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ENERGY FOR RESEARCH @
IT IS NOT ONLY ABOUT SUSTAINABILITY, IT IS SURVIVAL

Senaste veckan

Energikrisen slar mot Max IV - kan
behova stanga

”Klart att det finns en oro”.

SVENSKA INNOVATIONSKLIMATET

Energikrisen kan stanga
forskningsanlaggning

4. w “‘ Wy

Forskningsanliggning Max IV gor av med mycKket el, nagonstans mellan 25
och 30 gigawatttimmar per ar, enligt styrelseordférande Peter Honeth.

- Det ar valdigt mycket. Ett normalar ligger elkostnaderna pa trettio miljoner
Kkronor. Nu ar risken att det framover blir annu hégre belopp, sdger han.

P

Skyhoga elpriser och extrema prisokningar kan darfor fa svara
konsekvenser for Max IV. Men eftersom Max IV har bade fasta och rorliga
elavtal kommer eventuella prisdkningar inte att sla igenom omedelbart,
enligt Honeth.

N
e

Bild: Bjorn Lindgren/TT
- Vi har ett antal fasta avtal som l6per, sa de 6kade elkostnader som : : e : :
. o o . o o Stigande elpriser och prisokningar riskerar leda till att
sannolikt kommer i vinter slar inte igenom fullt ut for var del forran langre forskningsanliiggningen Max IV i Lund kan stiingas tillfilligt, skriver
fram, sager han. Sydsvenskan.

e e e S
Tidningen Naringslivet, Sydsvenskan
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ESS

ACCELERATOR ENERGY CONSUMPTION DETAILS

slon Source

=RFQ

=Bunchers (=MEBT)
=DTL (RF system)
=Spokes (RF system)

= MBL section (RF system)

O

O

O

O

O

O

HBL section (RF system)
| EBT & HEBT

Pumps in cooling circuits
~ans for ventilation

Racks for instruments

RF test stands (RF system)

= Cooling of air in Klystron Gallery

=| inac tunnel

= Cryo-cooling (cavities, Rf test stands)

= Utilities (compressed air, etc.)

HBL section (RF system)
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Spokes (RF system)
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RF test stands (RF system)

MBL section (RF system)

LEBT & HEBT

Cooling of
airin




ESS

ACCELERATOR ENERGY CONSUMPTION DETAILS
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~ o

& . v Cooling Needed (Intermediate operation)

.. Electricity supplied (Full operation)
Cooling Needed (Full operation)
v Electricity supplied (Intermediate operation)

~ 9

<z Electricity supplied (No operation)
. 4 Cooling Needed (No operation)
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ESS

TARGET ENERGY CONSUMPTION DETAILS

o Target wheel cooling circuit (He+N2)

o Moderator cooling circuit (LH2+He+N2)
o Thermal moderators system

s|nner reflectors system

o Monolith shielding system: Reflectors

o Monolith shielding system

0 Tuning beam dumps system

o Monolith Flush+Atmosphere system
oPBW system

0 Offgas system

o Helium purification systems

o Low temperature adsorber system

o0 Active cells, utility rooms, etc. HVAC/RGEC
o \Water purification and handling system

- Pump energy intermediate Water System Active cells, utility rooms, etc. HVAC/RGEC

PBW system

Monolit | Heliu
h m
shieldin | purific
g ation
system: | system
Reflecto s

Mofolit | Pum |I
Moderator cooling circuit (LH2+He+N2) Target wheel cooling circuit (He+N2) Monolith Flush+Atmosphere system h o
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ESS

~ TARGET ENERGY CONSUMPTION DETAILS

25000
20000

15000

10000
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AW  [lectricity supplied (Full operation)
4W  Cooling Needed (Full operation)

4  Electricity supplied (Intermediate operation)

d Cooling Needed (Intermediate operation)

Electricity supplied (No operation)
Cooling Needed (No operation)



ESS

NSS ENERGY CONSUMPTION DETAILS

Chopper systems
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ESS

NSS ENERGY CONSUMPTION DETAILS
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ESS

