
ILC Energy Efficiency 
Marc Ross and Ewan Paterson, SLAC 

CFS-ADI Joint Meeting 

ICEPP University of Tokyo 

9 April 2014 

Three examples: 1) higher quality (hotter) water that can be put to 
secondary use, 2) lower cryogenic loss, 3) power management 



Are there significant energy 
efficiency opportunities ?   

Previous work – GDE CFS Value Engineering: 

(balance between capital cost and operations cost poor) 

GDE Meeting - ILC Conventional Facilities and Siting 
Workshop, 
Joint Institute for Nuclear Research, June 4 to 6, 2008 

• http://agenda.linearcollider.org/conferenceDisplay.py?c
onfId=1117 

First ILC Value Engineering Workshop, Fermilab, 
November 27 to 29, 2007 

• http://agenda.linearcollider.org/conferenceDisplay.py?c
onfId=2328  

1 

http://agenda.linearcollider.org/conferenceDisplay.py?confId=1117
http://agenda.linearcollider.org/conferenceDisplay.py?confId=1117
http://agenda.linearcollider.org/conferenceDisplay.py?confId=2328
http://agenda.linearcollider.org/conferenceDisplay.py?confId=2328


June 5, 2008 
ILC Conventional Facilities and Siting Workshop  3 

Value Engineering Wkshp Agenda 
Workshop Agenda:    

Tuesday Nov. 27, 2007  1:00 to 5:30 

1:00   Information Phase 

Welcome and Introductions   Tom Lackowski 

Opening remarks   Vic Kuchler  

ILC Project Overview   Marc Ross 

ILC Conventional Construction   Tom Lackowski 

VM Process Overview     Richard Lambert – OVEST 

Main Linac Equipment power and   Mike Neubauer 

cooling Criteria 

3:00-3:30  Coffee break 

3:30-5:30  Function Analysis Phase 

Shaft 7 CF&S supplied Power and Cooling  Emil Huedem 

HVAC     Lee Hammond 

Power    Tom Lackowski 

FAST Diagram    Richard Lambert 

5:30   Adjourn 

Wed. Nov. 28, 2007  9:00 to 5:30 

9:00-10:30  Speculation Phase Richard Lambert 

10:30-11:00 Coffee Break 

12:30-1:30  Lunch 

1:30-3:00  Speculation Phase Continued 

3:00-3:30   Coffee Break 

3:30-5:30  Speculation Phase Continued or Start Analysis Phase 

5:30   Adjourn 

Thursday Nov. 29, 2007 9:00 to 5:30 

9:00-10:30  Analysis Phase 

10:30-11:00 Coffee Break 

11:00 -12:30 Development Phase Planning 

12:30-1:30  Lunch 

1:30-3:00  Development Phase Planning Continued 

Presentation Phase Planning 

Workshop Close Out   Tom Lackowski 

3:00-3:30   Coffee Break 

3:30-5:30  Development of EDR Work Packages 

5:30   Adjourn 



Ecm GeV 500

Matched QL x106
5.5

tfill us 925.9

RF pulse length ms 1.65

RF to beam P eff. 44%

RF 2x average linac beam powerMW 9.88

Average RF power MW 22.5

AC-RF Efficiency 39%

Total RF AC power MW 58.1

Total efficiency 17%

RF power dumped MW 48.2

Cryo Static cryo power MW 11.2

RF load 13.8

Input coupler 3.8

HOM coupler 1.0

HOM absorber 0.3

HOM (cavity) 1.0

Beam tube bellows 0.6

RF dynamic MW 20.5

Total cryo AC power MW 32.0

CF Emergency load MW 5.2

Normal load MW 8.1

RF racks MW 4.9

NC Magnets and PS MW 0.9

Total Main Linac MW 109.2

e- source MW 4.1

e+ source MW 9.6

DR (total) MW 15.1

RTML MW 8.6

BDS MW 11.4

Dumps MW 1.0

IR MW 4.1

Grand total MW 163

ILC Power 
Consumption 
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Specific V.E. List POST RDR 
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Specific V.E. List 

Red Item (Marc’s selection from VE list) 

 

Eliminate chilled water, use process water only for  

heat rejection 

 

Consider using 30F water Delta T in RF 

 

Warmer tunnel temperature to 104F during operation and  

local cool during maintenance 

 

Consider low mineral content water instead of LCW 

 

Consider using plastic pipe instead of steel/stainless steel 

 



E Huedem, June 5 2008 7 

Simplified Tesla lcw 

diagram 

Comparison – Tesla and Post RDR 

32Fdelta 

32Fdelta 

Post RDR has 
more components, 
blend delta T 

 

