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System Earth
A stabilised feedback loop (physics + biology + planetary distortions)

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

Idea stolen from M. Düren, KET Meeting

Greenhouse effect

Rainforest and clouds
Oceans
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Singular Events
Global sea surface 
temperature

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

https://climatereanalyzer.org/clim/sst_daily/

Heat stored in upper ocean layers
since the year 2000: 
250 Zetta Joule or 70 billion GWh

>5 sigma
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Singular Events
Global 2m land temperature

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

Many wildfires, floods and draught 
over the entire planet. 
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Tipping Points

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

https://www.science.org/doi/10.1126/sciadv.adk1189
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Attitude
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Attitude

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

Another colleague: 
“Mit der heutigen Politik
werden unsere Enkel 
wörtlich in der Hölle 
sterben. ”
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Global GHG Emissions

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

The 1.5oC goal requires CO2 eq. 
reduction by 2030 by ~50%,



DESY. Page 10

Sustainability: What It Is…

Development that meets the needs of current 
generations without compromising the ability 
of future generations to meet their needs and 
aspirations. (WCED, 1987)

WCED (World Commission for Environment and Development) (1987) Our 
Common Future, Oxford University Press, Oxford.
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The Individual
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Todo
M. Düren / HECAP+
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Todo
M. Düren /
HECAP+



Beyond The Individual
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Approaches to Improve Sustainability
Our infrastructures are resource-hungry; sustainability adds new cost measures

Overall system design (and choice)
• Compact (short) accelerator à high gradient, high fields
• Energy efficient à low losses (wall-plug to beam)
• Effective à small beam sizes, maximise lumi
• Energy recovery concepts
• Civil engineering, landscaping, community integration

Subsystem and component design, e.g.
• High-efficiency cavities and klystrons
• Permanent magnets, HTS magnets
• Heat-recovery in tunnel linings
• Responsible sourcing and material choices

Sustainable operation concepts
• Recycle energy (heat recovery)
• Adapt to regenerative power availability
• Exploit energy buffering potential
• Recover low-grade energy (heat)
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Lifecycle thinking

https://www.nist.gov/el/systems-integration-division-73400/lifecycle-graphic


A Word on Shadow Prices
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Shadow Prices Definition

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

Poor man’s working definition: price of an article or commodity in a perfect market (internalising all costs). 
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Shadow Prices Today

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

https://www.e3g.org/bank-metrics/shadow-carbon-pricing-ibrd-ida/
https://www.e3g.org/bank-metrics/shadow-carbon-pricing-eib/

https://www.e3g.org/bank-metrics/shadow-carbon-pricing-ibrd-ida/


DESY. Page 19

Shadow Prices and CERN?

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

CERN: 1.3 TWh/a

German mix today: 434 g/kWh
Europe mix today:   260 g/kWh
France mix today: 50 g/kWh

Realistic shadow price: 
1000 Euro / t Co2eq 

So today: 
1.3 TWh/a * 260 g/kWh * 1000 Euro/t
 = 400 million Euro / year



The Morioka Workshop



Summary of the WSFA2023 
“EAJADE Workshop on the Sustainability 
of Future Accelerators”

EAJADE 
WSFA 
2023
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EAJADE Institutions
Beneficiaries (sending) and associate partners (receiving)

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

Beneficiaries in the EU
• CEA (E. Cenni), CERN (S. Stapnes), CNRS (P. Bambade), CSIC/IFIC (J. 

Fuster), DESY (T. Schörner), INFN (L. Monaco), U Hamburg (M. Wenskat)

Associate academic partners
• Canada: U Victoria 
• Japan: KEK, U Tokyo, U Tohoku
• USA: LBNL, BNL, FNAL, Cornell, JLAB, SLAC

Associate non-academic partners (in EU)
• CPI TMD (UK), INEUSTAR (Spain), ZANON (Italy), ScandiNova 

(Sweden), Research Instruments (Germany)

Somewhat of a grey zone: U Oxford
• After Brexit and with pending Northern Ireland discussions – unclear status 

of UK in Horizon etc.: Can U Oxford be beneficiary or not? 
• UK promise to replace EU funds from national budget. 
• Decision expected (according to EU PO) in late August / early September. 
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Work Packages

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS
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2014 2023
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EAJADE Work Package 4 (1)
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EAJADE Work 
Package 4 (2)
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Four blocks (presented here in different order than in workshop)
• Large-scale research facilities and sustainability / life cycle assessments (LCA)
• Sustainable accelerator technologies
• Horizon-Europe and national sustainability-supporting programmes
• Green ILC and local industries