THE ACCELERATOR
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5m

—

46 m

660 kVA

M. Eshraqi

389 m

AAA

| 352.21 MHz |

e | 70442 MHz |

¢«——— 509Mm —m» ««—767/mMm —>

: 90 MeV

Hig
Hig
Hig

75 keV ‘ 3.6 MeV |

NS
A A

216 MeV 571 MeV

Design Drivers:

n average beam power 5 MW

n peak beam power |25 MW

n availability

>95 %

Energy sustainability at the ESS, 6th ESSRI'Workshop

178.9 m

2000 MeV

Key Linac parameters:

Energy 2.0 GeV
Current 62.5 mA
Repetition rate |4 Hz
Pulse length 2.86 ms
Losses <IW/m
lons P

Flexible/Upgradable design
Minimize energy consumption

HEBT
DMPL

S




ENERGY SAVING MEASURES
CRYOGENICS

* Heat recovery from compressors

- Adiabatic compression of return helium:

k-1
Tais _ (pdis) K
Tsuc Psuc

»  Heat capacity ratio (K = |.66) =

® Tsuc ~40 °C = Tg4is > 300 °C at the high pressure discharge

* Heat recovery from compressors

- Quasi-isothermal compression by oil injection

® Tsuc ~40 °C = Tg4is ~80 °C at the high pressure discharge

11 R
Pel:——m—Tln<pd )

Tlel T)it M Psuc

@ This requires a large mass flow of oll

2022 Sep 29 M. Eshraqi

Oll flooded screw compressor

Animated gif from: compressedair-intel.blogspot.com
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Philipp Arnold
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ENERGY SAVING MEASURES @
CRYOGENICS |00% Electrical input power

Oil flooded screw compressors

~59% motor losses

~6% heat to air

~ 119 to helium cooler

* High pressure state:

»  He flow:0.735 kg/s
»  Oil flow: 19.285 kg/s

* Power consumption: .45 MW

« Heat into oil cooler: |.13 MW

~~ O I
/8% to oll cooler Philipp Arnold

2022 Sep 29 M. Eshragi Energy sustainability at the ESS, 6th ESSRIWorkshop 13




ENERGY SAVING MEASURES
CRYO-DISTRIBUTION SYSTEM

* Helium is transported at 4 K

- Helium temperature lowered to 2 K only at the jumper
connection of Spoke modules

- Helium temperature lowered to 2 K only inside the elliptical
cryomodule

- Significant saving on static heat-load of +300 m long CDS

* Temperature of CMs thermal shield optimised for
the available temperatures from the cryoplant
turbines

2022 Sep 29 M. Eshraqi
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ENERGY SAVING MEASURES
ACCELERATOR - NCL RF

* The worst klystron in terms of operational efficency is the RFQ klystron.

RFQ and DTL are sharing the same modulator.

The required saturated power from the klystrons (including LLRF overhead) is:

» 2.9 MW for DTLI (109 kV)
» 1.3 MW for RFQ klystron (90 kV)

Right now, the RFQ klystron is also running at 109 kV, with an efficiency at operation of only 19%.

510Q
660 kVA
660 kVA

Some power about 35 kWV average will be dissipated on the resistors, but the klystron will draw Canon E37504 S/N 18G005 Filament Roll-off
25% less current. 22,0 e ———

Annual saving: 363 MWh {=33-k&)} 21,0

* Solution: dropping the HV just for RFQ klystron.

The easiest way (even if not the most efficient) is to drop the voltage by using a series of high
power resistors.

20,0

The resistors can be placed in oil in a small oil tank next to the klystron o0 ~#-105.2kV
~8—-90 kV

18,0

Ib [A]

17,0 — —— L 4 <

* Savings on klystron lifetime, as filament current and therefore the filament
temperature is reduced at lower beam voltage (and beam current).

