yt henchaogse fr
approach are presented in the report. Les
n detbai | i n Annex

|l ection methodology encomfawvxilngnal co mylce
approach was designed to collect data to
provides a typology of data flows per col

evel aappewowabl ed the examination of data f
on fourcohaespbedisagi ¢t® the first four di
Ilboywscountry, by sector, by entergedise si ze
iding an estimate of the owvleavadll amodluyrsei so f:

a 6nwimewbr kt was possible to bolt finding
s or studies, the interviewd arhd st bsd usdwr, v
e insights on othersudihmamssigemngrafphdat sefcth
nd clodthesoebyieceéed eegedf atplpe ormichhr vas t o gat
terviews datda tthiep sdamvaetly ,beoncapt ud4d edebby t he
i s .

ational i g@&edexpl ained in
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Fi gRrdélowni c-+ evaenll ayssiipport sactlloevagppr oach in the study

Macro level analysis

Enterprise to
employees conversion

Workforce in cloud
2 . . Data use per
using enterprises employee
3 Total business data flow Proportion of business

> data going to cloud
4 Business data flow to
cloud servers

Mi I I Ivsi Enterprise Enterprise data
Icro level analysis data flow flow to cloud
A4
5 * Functional area disaggregation * Data type: User generated; machine generated;

Actors: flows between cloud centres;
Clous services utilised;
Cloud flow geography.

d base

Stages 1 to 4 desclrdvwel heanaltyhse smapcrrood u c e
old arrow

enterprise data flows (see the black b

bold arrow) : elvrelt meaagndycii . ,t S& baseline estimat e
provide quantitative insights to additional dim
The table bel ow shows which data collection sou
the different di mensions of data fl ows.

Tabl2é The study dimensions and i-lnesvieglht & ndpe wevlc d@ d b

anal ysi s

Data fl o Data coll ecti Ap Objective

di mensi o ch

Geograph|Secondary data priMac+ o |To maepnt er
about the size o |l evel |data f | olwiu

f
| ow, medi um and hi data centr ¢
used over the inte t o EU co
bands 0 to 9, 10 t EFTA and Ul
250 or more empl oy

Sector Secondary data pr(Mac+o0 |To maepnt er
about enterpriseslevel (data fl owi
services used ove dat a cent
NACE sectors C to NACEsectors

S)
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'Data coll ection soApproecéObjective
choser
Enterpri | Secondary data pr(Mac+ o To maepnt er
about enterprises/l evel |[data f Il owi
services used over dat a cent
countries enterprise
Nature o|Secondary data pr(Mac+ o To maepnt er
services| on the nature ofsedl evel |[data f 1l owi
ut geldi (lonwdi-mimgh) by ent/micro|dat a cent
. 1l evel |l ow/ medi um,
Primary data provi
the percent aagpep!l a fc To provid
used estimation
main servi.i
Data typ Primary dat a (sUMicro To provide
information on thelevel [on dat a S
stored per type -| dat a
personal) (personal /|
personal)
For this exercise, thel edvaetla acnodllyescitse dwai sn ntohte rne
be extrapol ated easntd maddlona o$§oldiad avéll owadaforo
i dentdiifmeendsi ons ofSodat aefiawisl ity issues were i
survey. This could be attributed to the responit
usage (genegeat iaonnd) ,t huesadet ai |l s of their contract
reliability of the answers is the questionnaire
were particularly diffei c(uslete taon naenxa |Sy,s ed kabsa itl oeod dr
collecting primary dat a)
However, the uselffeavalessppfoacmilca®sed on stakehol
compl ement t he f i nlde wmagls afprtohaec hmapcrreod omi nant |l y
sources remains valid. F oma cetxeawrspll ea n d Iny stihse fsotuu
12,620 TB/day of enterprise data was fl owing toc
average 27 per cent of survey respondents wused
4) . I f survey respondenatt wWE&PE Membesedtatievenod
could suggest that 3,400 TB/day of enterprise d
with SaaS (12, 6.20A xs u2rwmapeyr ocferstu)r vey respondent ¢

i n annelxn 1tOhi s way, netrhael -hmeamcerlogé nsi ght s can b
di saggregat-edvédly mmcirght s prewiedrds pfrroovn d es udravteay

counltewel in futAsr é eesencibed®nt t ciumadexge rtchies e
more useful, theulfdIlde wimpyr cpwed:t s co

T I'ncrease the number of respondents (at |l ea
approach with a professional survey provider
through a more restrictive panel

T The sampl e coul d be extenoded eixmhhaostdieveltyo |
admini strations and academi a.

T Li mit the number of guestions to a minimum,
be grasped blyevtehle anpapcrrooa d he.v eTheapmpawrach has
success to provide rehisalblAst®stsi H&EntemprofseD
cloud servicesSJectbomenandnrBémgnaipby. 7The sur
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should therefore focus on the remaining dim
are difficult to grasp foofr tchleoiurd culsoeurds d(aet.ag .

Use only or-emadetidl yyuelsa s ®ns. For instance, [
the most used applications and | et the respo
text can be added i f the respondent answers
The sdravegyt should stildl be c¢cloud wuser s, h o

gathering estimation on proportions rather
for cloud users to work on proportions rathe
of dat a.
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4. A medbbogy for estamdatdadige c
dat a roemeanpgaci ty and utilisat

The previous chapter focused on the flows of data to cloud and edge data centres. This
chapter takes a closer look at the cloud and edge data. It examines the location of main
cloud and edge data centres and provides estimates of cloud data capacity and the amount
of capacity utilised by enterprises buying cloud services used over the internet.

4 . l1locati oncloofadtdhneedge data centr

Section 2 described why main cloud data centres (or hypercentres) are fairly easy to define.
They are huge, cost millions of euros and are generally only built by the main cloud service
providers. It is therefore relatively easy to find where they are located.

Conversely, edge computing is rapidly evolving, and edge data centres are becoming
increasingly difficult to define and therefore identify where they are located. Edge
computing is becoming more of a continuum of edge data centres, with different computing
capabilities supplied by a variety of cloud data centre providers. For example, new
technology such as micro data centres provide edge services with more limited computing
capabilities. In addition, new providers, such as telecommunications companies, are using
their data centres to provide cloud services at the edge.

There are few information sources?3! that provide location details for the main cloud data
centres and edge data centres.?*? There is generally agreement between the sources about
the locations of main cloud data centres. But there is far less agreement about the location
of edge data centres. This is almost certainly due to the lack of a clear definition of edge
data centres so far. The smaller physical size of cloud edge centres, points of presence
and micro data centres has not helped observers to find them and partnership agreements
with IXPs and telecommunication companies can obscure the identification and location of
edge data centres.?3?

The emergence of smaller providers, often led by telecommunications businesses offering
cloud services at national or regional level, also creates complexity.?3

Finding the location of main cloud and edge data centres is made a little easier by the fact

that some of the leading cloud service providers share information about the locations of

their main cloud data centres and sometimes edge centres.?® Conversely, some smaller

cloud providers, only provide |l ocations of O6da
main cloud and edge centres.

