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The Roadmap 2016 identifies 29 Landmarks (2 new) and 21
Projects (6 new)

— All new entries have been evaluated also for e-needs

—

— All the Roadmap Projects are monitored also for
e-infrastructure aspects

— The Landscape Analysis has been carried out for all
thematic areas (ENE, ENV, H&F, PSE, SCI) and for the
transversal e-INFRASTRUCTURES (provided by e-IRG)

ROADMAP 2016

e ESFRI has recently received a specific mandate on
optimization of strategy on e-Infrastructure

 The Rl system is a test-bed for advanced solutions
impacting science and innovation at local, pan-European
and global lelevs




ESFRI EVALUATION PROCESS OF NEW PROJECTS

T L S— The evaluation process for new
R A e— proposals followed:

EXECUTIVE BOARD
»eligibifiy chedk
+ atiri buti on fa Strategy Working Group

Assessed both scientific merit and project
i ; maturity:

L

Projects Landmary
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1) SWG were integrated by e-IRG experts

2) 1G also considered e-needs as elements of
T organizational and financial plan
and
HE&RINGS of

..:_h

i 3) External referees and hearings

The e-infrastructure aspects, internal to the
projects, external, commonalities in the
e field, interfaces to the e-space were

i s analysed and evaluated as key aspects of the
Lesirobva new ESFRI Rl Projects, and new ESFRI

: Landmarks
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Projects
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part 2

ESFRI
PROJECTS

The ESFRI Projects listed in Part 1 are individually desaibedin the following
pages. They were selected for sdentific excellence and maturity and
represent strategic cbjectives for strengthening the European Research
Infrastructure systam.

Fifteen projects were listed in previous editions of the ESFRI Roadmap —
nine in the 2008 update, and six in the 2010 update. Fve new entries and
one reoriented project integrate the Roadmap 2016. They were selected
amang the 20 eligible proposals through the evaluation procedure cutlined
inPart1.

The ESFRI Projects hawe a maximum term of "residency” on the Roadmap
of 10 years. After that term the fully implemented projects may become
Landmarks. Mondmplemented projects leave the Roadmap: if desired they
can be resubmitted with a revised programme and will compete with other
new projects.



21 ESFRI Projects

15 + 6 new Several are Data Intensive Projects with special e-needs
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Examples of Data Intensive
Rl Projects

a complex functional architecture has
been designed to enable users to
discover and select the data, download
or visualize them, and perform
processing over distributed resources in
Europe. The EPOS functional
architecture is composed of three
connected technical and organizational
elements: NRIs, TCS, ICS.

THEMATIC CORE SERVICES

s = i TR e

National Research Infrastructures

Environment

EPOS

European Plate Observing System

Description

The European Flate Observing System (EPOS) aims at
Creating a pan-European Infrastructure to monitor and
unravel thedynamic and complex solid Earth System, by
Inteqrating the diverse and advanced research facllitles
and resources for solld Earth sclence and relying on new
e-5clence opporunities. EPOS will enable Innowative
multidisciplinary research for 2 better understanding of
the Earth's phiysical and chemical processes that control
earthuakes, wicanic eruptizns, ground Instability and
tsunami as well a3 the processes diving tectonics and
Earths surface dynamics. Thiough Intagration of data,
modek and facilities, EPOS will allow the Earth sclence
community to make 2 step change In developing new
cancepts and tools for key answers to scentfic and
SOCh-E00N0MIC qUestions conceming geo-hazars and
eo-resnurces as well as Earth sciences applications 1o
enviion ment and to human welfare.

Background

Solid Earth sclence & concerned with the Intemal
aructure and dynamics of planet Earth, from the
Inner core to the surface; It deaks with physical and
chemical pracesses covering wide temporal and spatial
scales, from micrasaconds to billions of vears and from
nanometres to thousands of Kllometres. Integration
of data and services fiom different disclplines In Earth
glence 15 an essentlal step 1o unravel and manttor
these processes with the final goal of forecasting
thelr Impact on the envimnment. Indeed, the solid
Earth sclence community has chosen o establsh
an all-encompassing framework Including all the
different salid Earth disciplines: setsmalogy, near-fault
ohsarvatories, geodetic data and products, solcanic
ohsarvatories, satellite data and products, geomagnetic
ohservatories, - anthmpogenk  azards, geolgical
Infarmation and modelling, multi-scale laboratories and
R0-ENengy test-heds for low-carbon enengy.

EPOS & dewdoping such a holistic, sustainable,
multkEciplinary  reszarch  platform to - provide
Coord Inated acoess to harmonizzed and quality contralled
data firom diverse Earth science diciplines, together
‘with toals for thelr use In analysts and modelling. EPOS
bings together 25 European natiors and combine
national Earth sclence facllttes, the assodated data
and models togather with the sclentific expartise Into
one Integrated delivery system for the solid Earth. This
Infrastructure will allow the Earth sclences 10 achieve a
stap change In cur understanding of the planet; it will
enable us to prepare far geo-hazands and to rsponsibly
manage the subsurface for Infasticture development,
Waste storage and the wse of Earth's rsources.

Steps forimplementation

The EPOS Implementation phase bullds on the
achlevements of the EPOS Preparatory Phase and will
last from 2015 to 2019. During this phase two key
outcomes will be achlevad: the Implementation of the
community and Integrated services — Thematic Core
Services (TCS) and Integrated Core Services (IC5) — and
the legal establishment of the EPDS European Research
Infrastructure Corsortiim (ERIC). EPDS will bulld the
new research platfarm by ensuring suetainabiiity,
qavernance and Irtegration within the whale EPOS
delvery framewor of the community serdces
(TCS), by developing the |nagrated services (IC5) for
Interoperability and dafa management, by creating
optimal conditions for the central coordination as wel
a5 designing the aocess to distributed computational
resources, and by ensuring long-term financial and
legal sistainability through the harmaonizton of the
EPOS research Infrastructure with natlonal prarttes and

Strategles.
With an ERIC t be Iocated In Rome (Italy), EPOS will
provide an oppartunity for Euope to maintain werld-
leading European Earth sclences and will represent
model for pan-European federated infrasticture.

