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Today, based on my nearly 50 years of experience with accelerators, I will 
talk about the sustainability of accelerator facilities, an issue of today, with 
some stories from the past!



(1) LCA: Future accelerators must be assessed for sustainability during 

their life cycle, including construction, operation, and decommissioning, 

to meet the global goal of carbon neutrality by 2050. 

⚫ Stopping global warming is an urgent task for the entire human.

⚫ To achieve this goal, we should aim to reduce greenhouse gas emissions 
to practically zero by 2050.

⚫ Currently, the concept of Life Cycle Assessment is based on all 
industries, such as (for example) automobiles, metal production, 

cement production, civil engineering and construction, agriculture, 
forestry, and fisheries, etc.

⚫ Accelerators are no exception, and their CO2 emissions should 

be assessed on a life cycle basis.
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LCA is being done in every industry.

Even in the 
primary industry 
(this is the case 
of forestry)



I learned about the systematic activities of LCA for accelerator facilities 

from the presentation of Suzanne Evans of ARUP at LCWS2023 

(SLAC) and WSFA2023 (Morioka, Japan).
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According to Suzanne Evans of ARUP, CO2 emissions during 
ILC construction will be 266 kilotons.

• A methodology for calculating life cycle CO2

emissions has been discussed.
• The CLIC and ILC cases were evaluated in detail.
• Future reductions are also proposed.

266 k-ton CO2
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Breakdown of Global GHG Emissions.
This data shows that it is necessary to 
evaluate CO2 emissions over the life cycle of an 
accelerator facility, not just over its operational 
period.

Presentation by  Suzanne Evans of ARUP, WSFA2023 in Morioka 



(2) Accelerator scientists should strive to achieve performance with less 
electric power in the optical design phase of accelerators, and to 
improve power efficiency of accelerator components. 

Three typical efforts are listed below

Effort example 1: Efforts in the optical design phase ➔ Nano-beam scheme 
of Super KEKB
Optical design to increase beam collision performance with the lowest possible 
power consumption ➔ The nanobeam scheme is a method to reduce the 
hourglass effect at the beam collision point by increasing the beam-crossing 
angle, thereby narrowing the vertical beta function at the collision point.
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Super-KEKB is an eco-friendly 
accelerator that has already achieved 
twice the luminosity of its 
predecessor KEKB with half the 
beam current.

In other general terms, efforts are being made to maximize the beam performance 
per power consumption at the accelerator design stage.



Low emittance positrons to 
inject 

e- 2.6 A

e+ 3.6 A

Low emittance gun

Nano-Beam
SuperKEKB

Redesign the HER arcs to 
reduce the emittance.

New IR with S.C.
& P.M. final focusing 
quads

Colliding bunches

Low emittance electrons to 
inject

New positron target / 

capture section

Replace long dipoles with 
shorter ones (HER).

TiN coated beam pipe 
with antechambers

Add / modify 
RF systems
for higher 
currents.

~40 times gain in luminosity

e+ damping ring

3.016 km 
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Comparison of Parameters
KEKB Achieved

: with crab
SuperKEKB

High-Current 
SuperKEKB
Nano-Beam 

Energy (GeV)  (LER/HER) 3.5/8.0 3.5/8.0 4.0/7.0

by
* (mm) 5.9/5.9 3/6 0.27/0.30

ex (nm) 18/24 24/18 3.2/4.6

sy(mm) 0.94 0.85/0.73 0.048/0.062

xy 0.129/0.090 0.2/0.3 0.09/0.08

sz (mm) ~ 7 5/3 6/5

Ibeam (A) 1.64/1.19 9.4/4.1 3.6/2.6

Nbunches 1584 5000 2500

Luminosity (1034 cm-2 s-1) 2.11 ~40 80

Total Electric Power (MW) ~ 50 ~ 100 ~ 75

Luminosity/AC power 0.042 0.04 1.07

During the design phase of Super KEKB, two schemes were discussed, a high-current scheme 
and a nano-beam scheme, and the nano-beam scheme was selected as an eco-friendly 
accelerator. SHEP2024 Masakazu Yoshioka 10



