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IT IS NOT ONLY ABOUT SUSTAINABILITY, IT IS SURVIVAL
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-232 GWh 

44 GWh heat pumps

307 GWh

2 GWh

(226 GWh)

ENERGY CONSUMPTION PER DISCIPLINE
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88 GWh

65 GWh
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ACCELERATOR ENERGY CONSUMPTION DETAILS
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NSS ENERGY CONSUMPTION DETAILS
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ESS
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THE ACCELERATOR

MEBTRFQLEBTISRC

Target4.6 m 4.0 m 38.9 m 55.9 m 76.7 m 178.9 m

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

352.21 MHz 704.42 MHz

Dump

A2T

DMPL
HEBTDTL Spoke Medium β High β

2.5 m

Design Drivers:
High average beam power 5 MW
High peak beam power   125 MW
High availability   >95 %

Key Linac parameters:
Energy 2.0 GeV
Current 62.5 mA
Repetition rate 14 Hz
Pulse length 2.86 ms 
Losses <1W/m
Ions         p 
 
Flexible/Upgradable design
Minimize energy consumption

660 kVA
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• Heat recovery from compressors

- Adiabatic compression of return helium:

‣ Heat capacity ratio (𝜅 = 1.66) ⇒

๏ Tsuc ~40 ºC ⇒ Tdis > 300 ºC at the high pressure discharge

• Heat recovery from compressors

- Quasi-isothermal compression by oil injection

๏ Tsuc ~40 ºC ⇒ Tdis ~80 ºC at the high pressure discharge

๏ This requires a large mass flow of oil

ENERGY SAVING MEASURES

Philipp Arnold
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CRYOGENICS
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Oil flooded screw compressor 

Animated gif from: compressedair-intel.blogspot.com
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ṁ

R
M

T ln

✓
pdis
psuc

◆



M. Eshraqi Energy sustainability at the ESS,  6th ESSRI Workshop2022 Sep 29

ENERGY SAVING MEASURES

Philipp Arnold
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CRYOGENICS

Oil flooded screw compressors 

100%	electrical	input	power

	~	5%	motor	losses

	~	6%	heat	to	air

	~	11%	to	helium	cooler

	~	78%	to	oil	cooler

100% Electrical input power

~5% motor losses

~6% heat to air

~11% to helium cooler

~78% to oil cooler

• High pressure state:
‣ He flow: 0.735 kg/s

‣ Oil flow: 19.285 kg/s

• Power consumption: 1.45 MW

• Heat into oil cooler:  1.13 MW
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• 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

ENERGY SAVING MEASURES

14

CRYO-DISTRIBUTION SYSTEM

Philipp Arnold
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• 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 DTL1 (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%.

• 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. 

- Some power about 35 kW average will be dissipated on the resistors, but the klystron will draw 
25% less current.

- Annual saving: 363 MWh (~33 k€)

- The resistors can be placed in oil in a small oil tank next to the klystron

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

- Applicable not only to NCL klystrons.

ENERGY SAVING MEASURES

Chiara Marrelli
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ACCELERATOR - NCL RF RFQ

660 kVA

RFQ

660 kVA

510 Ω

DTL1 DTL1
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• Efficiency optimization at operating point

- 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

• Assuming we are able to keep the same efficiency at low voltages as at nominal
‣ demonstrated on all Canon klystrons, not yet on the klystrons from other manufacturers

• Savings using mismatch in all cells

- Assumptions:

‣ Modulator efficiency: 90%

‣ Price of electricity: 0.09 €/kWh

‣ Klystrons operating 5500 h/year

- Annual savings lowering HV: 18.1 GWh (1627 k€)

- Annual savings lowering HV + Optimization with mismatch:  ~20.9 GWh (1881 k€)

- Annual savings only due to Optimization with mismatch: 2.8 GWh (253 k€)

• High efficiency klystron upgrade would increase the savings even further

- An additional +28 GWh annually compared to current klystron optimized for low power