ESFRI PROJECTS n

Along-term plan for the
integration of national and
transnational facilities and

resources for solid Earth science

TYPE: distributed

COORDINATING COUNTRY: IT
PROSPECTIVE MEMBER COUNTRIES:
(H, CZ, DK, EL, S, A, FR, IE, 15, IT, NL, NO, PL,
PT, RO, 31, 5K, TR, UK

PARTICIPANTS: AT, BE, BG, DE, HU, SE

TIMELINE

«ESFRI Roadmap entry: 2008
«Preparation phase: 2010-2014
+Implementation phase: 2015-2019
»Construction phase: 2019-2022

- Operation start: 2020

ESTIMATED COSTS

« Capital value: 500 Mg
+Preparation: 4,5 ME
«Implementation: 12 Me
« Comstruction: 53 ME
+Operation: 15 ME/year

HEADQUARTERS

Istituto Nazionale di Geofisica
e Vulcanalogia-INGY

Rome

Italy

WEBSITE
http: / fww.2pos-eu.omg/

ITALY


https://www.epos-ip.org/glossary/tcs
https://www.epos-ip.org/glossary/ics
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n ESFRIPROJECTS

INg-Dased sianons

act Frrent
151, current

TYPE: distributed

COORDINATING COUNTRY: H
PROSPECTIVE MEMBER COUNTRIES:
(H, CZ, L, ES, FI, FR, IT. WL, PL, RO, UK

PARTICIPANTS: BE, BG, CY, DE, DK, EE, HU,
IE, NO, SE

TIMELINE

«ESFRI Roadmap entry: 2016
«Preparation phase: 2016-2019
« Construction phase: 2019-2021
«Pre-operation start: 2021

- Operation start: 2025

ESTIMATED COSTS

« Capital value: 450 Mg
«Preparation: 6 ME/year
«Construction: 190 ME
» Operation: 50 M/year

HEADQUARTERS

University of Helsinki and Finnish
Meteorological Institute

Helsinki, Finland

&

(onsiglio Nazionale delle Ricerche-(NR
Rome, aly

WEBSITE
hittp: /fwww actris.eu

FINLAND

Environment

ACTRIS

Aerosols, Clouds and Trace gases Research

Infrastructure

Description

The Aerosols, Clouds and Trce gases Research
Infrastructure (ACTRIS) Is 2 distabuted Infrastructure
dedicated to high-quality chservation of aemsoks,
clouds, trace gases and explaration of thelr Interactions.
It will deliver preckion data, services and proced ures
regarding the 4D wvariabilty of clouds, short-lived
atmosphenc speckes and the physical, optial and
chemical properties of aersols to Improve the current
capactty to analyse, urderstand and predict past, current
and future evalution of the atmosphenc envimament.
ACTRIS serwes a vast community of wsers warking
on ohservations, experiments, models, satellite data,
analysk and predicting systems and offers aoess to
advanced technological platfomms for exploration of the
relevant amospheric processes In the fiekds of climate
changeand alr qualty.

Background

Short- Ived atmesphericcompenents — aefosols, couds,
LraCe gases — have 3 fesidence time | the atmasphers
from howrs to few weeks, which differertiates them
fiom long-lived greenhouse gases. The shart | Hetimes
make thelr concentrations highly vadable In time and
Space and Imvalve fast processes. They are recognised
to be amang the mast significant anthropogenic
pollutants affecting Earth's rdiation balance and the
largest source af uncertainty In terms of radiative forcing
Impact. In parallel, short-llved atmosphedc compounds
have recognized adverse health effects at concentrations
typlcally found across Europe and potentially lead to
mare than 400,000 premature deaths annually In the
EL28. Information on concentrations and distrbutions
of aerosals and frace gases s therefore fequired to
reduce alr pollution and related adverse effects on
health and acosysteme.

ACTRIS addresses these challenges by operating at
MNatlonal Facllities wia a combination of near-surface
and remate-sensing systems and Incude: near-
surface mexsurements of aesals and short-llved

trace gases, vertically resolved measurements of
aerosols, vertically rsohved messurements of clawds
and precipitation, profile and columnn chsenvations of
shiort-lived trace gases and andlllary mazsurements of
metemiogical and radiation quantities. ACTRE abo
Includes exploratory platfomms at the national level.
The observation platforms are often components of
European or Intemational networks. ACTRIS relies an
appropriate (entral Fadlitles — Calibration Centres,
Cata (Centre, Head Office — that ensure compliance with
standard aperating procadures and/or quality protocals
to provide hamnonized, reliable, and documented
observational data. The data cumtion and storage
services are handled by a dedicated Central Facility, the
ACTRE Diata Centre. Central Facilities are fundamental
o provide the access to the ACTRIS services, onganidng
the right lewel of training and education, both within
and outside the Rl, and dellvering tallored services for
Various users, sclentific community, space agencles,
COPERNICUS and the private sector

Steps forimplementation

ACTRE 15 3 new ESFRAI project but it results from
long-temn - collaborative work of the atmospheric
sclence community through a seres of INFRA projects
that started In 2000, ACTRIS complements the
envimnmental rsearch Infrastructure as 1t contibures
data and services with fts National Facllities and
Central Facllities on atmasphenc compadition changes.
Alms of the full Implementation plan Is to %t up a
research Infrastructure service system for the complex
data-stream that starts at the National Facilities and
0oes though quality screening and higher level data
products made avallable through the data centre, and
finally to the repositories that will sacure long-tem
ancess by a very large community of users, glabally.
ACTRES enters now In the prapa ation phase The gradual
shift towards the construction phase ks foreseen In 2013-
2021 planning the commissloning phase In 2021-2022.
ACTRE will be fully aperational in 2025,

n ESFRIPROJECTS

management

TYPE: distributed

COORDINATING COUNTRY: IT
PROSPECTIVE MEMBER COUNTRIES: EE,
(2, DE, EL, E5, FR, HU, IT, ML, PT, UK

PARTICIPANTS: B, BR, CY, DK, IE,IL, PL,
SE Sl

TIMELINE

« ESFRIRoadmap entry: 2016

« Preparation phase: 2016-2019
« Construction phase: 2020-2021
« Operation start: 2022

