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Thoughts on sustainability

e Human life on earth as we know it is endangered by
the unsustainable exploitation of many natural
resources.

o Maybe most importantly, over the last 250 years the
availability of essentially unlimited amounts of fossil
energy has resulted in rapid population growth and
unsustainable use of many natural resources.

e The most urgent issue but not the only one: CO2 from
burning fossil fuels accumulates in the atmosphere and
leads to increased global temperatures and extreme
weather events.

o More and more cIimate scientists are calling this a
“climate emergency”. The world needs to stop
extracting and burning fossil fuels as soon as possible.

e The future large high energy collider projects will
overlap in time with increasingly more extreme weather
events around the world and urgent demands to cut
CO2 emissions.
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December 15, 2020
Ice-core data before 1958. Mauna Loa data after 1958.

How can we reduce CO2 emissions? o 420 ppm now —
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What can the Accelerator Community do?

o For population growth: It Is slowing. A historically successful approach is supporting women rights and
education worldwide.

o For energy efficiency: we need to focus on the development of energy efficient accelerator technologies
with the same or higher performance. Every new facility should be as energy efficient as possible, even if
it means that it is delayed to do the necessary R&D. Accelerator facilities need to produce high energy
conditions. This means that energy efficiency often requires some form of energy recovery.

o More efficient power converters to DC and RF (incremental)

o More efficient refrigerators (limited by Carnot)

o Recovery of process heat using heat pump technology

o Energy efficient components (Superconducting technology, permanent magnets, HTS, ...)
o Compact accelerators with high accelerating gradient (Wakefield Accelerators, ...)

o Energy efficient accelerator concepts (Storage rings, Energy Recovery Accelerators, ...)

o For Carbon-neutral energy source: Besides hydropower, biomass (wood), and geothermal, all of which
cannot be expanded significantly, nuclear power is the only proven carbon-neutral energy source that is
scalable. The main obstacle is the treatment of the radioactive “waste”. Accelerator Driven Systems

(accelerator driven sub-critical reactors) can transmute this waste and also generate more energy. The
accelerator must be highly reliable and very energy efficient. The accelerator community can do this!




Snowmass 2021 Accelerator Frontier
Collider Implementation Task Force

o The Collider Implementation Task Force (ITF) was charged Reinhard Brinkmann  Sarah Cousinea  bmitri Denisov Spencer Gessner
with the evaluation and fair and impartial comparison of (BESY) (ORNL) (BNL) (SLAC)
future collider proposals, including R&D needs, schedule,
cost (using the same accounting rules), and environmental
impact and sustainability.

o The full report is published in Journal of Instrumentation
(TR et al, 2023 JINST 18 P05018).
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https://iopscience.iop.org/article/10.1088/1748-0221/18/05/P05018

Future collider proposals: 0.125 — 500 TeV; e+e-, hh, eh, up, vy, ...
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Higgs factory summary table

Proposal Name CM energy Lum. /TP Years of | Years to | Construction | Est. operating
nom. (range) | @ nom. CME | pre-project first cost range electric power

| TeV] [103% cm 2571 R&D physics [2021 BS| IMW]

FCC-ee'? 0.24 7.7 (28.9) C0-2 ) 13-18 12-18 290

(0.09-0.37)
CEPC'? 0.24 8.3 (16.6) 0-2 13-18 12-18 340
(0.09-0.37) p .

