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Why Research Infrastructures? o

e Scientific and technological
innovation is essential to address

— The economic and societal challenges of
stalled productivity and long term wage
stagnation

— The global challenges of energy, climate,
environment, healthcare

* Understanding the structure and
behaviour of materials and
molecules at the atomic level

— New materials, new processes, new energy
storage technologies
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Why Research Infrastructures?

Promote STEM skills

— Big visionary projects attract young
people into science

* Promote interdisciplinarity

* Promote engagement with
industry

— Importance of ‘place’ - science and
innovation campuses

* Promote foreign policy goals
— e.g. SESAME
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Why neutron science?

Environment Medicine Manufacturing
Energy and climate and health Electronics and IT and industry
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ESS High level design

High Power
Acceleratormeans =
more neutrons
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High brightness and tuneable resolution
e maKes new measurements possible
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An Innovative Target Station that
can host >30 instruments 7 time (ms)




2012
ESS Design Update Phase
Complete

2003

European Design of ESS
Completed

ESS Construction
Phase Complete

ESS Starts
User Program

Start of Initial
Operations Phase
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Financing includes cash and deliverables

The European Spallation Source ERIC established in 2015

Host Countries Sweden and Denmark

Construction 47.5% Cash Investment ~97%
Operations 15%

Non Host Member Countries

Construction 52.5% In-kind Deliverables ~ 70%
Operations 85%

15 European Member and Observer Countries

SE LIV I=TTE-
e300203




ESS In-kind Partners

ISIS - Rutherford-Appleton Laboratory, Oxford
Laboratoire Léon Brilouin (LLB)
Lund University
Nuclear Physics Institute of the ASCR
Oslo University
P2 herrer Institute (PSI)
. lectronic Group (PEG)
Ne University
M Technical University

al University of Denmark (DTU)

Forschungszentrum Julic
Helmholtz-Zentrum Geesthacht
Huddersfield University
IF) PAN, Krakow
INEN, Catania
INFN, Legnaro
INFN, Milan

Institute for Energy
Research (IFE)



NSS Neutron Instrument positions

Nuclear Physics

H :: Helmholtz-Zentrum
7 ilnst/tute

ESS Lead Partners for | s s i ”\‘“
instrument construction
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Data Management and Software Centre
COBIS, Copenhagen University North Campus
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Provide world leading scientific software and
scientific computing support for neutron
scattering at ESS

Scientific Software

ESS experiment control system, Data acquisition, Data
correction software, visualization, and software to model and
analyze experimental data sets.

Data center operations

Store and catalogue ESS datasets, provide ESS users remote
access to their data, computing for live data correction, and
analysis software during and after experiments.

User support Y

Support ESS users with
data treatment and
analysis.

coBis

From Lund to Copenhagen, and Back Again

The figure illustrates a typical data flow for a neutron scattering experiment. Each

arrow in the graphic corresponds to a key area of scope within the DMSC.

Experiment
Control

Reduce

Visualise

Data Flow / Experiment Control

Akey objectiveistobuild in from the start the capability for
the interconnected software systems to control the exper-
iment. The lines connecting parts of the data flow to the
experiment control represent this functionality.

The team of users configure the components of the instrument and sample
environment using an experiment control system that interfaces with the
neutron instrument components through the ESS EPICS network.

Data are taken in event mode whereby the individual detector counts are
tagged with useful experimental metadata to create a dataset. The list of
events and metadata are aggregated in software and broadcast over a
network in a cantinuous stream of data that external software systems can
utilise.

The raw data are transformed and corrected from the base unit of the instru-
ment to a data type that is scientifically useful and valid. One of the key
objectives of ESS is to take the large volumes of data and process them in as
near to real time as possible.

The representation to the beamline users of a scientifically meaningful display
of the corrected data.

A scientific model is generated in order to scientifically interpret the exper-
imental data.

Iterative Workflow

The circle in the graphic represents the iter-
ative warkflow of scientific modelling and
visualisation of model and experimental data
that is often used.
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Vision, Mission and Values

ESS Vision

Our vision is to build and operate the world’s most powerful neutron
source, enabling scientific breakthroughs in research related to
materials, energy, health and the environment, and addressing some
of the most important societal challenges of our time.