ESTIMATED CO5TS

« Capital value: Not Available

« Preparation: 2 M/year

« Construction: 4 ME (Central Hub)
« Operation: 5 Mé/year

HEADQUARTERS

Propased in Florence, ltaly. To be finalized
in the Preparatary Phase with possibly

the involvenent of ICCROM-Intemiational
(entre for the Study of the Preservation and
Restoration of Cultural Property

WEBSITE
wiww.e-rihs.eu

ITALY

52

Social & Cultural Innovation

E-RIHS

European Research Infrastructure

for Heritage Science

Description

The European Research Infrastructure for Herltage
Sence (E-RIHS) will support research on hertage
Interpretation, preservation, documentation  and
management It will comprise: E-RIHS Headguarters
and Mational Hubs, fied and mobile national
Infrastructures of racognized axcellence, physically
accessible collections/anchives and virtually accessible
herttage data. Both cultural and natural hentage are
addressed: collections, bulklings, arhaealogical sites,
digital and Intangible heritage. E-RIHS will provide
state-af-the-art toals and services to cross-disciplinary
research communities advandng understanding and
preservation of giobal hentage. it will provide access ta
2 wide range of cutting-edge sclentfic Infrastruciures,
methodalogles, data and tools, training In the use of
thesetooks, publicengagerment, access o rpositores for
standardized data storage, analysls and (nterpretation.
E-RIHS will enable the communiy to advance
herttage science and glabal access to the distibuted
Infrastructures in 3 coordinated and streamiined way.

Background

Heritage Sclence has brought about the need of
stucturing the net of Infrastructures operting
throughout Europe. Fragmentation, duplication of
efforts, tolation of small research groups put at risks
the competiive advantage of European hentage
silence reeearch, promoted 5o well by the unigue
cuftural hentage. The lang-tarm tradition of this field
of research, the ability to combine with Innowation, and
the Integration promatad by EL-fundad projects such
EU-ARTECH, CHARISMA and IPERIIN CH In conservation
silence, and ARIADNE In archaeclogy represent the
background of E-RIHS.

E-RIHS axplalts tha synergy of the cooperation among
the acadeny, research centers and cultural Institutions,
The qiobal lead that the EU holds In th research
field, 5o precariously supported by a combination of

L e

niational and EL measires, requires a joint and resolved
effort. This has been fully recognized by the Furopean
Union with the continuous and relterated support of
Initiathves aimed at Inteqrating sxtsting Hantage Scenca
Infrastructures, as well as, with a focus on Member
States' national research pragrams, the JM on Cultural
Hetage, coordinating efforts of 17 EU national funding
badies supparting heritage sclence. The enthusiastic
reviews of these InMatives testify the success of thelr
action ta advance knowledge and o establish a research
community, acknowledged & “advanced” In official EJ
focuments conceming conservation, or quickly gowing
Inthe field of archaealogy as shawn by the performanca
Indicators af the relevant project ARIADNE.

This demonstrates beyond any doubt both the sclentific
and the soclo-economic Importance  connected
with Herltage Sclence: i = a sactor and a research
com munity that hias achieved the maturity necessary 1o
make the leap towards a permanent European Resaarch
Infrastructure that will Impact broadly on sockty and
ECONOMY.

Steps for implementation

E-RIHS & expectad 10 lead 3 Preparatory Phase In the
years 2016-2019 which will be used 1o address lagal
dats and govemance/management organizaton.
Thits wil lead to application t ERIC {or to ather sultable
Iegal form). The establ shment of 2 legal structure and
govemance and the rfinement of the business plan
for keng-term sustainability will be the three most
Important del verables, together with demonstrators of
\Sers aucess 3s Implemented by the consortium avalling
of the etsting Infrastructure projects

Preliminary work will alsa be done in the framework of
the H20Z0 IPERION-CH projact started in May 2015,
E-RIHS will be launched & a stand-alone Rl in 2020.
Further developments are planned for connacting
and Including partners and facilties outside EU, and
ordually reaching the status of a global distributed
resgarch Infrastnucture.
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The E5FA Landmarks listsd in Part 1 are individually desaibed in the
following pages These are former ESFRI Projects that have reached the
implementation stage and are now established as major Sements of
compsetit meress of the European Ressarch Area.

Muost afthe Landroarks wene Arst identified a3 ESFRIProjsctain the Road maps
2006 and 2006, Two Landmarks were seleded among the 20 aligible
proposals through the evaluation precedure outlined in Part 1 recognizing
that their implementation is underway,

The ESFRI Lardmarks need continuous suppart for sucoessful completion,
operation and upgrade in line with the optimal management and mazimum
etuim onimes ment criteria, Periodicreview of the Land marks will be carrisd
out by ESFRln order taverify the continuous ulitment ofthe refer=ncea role
in their mspective dormains.




29 ESFRI Landmarks

27 + 2 new Several are leaders in e-infrastructure development
m ENV H&F PSE SCI m
EMSO BBMRI ERIC E-ELT CESSDA _
EURO-ARGO ERIC ~ EATRIS ERIC ELI CLARIN ERIC
o IAGOS ECRIN ERIC ~ Freenseaiation  pARIAH ERIC
ICOS ERIC INFRAFRONTIER Eu-XFEL ESS ERIC
LifeWatch INSTRUCT FAIR SHARE ERIC
ELIXIR ILL
SKA
SPIRAL2 2006
EMFL 2008
ESRF-EBS
HL-LHC 2016
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Examples of Data
Intensive Landmarks

HPC sustainable strategy

TYPE: dttrhuesd
COORDINATING ENTITY: PRACE-RI5AL

PARTICIPANTS: AT EE, BG, (H O
3, DE, K, EL, E5, A, FR, HULIE, IL, T LT, M,
N0, PL FT RO SE, S, 5K TR, LK

TIMELINE

- ESFRI Roadmapentry: 1006

= Preparation phase: 1001013
- (onstruction phase 2011-2015
= Oiperation start: 2010