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

Outline of the Workshop
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Visit to Geothermal Power Plant in Hachimantai-city
• Novel (small) production 

plant (7.5 MW power 
generation capacity) à
local electricity to power 
15000 homes

3 production wells (300 C @ 
2 km depth, 150C @ surface; 
10% eff. depents on T, P)

Only 20 such plants are 
needed to power ILC

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS
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Large-Scale Infrastructures 
Construction, Operation, Lifecycle Assessment 
 • Objective Assessment of Sustainability Aspects of 

         New Large Infrastructures: B. Heinemann

• Experience from ESS on Green Facilities: A. Sunesson
• PETRA IV and Sustainability: A. Klumpp (cancelled)
• A Life Cycle Assessment of the CLIC and ILC Linear 

         Collider Feasibility Studies: S. Evans
• The ISIS-II Neutron And Muon Source Life Cycle Assessment: 

         An Introduction: H. Wakeling
• The HElmholtz LInear ACcelerator HELIAC : W. Barth
• CERN Accelerates Sustainability: R. Losito
• Optimisation of the FCC Power Consumption and Next Steps 

         for Sustainability Studies¶: J.-P. Burnet
• A Sustainability Roadmap for C3: B. Bullard
• A Sustainability Outlook for CLIC / ILC: S. Stapnes

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

https://indico.desy.de/event/39980/


Sustainability: Assessment of 
New Large Infrastructures

Jim Clarke, Beate Heinemann, Mike Seidel on behalf of the European Laboratory Directors Group

EAJADE Workshop on Sustainability in Future Accelerators,  Sept. 27th 2023

European Particle Physics Strategy Update 2020
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Establishing a Working Group on “Sustainability Assessment of 
Accelerators”
• The LDG decided last week to form a new working group that will develop guidelines and 

a minimum set of key indicators pertaining to the methodology and scope of the reporting 
of sustainability aspects for future HEP projects

• LDG = European Lab Directors Group, chaired by Dave Newbold
• This group will effectively define for all new infrastructure proposals what they should 

quantify and report upon so that fair comparisons can be made between these proposals

• Having clear and common indicators will ensure that projects are not accused of cherry 
picking only their most favourable sustainability numbers

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS
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Charge to the Working Group (I)

This working group is asked to develop guidelines and a minimum set of key indicators pertaining to the 
methodology and scope of the reporting of sustainability aspects for future HEP projects:

• Define key indicators to be reported, such as peak (or instantaneous?), lifetime- and performance specific 
(per luminosity) energy consumption, lifetime- and specific Global Warming Potential (GWP) including the 
contribution of construction. These figures should be supplemented by margins of uncertainty and possibly 
an assessment of the potential for improvement.

• Define the methodology and assumptions to be applied, to allow a transparent determination and comparison 
of these key figures across the proposals. The maturity of a proposal should be determined, for example 
early concept phase, CDR, TDR or TRL levels.

• Identify other high level environmental impacts that may be relevant for all or specific collider proposals.

• In general, best practices determining the GWP for large projects in Europe should be followed. 

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

• Other aspects to be added if necessary
• Final report by end of 2024 – in time to serve as input to european strategy update?
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ICFA Sustainability Panel (T. Roser)

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

icfa.hep.net/panels/ à ICFA Panel on Sustainable Accelerators and Colliders

https://icfa.hep.net/panels/


Bracket 
Lifecycle (and “System”) 
Thinking
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Lifecycle Thinking
Quantifying the entire environmental impact

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

Quantifying total damage by endpoint indicators (e.g. 
damage to human health)  possible but difficult

”Midpoint indicators” allow to asses impact on 
environment in a quantitative way:

• Greenhouse Warming Potential (GWP) – kg CO2 
eqiv

• Ozone Depletion Potential (ODP) – kg CFC-11 equiv
• Ecotoxicity – kg 1,4-DCB equiv
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“Not enough to look at 
operation power and 
guess the CO2 from this 
power in ~2050 in your 
favourite country” 

https://doi.org/10.1007/s11367-016-1246-y
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Midpoint Indicators

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS
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Lifecycle Thinking
The whole life from cradle to grave matters

Consider the whole lifecycle and its impact:
• Raw material extraction
• Manufacture, Transport & Installation
• Operation
• Disposal
è Already challenging for a pair of jeans,
much more for a complete accelerator 
Difficult for complex facilities. Requires scope 
definition:  what’s in, what’s out? 
• What is the complete project to consider? 