This study has therefore analysed all availabl e
the locations of main cloud and edge data centres for the main cloud service providers

231 TeleGeography (https://global-internet-map-2021.telegeography.com). CloudScene (https://cloudscene.com/browse/on-

ramps). DataCentreKnowledge (https://www.datacenterknowledge.com/cloud/telegeography-maps-world-s-cloud-data-
centers)

232 Including historic information about AWS cloud data centres on WikiLeaks (https://wikileaks.org/amazon-atlas/map/)

233 Tsidulko J. 2020. VMWare, AWS now giving each other preferential treatment

234  Synergy. 2021. European cloud providers  struggle to reverse  market  share losses
(https://www.srgresearch.com/articles/european-cloud-providers-struggle-reverse-market-share-losses)

235 Cloud Provider 2, Cloud Provider 7, Cloud Provider 1, Cloud Provider 8, Cloud Provider 3, Cloud Provider 4, Cloud
Provider 5, Cloud Provider 6, Cloud Provider 9, Cloud Provider 10.
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operating in Europe,?® see Figure 25. T h e baations have been shared with the ten main
cloud service providers and they have been asked to provide details of any errors?®.

Fi gWwr5e Locat i olnesr god dlhceud s ernvaiicne cplroouvdi daenrds e dge dat a
n EME@imhber St &F&d84 and UK in 2021

Cloud Cloud Cloud Cloud Cloud Cloud Cloud Cloud Cloud Cloud Total Total e
Provider 1 | Provider 2 | Provider 3 | Provider 4 | Provider5 | Provider 6 | Provider 7 | Provider 8 | Provider 9 |Provider 10 Main Edge
E E E E E E 0 6

:
BE E M 1 1 2
E 0 1 1
E E E 0 4 4
BE v M + 4E 4€ M 3E M ™M M E 6 12 18
| ok | E 0 2 2
| & | E E 0 2 2
E M 1 1 2
FR M+ 2E 2 M 2E M +2E M 4 8 12
IE M+E M+E M+E 3 3 6
IT E E M E 1 3 a4
MT E E 0 2 2
NL E M+E M M+E E 3 4 7
[ P | E E 0 2 2
M+E E 1 3 4
E E 2 M 1 4 5
B E E E 0 4 4
| NO | E M 2€ 1 3 4
E M + 4E E M E M M E 4 8 12
Total Main 1 5 4 6 2 3 1 1 2 1 26
Total Edge 2 26 17 1] 18 3 3 0 1 3 73
Total 3 31 21 6 20 6 1 3 4 99
6M6 indicates a main data centre. OEO6 indicates an edge data centre.
This listabovehas been used when investigating data f|

infrastructures in this study. More specifically, when estimating the destination of the data
flows from one country to another.

4.2l oadnd edge data centre capaci

Having examined what cloud is and where cloud and edge data centres are located, it is
relevant for this study to try anchkudausisesser t he
storage c ap acAnswers té this qudstemn véllhé useful to examine utilisation

levels for cloud computing to see how close to full capacity they might be operating and

whether further storage capacity appears to be required. After many approaches to cloud

service providers, it became clear that for commercial reasons cloud service providers did

not want to provide this information.

By utilising information from relatively reputable sources highlighted below, it is possible to
estimate cloud data centre capacity and utilisation in Europe.

421Anal ysis tol eatdd madiesgtea centre cap

aO)

Four pieces of information from Cisco and ZDNet reports about data centre capacity (this
will include cloud and edge data centres) help to provide some insights. The four snippets
include:

236 The ten cloud service providers examined have market shares of more than one per cent. Most telecommunications

companies (with the exception of Deutsche Telekom) in Europe have a market share of less than one per cent across

Europe and have therefore been excluded from analysis.
237Two responses were received. I nformation from all relevant sou
list of the 26 main cloud data centres and 73 edge centres in figure 23.
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1. The Cisco Global Cloud Index: Forecast and Methodology 2016 to 2021
provides information about the storage capacity of data centres.?*® The study
states dhat the installed storage capacity in global data centres will grow nearly
4-fold from 2016 to 2021, growing from 663 EX in 2016 to 2,662 EX (2.6 ZB) by
20216

2. ZDNet report that &loud data centre traffic will represent 95 per cent of total data
centre traffic by 2021; compared to 88 per cent in 2016673

3. The Cisco study estimates that in 2016 18.6 per cent of global cloud traffic was
generated in EU27 Member States.?* By 2021 this is expected to reduce to 17.9
per cent of global cloud traffic.24

4. Cisco also estimate that 70 per cent of installed storage capacity is used by
business (the other 30 per cent is used by consumers).?4?

By examining the information above for 2016, it is possible to make a tentative estimate of
cloud and edge data centre storage capacity in EU27 Member States. The assumptions
and analysis are provided below:

a) ZDNet asserts that in 2016 cloud data centre traffic comprised 88 per cent of all
data centre traffic. We therefore make the assumption that cloud data centre
capacity will be approximately the same percentage (88 per cent) of the global
storage capacity of data centres of 663 EX (bullet point one above).?*3 This equates
to global cloud data centre storage capacity of 583 EX in 2016. Using the same
calculations this figure increases to 2,529 EX in 2021;24

b) Itis assumed that if the EU27 proportion of global cloud data traffic is 18.6 in 2016
(bullet three above), it is not unreasonable to assume that the EU27 Member
States will have 18.6 per cent of the global cloud data centre storage capacity of
583 EX. This equates to EU27 cloud data centre storage capacity of 109 EX in
2016. Using the same calculations this figure increases to 453 EX in 2021;2%

c) Bullet point 4 above notes that 70 per cent of storage capacity is used by
businesses. This suggests 76 EX of business cloud data centre storage
capacity in EU27 Member States in 2016.2* This figure increases to 317 EX of
business cloud data centre storage capacity in 2021.

The preceding analysis has focused on cloud and edge data centre storage capacity in
EU27 Member States. These estimates can be extrapolated to the remaining four countries
in the study by looking at the relative population sizes of the additional countries (Iceland,
Norway, Switzerland, and the UK), see the below Table.?#

238 Cisco. 2018. &isco Global Cloud Index: Forecast and methodology 2016 to 20216 p20-21
(https://virtualization.network/Resources/Whitepapers/Ob75cf2e-0c53-4891-918e-b542a5d364c5_white-paper-c11-
738085.pdf)

239 Ranger S. 2018. &loud computing will virtually replace traditional data centres within three yearso
(https://iwww.zdnet.com/article/cloud-computing-will-virtually-replace-traditional-data-centers-within-three-years). This
study utilises secondary sources.

240 Section 3.2.4 notes that in other papers Cisco suggest the population is 427 million (this was the size of the EU27
population in c2020). The EU27 population size in 2016 was 444 million (https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=Population_and population_change_statistics). A discrepancy exists but for ease of
comparison in Cisco studies Western Europe is assumed to mean EU27.

241 Cisco. 2018. lbid. page 40

242 Cisco. 2018. Ibid.

243 663 x 88 per cent equals

244 2,662 EX multiplied by 95 per cent.

245 2,529 EX multiplied by 17.9 per cent.

