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Toward realization of carbon neutrality
Efforts of KEK
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Carbon Neutral ～Challenge from basic science

bennolist
Cross-Out

bennolist
Inserted Text
Basic research and applied technology development for a low-carbon society
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Efforts to further reduce energy consumption of large-scale research facilities such as accelerators
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A sustainable future created through collaboration
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Nurturing young people who will lead the next generation
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The Road to Carbon Neutrality / KEK's Efforts Q&A
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Inter-University Research Institute Corporation
Director, High Energy Accelerator Research Organization
Masanori Yamauchi
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Basic research and applied technology development for a low-carbon society
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Efforts to further reduce energy consumption of large-scale research facilities such as accelerators
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Strengthening collaboration with academia, industry, and local communities/nurturing the next generation
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The High Energy Accelerator Research Organization (KEK) is a center for international joint usage and joint research centered on large accelerator facilities, and promotes basic science and applied research to elucidate the mysteries of space, matter and life. The research results have also been utilized in the industrial world, and have contributed to strengthening the research and education functions of universities.
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On the other hand, since these researches mainly involve the operation of large accelerators, it is unavoidable at present to consume large amounts of electricity and bring about a large environmental load. In recent years, the movement to aim for carbon neutrality (substantially zero greenhouse gas emissions) has been rapidly increasing in countries around the world, and Japan has also set a goal of achieving carbon neutrality by 2050.
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Until now, KEK has focused on promoting energy conservation, developing basic technologies, and improving equipment. I will continue.
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Climate change is a global issue that cannot be solved alone. Wide-ranging collaboration with academia, industry, and the community, as well as the high energy physics community, is essential. KEK will become a United Nations in 2022.
will participate in the International Year of Basic Science for Sustainable Development (IYBSSD) as a founding partner. As a leader in basic science, we will continue to create knowledge shared by mankind and continue to take on the challenge of creating a sustainable society based on the following three pillars.
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Carbon Neutral ~Challenge from basic science
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Basic research and applied technology development for a low-carbon society
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Promotion of hydrogen use
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The use of hydrogen energy is effective in realizing a low-carbon society.
Although it plays a large role, manufacturing methods, transportation methods, storage methods
There are many issues such as
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Synchrotron radiation/ neutrons: Catalysts and storage materials that produce hydrogen
Observing the atomic arrangement of
Neutrons: Observing the movement of hydrogen and water
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Hydrogen production with low energy load, high density
Aiming for the storage of fuel cells and the realization of stable fuel cells
To do
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Improving secondary battery performance
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Synchrotron radiation, neutrons, etc. Observation of electrode atomic arrangement
Neutrons, muons, movement and distribution of ions
etc.
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Aiming to realize batteries with higher output and higher capacity
point to
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Use of light energy
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Sunlight as an energy source to replace fossil fuels
is one of the most promising. Efficiency exceeding that of conventional materials
Urgent need to develop materials with high energy conversion efficiency
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Synchrotron radiation: atomic arrangement of materials and electrons by light
　　Observing changes in state
Neutron: Observation of layered structure of solar cells
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More efficient solar cells and water splitting with light
Aiming for practical application of photocatalysts that produce hydrogen
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Substitute for petroleum-based plastic
Nanofiber research

bennolist
Cross-Out

bennolist
Inserted Text
Strength of natural wood-derived nanocellulose fiber
Its strength is five times that of iron, and its specific gravity is one-fifth. various uses
Promising and potential to replace petroleum-based chemicals
but manufacturing efficiency is low
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Large current, high repetitive acceleration
Electron beam using technology
Irradiate wood and generate with high efficiency
developing technology to
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Low power consumption of ICT equipment
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Higher efficiency of high power devices
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Random access memory used in information communication equipment
(DRAM) is the power consumption for memory retention and writing.
High power, low power consumption and high speed non-volatile memory
is sought
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Slow positrons: Observing the atomic arrangement of materials
Synchrotron radiation: observation of electron and spin states in materials
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MRAM that stores information based on the orientation of magnets,
ReRAM, which stores information based on differences in resistance
Aiming for high performance
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Power for DC/AC power conversion and frequency conversion
Semiconductors and thermal devices for cooling handle large amounts of power.
Therefore, there is a demand for high efficiency
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Synchrotron radiation: Observation of atomic arrangement and electronic state of materials
Neutron: Observing the magnetic arrangement of materials
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Precise observation of existing and new materials
Elucidate the factors that affect the process and performance, and reduce power consumption
We aim to reduce
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It is necessary to understand at the atomic level in order to increase the capacity of widely used lithium-ion batteries and develop new batteries using other ions.
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In order to achieve carbon neutrality, “reduction of energy consumption,” “conversion of energy sources,” and “energy storage” are important issues. In order to solve these problems, multi-probe research using four types of quantum beams (Tsukuba: synchrotron radiation, slow positrons, Tokai: neutrons, muons) has contributed to the improvement of material performance and the development of new materials. I'm here.
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Efforts to further reduce energy consumption of large-scale research facilities such as accelerators
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Starting with the introduction of “superconducting technology,” KEK has made various efforts to reduce power consumption.
We are increasing the efficiency of the experiment. Technologies pioneered by KEK are also applied in industry and medicine.
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Tsukuba Campus
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Adoption of tape library
10% reduction in power consumption
Computers used for analyzing and storing experimental data
Using a pre-library device, compared to a hard disk
More than 10% reduction in overall system power consumption
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Tokai Campus (J-PARC)
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With high impedance metal magnetic core
40% reduction in power consumption
Tokai has developed a metal magnetic core specialized for accelerators.
The design of the high-frequency acceleration system is also optimized accordingly.
The power consumption of the accelerating cavity is reduced by
succeeded in significantly reducing
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80% energy saving with superconducting electromagnet
Beam convergence at accelerators in Tsukuba and Tokai
Adopted for particle detection. Since 2009 in Tokai
Operated at the neutrino beamline, normal-conducting
80% reduction in power consumption compared to similar devices
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electron positron injector
3/4 energy saving by improving operation
The electron-positron injector determines the energy and destination of the beam
is changed 50 times per second, four
The beam is injected into the storage ring of . In this "transformation"
75% less power consumption. of the power from the pulsed electromagnet
Collection is also carried out, and this collection rate reaches 69%.
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Klystron, a high-power microwave generator that accelerates particles, has a power conversion efficiency of around 50%.
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20% Energy Savings with Superconducting Accelerating Cavities In a "cavity" that accelerates particles using microwaves, a large amount of energy is lost as heat if it is a normal conductor, but if it is made superconducting at extremely low temperatures, almost no loss occurs. Gone. Total power consumption can be reduced by about 20% even when the power consumption of the refrigerator is taken into consideration.
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NEG coating for vacuum equipment
To reduce pump operating time