ILC?® - Higgs 0.25 2.7 0-2 <12 CO7-12 ) 140

factory (0.09-1)
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CERC? (Circular 0.24 78 5-10 19-24 12-30 l 90 |

ERL Collider) (0.09-0.6)
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Peak luminosity per power consumption
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Lifecycle analyses

o All new projects and efforts needs to be analyzed in terms of total lifecycle energy consumption and
CO2 emissions (carbon footprint). This is especially important for energy production projects!

o All future high energy collider proposals also need to be analyzed for total lifecycle energy
consumption and CO2 emissions. Such analyses should play an important role in selecting the next
high energy collider project.

e Some collider proposals (FCC, ILC, CLIC, CCC) have already prepared such lifecycle analyses.
They cover or should cover construction of infrastructure, accelerators, and detectors, operation and
appropriate decommissioning. (Recent report: M. Breidenbach et al., PRX Energy 2, 047001)

o ICFA could take a leading role in organizing such analyses of all major proposals by identifying the
main parameters to be used such as total operating time of the facility, CO2 emission and energy
consumed per ton of concrete, steel, and aluminum used, CO2 emission per GWh used (~ 400
tCO,/GWh for natural gas, ~ 40 tCO,/GWh for solar energy), level of decommissioning required, ...

o Note that | propose here to not include total integrated luminosity in the parameter list. This is
because utilization of such a large and expensive research facility would require operation for a
minimum number of years (207) independent of achieved peak luminosity.



https://journals.aps.org/prxenergy/abstract/10.1103/PRXEnergy.2.047001
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ICFA Panel on Sustainable Accelerators and Colliders

o Panel members:
o Europe: Mike Seidel (PSI, Switzerland), Andreas Hoppe (DESY, Germany), Jerome Schwindling (CEA/IRFU,
France), Ruggero Ricci (LNF, ltaly), Peter Mcintosh (STFC, UK), Roberto Losito (CERN, Switzerland)
o Asia: Takayuki Saeki (KEK, Japan), Yuhui Li (IHEP, China), Hiroki Okuno (Riken, Japan), Jui-Che Huang
(NSRRC, Taiwan), Eugene Levichev (BINP, Russia)

o America: John Byrd (ANL, USA), Soren Prestemon (LBNL, USA), Thomas Roser (BNL, USA), Andrew Hutton
(JLAB, USA), Robert Laxdal (TRIUMF, Canada), Vladimir Shiltsev (FNAL, USA), Emilio Nanni (SLAC, USA)

o Mandate:

o Assess and promote developments on energy efficient and sustainable accelerator concepts, technologies,
and strategies for operation, and assess and promote the use of accelerators for the development of Carbon-
neutral energy sources. The panel will formulate recommendations on R&D and support ICFA with networking
across the laboratories and with communications. The membership will ensure a broad regional participation
and coverage of accelerator technologies and concepts, relevant in the context of energy consumption and
production.

e Many laboratories are expanding their use of Carbon-neutral energy sources. Whereas this is a
highly welcome development it does not replace or obviate the need for increased energy efficiency
and reduced energy consumption, which is the focus of this panel.



11

ICFA Panel on Sustainable Accelerators and Colliders

o Recent activities:

o Members of the panel have prepared summary slides of the energy efficiency efforts and plans at their labs
and update them periodically. They are attached to this presentation file.

o The panel chair was invited, as a representative of the ICFA Sustainability Panel, to join the 10C of the 7th WS
on Energy for Sustainable Science at Research Infrastructures (ESSRI), to be held in Madrid on September
25-27, 2024. ESSRI is the premier European WS on energy efficiency at accelerator laboratories. Long term,
this workshop could either be expanded to be held more internationally or similar workshop series could be
established outside Europe.

o Such workshops, as well as all other meetings where feasible, should be held in a sustainable manner. One
possibility is to limit in-person attendance to participants that can reach the site without needing a plane ride
and offer equivalent participation for remote attendees from overseas. It will require a concerted effort to
develop tools and organizations that can make such hybrid meetings successful.
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Summary

o The worldwide “Climate Emergency” requires everybody to take urgent action, including the HEP
community. Future HEP facilities will need to minimize resource use, especially energy consumption,
and CO2 emissions throughout their lifecycle from construction, operation, to decommissioning.

o Comparative lifecycle analyses of total energy consumption and CO2 emissions should be
completed for all future collider proposals.

o R&D of increased efficiency and new more efficient concepts to reduce energy consumption and
CO2 emissions should be prioritized at least as high as performance and cost reduction R&D.

o Air travel in our community should be minimized as much as possible. Remote meetings are already
very common, but to make further progress will likely require new and creative approaches that treat
remote participants on equal terms with the in-person attendees.