= Legal status: AEBL, 2110

ESTIMATED €05TS
« Capital value: 300 M
« Operation: 1M e

HEADGUARTERS
PRACE-AI%BL
Brusell:

Belgm

WEBSITE
Tt wewee prave- .ol

PRACE-AISBL

erPessardh Infrastructures

PRACE

Partnership for Advanced Computing
in Europe

Desaription

ThePaitmership r AVIIEG Compa tivg In Ewope PRVE) b 3 pan-E10p2m SJparonpuing Al vk ng aos:
DCITpUNg 30 Al IBHRE 100 SN 07 g E-ral SN and angineeding 25l L7885 11 the higest
perTE el

Harial = g il pact et Al vy 2 nl B2 B FESEQTC and At i s il chsclplaes by offerng
VTt AT 2 k3 T a2 MV e 3] SEON (25 TN 3 poar-1view WSS FRAVE also ek
DSTeA X the ELopean L5 aTHIgh Farionman o2 Compi 0 0P [ CLsiy  puh varions In ki vas. PRACE
hes 4300 imesstin improaing enarmy effidaacy af o pa bing sieiemes and reducing thalr e maral impact.

PRUACE b Ectabihed i 20 1 Bmatina iRy~ of. Acackoton nnce Bakgn Loww (MSEL] WD SEd1 I BISSER: It
s 15 MIATDET CDUNTIES WIKEE Mepianttie DNan T ons Teni2 3 pan- Epan supestmput o] 1 fasinitee.
A 2] o % LTS 20l X Qperatins sccesibee tioagh FRACE 212 peovd Iy ot asting membess
— FiabE, BETany, Haly.and S

Activity
The bour NpHng member: — BSC 1UeEnng Spain, OHECK Iisaning aly, £05 repreeatig Germarny and
GEN iesEnting France — canini ted a iokal fanding of 400 milion £ kb2 I RIPRACE sysams 16 mal s
I pa2 wilh the needs of e senttlc communities and (echnkal Davelopments, syslams daniovad by FRACE e
oL ¥ npetaied 00 upgraded 102 3 the apesol HPC BT Ciagy. QUTenty, the Farth PRACE implemerizios
Fhias2 B oo by Forschung 28 e 1Kh (DE]. PRACE-AF Edesionad 1 start new | inoval v2 and colibontie
Hies ndNIing: Z:ssting the bariion 12 PRACE 2, srengtheniaq 1heInenaicaaly iaognized FRACE brand,
preqaing s iateg s and best practios awa ks Exascala computing, coowd nating and enfancing ha opetatian of the
-8 HPC Systent and SEIViOss andl SUpPONNg anvd athicaing Lsars (o el of masshvay arale sy nd
Tovz | anch Rectures, FRA CE I evalving ¥ e b ness moded 1sed inhe il period [2010-2015) il depioved
the autsing petafop's syshams medk pomi bl by e SYTAG EngeOpment af foar hasting [ermers owess 1 long-
e setdnable miquirica hia wil promote and consolidriz Enepas ksdershipIn HPC zpplicatians. The aosal
Applcatian moes fr FRAE 22 (0 [ 100 FURLS2 SYHE 21hECh i ambad 61 N 3CT2 BSAlTNS o (T- RKESSTS,
b Imvestiganag new peoqramming ok 200 oavalopis] sutalle bencimaie. FAACE Adwancal Taining (enoas
(PAIS], gt both tha aczdemic nd Indusihl domain: 2iming 4 Inmexse Buropean human esouwces Sdla i
HFS applicatian:. Haw 5arwEs are bedng devaloped, vduding “ument computing’, e Wailzatan of ExTeme
S canpuTional dats, 2 the pvison af repos e T 0 sDUNe scanifc softace b, Links Wil
be sreagthened with other memational 2-mrasmuciuis and Gamines of Ewalanc. ENeigy-efiany 100 lower
BIV¥OHITEd . Imc] Hhoughau the 2 cyce of Exafhapis HFC R and bast raches i rofpiype aining and
evalnaion e bein] Moned

Imipact

ERRDEz chantist 1 BRGNS N2 10 eI more o Nigh-end HPC and manec o il mamy ESFRABE
be SEA HheR B Io e e the Impacton 2 ERLA and an begad i ioas|n sy and savicas PRACE aiiely
WTEIEHES WEh $SEDE — e Edmme 50ance and Engineanng DEcovery ENNIcamant (LK), FKEN (ke v
CBpUR (14313, 3001 350 Wi GEANT — H1E - B3R 60 Netwark fod the RSEath 180 il conmuiny;
£ ~ 2 Ewopean 11T E, BUCW— 1 Eopean ot It 104 HEP — the Human Brn Poject
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Physical Sciences & Engineering

HL-LHC
High-Luminosity Large Hadron Collider

Description

The Large Hadron Collider (LHC) at CEAN k the: highest-energy particle collider In the world. The ATLAS and (M5
expariments at the LHC have provided the breakthrough discovery of the so-called Higgs boson. This discovery Is the
start of a major programme to measure this particle’s praperties with the highest possible precisian for testing the
validity of the Standard Model and to search for further new physks at the enengy fiontler. To extend its discovery
patential, the LHC will be upgraded to High-Luminasity LHC (HL-LHO).

The HL-LHC will be Implemented aver the next decads In onder o Increase the data sam ple far ATLAS and CM5 by
an order of magnitude compared to the Integral collected by the end af 2022, For the full development of the physks
programme also the experiments detactors rquire upgrade 2 well as the computing Infrastructure that will nesd o
haredle the substantially Increased data rates. The full explaitation of the LHC, including the HL-LHC, was identfied as
the highast priartty for Eurapean particle physics, in the update of the Eurapaan Strateqy far Particle Physks approved
bry CERN Counclin May 2013. This recognition hias alsa been adapted (n the Matinal Roadmiaps of countries all aver
the world Including the LSA.