16,0
15,0

Applicable not only to NCL klystrons. 140

13,0

16,5 17,0 17,5 18,0 18,5 1|?,[%] 19,5 20,0 20,5 21,0 21,5

Chiara Marrelli
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ENERGY SAVING MEASURES - @
Klystron operational efficiency
ACCELERATOR - SCL RF L

- Efficiency optimization at operating point

60

- Use of mismatch at klystron output (to optimize external Q of klystron output cavity) AND
focusing solenoid adjustment to improve efficiency at lower beam voltages

S
 Assuming we are able to keep the same efficiency at low voltages as at nominal &«
g
» demonstrated on all Canon klystrons, not yet on the klystrons from other manufacturers g ,
» Savings using mismatch in all cells §

Assumptions:
ssumptions #” W Lowering HV + Mismatch + focusing adjustment

»  Modulator efficiency: 90% 10 @ owering HV
: e ® Nominal HV
» Prieeefelecerie e 00O S0 E 0
0 20 40 60 80 100 120 140
»  Klystrons operating 5500 h/year Klystron nr
- Annual savings Iowering HV: 18.1 GWh (_|_62_7_k€_) Grid Power with for Medium and High Beta Linac
- Annual savings lowering HV + Optimization with mismatch: ~20.9 GWh {881-k&) L o N I ——
AAM ‘“ ‘AA ‘AA . AMA  AMA  AMA O AMA A A
- Annual savings only due to Optimization with mismatch: 2.8 GWh {253-k€) P"'=_-=--=--.
50 ~2"5'.
g 20 ~ b 4+ Grid Power when operating at nominal HV
+ High efficiency klystron upgrade would increase the savings even further : _ < 1k P e owbrig Y an
: 60 - optimizing (with Mismatch)
- An additional +28 GWh annually compared to current klystron optimized for low power E o  Grit Power when lowrring HV (o
<

Optimization)
40
» Requires a much higher investment upfront

20

0 20 40 60 80 100 120 140
Idystlon nr

Chiara Marrelli
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ENERGY SAVING MEASURES
LINAC DESIGN, REDUCED ENERGY CONSUMPTION

» Optimizing t

ne transition energies between sections

Vs
RVAVAVAVaVa

B2

*  Optimizing the transition energy from NCL to SCL 0.88
_+_
«  Optimizing the geometric betas per cavity type . ’
° ° ° ° o . +
Optimizing the number of cells per cavity type T
° ° ° ° . 1 +
* Minimizing the reflected power from SCL couplers -
+ +
0.65
vg 067 | ‘
0.69 v o0 05|
Spoke (beta opt)
A [ e T e e
B & e e 6
Q I U
5 | - HB 5
- X e |
g Resonatornumber Resonator number Resonator number + _J'_
5 o le=2.4§6e+0§ | o QI=7.851e+05 — o5 ;QI=,7.42.6Ie+05, | 4 +
8 = Spo:ke reﬂ:ected| x—x Low Betga reflectec? ‘ = ng:h Beta refle:cted +
: 25 02 | + Shorter
|_ R _20p 020
b 4 ‘ +
Du-ty C>/C|e OO l5 1i0 i5 2;0 2;5 30 0'%0 30 40 SiO éO 7i0 éO 9;0 100 0'0%0 1(‘30 1;20 11‘10 160 léO 2(;)0 220 SN
4 \
Spoke

For more info please look at my talk at the 5th ESSRI: https://indico.psi.ch/event/6754/contributions/18014/attachments/15682/21 836/Energy_consurTl‘wtﬂi'on_ESS_Iinac.pdf
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BUY MORE, SAVE MORE!!
HoOw DOES IT WORK IN ACCELERATORS

Superconducting Linac : High Efficiency Potential

example: PIP-Il design of Fermilab

LeoT RFQ | MEST |01 p-0.22 | 047 p-0.64 | p-097

LEBT
&—— RT > -

SC

-
-

162.5 MHz 325 MH:z 650 MHz
0.03 -10.3 MeV 10.3-185 MeV 185-800 MeV
" highest -
W efficiency ‘

operating regime avg. RF cryogenic avg. beam
power power power

[from presentation B.Chase, Y.Yakovlev, 2018]