246 109 EX multiplied by 70 per cent

247 Due to rounding totals may not tally. Previous assumptions and estimates have been undertaken at EU27 level,
obviously across 27 countries. Estimates made at a fine level of granularity for EFTA (three countries) and the UK must
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Tab?2eEsti matcd D aadfd edlggtea centre storage capacity
EFT&And the UK in 2016 and 2021

EFTA 35
E

The assumptions and method to make these calculations is clearly provided above to

Cloud data
centre storage

capacity 2016
(EX)

EU27 109

Cloud data
centre storage
capacity 2021
(EX)

Business cloud
data centre
storage capacity
2016 (EX)

Business cloud
data centre
storage capacity
2021 (EX)

453 76 317
145 2.4 10.2
68 11 47
535 90 374

enable users to undertake their own calculations or sensitivity analysis.

It is possible to extrapolate these estimates and provide forecasts for 2025 and 2030. A
large caveat must be expressed about extrapolating the assumptions and estimates in the
calculations above. Nonetheless, in 2025 EU27 cloud data centre storage capacity is
forecast?*® to be 1,390 EX and business cloud and edge data centre storage capacity would
be 973 EX in 2025, this is 2.1 fold increase on business storage capacity in 2021. In 2030,
EU27 cloud data centre storage capacity increases to 5,356 EX and business cloud data
centre storage capacity is estimated to be 3,749 EX. This is 8.3 fold increase on business
storage capacity in 2021. Table 21 uses the same method described above to extrapolate

forecasts for EFTA and the UK.

be treated with extreme caution. Aggregated figures are more likely to be correct than those for smaller numbers of

countries.

248 Using linear extrapolation methods. These are described in the methodological annex.
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Tab?22Esti matcd o aafd

EFT#&nNd

the UK in

Cloud data
centre storage

capacity 2025
(EX)

edlgtea ¢
2025 and

Cloud data
centre storage
capacity 2030
(EX)

entre
2030

Business cloud
data centre
storage capacity
2025 (EX)

storage

Business cloud
data centre
storage capacity
2030 (EX)

capacity

1,390 5,356 973 3,749
45 172 31 120
207 = 145 559
1,642 6,326 1,149 4,428
422Cl oaadd edlgteeentre utilisation

Consideration of cloud and edge data centre capacity utilisation provides an insight to
future capacity needs and possible cloud data centre investment requirements. If
utilisation of cloud capacity is low, future growth might be able to be accommodated in
the unused storage capacity.

The Cisco Global Cloud Index: Forecast and methodology 2016 to 2021 states that
globally data stored in data centres will grow 4.6-fold from 286 EX in 2016 to 1,331 EX
in 2021.24°

In comparison with the information provided in bullet point 1 of the previous section, this
suggests that 43 per cent of global cloud storage capacity was utilised in 2016 (663
EX divided by 286 EX). Comparison of the same two sources suggests cloud data centre
utilisation increases from 43 per cent in 2016 to 50 per cent in 2021.

Tentative linear extrapolation of this trend would suggest that in 2025 56 per cent
of cloud data centre capacity would be utilised and this figure increases to 65 per
cent in 2030. Once again it must be stressed that these figures are based on
assumptions from relatively reputable sources presented at the beginning of section 4,
but their methodologies have not been disclosed. They should be thus used with
caution.

249 Cisco. 2018. Ibid. page 4
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5Lessons | earnt

Replicabimethwoafol blyg

This study provides an innovative method of invi
to cadmdaddeidngfer astructures would f 1l ow.s eTfhwetnunred h o dc
years to monitor trends in terms U&QfandatEaF TfAl ows

countries and the UK.

The findings could be useful evthdeRegut atisoppo
framekvof 6 m etehd | pwresfonmdn daftme i nowhef Eddat a, for
assess the extent of the removal of barriers pr
and support devoirssioovreman@ptihmg of ¢l oud data fl ows
and the identifiganiiamatoifdoers,h ewirl | all ow as well
cloud data flow corridors where potential 1inves
storage.

Lastly, thtotayudygwai mbBe basis for future studie
scene antgotaddress the challenges of estimating
esti mat iEndg cd xoturda dat a f |l ows

Add how edge can be better added to this metho:
met hodol ogy.

Model s

There is a common s-ghlolr imord eilns satraet i vertanc§, but s
usually attribd®tleditheeGadr gansRlieeXsat aseéswcangot

@or Boencet by excessive el aboration.

We adhere to these principles in develedpiinng tF
Chapter 3. We try to keep the model simple yet
and statistics from more reputable private sect

The model afoinrsststsst ade wheErRre ozndlryosha®8®&16 to 20:°
is used to provide f or ecanttsraglraduwte st hbeu yci hnagr acd toeut
services used awnerl tBO63DnteAnat ysis and forecas
the percentagduygfi ngntce ourirsvedsopist iurs@e ds wsere t he i
Fi gurde the percent algweyionfg ecnltoeurdprd sieputdiidnd esent
NACE sectbBirgufleaed forkocadtsefwrce adoption by
di f f er en0tl 6s itzoe sF0 JAl H(es e e

I n ddheond osft atghee model , c¢cl oud enterprise data is
tohe number of employees in enterprises buying
Thehird stage mpcovevi deal yassghts to internet tr
can then be used when estimating the amount of

dat a c & mttraggse HKsaudrmates for internet traffic per
Tabllk

250 https://mathshistory.st-andrews.ac.uk/Biographies/Box/
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Stage 4 utilises information from the two prece
data about the number of employeag isemrentcespuise
over t heé&Y iTrhteerpnree mary information esedmatem of a
average internet traffic (calculated as GB/ mont

Stage 4 @amnalydgiedsnadamed f ortecctasslt serdtoar pricre inter
t hACEecd o(rBegdB®eanndt er pmi slesferent size bands (
Figaoe

Lastl y fiirdtthhteshteagmprdeed ent ed the radvoluts | off at e saal
cl oasrdd edge ddtoa earcthr od t he 31 counAmaleysiisncl u

examithedgeographical f 1l ows «fl oaurdd e e g geeesrdtardeast a f
byenterprises buying cloud compu.tTiarbd es elr6v ipageos i WS
esti matnedserpfri se datl mafmd owdgg Hata servers in t

examined in the sH gdy3leo6dtibded ao0OQAorrmepagl étnH | mavp ¢
andut folfbat a f | olwadhnngd teord ge data centres for the 3
in the study (TB/ month) in 2020

Ma idnatga p s

Commercial confidentiality
As already indicated above, one ofheéhpr @djegctoblsa
been the |l ack of responsappneashed fthre tshaeakphbD
collection.

Cloud service provision is a very competitive market for providing services directly to
enterprises and for hosting content that can be accessed by citizens and enterprises.

Many providers use commercial confidentiality as a reason for not providing fulsome
responses to questions.

Cov4il®

There was no baseline information about enterprise data flows to cloud prior to Covid-19
lockdowns in the EU. Indeed, one reason for the study was to provide these insights.

Lockdowns commenced in March 2020, three months after the start of the study and
continue. Most interviews and surveys with stakeholders took place after lockdowns, when
many more people will have been working from home.