Activity

The ancelertor and experimental systems far the HL-LHC project will take 2 decade to complete. The HL-LHC
aocelerator relles an @ number of nnovative technologles (ncluding 2 combination of cutting-edge superconducting
miagnets, ultrapractse superconducting RF cavities for baam ratatian, as well 5 high-power superconducting links
with zer enargy dissipation. In addition, the higher luminasity sats navel constraints on vacuum, cryogenics and
meachine protection, and will require new concepts for beam callimation and diagnostics ta masimize the physks
outputofthe collisions. The success of experiments at the HL-LHC relies on Innovative Instrumenitation (radiation-ha
detectors, high-granulanty calorimeters, and ame-area silicon trackers), state-of-the-art Infrastructures and farge-
scale data-Intensive computing.

The main physics goals are clear. The first goal 1 to push further the validation of the Standard Mode| at the energy
frontler, In particular by measuring the properties af the newly dcovered Higgs partide and of the kingrudinal
omponents of the masive vector basons with the highest possible precidon, and with the aim of establishing
whether there a e any deviations fram the Standand Model predictions. The second goal & to check whether the Higgs
particle ts accompanied by other new particles 3tthe TeV anangy scale, which cauld play a i Inthe glabal picture of
electroweak symmetry-breaking or In the salution of the dark matter puzzle

Impact

The LHC & 2 unique International Infrasticture to study the fundamental constituents of matter and thelr Interactions.
The HL-LHC 15 an upgrade tothis already existing faciity which will allow the full explottation of Its sclentfic patertial.
It defines a lang-tarm programme for at least the next twa decades urtl 2035, The scientific community at CERN
corsistsof over 11.500 users from arund the word, the significant majarity of whom wark on the LHC.

The HL-LHC and its surmunding faciities will require a constant stream of supplies and servces. These Include civil
engineering wark and the systams and equipment nesded to bulld and operte the accelertor and the expedments.
The HL-LHC will collaborate with many types of Industries and businesses ta pursue Its goals. Knowledge and
tachnolgy to be developed during the HL-LHC project will make a lasting Impact on saclety. Many young prsicists
and engineers trained dudng the project will transfer thelr expartiie to saclety and industry. The HL-LHC s far all
the three aspects — anceleratol, detector and computing — a majer upgrade of LHC of CERN and will impact the
comespand ing tachnologies that are of quite general relevance for other research infrastuctures and for the big data
and computing paradigm.

TYPE: single-sited

COORDINATING ENTITY: CERN

MEMBER COUNTRIES: AT, B, BG, CH, 2,
DE, DK, EL, ES, FI, FR, HU, IL, IT, WL, NO, PE, PL,
PT, RO, RS, SE, SK, TR, LK

PARTICIPANTS: See
ACCELERATOR COLLABORATION
ATLAS COLL ABORATION

(MG COLLABORATION

TIMELINE

« ESFRI Roadmap entry: 2016

« Preparation phase: 2014-2017
« Construction phase: 2017-2025
« (peration start: 2026

ESTIMATED COSTS
« Capital value: 1.370 Me

« Operation: 100 Mg/year

HEADQUARTERS
CERN

Geneva
Switzerland

WEBSITE
http://home.cem/

CERN

Examples of Data Intensive Rl Projects:

Detector Front End: efficient trigger and DAQ systems
Offline: World Wide LHC Computing Grid

Skills retention. (www.hepsoftwarefoundation.org)

Cost/Sustainability : 100 MCHF/year (in-kind WLCG MoU)

Model: a hybrid model with a mix of public and private
(commercially procured) resources. (Test: HNSciCloud EC
funded PCP project at the 5% level of today’s WLCG.

Open access: Data from LHC experiments (year 2010)
already made publicly available


http://www.hepsoftwarefoundation.org

Physical Sciences & Enginearing

| Examples of Data Intensive Rl Projects: ESRE UPGRADES
| Phase Il: Extremely Brilliant Source

ESRF EBS will lead to higher yield of thick-data (e.g. CDI images)

TYPE: single-sited

COORDINATING ENTITY: ESRF
MEMBER COUNTRIES: BE, CH, DE, DK, ES,
FI, FR, IT, NL, WO, RU, SE, UK

Real Time Analysis: The IT infrastructure needs to enable
assessing data quality in quasi real-time and first data reduction

and analysis synchronously with the experiments PARTICIPRN: AT ZHLL P PLSK, 2
TIMELINE

«ESFRI Roadmap entry: 2006, 2016
«Preparation phase: 2012-2015

« Construction phase: 2015-2022

On-line data visualisation: first analysis will allow to store only

« Qperation start: 2022
el useful data
ROADMAP 2016 Description ESTIMATED COSTS
The European Synchrotran Radiation Faclity (ESRF) 1s the world-leading source of synchrotran ¥-rays operating 43 « Capital value: +150 Mg
f ﬂ . d d d | . . d d . beam/ings with state-of-the-art Instrumentatian far Imaging and studying the structure of matter at the atomic and « Operation: 82 Me/year
N nanometric scale In all fiekis of research: it 1s a truly Eurapaan facility and 2 key component of the ERA. The ESRF
O In e : A Va nce ata a n a ys I S Se rVI Ces a n re u Ctlon to Initiated an U pgrade Programme In 2009, and has cormpleted the initial phase with 19 new and rebullt beamiines,
miasly Inthe domain of Imaqing and structural studies enabling a 3 arders of magnitude gain n perfommance of {-ry HEADQUARTERS
trans po rtable formats MiqusCopy and Imaging exgarimens. Furapean Synchrotron Raciation Fadlity-ESRF

Grenable
The ESRF-EES s the new planned majar upgrade project { ~150 M& 2015-2022). (entred on rebullding the ESAF Frane

storage ring by adopting an all-new ybrid multi-bend achromat lattice design, it will deliver unprecedented
saure brilliance and coherence (~100x). The EES project alsa Includes the construction of faur new state-of-the-

. 1 _cl 1 1 H art beamlines,  sclenttfic Instrumentation programme with ambttious detector projects and a data management
Sto rage ° Data Wi ” be Sto red O n Slte n a H Igh Pe rform I ng and analysk strategy. An Instrumentatian upgrade 1< alsa planned for some more beamiines including the "natianal rniﬁsa‘:r“w .
beamlines"operated by Callabarating Research Groups. Due tothe very high brilliance of the EBS, methads developed e o