PIP-Il pulsed operation 1.44MW 1.19MW
PIP-1l CW operation 9.10MW 1.83MW
FED=  EPFL  Oiraer

17.6kW
1.60MW

PIP-Il base parameters:

- H-, 800MeV, 2.0mA, part of Fermilab complex

- aim: neutrino production (IMW @ 60..120GeV)
- CW operation as upgrade path

not efficient in pulsed operation:

grid-to-beam
Efficiency

0.7%
15%

|

Ploss ~ Voltage?
o
u

2022 Sep 29 M. Eshraqi
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/ free discharge | ]
/ \' active discharge [
{f | beam pulse I

Time [ms]

Mike Seidel, Presented at IPAC 2022



ENERGY SAVING MEASURES
TARGET

l1cm-

ESS 5MW
2018 design 2& — 5 MAM
g 10X 10° Possibilities of pulse shaping Beam center
% A |
0 EMarkl, BF2
Al
-
L
- ESS-TDR 5MW
?D/ updated engineering model
= ¥ Upstream Downstream
E EModerator Moderat.or
= @ ‘ '&Ellarkll' BF1
m j———

ISISTS1 SIS TS2
128 kW S2 KW L ILL 57 MW

A P —_ “ T —

' A 1
' |
' '
oSl SR P

1 > 4 time(ms) e s e
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ENERGY SAVING MEASURES
NEUTRON CHOPPER SYSTEMS

* Magnetic bearing and motor

- Average power

»  60-120W

- Peak power

»  700W

* The main reason to use magnetic bearing systems,
is to increase the lifetime and reduce maintenance

- The side product is a reduced energy consumption

» ~10-20% lower energy consumption versus conventional bearing
systems
Intensity
1 Versatility
flux
x30
n A\ 4
2
0 1 2 3 4 time (ms)
A oge
Versatility
flux
x30
e e —_—
0 1 2 time (ms)
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ENERGY SAVING MEASURES
NEUTRON CHOPPER SYSTEMS

* Magnetic bearing and motor
- Average power
» 60-120W

- Peak power

»  700W

* The main reason to use magnetic bearing systems,
is to increase the lifetime and reduce maintenance

- The side product is a reduced energy consumption

» ~10-20% lower energy consumption versus conventional bearing
systems

Intensity
A

Versatility

flux
x30
V1

0 1 2 3 4 time (ms)

Versatility

flux
x30

—>

0 1 2 time (ms)
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BREEAM

BUILDING RESEARCH ESTABLISHMENT ENVIRONMENTAL ASSESSMENT METHOD

In 2016 It was decided to certify the
Office building according to BREEAM

The turn key contract was signed
2018 with Skanska and sustainability
requirements were highlighted in the
collaboration contract.

Skanska brought their sustainability
requirements to the project.

In the collaboration between ESS and
Skanska we set up common goals.
One goal was to:

- The office building is certified according to

BREEAM with the goal of ‘“outstanding”

The certificate was important for
Campus’ owner Skandrenting and for
the banks

2022 Sep 29 M. Eshraqi

BREEAM- WORLD’S FIRST BUILDING ASSESMENT SYSTEM

First launched in 1990

« Inspires developers and crealors to excel, innovate and make effective use

of resources.
Focus on suslanable value and efficiency

« BREEAM certified developments attract property investments and
generales sustanable envionments thal enhance the well-being of

the people who lve and work inthem

77Countries
Materiah Maragement

Pollation Transpon Waste

=

worldwide
552,968 Cerntificates

2,254,176 Registered Buildings

/ BREEAM In numbers

4

WORKING CRITERIA

Karin Svedin

Energy sustainability at the ESS, 6th ESSRI'Workshop
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BREEAM @

ESS CAMPUS AND SITE

BREEAM Weighting Acquired score (91.5%)
Pollution & Surface Water Management Management
10.0 % 12.0 % 9.4 %
Innovation
Land use & Ecology 8.0 % Health
10.0% T 125%
- Health
15.0 % Pollution & Surface Water
Waste 10.0 %
7.5 %
| Land use & Ecology Energy
Innovation 70 % o 16.4 %
Materials |
12.5 % Energy Waste |
19.0 % 6.0 % Transport
Water - o
6.0 % Transport Ma;tgr;a(l)/s 6.2 %
8.0 % e Water
5.3 %

* Level:  Outstanding is the highest level of BREEAM
* Score: 91.5%, this is

The highest rate in Sweden looking into all types of projects. 74 projects have been certified in BREEAM International 2013 New Construction.