Mission

To do this, we commit to deliver ESS as a facility that:

= |s built safely, on time and on budget

* Produces research outputs that are best-in-class both in terms
of scientific quality and in terms of socioeconomic impact

= Supports and develops its user community, fosters a scientific
culture of excellence and acts as an international scientific hub

= QOperates safely, efficiently and economically, and responds to
the needs of its stakeholders, its host states and member
states

= Develops innovative ways of working, new technologies, and
upgrades to capabilities needed to remain at the cutting edge

Core Values
Excellence ¢ Collaboration ® Openness {Sustainability
18




ESS and Environmental Sustainability

Sustainability is a core value

Initial dreams of what might be demonstrated at ESS
have needed to be reconciled with what is technically
achievable and affordable within a firm cost cap

* Buildings certification
* Construction site

* Energy supply
* Waste heat recovery
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Buildings Certification

e Build in accordance with good environmental
standards
— insulation, low energy usage, etc.

e Original aspiration was to certify all
structures according to BREEAM
standards

— However - process is quite work-intensive
and not well adapted to industrial facilities

* Now pursuing certification only for offices
— Same approach as MAX IV




“Green” Construction Site

* Compliance with Environmental
Court, water runoff, noise
regulations, machines, traffic,
biodiversity etc.

e No waste to landfill

* Supply chain — environmental
assessment of materials



“Green” Construction Site

Diesel fuel 100% from
renewable sources

Community and public
engagement, schools
programme

Promote increased
biodiversity on
finished site
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Energy Supply e

* Total grid power ~ 30MW Not ours!

(5MW accelerator power)

e Committed to purchase
from 100% renewable e
sources . e VN*»’ ' “w

= ——

— But makes no sense to
generate our own power with
a vibrant market in Sweden

— 52% of Swedish electricity

from renewable sources
(highest in EU)
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Waste Heat Recovery

District heating in Lund Figrryienttnitet
pa Brunnshog

Pink areas in map = district heating

YL i ‘ 5 /Z/A \—::;,'Xmg\‘ \y "7 NORRAFALADEN
SN\ A e 5 N G
-l mgl © ;‘:-?Miliy 5
oA & .

“ 'll"'l i R [H
‘1‘ > 1‘ A liL -,.W'EWT'J'A;
B = e g R
NACEY T (g = Ay

Norra Ringen Trafikplats
Lund Norra

200m

H0Y svosveNskan &
GRAFIK: KRISTER CRONQVIST

| Sy
Kalla: Lundskommun .~ ————-Sparvag Lund.C~ESS ==~ -
°  Kartunderlag: Open Street Map

1 X [N
AR % /
;1{3@\\ e
S jw

Y l




Waste Heat Recovery

* Industrial cooling water from accelerator, target etc.
* Primary goal — efficient operation of ESS

e Secondary goal — recovery of waste heat

* Basis of design:

— 50% of waste heat must be recovered

— 50% of recovered heat must be usefully transferred to
district heating

— Minimum extra power
— Low Temperature Heat Recovery is favored
— Requirements on water flow, purity, operations modes, etc.



.
|
|

44+
|
|

|

1
|
|

_

D0ZNO_Z100dd-HM)
DOZNG_LL00dd-HM) |
0SINO_ZL00dd-WM)

0SZND LL0Odd-WMI |
0SNG 2100dd-1M) |

AVAYA

GALLERY
LOW BETA SUBSTATION

00LNO LL03dd-THO
0SNO 9000dd-MI0
00IND 5000dd-4YI

0140

0SNO €L03dd-THO

AN ROOM HVAC

02.100.500&
‘ G01.100.5002

)
|
|

KLYSTRON
(.

350%200
O
[ 350x200
-5
350x250
O
350x250
D
200150
200150
150100
150100
O

052N _0100dd-HM)
05ZN0_6000dd-

00zND 0L00dd-WM) -

00ZND_6000dd-WM) -

0140 [

051D 0100dd-1M) |

0SING_6000dd-1M) -

= |

o

o

A

[ S

%Eeﬁ&.g _
. 09NO_6003dd-THO
| 0SNO_50004d-MI0

01d0 |

MEDIUM BETA SUBSTATION

‘ ‘ KLYSTRON GALLERY
G0Z.100.4004

£50x350
™3
L

£450x350

500350
D
5003350
O
2502200
250200

m_u 00SNO_8000dd-HM) -
: : 00ENQ£000dd-HM) [
: : 056N 8000dd-HM) | <

[

! ! ! 0SEND £000dd-WM)
i _ o.Ec
,

007ND_8000dd-1M)

