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Demand growth to 2040

® Globally, expected to be 2.1 % p.a.
® But slower in OECD economies

Matthew Wittenstein
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The changing shape of demand: the duck curve

The duck curve shows steep ramping needs and overgs

Sample Net Load — March 31, 2012
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Source: Regulatory Assistance Project
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(from the California Independent System Operator)

Prices: going up

® Wholesale prices in EU are projected to increase by
50%, on average, by 2040
® Current prices average around 70 USD/MWh
+ Not high enough to recover fixed costs

® To recover the cost of needed investment, prices will need to
rise to around 100 USD/MWh by 2030, and 110 USD/MWh by

12,000
b overgeneration / = 2040
risk * Prices in EU will be higher, on average, than in other OECD countries,
o - . because of the relatively high investment needs
2o o tam o 12pm dpm b p=
Hour

® This is highly dependent on the future of EU renewable
policies and wholesale market reforms




Why are particle accelerators so inefficient?

Philippe Lebrun
CERN, Geneva, Switzerland

[E34 TeV.cm-2.5-1/MW]
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1 values for overall “grid-to-beam” efficiency

¢ Linear colliders show higher overall “grid-to beam” efficiencies than circular
colliders. This partly compensates for their much lower COP/beam power ratio

1
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1000 ¢ Accelerator systems and infrastructure represent the bulk of electrical power
- consumption
¢ Comparing total power consumption and average beam power yields very low
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CERN plans towards
energy efficiency

Serge CLAUDET

— Evaluation, measurements, specific metrix and frends are essentials

— One should minimise primary energy consumption and (then) heat rejection
— Specific selected programs on existing infrastructures is a clever way to get
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the energy awarness culture as well as proven references.

It 1s visible from outside (communication) and useful for the future !




Magnet Energy Recovery

fowards more compact and efficlent systems

= Magnet Energy Recovery is a specific variant of power
cycling in which energy is stored locally in the power Konstantinos Papastergiou
converter instead of returning it to the grid

CERMN Technology Department | Electrical Power Comeerters

Line Supply Uit
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proton beambya =  Calculate beam rigidity,

=nsas | E"f‘:'_. P meter within estimate integrated
Commend values — ™Y [T l I D bus in vacuum field/magnet length.
fLe. magnet curent i = ber dimensions At this point the energy
V= E in the magnet is =  Magnet energy known.
I known. Use current rise time to
TlT X calculate peak and RMS
T power needed. E.g.
netic cycle duration P_.=E/0.3sec and Prms
b= m isgnet Sy Une L.2sec), minimum ® isP:ypimﬂ}f P,..=0.6xP_,
time extraction-to- = Propose a family of
extraction (e.g.0.9sec so power converters
rise and fall time could = Final windings design
be 0.3sec each) (number of turns, wire Vw2 =
type/cross-section) e g
=  We anticipate system level improvements in cost and size R e e

=

L4 44

By implementing magnet current cycling where possible.

By implementing magnet energy recovery inside power converter

n

Economic gains in energy costs can often finance the upgrade of dc magnets

Reduction of grid interconnection costs
Better power quality at the PCC of the power converter
Longer lifetime of upstream transformers and

major saving in reactive power compensation capacity




Saving opportunities

T T

Permanent Magnets No powering
Compactness
Reliability

Lower current density Power consumption

Easier cooling

Reliability especially if air cooled

Saving opportunities in accelerator magnets

Davide Tommasini
Fixed field (unless trimmeable)

Large magnets limited in field

Size
Investment cost

Pulsed operation Power consumption Complexity (power converter + operation
Mot always possible
Superconducting Absence of Joule losses Complexity (everything)
Enables higher field intensities Investment cost
Maintenance (whole system)
Dynamic behaviour
smaller magnet bore powerconsumptia  HETe, the job can be done by Sc or by Normal magneis
Magnet cost & size
* A superconducting magnet is often more complicated
Combined magnet Compactness ; : ; ; :
hastructae costl - 1T the magnet is cycled, dynamic losses increase complication
e T _ _ Indicative threshold for considering superconducting magnets
e Weight Single units, DC operated  : 100 KW

Burnninm roct

Conceptual Design of Superferric Magnets for P82
L Mhmmm B Mascakamt. C g, V. Mame, O de BUGL L. Rassl, W, Scandale
L Sess, 07

EDMS Ni: 87118303

Single units, AC operated :1 MW
Synchrotrons : 5-10 MW

If we had to redo the CERN synchrotrons today we would:
* certainly do the PSB NC

* probably do the PS NC

* certainly do the SPS Sc (probably at higher energy)




Power Converters design optimization: need for an
integrated approach with the magnet design

Direct (often old) AC/DC conversion

Davide Aguglia
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Indirect AC/DC conversion — relatively new!

AC J_ DC 1 l
— T*_,__ -
DC ; L ev -1 f Integrated design
Optimal magnet design combined with optimal converter
design does not give optimal solution!
A Integrated optimisation, even with simplified modelling
| gives much better solutions toward efficient, compact, and
economic global systems
= Beam optics
! t requirements
' 1 - { -
U & ) hoqnet optimal _ Magnet-Converter system optimal
.Q . - i design / simple_.design models
STRNEE "
pt &
= . . Magnet optim. / Cc-r_wgrter optim. /
& sophisticated models sophisticated models
t Not a globally optimal solution Toward a globally optimal solution!




Iron-Dominated
Cycled SC Magnets
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In-Vacuum Magnet Design and

* |n atypical permanent magnet undulator we have: Challenges
B0 xel-mg/Alu soto keep A (relatively) high whilst reducing .
the period we have to reduce the gap, g [Remember Ax5/0 Jim Clarke
Adu]

1,70

La%

e So, the magnet gap is a crucial parameter in every undulator -
and, in a sense, it defines the potential output of every light s
source = Lso
fl_“\ ~m= VD3P
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Vacuum chamber

¢ The most significant enhancement has taken advantage of the in- St 5
vacuum technology to cool down the PM blocks to increase the T
magnetisation of the material and so enhance the magnetic fields 05
— so-called cryogenic PM undulators (CPMUs) 0
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EnEfficient — a networking activity for particle

accelerators

-

KETEARDz Powerflow in Accelerators

CAPACITIES

M.Seidel, PSI

7 EUCARD?
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EnEfficient examples

power load curve of GSI 2011
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EnEfficient:
summary and outlook

N

EnEfficient is a new networking activity related to efficient
utilization of electrical power in accelerator based facilities

at present participating institutes and interested partners:
CERN, ESS, GSI, KIT, PSI, DESY