Worldwide this puts ESS on the top 20 buildings of the Office type.

2022 Sep 29 M. Eshraqi Energy sustainability at the ESS, 6th ESSRI'Workshop 73



SOLAR NEUTRONS

Direktstralning [W/m?]

Direkt stralning [Wh/m?]

_SOLAR CELLS POWERING THE NEUTRON SOURCE
Panels are |.|l x |.75 m, each rated at 405 W

- With ~19000 panels the installed capacity is ~7.6 MW

[ ]
60 -
Jan
50 — Apr |4
Jul
40 Oct |

Solskenstid [min]
w
o

1000

06:00 12:00 18:00 00:00

Tid pa dygnet (ar 1983-2014)
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200

20}
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8000f , 4
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Annual variations

Solcellspaket Essential
18820 solceller
A Taklutning: Platt tak

Vilj betalningsmetod @

Direktbetalning Leasing

Investering
Manadsavgift
Avdrag foér gron teknik

Din investering

Uppskattad arsbesparing

Aterbetalningstid

= Batteri: Ej vald

4 Laddbox: Ej vald

85 496 387,09 kr
O kr
-12 824 458,06 kr

72 671929,02 kr

9 847 753,2 kr

INE:1s

Solcellspaket Essential
18820 solceller
Taklutning: Platt tak

Vilj betalningsmetod @

Direktbetalning Leasing

Investering
Manadsavgift
ROT

Din manadskostnad

Uppskattad manadsbesparing

= Batteri: Ej vald
4 Laddbox: Ej vald

\

. \,\ 4841m

O kr
641222,9 kr
-160 305,73 kr

480 917,18 kr

820 646,1 kr

https://www.smhi.se/kunskapsbanken/meteorologi/stralning/solstralning-i-sverige-1.89984
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QUANTUM EFFICIENCY
EVOLUTION OVER TIME