It is unknown whether results will be representative of more normal times. On balance we
believe results will be comparable with pre-Covid times and with the post-Covid era to
come. With the exception of a few sectors (e.g. hospitality and some retail) most industries
have been undertaking similar volumes of work during lockdown. It is simply the locations
where that work might have taken place that will have changed. Most employees are
domiciled relatively close to their place of work; few people travel across international
borders to their place of work. The results of this study, focusing at national level, should
therefore be robust even with Covid-19 happening.

251The modelling in this paper is |l argely based on Eurostat 6éente
organisational unit producing goods or services which has a certain degree of autonomy in decision-making. An enterprise

can carry out mor e t han one economi c activity and it can
(https://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary:Enterprise). Th e Eur ost at definition of &

does not differentiate between the intermediate or ultimate country ownership of an enterprise.
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Il nformation and statistics

Many statistics provided by commercial businesses are not underpinned by robust
methodologies. Indeed, when approached some commercial providers were not able to
provide methodologies describing how information was obtained or how forecasts were
made.

National statistics offices provide a great deal of robustly collected and cleaned information.
But some data sets have relatively large amounts of data missing. For example, data
relating to the number of employees working in enterprises of different sizes is sparse in
some sectors.??

Eurostat data about the enterprises purchasing cloud services used over the internet is
comprehensive but collection omits NACE sectors K (Finance) and the public service
sectors NACE O to S (public administration and defence, Education, Human health and
social work, Arts and entertainment and other services).?%3

Techni cal i nformati on

Understanding the volumes of data consumed by an enterprise and the volumes flowing to
cloud data centres requires considerable technical skill and knowledge. The person to
whom one talks in enterprises about the usefulness or efficiency gains stemming from cloud
computing does not generally have the necessary technical skills or access to sources of
information about data flows stemming from data or cloud service consumption.

The most robust source of information about internet traffic is the management
software associated with some routers?*. This can provide detailed information for
enterprises (using the router) about data flows and volumes of internet traffic of different
websites and to cloud service providers. Initial examination of router management software
suggests it could be a useful source of information in the future. This could be achieved
by obtaining sufficient permission from enterprises to view their management software
results. Sample sizes for the number of enterprises from which to collect router information
will depend on the focus of future studies.

252 This deficiency necessitates the extrapolation of the proportion of employees in companies of different sizes at national
level or in similar NACE sectors to enable missing values to be calculated. Sectors with sparse information include
electricity and gas (NACE D) water supply (NACE E) and Financial services (NACE K).

253 Eurostat provides data about enterprises purchasing cloud services used over the internet by NACE sector and company
size (employees). This deficiency necessitates the extrapolation of the proportion of enterprises purchasing cloud services
at national level or in similar NACE sectors to enable missing values to be calculated.

254 Cisco routers, particularly those using Miraki software, provide good insights to internet traffic flows. Some other routers
provide similar information, others do not. See the methodological annex.
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6.Concl usi ons

This studst heex avmoilrueme dat enf bowr ngaentd edmeidedat a
across the EU27, EFTAI rt oecafd htibeess ea reds tthheatUK os s e
cloudadadt ecdegnet r e s .

a. Overall data flows
Overall, in the EuUefbw ohdatebstemmisg feom esterprites?®
buying cloud services used over the internet was 504,763 TB/month (5.8 EX/year) in
2020. By 2030 the amount is forecast to be 15.2 times greater at 7,669,835 TB/month (87.8
EX/year) and by 2025 the amount is forecast to be 4.4 times greater (than the 2020 value)
at 2,201,058 TB/month (25.2 EX/year).

Across the 31 countries examined?®, data flows to cloud and edge data centres by
enterprises buying cloud services used over the internet were estimated to be 708,790
TB/month (8.1 EX/year) in 2020. By 2030 the amount is forecast to be 14.9 times greater
at 10,577,600 TB/month (121.1 EX/year). By 2025 the amount forecast is to be 4.3 times
greater (the 2020 value) at 3,025,388 TB/month (34.6 EX/year).

b. Country level analysis

One el ement of the analysis was to estimate ent
and edge datfa tdcenttreens macien pcrlcowidd esresr vi n countr i ¢
cloud infrastructur e® . pbrentewd eanr g2®GidH veon dhemPr’ils e da
flowsersed by c¢cloud and edge .dbhha26020tr &8r man)
received 151,968 TB/ montdhat@l .f714wEXdymar joadhferThio
represents 30.7 per cent of c¢cloud data flows to
cloud data flows across the 31 countries studie
second highest infl owsodudaand seedrgvee 2 @RYA wa®nt r e s
t hhdet her(86d963 TB/ month, 1 EX/year).

Both these countries (Germany and the Netherl an
fl owi ng ctlooutdheanrd edge data cent(6@S5FBd mdh2b ,t ha
076EX/ yelam) 2020, the &Kerr eceritv eaf 1t2o0t al data flo
edge facilities from the 31 countries studied.

data flowing to cl(olud, :athed TeBl/gmeo rftahc,i 10.t18& seEX/ yeal
Anlaysi s discovered that in 2020, the highest ou
to a c¢cloud and edge data <centre) was gener at e
TB/ mont h, 1.75 EX/ year), foll owed by Ger many

Francies, 039 TB/ mont h, 0.86 EX/year).

255 In this study, enterprises are defined as private NACE sectors (C to M) and public NACE sectors (N to S). Enterprises
consist of mostly businesses (see footnote 8) but also some public sectors (N Administrative and Support Services, P
Education, Q Human Health and Social Work, R Arts and Entertainment and Recreation, S Other Service Activities).

256 Liechtenstein is not included in the analysis due to a lack of data on Eurostat

257 Analysis focuses on 2016 to 2021 because information about cloud infrastructure in these years is known. Many
commentators predict considerable growth in cloud edge data centres in the next few years. Extrapolation to create
forecasts in the future, when the distribution of infrastructure will change considerably, would create spurious results.
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c. Net data flows by country

A further stage onfedainelrypsiis eexamiandgd owi ng to ¢
centres r the 31 countries examined in the s
he ¢

enterpri datal ownd | amwd ¢ dg ¢Alhdba troat hceern tcroeusn.t r i es

f o
inflows yvofaomodatma outfl ows generated by t
se
data outfl ows.

The country winedaha iihnfglcewtutdo aintds edgér dat an

2020 was GeGeammsgtn enterpri secldaud amd | odvge odattas
in 2020 was 58,494 TB/Imeoenthtmsel ( Q. .h&7 sEX/oyealarhi.ghe
enterprise dataudnBihdwedgei data cen3 reX/ y(edbr,)9.81
ThBet herhasdshe t mietdemitghest secldmud d md | eodvg @ od ¢
centres in 2020 (45,504 TB/ month (0.52 EX/year)

The EU27 Member State withenherlpai gelsdwmchaarnadut f

edge dataimeaothes countvidkRe®92BsTBfmbgth (0.49 EX
31 countries examined, the | argest netUKnterpri
86,751 TB/ month (1 EX/year).

d. Cloud service adoption and forecasts to 2030

I n t ersnmesc tpofr2sth2 O , the | argest data fl| éleal tb cl ol
sect(dNtACE Q, 12.9 per cent of al | f IRewtsa,i 19 1a, n6do O
Whol e daNJAeCE G, 12.9 per cent, 91, 40Bd udBd tmoon h ;