Effort example 2: Base technology choice for accelerators to reduce power 
consumption ➔Superconducting accelerators
Many of the recent accelerators such as ILC, SNS (ORNL Spallation Neutron 
Source), Euro-XFEL, etc. are based on superconducting linacs with low power 
consumption.
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ECM = 500GeV TESLA JLC-C JLC-X/NLC CLIC

Total site AC power
(MW)

140 233 243 175

Design Luminosity

1033cm-2s-1 34.0 14.1 25.0 21.0

Luminosity/AC power 0.243 0.061 0.103 0.120

Although this is an old document from 21 years ago for ILC technology 
choice, it is still valid today: TRC report in 2003 for LC technology choice

Superconducting linac is the most 
eco-friendly accelerator



Effort example 3: Improve reliability of accelerator components to reduce 
failure rates (MTBF), and shorten recovery time (MTTR) ➔ Reduce 
accelerator idling time and wasteful power consumption

R: reliability
A: availability

M: maintainability
A = 1- (MTTR/MTBF)

MTTR: mean time to repair (or recover)
MTBF: mean time between failures 
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RAM (reliability, availability, and ease of maintenance) must be 
considered in the optical design of accelerators and in the 
technology choice of accelerator components

In my working 
experience, accelerator 
operators are always 
striving to reduce 
idling time and bring 
Availability close to 
100%.



(3) Furthermore, we should understand CO2 emissions during the 
manufacturing of concrete, steel frame, and reinforcing bars, which are 
the key factors of CO2 emissions during construction, and we should 
cooperate in efforts with industries to reduce these emissions. 
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⚫ Efforts are being made in the steel 
industry to introduce hydrogen 
reduction instead of relying on coke for 
reduction reactions.

⚫ In addition, efforts are being made to 
increase the recycling rate of iron and 
to utilize electric furnaces.

⚫ However, it is not easy to achieve zero 
CO2 emissions because the hydrogen 
reduction reaction is an endothermic 
reaction and recycled iron contains 
impurities.

⚫ Technology has already been developed to separate and compress the 
remaining CO2 emissions and seal it in deep underground for a long 
period of time.
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June 5, 2024 @ Tomakomai city in Hokkaido

⚫ Industrial trials of CCS are being conducted around the world, and it has already 
been established as an elemental technology.

⚫ Japan, an earthquake-prone and volcanic country with four colliding plates, has 
achieved 300 k-ton of deep underground storage, which is almost at the practical 
stage.
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⚫ Cement, like steelmaking, also 
emits CO2 in the manufacturing 
process.

⚫ However, Japanese cement 
manufacturers and general 
contraction companies are now 
working to develop cement that 
reduces CO2 emissions and 
traps CO2.
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Steiner Stapnes (CERN)

(4) The main source of CO2 emissions during 
accelerator operation is the electricity 
generated in the region where the accelerator 
is located. 



(5) We should understand the power composition of the region and 
ensure that accelerator operations are powered by “green (sustainable) 
power”. Developed by the team led by Olivier Corradi

This map is extremely 
useful and should be 
used by all!
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https://www.svk.se/om-
kraftsystemet/kontrollrummet/

This site is also an excellent source of information on 
the current electricity supply and demand situation in 
the seven Nordic countries at a glance.

https://www.svk.se/om-kraftsystemet/kontrollrummet/
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Steiner Stapnes (CERN)



(6) The low-grade waste heat emitted from accelerators should also be 
recovered as much as possible and returned to society. 
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Cooling water temperature 
is below 100°C in the 
cooling tower stage, 
making it unsuitable for 
recovering thermal energy

ILCアニメ最新.mp4
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(7) In addition, to reduce CO2 emissions in the entire region where the 

accelerator is located, efforts should be made to increase CO2 
absorption throughout the agriculture, forestry, fisheries, and livestock 

industries, as well as to increase long-term CO2 fixation by incorporating 
more wooden structures in local housing and large public buildings, 
including accelerator-related facilities. 
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⚫ Before the Industrial Revolution, CO2 
emitted by human activities and CO2 
absorbed and accumulated by the 
natural world were in balance.