The inside of the accelerator duct is an ultra-high vacuum. We are promoting the development of “NEG coating,” which works as a vacuum pump with high exhaust efficiency by forming a film on the inner surface of the duct. Reduces the power consumption of the vacuum pump system and reduces the accelerator start-up operation time
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50% energy saving with improved collision performance

In experiments at the SuperKEKB accelerator, accelerated particles collide with each other, and the collision performance is improved by converging the beam extremely strongly at the collision point. Achieving performance equal to or better than that of the KEKB accelerator, which demonstrated the Kobayashi-Maskawa theory, with 50% less power consumption
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Green belt on site boundary. Efforts to protect the natural environment
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A sustainable future created through collaboration
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Industry-academia-government-regional collaboration, such as matching the seeds owned by research institutes and universities with the technology of companies
Aiming to create innovations in future energy toward the realization of social implementation of research and technology through collaboration
point.
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Creation of innovation
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from research and development
To social implementation
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Diverse cooperation

bennolist
Cross-Out

bennolist
Inserted Text
on campus
energy environment
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young researchers
support the challenge
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Community expansion

bennolist
Cross-Out

bennolist
Inserted Text
connected future energy
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Realization of a low-carbon society
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Nurturing young people who will lead the next generation
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Achieving carbon neutrality will solve both energy and environmental problems at the same time.
Yes, not only the working generation, but also the next generation and the next generation
It's a challenge. KEK believes that basic research using accelerators will also help solve this problem.
We have been focusing on developing young human resources with the aim of accumulating and inheriting technology.
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The International Accelerator Science Fostering Program (IINAS-NX) is being implemented in collaboration with domestic and international stakeholders to develop researchers who will lead the future of accelerator science and related fields, as well as research support personnel who will support them. . This project supports efforts to develop researchers who can play an active role internationally and to strengthen and upgrade the educational and research functions of universities (research laboratories). With the aim of contributing to science education and increasing the number of people who aspire to become researchers, we are actively engaged in initiatives targeting high school students and technical college students.
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In addition, we will cooperate in education at graduate schools, etc., and carry out activities to develop human resources in the field of accelerator science. Comprehensive Research As a basic organization of a graduate university, we foster human resources who will be responsible for the promotion of accelerator science and the pioneering of its advanced research fields.
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The Road to Carbon Neutrality
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・New lifestyle
・Green recovery
・Realization of a decarbonized society
・Realization of SDGs
・New regional creation
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September 2015
SDGs adopted at UN summit
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social situation
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1992
Rio Earth Summit
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How much is advanced research at KEK?
Are you using electricity?
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Is it not possible to recycle and use the residual heat generated by cooling the experimental equipment?
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Accelerators and other devices generate a lot of heat during experiments, so we mainly use water to cool them down. As a result, residual heat is generated, but it is difficult to use it efficiently because the water temperature is low due to rapid cooling, and the experimental equipment is spread over a wide area.
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Why does research using accelerators consume so much electricity?
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At KEK, we are conducting experiments by accelerating particles such as electrons and protons to high-energy states close to the speed of light. It requires high-power, high-frequency (high-frequency radio waves) to accelerate, and powerful electromagnets to bend and focus the particle beam. Despite his efforts to save energy, he still consumes a lot of electricity.

bennolist
Cross-Out

bennolist
Inserted Text
Does KEK have a plan to reduce greenhouse gas emissions?
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We have a plan to reduce greenhouse gas (CO2) emissions by 1% each year based on the amount of greenhouse gas (CO2) emissions in fiscal 2005. We have achieved a reduction of 15% or more in 15 years, and will accelerate it further.
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Electricity is purchased from the power company. At the Tsukuba Campus, solar panels have been installed on the roof of the Administration Building and Building No. 4, generating a total of 75 MWh in FY2020.
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Where does KEK purchase electricity from? Also, do you generate your own renewable energy?
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October 2020
Japan “Carbon Neutral Declaration in 2050”
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Efforts of KEK
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Acceleration of promotion from R&D to social implementation Realization of campus master plan Coalition of universities, etc. that contributes to the achievement of carbon neutrality Development of human resources such as young researchers
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KEK consumed 393,075 MWh of electricity in FY2020. According to Tokyo Electric Power Company, the amount of electricity used per general household is 248.7 kWh per month (2015), which translates to 2,984 kWh per year. Equivalent to
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