‣ Requires a much higher investment upfront

ENERGY SAVING MEASURES

Chiara Marrelli
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ACCELERATOR - SCL RF
      Klystron operational efficiency                            
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• Optimizing the transition energies between sections

• Optimizing the transition energy from NCL to SCL

• Optimizing the geometric betas per cavity type

• Optimizing the number of cells per cavity type

• Minimizing the reflected power from SCL couplers

ENERGY SAVING MEASURES

 For more info please look at my talk at the 5th ESSRI: https://indico.psi.ch/event/6754/contributions/18014/attachments/15682/21836/Energy_consumtion_ESS_linac.pdf
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LINAC DESIGN, REDUCED ENERGY CONSUMPTION 
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BUY MORE, SAVE MORE?!

Mike Seidel, Presented at IPAC 2022
18

HOW DOES IT WORK IN ACCELERATORS
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ENERGY SAVING MEASURES
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TARGET
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• Magnetic bearing and motor

- Average power

‣ 60-120 W

- Peak power

‣ 700 W

• 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

ENERGY SAVING MEASURES

Nikolaos Tsapatsaris
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NEUTRON CHOPPER SYSTEMS

Incoming neutron beam

Incoming n beam

Outgoing n beamChopper d
isk

 co
ated 

with
 neutro

n absorber



M. Eshraqi Energy sustainability at the ESS,  6th ESSRI Workshop2022 Sep 29

• Magnetic bearing and motor

- Average power

‣ 60-120 W

- Peak power

‣ 700 W

• 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

ENERGY SAVING MEASURES
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BREEAM

22

BUILDING RESEARCH ESTABLISHMENT ENVIRONMENTAL ASSESSMENT METHOD

Karin Svedin

• 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
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• 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. 

BREEAM
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ESS CAMPUS AND SITE

Pollution & Surface Water
10.0 %

Land use & Ecology
10.0 %

Waste
7.5 %

Materials
12.5 %

Water
6.0 % Transport

8.0 %

Energy
19.0 %

Health
15.0 %

Management
12.0 %

Innovation  
+10%

BREEAM Weighting

Innovation
8.0 %

Pollution & Surface Water
10.0 %

Land use & Ecology
7.0 %

Waste
6.0 %

Materials
10.7 % Water

5.3 %

Transport
6.2 %

Energy
16.4 %

Health
12.5 %

Management
9.4 %

Acquired score (91.5%)
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SOLAR NEUTRONS

https://www.smhi.se/kunskapsbanken/meteorologi/stralning/solstralning-i-sverige-1.89984
24

SOLAR CELLS POWERING THE NEUTRON SOURCE
• Panels are 1.1 x 1.75 m, each rated at 405 W

- With ~19000 panels the installed capacity is ~7.6 MW 
 
 
 
 
 
 
 
 
                                                     Daily variations 
 
 
 
 
 
 
 
 
 
 
 
 
                                                     Annual variations 
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QUANTUM EFFICIENCY

https://www.nrel.gov/pv/cell-efficiency.html,   
This plot is courtesy of the National Renewable Energy Laboratory, Golden, CO. 
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QUANTUM EFFICIENCY
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https://www.nrel.gov/pv/cell-efficiency.html,   
This plot is courtesy of the National Renewable Energy Laboratory, Golden, CO. 
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• 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

• Communication could reduce energy consumption, e.g. helium temperature at CDS

• It could pay off to boil water, and save energy while doing it

• Optimizations could continue even after installations

• 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

SUMMARY

27

WHAT IS DONE AND WHAT COULD BE DONE
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Magnetism and superconductivity 

Engineering and geo-sciences

Life sciences

MEBTRFQLEBTISRC

4.6 m 4.0 m 38.9 m 55.9 m 76.7 m 178.9 m

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

352.21 MHz 704.42 MHz

HEBTDTL Spoke Medium β High β

2.5 m

LLRF, Modulator, Klystron and Load design

Beam physics

Klystron and load cooling

Cryoplant

Front End Cooling Magnet and coupler cooling

Moderator

Choppers
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