Computing environment providing local and remote access for asn at e Becton Laser (FEL Falles, such as seral aysalogpty, il be use I the new epermen ‘

Infrastructunes, thus expanding the capabilities for structural biokgy and material science in Europe.

typically up to one year, and on robotic tape media for longer- sty
. The ESRF started operations In 1994 and constructian was completed In 1998, Every year, more than 8,000 sclentfic
te rm access an d d rCh 1vVa | usiers s all diciplines of natural sckences use the ESRF and thelr wok generates ~2.000 peer-eviewed

publications annually. ESRF has dellvered up to naw ~254.000 instrument-shifts {12, ~17000 8-hour-shifis per
wear). Appraximately 98% of the beam time at the ESRF 15 granted thiough peer-reviewed scientific excellance based
aocess and 2% 15 aoquined for proprietary research. Approximately 30% of all projects submitted to the ESRF Invalve
Innavatin/Industrial tachnology developments. A transparent scheme monitors beam time distabution ameng the

1 . H Sclenthts countries and aims fir a°juste retour” with respect to the sharzholders' contributions.
B roa d e r CO mm u n Ity ° St ro n g CO | | a bo ratl O n a m O n g a I | E u ro pea n A programme of cantinuous feview and upgrade or rplacement of beamiines has been implemented since the
| . h t d t beqinning. The ESRF provides scientific suppart ta users and carres gut the necessary research and development wark
In synchiran techniques enabling, amang others, Nobel Prizes in Chemistry In 2003, 2009 and 2012, The ESRF has
I g a n n e u ro n SO u rce S Created, together with the ILL and EMBL, a hub of sxcellence that fias stimulated co-location of special it laborataries

such 3 the Institute for Stctural Blolagy, the Partnership for Structural Blalogy, the Partnership for Soft Condensed
Matter and Industral research collaborations.

“cloud infrastructure” and “data analysis as a Service” : PaNDaa$S Impact

The new ESRF-EBS wil|enhiance the ESRFS Impacton science and on partner couritries. After a shutdownin 2018- 2020,
the ESRF-EES will be the global reference for at least one more decade. Services and contracts placed by the ESRF In
member and ssodated sates help sacure follow-on Industrial benefits. The engineering challenges of the ESRF-EBS
will boost Industrial capactty In ares suich as magnet and detector technology, nanc-manipulation, control systems, B
wacuum technalogy, pracision machanics and high power rdiofrequancy tachnalogy for accelerators. Developments in '
data management, analyds toals and open access reposttones will further Impact science and technolagy at Furpean

and global levels with an Impact In the broader field of analytical science and facilities. It & therefore ital that the ESRF

coninues o be supported tacamy on these capabilites a adiing force nthe ERA, ESRF
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Projects Landmarks

ROADMAP 2016

Environment

LifeWatch
e-infrastructure for Biodiversity
and Ecosystem Research

Description
The e-infrastructure for Biodiversiy and Ecosystem Research (LifeWatch) Is 3 distributed Rl to advance blodiversicy
research and to address the big environmental challenges and support knowledge-based strategic solutions to
envimnmental preservation. This mission Is achieved by providing access to a mu'ttitude of data sets, servicesand tools
enabling the construction and operation of Wrtual Research Environments.

Activity

LiEVeatch I5:an e-rfrastructure of distributed nature, composad by Cammion Faciities and other Distrib uied LFeWatch Centres.
Common Facilities are located in Spain {Statutary Seat and the ICT e-Infrastructure Technical Offices), Italy (Service
Centre) and The Netherfands (irtual Labortories and Innowvations Cerre).

The Stantary Seat and the KT e-infrastructure Fechnicl (ffices will joinitly 53kt to the coordinatian and management
of the day-to-day Institutional relationships, adminktrative, legal, and financial Esues Those Include, amang
cthers, technology fransfer, procurement and IPR mitters, and the formal agreements with all the extemal data
and a-Servicas suppllers, and the Service Legal Agreements (SLA) with local, rglanal, national and intemational
entitles, incliding dedsion makers and environmental managers. Alo, they will coondinate and manage the KT
a-|rfrastructure distributed construction, malntenance and deployment operations, Including coomdination of the
design and Implementation of e-3ervices demanded by the Service Centre, the Virtual Laboratorles and Innovations
Centre, a5 well as other Distributed Facliities.

The Service Cemtre will provide the Interface with the Blodiversity Scientific Communtty, kentify the needs of the
multiple usars groups from different domalns and areas of Interest and coordinate the development and opertion
of those Services related. Abio, they will askt In deplaying the Services provided by the LfeWatch Research
Infrastructure, Including those enabling discovery, visualizatian, and download of data and applications for analysls,
synthests and modelling of Scentfic topics. Thus the Serdce Centre will Kentify new data resoures, Inoorporate
vacabulares, samantics and Services to agaregate larger typalogles of data. It will also provide the optimizatian of
the aocess and use of Sarvioe (entre facllities a5 a whole, and offer web-based tols to facllitate Soclal Networking and
Soclal Leaming {including e-Leaming). Finally It will promote the awareness of LifeWatch for users and general public,
and theenhancing the visibil ty of Lifekatch sclentific cutcomes, by publicizing and dissemninating them.

The Virtual Labaratories and lnnovatipns Centre will coordinate and manage the requirements and needs analysis,
design and Implamentation of the sclentific case studles and productions of the Lifeiatch Virtual Laboratortes. These
e-Latswill be Implemented and deplayed through the LifeWatch ICT distributed e-Infrastructure facllities, and made
accessible through the Service Centre to the Blodiversity Scientific Community. This procedure will quarantee the
overall coherence of the Research Infrastructure by promoting synengles In regards o the semantic interoperabilicy
amang data, services and theirfinal usars.

Distributed Facilities - Member countries of the LifsWatch ERIC and scientific netwarks are encouraged to establish
L ieWatch Cantres to serve spactalized facilities In the framewark of the LifeWatch sarvices, In accordance with it overall
architectural scheme.