Energy efficiency efforts and plans at accelerator labs
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CERN for SDG 7: Affordable and clean Energy

« CERN is managing its energy use responsibly since at least 10 years, well before the
establishment of the UN SDGs.

 Recently issued an Energy” policy with three pillars:
LESS : Reduce consumption (consolidation & operation)

* Precise Forecasting &
Measurement

- BETTER :

. RECOVER : Waste Baiging awareness

*Energy is not only electricity...

29 August 2023 R. Losito, Sustainability and future accelerators, challenge or opportunity?




CERN’s Action Plan (in the frame of ISO 50001 certification)

I [

Cooling and ventilation consolidation projects 6 GWh/year
75 consolidation projects for buildings 10 GWhlyear
Science Gateway 200+ MWh/year
Optimisation of Cryo operations mode 25 GWhlyear
Heat recovery projects
Meyrin and Prévessin 30+GWh/year
Ferney-Voltaire 20 GWh/year (for the neighbors)

c\E’RW 24 January 2023 15




Responsible Procurement at CERN

« CERN'’s Directorate adopted in July ‘23 a new policy on responsible procurement
 The policy objective is to limit Scope 3 emissions from procured material and services.

* Implementation will take time, as one needs to balance with readiness of the market.

e QOur action will be based on ISO 20400:2017

29 August 2023 R. Losito, Sustainability and future accelerators, challenge or opportunity?




Energy efficiency efforts and plans at BNL

o NSLS II: upgrade plans include replacing large parts of the ring with “complex
bends” using permanent Halbach or hybrid magnets. Power
consumption could be up to 80% lower.

o RHIC (mature facility): many upgrades to improve efficiency
(variable speed cooling systems, etc., also careful maintenance
to increase equipment lifetime); efficiency upgrade of helium refrigerator

o EIC: RHIC/EIC Helium refrigerator efficiency upgrade; use of Energy Recovery
Linac for high intensity electron beam for proton beam electron cooling; efficient

reuse of process heat using heat pumps

I L".* Brookhaven I F
National Laboratory

Y &
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Sustainable Accelerators
R&D at Fermilab

Radiation [mR/hr]

o High Q, SRF cavities:

o> 1e10 for current projects (ILC, LCLS-II, etc)

o > 3e10 for future projects (FCCee, Muon Collider, etc)
o And high gradient > 45 GV/m

o HTS high field magnets:
o High field solenoids >30 T, inserts (with NHMFL)
o Economical 0.1T HTS dipoles for FCCee
o Up to 50 T solenoids for muon colliders (in plan)

o HTS fast cycling magnets:

o For RCS and muon colliders

o ReBCO ~1m magnet 300 T/s (record)
I o Plans for 1000-3000 T/s prototypes

V.Shiltsev and S.Posen




Energy Saving at NSRRC

Reduce annual power consumption by ~ 5 %, from 72.7 GW-h in 2019 to 69.1 GW:-h in
2022, despite the increasing beam current (400 mA --> 500mA) and 7 % of beam time.

® Starting machine learning to improve the energy efficiency of the chilled water system,
which constitutes up to 22% of our annual energy consumption.

® Renovating our existing buildings (~ 30 yrs) to attain green building certification.