Best Research-Cell Efficiencies

Transforming ENERGY

52
Multijunction Cells (2-terminal, monolithic) ~ Thin-Film Technologies Sharp Soitec
LM = lattice matched O CIGS (concentrator) Boeina- (IMM, 302x) (4-J, 297x)
48 [~ MM = metamorphic ® CIGS Spectrolab FhG-ISE/ Soit s o
IMM = inverted, metamorphic O CdTe (LFI)\/I 364x) SolarJunc / - oltec —1] (6-J,143x) 47.1%]a]
V' Three-junction (concentrator) O Amorphous Si:H (stabilized) Spectrolab | FhG-ISE SpireSemmicon (LM, 942x)
A p \ NREL
44 - X Threg-;unphon (non-concentrator) Emerging PV (MM, 299x) | (MM, 454x) (MM, 406x) | ) 44.4% )\
" iWO-J.UHC’I!On (concentrator) O Dye-sensitized cells Boeing-Spectrolab  Boeing-Spectrolab ; Soitec” . NREL
- I:wo-J.unct;.on (non-conz:entratotr) o O Perovskite cells (MM, 179x) (MM, 240x (4-J. 319%) (4-J . 327x)
our-junction or more (concentrator A Perovskite/Si tandem (monolithic \ ’ oeing- -
40 = O Four-junction or more (non-concentrator) ® Organic cells ( ) NREL (IMM) (IMI\I/I\IF§’>25 7 (SLﬂarﬁ QXC) Eﬁ/Spectrolab (5-J) NRE‘L](.G J) <eees- W NREL E
Single-Junction GaAs A Organic tandem cells NREL — Boeing- o g
€ Inorganic cells (CZTSSe) Boeina- Spectrolab . A 4
36 A Single cysta < Quantum dot cells (various types) Spectro?ab NREL oherp (e v
ing- v NREL (38.1x
% ?ﬁl?]cﬁlrrfmrit';;tal [0 Perovskite/CIGS tandem (monolithic) — Spectrolab SpBeOceilrg?ab (IMM) .oe"" Sharp (IMM) Fh(ilgE/A (38.1) A
— . . Spectrolab . eee*® v NREL‘ 467x) NREL(MM) LG _ _ _
X ol Svstalline Si Gells dopan PO e Specirla ogocene e el e TR T EprLcsEM "
o~ 32 B Single crystal (concentrator) Varian NREL  Energy |ES UPM (1026x) FhG-ISE (117x) ——— kT
~ m Single crystal (non-concentrator) (216x) NREL e = = e - - "“- LG (258x)A Devices ZXNREL g
> O Multcrystaline e Recboud Uniy. FHGSE (2324)] ~ Alla_ A SunPower <|arge arca)\ T OO AL A 4
8 @ Silicon heterostructures (HIT) (205x) AA\{ﬁnﬁ.L— —A Panasonic etord PV|—KRICT/MIT A
28 e SunPower 96xi — o e = = 0] AMONIX (92X) R Sy o
V' Thin-film crystal NREL ————— R Oxford PV KRICTMIT &
) ry L= - ™ [Kane
= Stanford IO == = === e ———— =N\-- Panasonicl | Kaneka ISFH /KoreaU(he) °
O (140x) Varian P s === Radboud U, FhG- ISE_ Alt_ > — EPFL/yO Oy UNIST ;
= 24 ——————T Spi UNSW UNSW Sanyo Panasonic REL (14.7x) O)eXel ZSW_-7/ - ' 1 \Stanford/ASU O
LLJ IBM e mm————T - —UT\ISW pire NS UNSW FhG-ISE Samo Sanyo Sanyo NREL L5 4)9‘0‘2,83\// F|II'Sl' Solar 4 . I n| Sﬁ?g:mm'er °
= (TJ. Watson A===="" Stanford UNSW UNSW/  NREL Sanyo A T /y o
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16 - S D/D/E’U /) w ot Som© GE Fglztr JGE SOIIFTON L1ring ~ e SITU-UMass
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atsushita - |
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QUANTUM EFFICIENCY
EVOLUTION OVER TIME
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SUMMARY @

WVHAT IS DONE AND WHAT COULD BE DONE
- Sometimes the energy saving comes as a side product, e.g the magnetic levitated neutron choppers

« Sometimes a higher performance is achieved at the same energy cost, e.g. the butterfly moderator

o . . S
« Communication could reduce energy consumption, e.g. helium temperature at CDS % &
o . . o O/ n‘® -
* |t could pay off to boil water, and save energy while doing it #
Q‘ Y Soft condensed matter
« Optimizations could continue even after installations g ' Energy research
S
1352.21 MHzl > < 1704.42 MHzl ‘Q Archeology and heritage conservation E
25m 46m 40m 389m <€—559m—> <€767m—> <—— [789m Chemistry of materias I
Iﬁ.@lﬁﬁﬂU»IIIIIIIIIIIIHIIIIIIII+IIIIIIIIIIIIIIIIIIII
Engineering and geo-sciences Z/

75 keV 3.6 MeV 90 MeV 216 MeV 571 MeV 2000 MeV

J Front End Cooling Magnet and coupler cooling
Klystron and load cooling
LLRE Modulator, Klystron and Load design

¢ Cryoplant )

Life sciences '

Beam physics )
( Moderator )
( Choppers )

SSSKAS

 Active de-charging of SCL cavities

« Higher efficiency, permanent magnet or superconducting klystrons

« The ESS surface coincidentally equals the surface one needs to have solar neutrons
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