Impact

Lifetatchwill allow I3 users toentar naw resaarch areassupported by Itse -Infrastructure, which rprasentsa structuring
tool for the ERA and 2 sknificant progress at intarnational level. It will bulld capacity 10 foster new appartunities for
lamge-scale sclentific development; o enable accelerated data capture with new tachnologies; to support knowledge
biased decision making for the management of biodiversity and ecosystems; and to sUpport training programs.

A Infractn -t T
Ane-Infrastructure to support
P A o L PR
research for the protection,
management and sustainable

use of biodiversity

ESFRI LAMDN

TYPE: distributed

COORDINATING COUNTRY: ES
PROSPECTIVE MEMBER COUNTRIES: BE,
ELES, IT NL PT.RO

PARTICIPANTS: FI, FR, HU, NO, S, 51, 5K

TIMELINE

« ESFRI Roadmap entry: 2006

« Preparation phase: 2008-2011
« Construction phase: 2011-2016
« Operation start: 2016

ESTIMATED COSTS
« Capital value: 66 ME
« Operation: 10 M fyear

HEADQUARTERS
Statutory Seat: ES
Cormmon facilities: ES-T-NL

WEBSITE
Fittp:/Fwwow lifewatch eu

SPAIN
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Social & Cultural Innovation

DARIAH ERIC

Digital Research Infrastructure for the
Arts and Humanities

Description

The Digtal Research Infrastructure for the Arts and Humanities (DARIAH) aims to enhiance and support dighally-
enabled research and teaching acroas the human tes and arts. DARIAH 52 netwark of people, experttse, Infarmation,
knowladie content, methods, toals and tachnologles from vanous countries that develops, maintains and operatas
an Infrastructure In support of ICT-based reseanch practies and sustains researchers In using them to analyse and
Interpret digital resources. By warking with communities of practice, DARIAH brngs together Individual state-of-the-
art digital arts and humanitles activitles and scales thelr results 10 a European level. It preserves, provides access to
and disseminates research that stems fiom these collaborations and ensure that best practices, methodalog il and
technical standards a2 followed,

DARIAH-EU has been established asa European Research Infrastructure Consartium (ERIC) on August 2014 tofaclltate
the long-tam sustalnability for the Europaan arts and humanitles research community and beyond.

Activity

DARIAH Integrates natlonal state-of-the-art digital arts and hu manfties activiles across Eurape, and enables new kinds
af transnational research In the arts and humanities wsing digital meare. It will operate through Its European-wide
necwork ofVirtual Competancy Centres (VOCs). EachVICC ks cross-disciplinary, mu - Institutional and intermatianal and
centred On 3 spaciic area of expartise: ) the e-Infrastructure, to establish a shared technology platform for arts and
humanities research; 1 the Research and Education Lialson, to expose and share resaarch and education work In the
digital humanities; Il the Scholarty Content Management, o faclitate the expasure and sharng of schalary content;
Iv) Adwacacy, Impact and Qutreach to Interface with key Influencers In and for the arts and humanities.

DARIAH has over 20 dynamic working groups to Integrate national services under specific operational categaries.
DARIAH 15 adviging and supporting for presarvation and curation of digital arts and humantties resaarch collections
with a fiocus on particular challenges Incliding diversity, provenance, multimedia collections and granularity. 1t
promatas the further development of research methods In the digital arts and humanities by dellvenng use-case
focussed prowision 2s well a5 documenting what | state-of-the-art In the field. A core component of DARIAH 15
Ccommuntty Integration and coardination; It provides seminars and also research and education actiities such as
summer schoals. DARIAH undertakes horizon-scanning wark with spectfic scentific themes annually on emenging
topics such & Open Humian tes and Bg Data.

Impact

DARIAH has Impact on three Intercon nected domalns: resgarch, aducation and economy. The consorium supparts
the sustainable development of digitally enabled research In the arts and humanities by bullding servies for
researchers working with CT-based methods. It halps them to further advance their research and ensures the kng-
term accessibil ity of thelrwork, thus directly contrbuting to the understanding of the cultural, economical, social and
political Ife In Europe and beyand. |n addition, it offers teaching matenal 25 well a5 teaching opportuntties to develop
digital research skills

DARIAH will have Impact on tha axkting knowledge discowery market. The consortium possesses signfficart strength
In this field through is academlc partners (CHRS, DANS-FNAW). DARIAH will also demonstrate how trditional
hurmianities resea rch skilks play apromi nent role in the di italage, and how such skills can be daployed In acommercial
setting. Within the scope of Its Humanities at 5cale project, DARIAH will set up an Innovation Board to develop this
facat of its activity.

ESFRI LANDN

toenhance and

nem
A netwc 1ce a

support
| ,
research and rec

tha hymanitiec and Aarec
the humanities and arts

TYPE: distributed

COORDINATING COUNTRY: FR
MEMBER COUNTRIES: AT, BE, C¥, DE, DK,
EL, FR, HR, IE, IT, LU, MT,NL, RS, PL, PT, 31

PARTICIPANTS: E5

TIMELINE

« ESFRI Roadmap entry: 2006

« Preparation phase: 2008-2011
+ Construction phase: 2014-1012
- Operation start: 2019

« Legal status: ERIC, 2014

ESTIMATED COSTS
« Capital value: 4.3 Me
« Operation: 0,6 MEfyear

HEADQUARTERS
DARIAH ERIC

/o TalR Huma-Hum
Paris

France

WEBSITE
rttp: /e, daria h.eu

FRANCE

a3
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LANDSCAPE
ANALYSIS

The Landscape Analysis provides the current context, in each domain, of
the operational national and international research infrastructures open
to European scientists and technology developers through peer-review of
competitive science proposals. It represents an impression of the European
Rl ecosystem. This responds to the invitation by the Competitivenass
Council to broaden the view of ESFRI beyond the Roadmap list of projects.
It has been produced by the five Strategy Working Groups (SWGs) of ESFRI
that are composed of well-recognized scientists and are coordinated by a
member, or a permanent expert, of the ESFRI Forum.The e-infrastructures
landscape, transversal to all domains, has been elaborated by the
e-Infrastructure Reflection Group (e-IRG). The Landscape Analysis is a
key ingredient of the new ESFRI evaluation methodology as it supports
the understanding of the impact of new projects. It does not represent
in any way the view or prioritization of ESFRI or of any Member State for
commitments or future investments. ESFRI in no case acts as an advocate
of specific potential future projects. ESFRI and its Member States have
taken note of it.