Load low 
delta T 

 

103 KW 
Collector 45.8 KW 

Collector 
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Simplified Tesla lcw 

diagram 

Comparison – Tesla and Post RDR 

31Fdelta 

161.7 F 155 F 

60 

deltaF 

For 45.8 KW collector, system delta T= 30 F 

For 150 KW collector, system delta T=60F 

Delta T = Total RF Heat Load (BtuH) / (500 * gpm flow) 

pipe main already consider this, just need to add 
feedback piping loop, and ensure Heat rejection design 
for the higher load 

31Fdelta 

Change to low flow-high delta T 

23.25 gpm 

1-1/2" 1-1/2" pipe main to one rf

23.3 23.3 gpm main to one rf

30 60 delta T system

102 204 KW total

45.8 150 KW collector

36.64 120 l/min collector

9.7 31.7 gpm collector

32 32 delta T F collector



 
 







Are there significant energy 
efficiency opportunities ?   

Ongoing work – Cavity Cryogenic Loss: 

Using reproducible recipe (GDE) to study Q_0 

TESLA Technology Collaboration semi-annual 
meeting, DESY, March 24-27, 2014 

https://indico.desy.de/conferenceDisplay.py?ovw=Tr
ue&confId=9637 and SRF 2013 

https://indico.in2p3.fr/conferenceOtherViews.py?co
nfId=8939&view=standard  
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Ecm GeV 500

Matched QL x106
5.5

tfill us 925.9

RF pulse length ms 1.65

RF to beam P eff. 44%

RF 2x average linac beam powerMW 9.88

Average RF power MW 22.5

AC-RF Efficiency 39%

Total RF AC power MW 58.1

Total efficiency 17%

RF power dumped MW 48.2

Cryo Static cryo power MW 11.2

RF load 13.8

Input coupler 3.8

HOM coupler 1.0

HOM absorber 0.3

HOM (cavity) 1.0

Beam tube bellows 0.6

RF dynamic MW 20.5

Total cryo AC power MW 32.0

CF Emergency load MW 5.2

Normal load MW 8.1

RF racks MW 4.9

NC Magnets and PS MW 0.9

Total Main Linac MW 109.2

e- source MW 4.1

e+ source MW 9.6

DR (total) MW 15.1

RTML MW 8.6

BDS MW 11.4

Dumps MW 1.0

IR MW 4.1

Grand total MW 163

EDMS D*965055 
10 March 2013 

Was 61% in RDR 
Factor 1.4;  
6.3MW reduction for given 
beam power 
(SB2009 capital cost saving) 

Depends on Q0; 
Substantial reduction may be 
possible  
 



14 TTC Closing Plenary 140327 M. Ross 

C. Reece 



Americas ILC Linac Cost Versus  

Cavity Gradient and Qo 
 

Linac Gradient (MV/m) 
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LCLS-II nine-cell cavity test: 

Showing effect on high Q0 vs Eacc from gas-doping  



 

• There are only a few large power users who can 

easily and quickly cut there usage by 100 MW ! 

 

• We should consider working with the managers 

of the grid to implement this as an emergency 

relief procedure. 

 

• We should study scenarios to minimize the 

impact. 

 Note :- SLAC used to do this under contract for lower power rates--- 60 to 20 MW 

 

   

               Power Management 
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• Long Term :- Schedule annual two to three month 

downtimes to match peak power usage months. 

 

• Short Term:- Plan on having “Brown Outs” of a few hours 

(<3) when extreme heat or cold is projected to overload the 

local grid. Be a good neighbor and turn off linacs only and 

maintain other systems in a state for rapid recovery! 

• Negotiate some maximum number of events per year? 

•  This might require experience and using power to 

maintain some system temperatures. (E+ source and DR)         
SLAC experience? 

 

                           Scenario 1 

 Adjusting running schedule to match high 

demands on the grid. Summer or winter and 

short term weather extremes.               

4/9/2014 Tokyo  University 18 



  In response to request for immediate help or 

possibly a signal from the grid?  

    

• Have control system automatically turn off 

all beams in seconds? 

• Prepare to reduce power in cryogenic 

systems over hours depending on 

projected length of time for recovery of the 

grid. 

                             Scenario 2, 

     A Rare Unpredicted Emergency on Grid  

4/9/2014 Tokyo  University 19 



   Thomas Jefferson National Accelerator Facility 

NGLS Cryosystems Meeting Nov 8-9, 2012 

Pump Down Time and Stability 

Page 20 





ESS: A green facility?  