⚫ CO2 is stored in forests, soil, oceans, 
and atmosphere.

⚫ After the Industrial Revolution, that 
balance has been lost, and the 
concentration of CO2 in the 
atmosphere is increasing.

⚫ Furthermore, human activities have 
also damaged the ability of nature to 
absorb and store CO2, in other words, 
they are causing double damage to 
nature.
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An Oregon State University and University of 
Oregon Collaboration

I borrowed this slide because it is an excellent 
demonstration of how CO2 is fixed in forests 
and soils.

https://timbertectonics.com/
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⚫ Again, let's look at the graph of 
CO2 emissions per kWh of 
electricity generated from Steiner's 
slide on page 19.

⚫ Even in areas with excellent 
renewable energy rates, CO2 
emissions cannot be reduced 
completely to zero!

⚫ In an island country like Japan, it is 
sometimes unavoidable that some 
CO2 emissions will remain.

⚫ As I have mentioned above, I 
believe that we should strive to 
reduce CO2 emissions and 
increase green carbon, blue carbon, 
and white carbon (negative 
emissions) at the same time, as 
well as effectively commercialize 
CCS.

Scenario for Japan
Reduce CO2 emissions while at the 
same time increasing CO2 
absorption/storage to ultimately offset 
CO2 emissions



47% Planted Forest: 31465 ha
53% Natural Forest: 34895 ha

Total  66363 ha

In planted forests, cedar is the 
most abundant species, 
followed by red pine.

Natural forests are mostly 
broadleaf tree.

Estimation by Hiroshi Kikuchi, advisor to the Ichinoseki City Agricultural Land and Forestry 
Department:

⚫ The entire Ichinoseki forest absorbs 303.53 kilotons of CO2 per year.
⚫ The average annual CO2 absorption per unit area is 4.57 t/year/ha.
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We calculated the CO2 absorbed by the forests of Ichinoseki City, Iwate Prefecture, 
where the ILC candidate site is located.

It should be mentioned that the Ichinoseki forest will absorb more CO2 every year 
than the CO2 emitted during the construction of the ILC (266 k-ton) over a 10-year 
period.
The power of nature is that great!
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Summary

⚫ Why Global Warming is Accelerating
➢ Before the Industrial Revolution, CO2 emitted by human activities and CO2 

absorbed and accumulated by the natural world were in balance.
➢ CO2 is stored in forests, soil, oceans, and atmosphere.
➢ After the Industrial Revolution, that balance has been lost, and the 

concentration of CO2 in the atmosphere is increasing.
➢ Furthermore, human activities have also damaged the ability of nature to 

absorb and store CO2, in other words, they are causing double damage to nature.
⚫ What HEP Researchers Should Do
➢ To save energy in the accelerator and other research facilities and give back to 

society the technology developed for this purpose.
➢ Recover thermal energy emitted from accelerators and research facilities and 

return it to society.
⚫ Efforts to be made in cooperation with the local community
➢ To cooperate in increasing the renewable energy rate of local electricity and to 

operate research facilities with green electricity as much as possible.
➢ Understanding and, where possible, cooperating with efforts by steel, cement, 

and other GHG emitting companies to reduce their emissions (including 
CCS/CCUS).

➢ Cooperate with local efforts to restore forests (green carbon) and oceans (blue 
carbon), which are inherent to the natural environment.
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Finally, I dedicate this presentation to the late Denis Perret-
Gallix (LAPP/IN2P3.CNRS) who inspired me to start my 
research activities for the Green ILC. This slide is the cover 
of his talk at the 2nd Energy for Sustainable Sciences, CERN 
Oct 2013.

Thank you very much for your kind 
attention.