® Improve the energy efficiency of solid-state RF power chips

® Planning the permanent magnets (PMs) for transfer line at TPS , and permanent dipole
magnets at TPS-Il Project.
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Machine Learning
On chilled water system

- Python-embedded controller
established, enabling automatic control
following algorithm execution.
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2 TRIUMF

Energy efficiency efforts and
plans at TRIUMF

 The 500MeV cyclotron is now 50 years old and
ISAC is 25 years old - refurbishing efforts are
being done on both systems to improve electrical
efficiency with partial financial incentive from the
local power utility — they help fund a portion of a
portion of an FTE to think energy efficiency
* New higher efficiency power supplies for
magnets
e All new purchases for upgrades are reviewed
for power efficiency
* TRIUMEF site — exploring the use of heat pumps
for future operation together with the local
university community
e Sustainability is a new platform of TRIUMF focus
for our next FYP starting in 2025
* Lead institute to discuss ADS for Canada

March 22, 2023

1
*
inf
|
i | i
!
¥] .
YN
A :
| MO
SUNN

aceslerstd

20



SLAC Sustainability and RF Sources
RF Source Efficiency is a Limiting Factor for Sustainability of Facilities

e

For pulsed systems solenoid often uses the most

average power

Restarting production of PPM 75 MW Kklystrons
Incorporating higher efficiency bunching
mechanisms in new designs (BAC/COM) developed

under HEIKA

Energy recovery for rf sources - Green RF
Goal to reach 65-80% electrical efficiency

SLAC BAC Prototype
S-band Retrofit +10% efficiency, 73 MW

4 Naw Cavitizs Added o Daft Space

Energy Recovery

n///

J. Neilson

PPM High Power Klystron
75XP-3

https://indico.cern.ch/event/39372/contributions/1829827/attachments/787
979/1080133/AVlieks-X-Band_Klystron_Development_at_SLAC-final.pdf

Depressed Collector on “Inverse” Marx power
VKS-8262 recovery module
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PAUL SCHERRER INSTITUT

[ PSI Energy Consumption

Labs & Office
13%

SULTAN (s.c.
tests)
3%

Proton Therapy , ¢
4% 4
PROSCAN
G2, G3, OPTIS
SwissFEL SwissFEL

13%

Swiss Light Source
16%

Total PSI: 139 GWh/y (2022)



Yearly Energy Consumption per System [MWAh]

25’000

20’000

15’000

10’000

5’000

PAUL SCHERRER INSTITUT

(15 Swiss Light Source SLS and its Upgrade @ PSI

~ 3.3MW Brilliance x 35 for users
Less electricity consumption

Beamlines,...

-29 % .
Building Ventillation; 946 Highting; 330 Key Sa\” n gs :

Electromagnets — Permanent magnets
Klystrons — Solid state amplifiers (63%)

RF Booster; 1’020

o TEOOSERSTT  RFlLinag 135 . 1
B e Vociu 119 standard pumps — modern pumps for cooling

Central HE-Compressors ; 1’139 Datacenter; 718

. Rack ventilators; 333 Light; 350

Building Ventillation; 946

Chillers; 350 :
RF Booster; 1020 RF Linac 135 SLS2.0: Grid to user X-rays

Diagnostics, IT&Controlsystem; 876 Vacuum; 219 P 2 4 MW
tot :

Central HE-Compressors ; 1’051

Py (undulators) = 91 kW

Magnets and Insertion Devices; 6’384

RF Amplifier ; 7’521
RF Amplifier ; 5’994

planned photovoltaics on roof

SLS Today SLS 2.0 energy: 0.9 GWh / year =5 % of SLS consumption

[courtesy M.Jorg, PSI]



High efficiency klystron for CEPC

CEPC at 800 RMB/MWh and 6000 hours/year

Core Stabilization Method |77
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Current Status
* Mechanical design of test tube
* Coaxial window design to
manufacture and test
* Director requests us to have more m—)
than 80% efficiency, and 2.5D
simulation will be desirable using
FCl, Magic and CST
*  Manufacturing infrastructure such

- - (U] ()
RF porwer source configuration.

Longer interaction region
-> Bigger furnace required
MBK as alternative design
* How to increase efficiency
in Linear region?