(12.5 per cenint h88,1600Q 'EB(//mcea ) . I n 2025, it [
Whol esale will have 13.1 per ent of I fl ows (
sector will have 12.3 per cent of all flows (37"
wi | | hdveel2cent of alll flows (367,800 TB/ mont h;
t hat Ret ail and Wholesale wild.l have 13.2 per <ce
EX/ year), Heal t h wil/l have 12.1 per cleynwean), all
and Education will have 11.9 per cent of all f

Moreover, in 2020 the largest volume of data flowing to main cloud and edge data

centres comes from enterprises with 250 or more employees. In the EU27 Member

States, enterprises with 250 or more employees triggered 61 per cent of all data flows to

cloud (309,500 TB/month [3.54 E X/ y efdata] EU27 flows of 504,700 TB/month [5.78

EXlyear] in 2020).®* EU27 Member States enterprioye®swith
account for 8.5 per cent of all data flows to c
Member States enterprises with 10 to 49 employ
flows to cloud (66,560 TB/ month; O0.s7és EWXi/tylke a5(Q .
to 249 employees obtained 17 per cent of all/l d e
EX/ year).

By 2030 it is expected that 65 per cent of EU27 enterprises with 10 to 49 employees
will buy cloud services used over the internet. This is almost twice the number in 2020
(34 per cent) and higher than the 52 per cent of EU27 enterprises with 10 to 49 employees
who are expected to buy cloud services used over the internet by 20252%°. 46 per cent of
EU27 enterprises with 50 to 249 employees bought cloud services used over the
internet in 2020. In 2025 and 2030, this is expected to increase to 68 per cent and 83 per

258 In EFTA countries, data flows from enterprises with 250 or more employees comprise 48 per cent of flows (24,700
TB/month of 51,200 TB/month). In the UK, data flows from enterprises with 250 or more employees comprise 66 per cent
of flows (100,500 TB/month of 152,800 TB/month).

259 EFTA: 20201 63 per cent, 20251 90 per cent, 2030 i 98 per cent. UK: 2020 i 41 per cent, 20251 72 per cent, 2030 i
95 per cent.
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cent, respectively?®. For EU27 enterprises with over 250 employees, in 2020, 66 per
cent bought cloud services used over the internet. In 2025 this is expected to increase
to 90 per cent, and then to 97 per cent by 2030261,

I n tersnesr voifc e spreoporti on of enltewpamndemediuymnligev
of cloud services useddecMemi hhe im¢ceeaeitng nu
enterprises buy high | evel cloud services wused
EU27 enterprisesofuscddouldowvs elrevvi eless 30 per cent

cloud services and 51 per cent used high |l evels
that 15 per cent of cent of enterprises will ©be
usi ng meedvieulnrs of <c¢cloud services, and 63 per <cen
serviByes2030, the situation is eXRemptead ctent c hod
enterpréespechee to be using hjgh6lper|lcentt &l @ uf
to use medium services and only 12 per cent wil/l

Concerni ng dapeacernt gf phe tal data stored in cloud infrastructure is
personal data and 59 per cent is non-personal data. Of t hese 41 per cent o

dat a, 11 per cent is generated-peysanasedAaitadi vil
59 per cent, around 22 per cent i sgeeareradteadd b
dat a, 19 per <cent i s innadnuesityr itaded( pasodaicdi vedt d
production procelsai irper apscappVvVeg and the remaini
fot her datad by survey respondent s.

Overall concl usi on

To conthlisdespruadwi des an i nnboeasttiivneahtmenwvgb btd me and

types of enterprise data faowiihngwetsot icg aotuidn g nwhe
dat a shlcowss (The EWport provides a holistic appr
of enterprise data flowing towthbuad dahta EJentre
the EU and the UK; and bet weeoaapgUurnes &&EVArabud
of the data f Il ow®3( MAadte |sye-})hoar rssiefegtearisng t he f 1l ow
size (small, medi uf s elravrieceensce n dl entt pmiss ) ,ent er p
acti?iandsdata typespe(fpefiddneal $tnwechy was not a
i nvestigate datal 6bddvsetbgeweanatdbentres of the L
cloud services. These exchanges might arise so

260 EFTA: 20201 81 per cent, 20251 97 per cent, 2030 i 99 per cent. UK: 2020 i 63 per cent, 20257 92 per cent, 2030 i
98 per cent.

261 EFTA: 2020 1 90 per cent, 2025 1 98 per cent, 2030 i 100 per cent. UK: 2020 i 77 per cent, 2025 87 per cent, 2030
T 97 per cent.

262 Eurostat definitions of low, medium and high cloud computing (CC) services are as follows; low CC services are emalil,
of fice software, storage of files, medium CC servicees include | o
high CC services are accounting software applications, CRM software, computing power.

263 C Manufacturing, D Electricity Gas, Steam and air conditioning supply, E Water Supply, F Construction, G Wholesale
and retail trade, H Transportation and storage, | Accommodation and food service activities, J Information and
Communication, K Financial and insurance activities, L Real estate activities, M Professional, scientific and technical
activities, N Administrative and support services

264 Eurostat definition: small enterprises: 10-49 persons employed; medium-sized enterprises: 50-249 persons employed;
small and medium sized enterprises (SMEs): 1-249 persons employed; large enterprises: 250 or more persons employed.

2656See 6Definitionsd in Section 1. 2.

2666 Dat msiiwvteeactivitiesd refers to data stored in cloud infrastru
dependent on the use, production or/and provision of the cloud technology, such as industrial data, which is one of the
typical data to feed into customer relationship management (CRM) activities. For more information, please refer to Annex
1.

2676 Data typeod r ef er-personal dgacForsmome iaformationdleaserefer to Annex 1.
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can back up data or operate more efficiently.
data fl owioboud pnfwaseructure on company premi

The methodol ogy presented here can be used in f
across the European Union (the EU), between the
i smuppofBU policy, trade ansd ofuwrvEels ¢ rmeeo tfei,dhedd ngs

provide useful evidence to support the evaluat.
for example to assess the extent of the removal
across )ABmdopgédr e tcooontsi nfucorusa anal ysi s of data f 1 c
devel opment of t he EUO&WVo rdeactvae rp,r otchees sniamg isnegc todr .c
across the EU, and the identification of their

key clobdwdaboarridors where potential investment

data storage.

Fi nalhley,s taddoywnl atyh e b a smios kfgoori nfgu tbueryeond t he Eur o
and trying to address the challenged sof exgdtriamat
EU cloud data fl ows.

111



Study on mafplpowsgy dat a

Annex 1: Designing a typadogwant af
fl ows

Annex 1 explains in more detail the starting point of the methodology built for mapping data
flows, which was to develop a robust typology of cloud-based data flows. As mentioned in
the report, the study team made an overview of the existing literature review of data flows,
in order to design a tailored typology of data flows to be mapped by the study.

This was done through three main research tools: literature review, scoping interviews and
expert workshop. The findings are highlighted in this Annex to provide an overview of the
work that was done worldwide in terms of measurement and identification of the key
dimensions of data flows or other types of flows that could help approximate cloud-based
data flows.