Baseline? Upgrades?
• How to attribute environmental cost to 

different project stages / future upgrades?
• How to treat impact of future consumables 

(material, energy)?
• Avoid burden shifting: Moving problems 

elsewhere

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

https://browningday.com/news/lca-stages-matter-when-tracking-embodied-carbon/
https://www.buildingenclosureonline.com/blogs/14-the-be-blog/post/
89547-lca-stages-matter-when-tracking-embodied-carbon 

Lifecycle stages according to EN 15978
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How much is it?
A CO2 scale

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

kg

ton

kton

Mton

Gton

g

Tton

1km by car: 200g

1kWh electricity (EU): 260g

Worldwide CO2-eq per year: 50Gton

Swiss CO2-eq per year: 40Mton

Worldwide air traffic per year: 1Gton

Transatlantic flight, 747: 180ton

1 ton concrete: 100kg
1 ton steel: 1.7 ton

US emissions per year: 6Gton
Chinese emissions CO2-eq per year: 14Gton

1 person in Switzerland per year: 7 ton 

Total anthropogenic emissions 1850-2021: 1.6Tton
Remaining CO2 budget for 1.5K: 400Gton

Maldives CO2-eq per year: 2.4Mton
Geneva CO2-eq per year: 2.3Mton

1kWh electricity (France): 85g

Burn 1 liter Diesel: 2.7kg

CERN emissions 2020: 100kton

Gton: country (per year)

2 Tton: Humanity (total)

10 ton: person (per year)

kg: kg of material, fuel

Mton: city (per year)

100g: kWh electricity, km car

CLIC Civil 
construction 127kton

ILC Civil construction 
266kton



Facility choice, design, 
operation
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From costs and power to sustainability and life cycle 
assessments 

1. Reduce power/energy (hand in hand with cost optimisation)

2. Operation energy use means carbon –> use the minimum energy, of the right 
type and at the right time, compensate

3. Life Cycle Assessments  

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS
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Machine Choice
… and running scenarios

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

Machine choice and minimizing running power (also 
major cost driver)
Power at 250-380 GeV in the 100-150 MW range for may 
projects, reaching ~500 MW at 3 TeV for CLIC
With standard running scenario this corresponds to 0.6-0.8 
TWh annually. (CERN currently consumes ~1.2 TWh/a) 

Typically, we optimize energy reach and luminosities 
(experimental conditions) with respect to cost and power 
(maybe also facility size and schedule)

Peak luminosity per 
power consumption

Need to include environmental impact and sustainability (we 
are learning what this means)
• Sustainability in a wider sense adds new construction  and 

operation optimization criteria: 

Keep in mind: This is not only more constraints but also a 
new opportunity for R&D, new ideas, collaboration 
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Overall System Design
Making the overall system as sustainable as possible requires a Lifecycle Approach

Challenge: Achieve target energy and luminosity 
with least possible amount of resources 

Conserve resources for construction:
• compact -> high acceleration gradient

Conserve resources in operation:
• Energy-efficiency (limit losses in cavity walls): 

superconducting RF – ILC
high frequency & ultra-short pulses: CLIC

• Effectiveness: maximum luminosity per charge
-> nanobeam technology

ILC and CLIC: 
• different solutions to the efficiency problem
• Final power consumption similar 

Inherent tension between invest and operation
requires a quantitative approach: Lifecycle 
Assessment

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS
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Parameter optimization at CLIC

https://indico.cern.ch/event/981823/contributions/4328846/
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Green ILC Running on renewables and 
when energy is cheap

C. Gaunand, B. Remenyi:  Introduction to Demand Side Flexibility
ESSRI Workshop 2022 https://indico.esrf.fr/event/2/contributions/94/ 

Demand-side flexibility

Two studies in 2017:
• Supply the annual electricity 

demand of the CLIC-380 by 
installing local wind and PV 
generators (this could be e.g. 
achieved by 330 MW-peak PV and 
220 MW-peak wind generators) at 
a cost of slightly more than 10% of 
the CLIC 380 GeV cost.
• Study done for 200 MW, in 

reality only  ~110 MW are 
needed   

• Self-sufficiency during all times 
can not be reached but 54% of the 
time CLIC could run independently 
from public electricity supply with 
the portfolio simulated. 

Machine
choice and 

minimizing running 
power (also major 

cost driver)

Electricity contract 
design (e.g. renewables, 

long-term etc.)
And note CO2 / kWh will 

go down globallly

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

https://indico.esrf.fr/event/2/contributions/94/
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Electricity
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Machine Siting?