Possibility to collaborate
with company other than

as backing and exhausting furnace China.......
oy ws | e ™ is needed
Ajdisk- 74% S. Fukuda Talk in 1AS2017

C. Marchand - Energy for Sustainable Science - Magurele 23/11/2017 23




Waste energy reuse plan @ CEPC

« We plan to use heat pump to reuse the waste energy.

: W
« Heat naturally flows from high temperature to low temperature, but not
in the opposite direction. A heat pump can reverse the flow of heat from
lower temperatures to higher temperatures with minimal added energy.
Hot water
out
compressor l
Heat AT —— - : T TR (1C | 28 grsm
exchanger : . R T8
zzs O E' BB

FE4&#

Heated temp. T,

Heat COP, =&
pump
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Heat pump schematic diagram Working principle of air energy heat pump 25/ 26



Waste energy reuse plan @ CEPC

cold-warm switchable heat bump Refrigerator + absorption heat bump

, 1
oK (%) WEE ey
€ \We plan to reuse the waste energy by “cold-warm jg Ay | —
switchable heat bump” " ﬁg;f[)pl}'rﬂg
€ In winter, it generates hot water at 80 °C for civil heating | = ﬁ — 7
purposes. In summer, it is switched to generate cold p—e ooy .
° . . . - — i
water at 10 °C for air conditioning. » ) T ﬁ \}EPJ
& ‘ J
e |
Waste energy [ mmn | ] -
= 3= S —
M_. S— ﬂ =
Refrigerator

@ |t is possible to reuse waste energy of 282 MW, which corresponds to 2.92million-GJ per year (assuming an annual
heating period of 2,880 hours).
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Energy Efficient Efforts at Daresbury Laboratory

= SRF Thin Films:
» Extensive R&D programme underway

with Horizon Europe IFAST programme.

= Aim to demonstrate high-Tc SRF cavity
performance (E_.. and Q,) capability.
= Technology solutions to be developed

for future UK-XFEL and ISIS-II facilities.

= ZEPTO Permanent Magnets:
» Tuneable quadrupole and dipole
prototypes developed for CLIC.
» Quadrupole prototype developed and
installed on Diamond synchrotron.

= Technology solutions to be developed
for CLARA and future UK-XFEL.

Science and
Technology
Facilities Council

* High Efficiency Klystrons:

= Strong collaboration with CERN to optimise
designs for higher efficiency.

» First prototype demonstrated by Canon — 8
MW, X-Band at 53.5% efficiency, compared
to ~40% typical.

= Technology solutions being developed for
HL-LHC and FCC

= Fast Reactive Tuners:

= Strong collaboration also with CERN, to
develop viable technology to more optimally
match RF power to SRF cavity.

» Factor of >10x RF power reduction
potentially feasible.

» Recent Horizon Europe innovative
Sustainable Accelerator Systems (iISAS)
proposal submitted, is a mechanism for
integrated capability demonstration.



https://ifast-project.eu/
https://xfel.ac.uk/
https://www.isis.stfc.ac.uk/Pages/Next-Generation-Capabilities-for-the-ISIS-Neutron-and-Muon-Source.aspx
file:///C:/Users/pam53/Downloads/A%20Bainbridge%20(1).pdf
https://accelconf.web.cern.ch/ipac2021/papers/tupab365.pdf
https://indico.cern.ch/event/980103/contributions/4128650/attachments/2181652/3685473/2021-02-01%20BJAS%20-%20Adjustable%20Permanent%20Magnets.pdf
https://xfel.ac.uk/
https://cerncourier.com/a/cern-and-canon-demonstrate-efficient-klystron/
https://hilumilhc.web.cern.ch/article/cern-designed-high-efficiency-klystron-successfully-tested
https://link.springer.com/article/10.1140/epjp/s13360-021-02228-8
https://inspirehep.net/files/73e6463e7e8973cb39fc8743056bbd3f