The study team selected studies which highlighted the main features of data types and
flows. It should be noted that the scope of the literature review encompassed different types
of flows (cloud-based data flows, other types of data flows and other types of flows) that
are not necessarily cloud-based data flows, due to the lack of literature on cloud-based
data flows. However, other types of flows are still relevant to identify key dimensions of
flows if properly contextualised for cloud-based data flows.

The outcome of the exercise was the development of preliminary typology of data flows to
be used for the study. Different dimensions of data flows were explored to then design a
typology of data flows. Seven dimensions were initially identified: 1) data types, 2)
technology enabling data flows, 3) actors using cloud services, 4) functional areas related
to activities within an entity, 5) services, 6) sectors, 7) geography.

A summary of the key findings of data flows are outlined below.

1.Typol ogy of data fl ows

1.1. Key takeaways

The main features identified that enable a satisfactory level of granularity to disentangle
data flows for the designed typology are outlined below:

1 Technology used to exchange data (such as edge computing, cloud computing),
technology services originating data flows (such as big data analytics) and
technology infrastructures (such as internet-connected machinery, data
centres)?® to generate and store cloud-based data are dimensions to characterise
data flows outlined by different authors. The authors of the study consider it as a
useful approachto assessa)t he act or s Pb)theaatatypé exahandei (for
example whether it is machine generated in case of internet-connected machinery)

268 Koloch G., Grobelna K et al., @ata utilisation intensity and economic performance- a diagnostic analysisg 2017.
UNCTAD, ®igital economy report, value creation and capture: implications for developing countriesg 2019. McKinsey,
Globalisation in transition: the future of trade and value chains, 2019.
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and; c) intra company flows, since it captures different purposes of the flows within a
company (such as back-office consolidation). This is especially relevant for cloud-
intensive companies, which are most likely to be large in size and of multinational
nature given that cloud computing is used by 40% of large enterprises, while only by
17% of SMEs in the EU.?%°

Moreover, this categorisation is also of relevance to capture flows stemming from
private cloud infrastructures, which otherwise may not be captured when looking at
the provision of cloud services by public cloud services providers. Cloud services can
be managed on premise and data centres can be privately owned and/or managed;
hence the technology dimension must also capture flows that do not necessarily stem
from public cloud service management but also from private cloud.

Another key feature highlighted is the relationship between the different actors
(vertical, horizontal and external data sharing),?° which is helpful to disentangle flows
within the data flows value chain. This categorisation is also useful in the context of
the study approach aiming at analysing the cloud-based dimensions in the data flow
value chain, by highlighting the relations within a sector, between different
companies, whether it is a flow among companies interacting in a customer or
supplier relationship type (i.e. vertical), among organisations involved in the same
stage across the value chain, or originating flows with organisation outside the sector.

The relationship between the end-user and the type of transaction?’ is also
highlighted by scholars to capture a) the overall non-commercial data traffic, b) the
types of transactions and services between buyers and sellers and c) the ones
delivered to and from end-users. According to several authors, a flow of data is
associated to an economic transaction, that could be not only commercial, but from
which an economic gain could still stem from (such as corporate internal efficiency
gains).

This aspect is also useful to characterise flows by types of actors such as among
businesses, between business and consumer, deriving from the analysis of the type
of transactions triggering a data exchanged. For example, it would be useful to
capture the cloud-based data flows stemming from the use of a company digital
application (such as for mobility purpose) by a user via a connected device.

1.2. Gaps identified

The identified gaps from the literature review, scoping interviews and expert workshop with
regard to data flows are the following:

1

Public entities and associated data flows are not identified, such as government to
end-users ones, government to government ones, government to business ones
are missing aspects in the different studies.

A sectorial approach that enables the mapping of cloud-based data flows among
industrial sectors is missing. Instead, the existing literature is focusing on ICT at

269 Eurostat 2018, Digital Economy and Society Statistics, available at: https://ec.europa.eu/eurostat/statistics-
explained/index.php/Digital economy and_society statistics - _enterprises#Use_of cloud computing_services.

270 Deloitte, drealising the economic potential of machine-generated, non-personal data in the EU6Report for Vodafone
Group, 2018.

271 Koloch G., Grobelna K et al., data utilisation intensity and economic performance- a diagnostic analysis§ 2017.
Mantelero, A., &€loud computing, trans-border data flows and the European Directive 95/46/EC: applicable law and task
distributiong Journal for Law and Technology.
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large, while there are several industrial sectors, such as manufacturing, electricity,
utilities, wholesale and retail sectors showing upper-medium dependence towards
cloud computing services (Eurostat 2018)?’2 that are not yet mapped. This is
therefore a necessity given the real dependency of those sectors towards cloud
computing.

1 An analysis on data flows stemming from edge computing is also missing. This is
of particular relevancy given the EU Data Strategy,?”® released on 19 February
2020, envisions that by 2025 more than 80% of the processed data will be taking
place at the edge while only 20% in central cloud infrastructures. This tendency is
further confirmed when assessing the growth of the IoT market to reach up to 71
billion devices by 2025 worldwide. Machine to Machine connections will also
constitute half of the global connected devices by 2025,2’* showing the necessity
to carefully map edge flows in the study to bring a realistic overview of current data
flows across Europe.

1 The different categories do not either provide a breakdown between intra-corporate
cloud-based data flows that identify the different internal corporate purposes for
which the different type of cloud services is consumed in key business activities.
Examples of cloud services are data back-up services, email exchanges, video
conferencing set-up, HR data storage services, software security enablement, CRM
and ERM services despite being among the most intensive cooperate functions
relying on the consumption of cloud services.?’®

1  Another missing aspect from the literature review is a process categorisation for
actors differing from businesses, such as public entities and academia. This
categorisation would allow for breaking down flows of data along the policy - making
and research processes for instance.

9 Last but not least, a major point is the measurement of cloud-based data flows as
an unexploited research field within the literature review. The only existing
measurement relates to data traffic at large, without disentangling flows stemming
from either the direct and/or indirect consumption of cloud services or from the
provision of cloud services and switching activities among cloud service providers
(such as flows among data centres). This gap is mainly due to the still perceived
novelty of cloud computing technology. However, the literature review is still a useful
exercise to capture the highlighted dimensions in this section that could be adapted
to cloud-based data flows from which indicators and proxies could then be derived
from to ultimately measure those flows, once contextualised.

Summary of the key findings related to the design of the typology of data flows stemming
from the literature review, expert workshop and interview is provided in the table below.