002ND{000dd=1M)

08NO_8003dd-THO |

08NO_£003dd-THO

0SNO_9000dd-MI

05N 9000dd-4Y
01d0

HIGH BETA SUBSTATION

KLYSTRON GALLERY
602.100.3001

300x250

308250
T
|

00ZNO_9000dd-WM)

o ' ' 0SZNDS000dd-WM) =

D0LNO 5000dd-1M)
! 0SNG 9003dd-THO
0SNO_5003dd-1HO
0SNQ_£000dd-MI0
0SNO £000dd-4vI

0140

‘(UMPRESSOR BUILDING
G04.100.7004

500x450
-5

x
10ZNO9000dd-HM] Boz-0st
- (R : 0140 =

[T , 0SNG €100dd-HM)

[ [ : D0ZNO1L00dd-WM)
R : 00ZNO_£100dd-HWMI
l— : DOEND 9100dd-1M)

: : D0END 5L00dd-TM)
00ZNO_9103dd~THO
00ZND_5403dd-THO
0SNQ_£000dd-MIQ
00LND_9000dd-4vI
0SNO 1000dd-9EN

0140

A

-PPDO0Z DN&SD

-PPDOOT DNS00

CWM-PPDO0T ONEDO
OHL-PPED0Z DN250
DHL-PPE0OT DNZ50
IAR-PPDO0 DN150

" (WH-PPDOT: DN250
WL-

| CWL-PPD0O0T DNESO

| DiwW-PPD0O0T DNSO

| 0PTO
| QaPTO
|4| N2G-PPDO01 DNS0

| | CWM-PPD002 DN600

| | TWH
OwWH

DHL HEADER INT |

OHL HEADER INT
DIW HEADER

0SING_£100dd-HM)
D0ZNO_ 9L00dd-WM)
00ZNQ £L00dd-WM)

01d0
|
|

CwH HEADER 2

|UPTO
CwH HEADER

|(WH HEADER
CWM HEADER

|EWM HEADER
CwL HEADER

DHL EXT
|EWL HEADER

IAR_HEADER

[
L NZG Header

00ZND SL03dd-THO
0SNO£000dd-MI0 !
00LNG 9000dd-y¥| _

OSNO 100Qdd-92N

|

I

-PPE025 DN32

08NO_%203dd-THA

(W01 DNSO

CWOT DNSO

DHL

DHL-PPEOZ6 DN32

0SINO_£200dd-1M]
0SIND 9200dd-1M)
0SNO_6000dd-MIa
01do

A

i
-
]

01d0 ,ﬁ

SUBSTATION

CAMPUS AREA
£03

|TARGET & EXP

[ros
|

|

L

L
——
|

-

| £05

|

L

F

|

L

0SING 9000dd-HM) j

|TARGET & EXP

0os



Technical Requirements 15/11/17

Cooling Water System
Option now adopted as Basis of Design

Supply temp Max cooling capacity

16°C (15-22 °C) 2025: 6 MW (at return temp 16°C)
2019-2025: Ramp-up 2 — 6 MW)

CWL

25°C 40°C (26-45 °C) 2025: 13 MW (at return temp 40°C)
2019-2025: Ramp-up 5-13 MW

2025: 5 MW
2019-2025: Ramp-up 3 -5 MW

25°C 80°C

L/
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Implementation o

* Plan to award a 40-year contract for design, construction and
operation of “Central Process Systems”

 Vendor identified
* Now in technical design phase
 Will be interactive between vendor and ESS

* ESS has established a technical review team including outside
experts (DESY and CERN)

* Conceptual design now signed off
* Preliminary Design in progress, review Q2-2018
* Final design will be reviewed a few months later
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Conclusions SR

We have reconciled big initial ‘dreams’ with construction reality,
while maintaining sustainability as a core value at ESS

— Green construction site
— Good environmental building standards
— Purchase all electrical power from renewable sources
— Waste heat recovery into district heating system
* Good examples of what is sensible and possible

e ESSis on schedule for science in 2023

 We are confident that the research done at ESS will also go on
to have a major impact on the energy sector