P and L highlighted marks in the text are toggles for direct access to the
relevant cards of Part 2.



THE HEALTH CHALLENGE : data collection and stewardship for precision medicine faces the pan-European
infrastructures, including ethical, legal and social implications.

ICT for health is indispensable for proper storage and smart retrieval of these data and knowledge. Data for
precision medicine are not only generated in the laboratory and clinic.

L. . Disease # =
Citizens and patients are - [ ECRIN ERIC
L increasingly users of social P
Forcs Uiy media and app technologies to LR
PR share information about their . I EATHIS BN I
own health and lifestyle: 2
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accelerate clinical research. o
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ROADMAP 2016

THE FOOD CHALLENGE :

The Ris on the Roadmap are the

starting point to face the 100% increase

in food demand by 2050. The ESFRI
Project AnatE on experimental
manipulation of managed and
unmanaged ecosystems, EIMIERC on
marine biological resources, ICOS ERIC
on high precision monitoring of
greenhouse gas fluxes, MIERI on
microorganisms-oriented services to
biotechnology and food production,
turo-Biolmaging on integrating
imaging technologies and crop
phenotyping), ECRIN ERIC on clinical
trials and nutritional trials, INSTRUCT
on the use of structural biology to
support plant and animal sciences, and
ELIXIR on life sciences large-scale data
and knowledge management (applied
to agriculture and bioindustries), must
be linled, nd also to other
multidisciplinary Rls.

Bioeconomy

THEFOOD CHALLENGE

Underpinning
biosciences

Molecules

. ESFRI Landmark

LEVELS OF ORGANIZATION

@ srriproject

’.: _;- Emerging Project

Ecosystem
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PHYSICAL SCIENCES

ENERGY SWG Bioenergy & biorenewables & ENGINEERING SWG

Land use and biodiversity Big machines,
platforms & technologies -
molecular to field system -

X-ray to satellites

Biological sciences Biological resources

& processes

Seas, oceans, aquatic
ecosystems & climate
change

HEALTH & FOOD SWG

Climate change and

agri-ecosystem Agri-food Sciences Data protection & ELSI

Food value chain,
farm to consumer

Food systems,
consumer demand &
behaviour

ENVIRONMENT SWG SOCIAL & CULTURAL

INNOVATION SWG

ENVIRONMENT HEALTH AND FOOD

Plant genetics, breeding [l
and phenotyping

i
Healthy,
i sustainable
....Fl_naE: ) ] EURD-BIOIMAGING . Feeilels : food
nutritional value : .
i production
o i foragrowing
"""""" LifeWatch ISBE P i population

Animal genetics, breeding
and phenotyping

e

Reduced land

Nutrition and

human health

Increased demand for

meat and dairy products . .IGCRIH

Healthy ageing

i land for food

| Pressureson |
i and energy :

s

e EMBRC
Bioenergy and biomass

ENERGY SOCIAL & CULTURAL INNOVATION

[T R ——————




A section has been contributed by e-IRG addressing to overall landscape and the key issues

~ E-INFRASTRUCTURES e HPC, big data and ultra-fast internet access are enabling
technologies for all European economy sectors and society.

NETWORKING INFRASTRUCTURE - GEANT
e Europe’s competitiveness depends critically on strenghtening its

HPC technology, Big Data and Applications both in terms of capacity
and original capabilites.

z(' b - COMPUTING AND DATA INFRASTRUCTURES - EGI AND PRACE

EMERGING DATA- AND CLOUD-INFRASTRUCTURES

Projects =

THE E-INFRASTRUCTURE COMMONS

ROADMAP 2016

ESFRI will play a role in addressing some of the challenges of
HPC/Data/Network as Rls of diverse scientific areas and with different
kinds of data and use

[Investments in “e-RI” may need pooling resources (competences,
financial)

[ HPC and HTC must bridge between science, industry and the public
sector.

[ Medium term sustainability (10-years) is the common minum goal for
Rl data




@
[ HPC infrastructure for research and innovation should extend to all

Member States to
help the development of strategic sectors;

[ $torage infrastructure for research data accessible by diverse thematic
software;

[ Data infrastructure for data processing, open access, curation,
certification and sustainable preservation strategies;

'/~ ROADMAP 2016
®

S — nternationsl [_Fast and Secured transport of data via European data networks.
| I research projects

[ Training of Data Practitioners for research, development, industry and
services.

Tools and Services
Data
Compunting

The e-l nfraStrUCture Commons Networks/Connectivity



ESFRI mandate on e-Rl

Working Group on investment strategies in e-infrastructures - ToR

The Competiveness Council of May 28-29 2015 adopted conclusions on:

“open, data-intensive and networked research” and “invited ESFRI to explore
mechanisms for better coordination of Member States' investment strategies in e-
infrastructures, covering also HPC, distributed computing, scientific data and networks.”

ROADMAP 2016

The Working Group Mandate

ESFRI decided to draw also on the competence of the e-IRG and create an ad-hoc
working group that will report to the ESFRI Forum. The WG shall provide input and
draft recommendations to ESFRI how to address the Council conclusions.
http://data.consilium.europa.eu/doc/document/ST-8970-2015-INIT/en/pdf



http://data.consilium.europa.eu/doc/document/ST-8970-2015-INIT/en/pdf
http://data.consilium.europa.eu/doc/document/ST-8970-2015-INIT/en/pdf
http://data.consilium.europa.eu/doc/document/ST-8970-2015-INIT/en/pdf
http://data.consilium.europa.eu/doc/document/ST-8970-2015-INIT/en/pdf
http://data.consilium.europa.eu/doc/document/ST-8970-2015-INIT/en/pdf
http://data.consilium.europa.eu/doc/document/ST-8970-2015-INIT/en/pdf
http://data.consilium.europa.eu/doc/document/ST-8970-2015-INIT/en/pdf
http://data.consilium.europa.eu/doc/document/ST-8970-2015-INIT/en/pdf
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