272 Available at: https://ec.europa.eu/eurostat/statistics-explained/index.php/Cloud _computing_-
statistics_on_the _use_by_enterprises#Enterprises_using_cloud _computing

273 Available at: https://ec.europa.eu/info/sites/info/files/communication-european-strategy-data-19feb2020_en.pdf

274 Cisco (2018), &isco Global Cloud Index: Forecast and Methodology 2016-20216white paper. Available at:
https://www.cisco.com/c/en/us/solutions/collateral/service-provider/global-cloud-index-gci/white-paper-c11-738085.html

275 Desi 2019, dntegration of Digital Technology by Enterprisesg available at: https://ec.europa.eu/digital-single-
market/en/integration-digital-technology
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TabP8 Summary of data flows di mensions identifi
interviews and expert workshop
Dimension Usefulness
Useful Technology used To capture the different technologies used to
inputs exchange data and thus triggering cloud-based data
flows
Relationships among actors To characterise different cloud-based data flows
among actors based on the types of relationships
among actors, such as B2B, B2C, G2U, etc
Transaction type To capture both non-economic and economic nature
of cloud-based data flows
Missing Sectorial approach To identify the cloud-intensive sectors which generate
aspects cloud-based data flows
Actors types To capture the heterogeneity of actors involved in
cloud-based data flows, such as cloud data users,
providers and infrastructure network providers.
Geographical To capture intra and inter entities cloud-based data
flows and the origin and destination of a flow
Functional areas To identify the business purposes triggering cloud-
based data flows
Service consumption, To capture the types of cloud services consumed,
production and provision produced or provisioned generating cloud-based data
flows
2.Cl oud intensive data types
The study team also analysed the different categorisations made by the different authors
concerning data types. Indeed, the approach undertaken by most of the authors was to
focus on analysing data types to then derive a generic typology of data flows (however not
specific to cloud-based data flows). As stated in the methodological framework, the study
team adopted an equally valid, h o we v er , more holistic appro
cloud intensive datad’® as one of the seven dimensions which characterise cloud-based
data flows. To this end the study team started by building first an objective typology of
cloud-based data flows (based on the above seven described dimensions in section 1.2.3).
The overall types of data highlighted in the literature were then examined into a matrix, to
highlight which f r ochudihnotseen sci awnefeaytluaiat tize Gi/pploga s 6

of cloud-based data flows.

21. Key takeaways

The main features identified to enable a satisfactory level of granularity to disentangle cloud
intensive data types for the cloud-based data flow typology are outlined below:

276 loud-intensive datadrefer to data generated by activities that are highly dependent to the use, production or/and
provision of the cloud technology, such as industrial data, one of the typical data to feed into CRM activities.
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1 Personal*’ and non-personal data?® are distinguished by some authors based on

the categorisation of machine-generated data versus user-generated data.?”
Despite the fact that user-generated data can also be anonymised, and used for
example as an output in an industrial process,?®® we consider the distinction
between machine generated (anonymised input) and user generated as the most
appropriate available proxies (while not perfect) to disentangle data flows from
personal and non-personal data. This proxy will be used in our study to characterise
the data types dimension.

Data types are also disentangled by the way data are collected based on human
added value input or process-mediated and machine collection,?®* which is
important to factor into the study analysis considering the level of granularity
needed for the study in particular to disentangle cloud intensive data types, from
personal and non-personal, The distinction will be made by distinguishing data
generated by human inputs (i.e. via social networks, comments, documents, videos,
pictures, mobile data content, user-generate maps, emails which can be opinions
and comments) from automated data generated by machine or processes-
mediated. Process-mediated data relates to automated monitoring of the state of
resources and recording business activity (i.e. anonymised medical records for
public authorities and commercial transaction, banking records for businesses,
workflow management). Lastly machine generated data are data from sensor, for
example stationary sensors (home automation, weather/pollution sensors, traffic
sensors, scientific sensors); mobile sensors (mobile phones locations, cars, satellite
images) and data from computer systems (logs from IT systems, Web logs, which
will include also data processed into cloud data centres).

Another categorisation of the way data is generated is made by distinguishing
between data generated by networks, devices, and assets.?® This distinction is
relevant for our study to factor in particular industrial cloud-based data flows
stemming fromloT devi ces. The I|iterature revi
data generated by loT devices stemming from sensors intended to gather data
regarding external conditions, or data that are aby-pr oduct of a

relate to data licences, location, output, and usage, for example data generated
from interconnected machinery.?®

277 European Regulation 2016/679 of the European parliament and the Council, art. 4 defines personal data @ny

information relating to an identified or identifiable natural person ( é), directly or indirectly,
identifier such as a name, an identification number, location data, an online identifier or to one or more factors specific to

the physical, physiological, genetic, mental, economic, cultural or social identity of that natural persond

278 European Regulation 2018/1807 (COD) of the European Parliament and the Council, which defines non-personal data,

as other data than personal, defined by article 4.1 of 2016/679.

279 Deloitte, &Realising the economic potential of machine-generated, non-personal data in the EUdReport for Vodafone

Group, 2018.

280 European Commission, COM(2019) 250 final, Commission Guidance on the Regulation on a framework for the free

flow of non-personal data in the European Union.

281 Koloch G., Grobelna K et al., ®ata utilisation intensity and economic performance- a diagnostic analysisg 2017.
282 Deloitte, drealising the economic potential of machine-generated, non-personal data in the EU6Report for Vodafone

Group, 2018.

283 Deloitte, drealising the economic potential of machine-generated, non-personal data in the EU6Report for Vodafone

Group, 2018.
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1 The categorisation of the production stages (i.e. control, pre-production, supply
chain management, production, post sales)?* is also useful to capture the business
purpose for which different types of data are created within the different functional
areas of a business. For example, those data which are generated and exchanged
for supply chain management purpose versus those for human resource
management corporate needs.

22. Gaps tidfeined

The gaps identified from the literature review, scoping interviews and expert workshop with
regard to cloud-intensive data types are the following:

1 Data activities related to other actors than businesses, such as public entities and
academia, which are also users of cloud services, are not captured across the
production stages of the public sector (i.e. public service delivery process) and
academia (i.e. research and publication processes). Those only relate to business
activities. Given the scope of the study, public entities and academia should be
included.

1 Adistinction between industrial data used as direct input into the production process
from a supply chain perspective and organisational data used as intermediary input
for internal corporate activities, (such as human resources) is not captured either.
The distinction is, however, necessary to disentangle on the one hand for the use
of cloud-based data as either direct input into the production process for example
for sensor monitoring device services in the manufacturing sector. On the other,
cloud-based data as intermediary input into the internal corporate and/or
governmental activities for example for performance management, fiscal, human
resource and financial activities. This distinction would be necessary to feed into
three of the seven dimensions that characterised cloud-based data flows being:
cloud intensive data types (dimension 1), cloud intensive sectors (dimension 6) and
types of functional activities (dimension 4).

To summarise the findings on the typology of cloud-intensive data types identified through
the literature review, the expert workshop and interviews, a table is provided here below.

284 Kommerskollegium, dNo transfer, No production, a Report on Cross-border Data Transfer Global Value Chains, and the
Production of Goodsg 2015.
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TabPéSummary of the key hi-ght éegbigeodat het ppeéoddas ¢
of the c¢cloud based data flow typology based on the |
expert workshop

Dimension Usefulness
Useful Machine/ human generated To disentangle personal and non-personal data
inputs The way data are collected To disentangle personal and non-personal data
Production stages To capture the business activities among which data
are flowing from to
Missing Data flow stemming from To capture the types of cloud-intensive activities other
aspects activities other than productive than business activities (i.e. related to public
activities administrations and academia)

To capture data flows stemming from activities, other
than the productive ones such as internal corporate
and governmental process efficiency activities (such
as data back-up, data storage cloud data security
services, video conferencing an collaborative
servicesé etc.)

The study team also explored existing methodologies to measure flows in other relevant
sectors, such as the energy sector. Desk research was conducted to identify replicable
elements to measure flows, in particular on the electricity sector, by looking at the
transmission and distribution layers. However, no findings were applicable to our study,
given that the energy infrastructure sector has a regulated transmission and distribution
infrastructures, associated with mandatory advanced monitoring technologies which
measure real-time thickness of electricity flows at both transmission and distribution level
unlike the cloud computing sector.

Overview of typology ofA dygtpaol folgywo,f Kdywsctaprpd i
basediddty@ol ogy of, dwasa déowgned based on the m

data flows using the data flow value chain as |
end, the study team focused on the cdtouglesdof t h
data fl ows coul d be identified to then anal ys
di mensions and actors involved, as the Figure b
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exchanged. This dimension encompasses human
generated by human input s, and mablaiseed gen
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T Which is the a-hdsddstdanahée boeve®r ap oy d
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Annex D2t ailetdhonoltoogy exami ne
enterprise cloud data fl ows

1.l ntroducti on

A key objectivedfordenwheboptadguswbatnadnawd sebpf
met hodol ogy t o esThingmatme tdhad dao Ifd goiwesadl. annex provi
overview of the five stage research process th
report.

1.1. I ntroduction and policy context

he mmaddy of the report was required tdhepresen
esearch alongside qualitative and quantitative
better understanding of the methodology this
ualitative and quantiative i nffloirsnaits onsed tpo ode
usuall y-byst ep ptremgess) how components of the an

further advantage of having a separate met hdo
ements of the methodol ogyt acialn, bwi tdesudr iibnetde rir
esentation of key findings from analysis in t

ToO>» ~0O ~ o

This annex focuses on each of the five stages
each stage of the methodology <consistisviotfi ead s
undertaken.

I n the second sections odsedcedhs sdmgex amellgituan de

met hodol ogi cal approach. |t i s hoped t hat b
met hodol ogy for one country thendapptaadh tdlaoul
describing analysis for all 31 countries includ
Further details concerning the methodol ogy are
met hodol ogical review of each stage of the stud

1.2. Devel oping a robumstf adratmod®lulnidmg i

Prior to this study there was not thought to b
investigate interent traffic or data flows to
previous insights and met lpaddlicgipant wasatcaimfei rf
wor kshop ‘'Hreelbdr ucanr y6 2020 in Brussel s.

This study is therefore thoughtdatoa bfel aclwidandf itrat
and edge datentempriesedvybuying cloud ddmputing
internet.

123



Study on mafplpowsgy dat a

There is a common aipéhfolrli smmo dienl ss taartei swriocnsg , but
usually attribu@teditne eGeadrlganoRleX s are wrong, sc
6correctd one by excessive el aboration.

We adhere tocipkeee pn developing the moéodeld of e

and edge data centres in this study. We try toc
the use of official statistics Barcd mest Eavaisht ab
we used statistics from more reputable private
tried to obtain information or insights from se

so that extreme values could be recagurdiagdd.ns W

were provided by reputable private sector organ
However, met hodol ogi cal descriptions were scar
organi sation to seek further i n,f odenaaiilosn.ar éNhperrc
in this report

Finally, l i ke most research developing model s,
assumptions. Where assumptions are made t hes:é
developing the met hodOd¢ ©@gnryadzsowe olra vt eh ea dbdFatwe b f p a
Thi s i s a gener al guideline to Afkeep it simp
explanations for event s, it is wusually sensible
small est number of supglemeaomptiyomassertions a

1.3. Definition of an enterprise

This study has adopted the definition of an O6eni

an O6enterprised as O6an organisational unit prod
degree of autisrimoanyi nignn. ddenc ent erprise can carry
economic activity and it can be®siTthieat Ewr castt am

definition of an 6enterpriseb6b does not di ffere
country ownetehppisé& an en

Eurostat use the term enterprise for organisat:.
6enterprised thus includes organisational uni t s
( NACE C®apndMNACE secdtcoommoNnltyo rSedgpaurbdedc assect or 0.

285 https://mathshistory.st-andrews.ac.uk/Biographies/Box/

286By o6of ficial statistics6 we mean National Statistics offices or

287 Ball P. 2016. The tyranny of simple explanations. The Atlantic.
https://www.theatlantic.com/science/archive/2016/08/occams-razor/495332/

288 https://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary:Enterprise

289 NACE C. Manufacturing, D. Electricity, gas, steam and air conditioning supply, E. Water supply; sewerage, waste
management and remediation activities, F. Construction, G. Wholesale and retail trade; repair of motor vehicles and
motorcycles, H. Transportation and storage, |. Accommodation and food service activities, J. Information and
communication, K. Financial and insurance activities, L. Real estate activities, M. Professional, scientific and technical
activities

290 NACE N. Administrative and support service activities, O. Public administration and defence; compulsory social security,
P. Education, Q. Human health and social work activities, R. Arts, entertainment and recreation, S. Other service activities
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14. Extrapol atshommpeathdadopti on curves

This study is producing information for the Eul
6The European Dat#d Fl dowe Menhutdprisgdequired to
met hodol ogayt et canedstmomi t or data fl ows within the
UK. One of its core objectives is topsuppoalk th
data Regulation now and in the future.

Eurost at provi de sdoheisstmatifcprdmestaadtetsu tf oirt f ut ur e t

variables wused in this study. I n order to proc
met hods are utilised.

Extrapolation involves making statistical fore
project emecfiofri ed sgeriod of time into-stehéeéesutur
forecasts. Extrapolation is fairly reliable, r
is this methodology is useful when maj @emr schange
are expected to remain constant. Causal factor
the shorter term. The results of extrapolation
the dgRomt t han 220 n geexrt rtaecprod at i ony ewlkinth amsis himss$ ot
trends wil|l continue, produces | arge forecast
projected time period.

Forecasts in this stuMy Bweag el fmart@uiiadsti ng Tthhes m
assumes that t he chalnhges bies weenedmwoand that t h
[

nsignificant.

Linear extrapolati on, using the MS Excel funct.i
Linear extrapolation is wuseful, but when used w
in exte&d®Ooper cent. Eurostat data about enterp
over the internet is provided as percentages.
than 100 per cent of enterprises purchase of cl
It i s wel/l known that technsoHaomed apatptd @ rotne : oS & e |
Tech4i 2. 2015. SMART 2014/ 0012

Fi gWwr7fe-sShaped adoption curves are generated froc
model s andFroy TrRd deleg. Adoption rates across t he
a technol ogy iareearr elnadt icvoenlsyi slt ent . But at t he

periods the curvelBapeddmen mapgea@dsance.

2916 Eur opean Dat a htips//digitAlstrategy.ec.europaged/en/policies/european-data-flow-monitoring
292 Glantz M. 2011. Projections and risk assessment.
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Sour ce: Techd4i 2. 2015. SMART 2014/ 0012

Fi gRrf&shaped percentage adoption curves for five tect

To adjust for linear extrapolation, fscrageast s o
adoption curves is wutilised. The-sthapadrweepratsent
the start and end technology adoption. The str
appropriate cell when values exceeded 95 for tF

see the data bel ow.

95.096.096.897.598.198.699.099.399.599.699.799. 8
99.
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