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

B. Bullard, SLAC
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Machine Siting?

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

B. Bullard, SLAC
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CO2 Intensity of Electricity in the Future

What will the CO2 impact of electricity be for the next 
generation of colliders?
Electricity CO2 intensity will go down as regenerative energies 
rise (e.g. France summer 40 gCO2e/kWh to ~10-15 in 2050)

But: Not enough – big gap (see beginning of talk) between 
stated policies to announced pledges, even bigger to net zero we 
are not on a path to net zero!
• The energy transition will be a huge effort: storage, transport 

(grid) à carbon intensity heavily site dependent

Therefore
• Power consumption remains important
• Consensus needed which values to use
• How to treat site dependencies? 

(All projects would look best in Norway…)

Comparison: Assume France in 2040 12.5 g CO2e/kWh and 
1 TWh consumption / a à 12.5 ktons CO2e / kWh
• 1 year of operations corresponds roughly to 1 km of tunnel 

(CLIC tunnel 6.5 ktons/km, machine 2.5 ktons/km, +services)

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS
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But: “Not enough to look at operation power and guess the 
CO2 from this power in ~2050 in your favourite country” 

https://www.iea.org/reports/world-energy-outlook-2022
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Demand Side Flexibility
There is enough regenerative energy available, but not 24/7

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

C. Gaunand, B. Remenyi:  Introduction to Demand Side Flexibility
ESSRI Workshop 2022 https://indico.esrf.fr/event/2/contributions/94/ 

(Regenerative) Power availability varies
NB: Linear accelerators have no stored beam 
à ideal for flexible operation

Study by Fraunhofer institute considered 
running on renewables and participating in 
demand side flexibility

• CLIC’s total energy consumption could 
be generated from renewables, but still 
needs public grid for continuity

• Running when energy is cheap and 
available. 

• Design electricity contracts accordingly.

• Operating modes with power modulation 
were investigated.

https://indico.esrf.fr/event/2/contributions/94/


Towards Carbon Accounting with LCA

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS
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CE upgrade: tunnel lengthening if needed important, should do better than today (concrete etc)
Decommissioning: not estimated, important for upgrades if parts are removed, and end of life
Acc upgrade: should be able to improve for raw materials, processing and assembly
Com&Operation: Energy use (~0.7 TWh annually) times carbon load (50% nuclear plus 50% renewables), improve with time
Accelerator: Here equal to tunnel - to be done, materiel and design choices, responsible purchasing, in progress
CE: From ARUP study, roughly 11-12 kton/km

Work in progress – this example is closest to the CLIC drive-beam parameters, 
detectors and computing (and travels) not considered  
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Green ILC 

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

Green ILC in Tohoku Region
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Green ILC 

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS



Back to Morioka Workshop …
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Assessing the Machine …
Stolen from Benno
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CERN Accelerates SUSTAINABILITY!

R. Losito, CERN

26 September 2023 
EAJADE Workshop on Sustainability in Future Accelerators (WSFA2023)

https://indico.desy.de/event/39980/ 

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

https://indico.desy.de/event/39980/
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CERN Total Energy Consumption: 1.3 TWh
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20.000 CERN users use as much energy as 224.000 German citizens.
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Sustainable Accelerator 
R&D in the UK

Ben Shepherd
Accelerator Science and Technology Centre, STFC Daresbury Laboratory

The International Workshop on Sustainability in Future Accelerators
Morioka, Japan

25-27 September 2023

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS
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Lifecycle analysis

• Detailed review of the climate impact of accelerator activities

• Where are the Big Sources of emissions?

• Manufacturing? Steel / Copper / Aluminium / Concrete
• Operations? Running RF and magnet systems. Cooling & AC
• Disposal? End of life of components – not considered (yet)

• How can we reduce these for the biggest impact?

• Using different materials
• Improved efficiency
• Smart powering schemes

• RUEDI* is our case study for this exercise

• Considered wider applicability for other accelerators too

• Figure of merit is kgCO₂e per “delivered unit”

• Other environmental impact indicators are available
(land use change, ocean acidification, eutrophication etc)
so this isn’t really the same as a full LCA

• So at the end, we should have a database 
listing carbon emissions for components in every area

• Look at the big picture; not every gram of CO₂ - not a bean-counting exercise!

*RUEDI = Relativistic Ultrafast Electron Diffraction & Imaging
Working towards TDR now

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

Imaging/Microscopy
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RUEDI report: overall picture
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Shielding:  137 tCO₂e 
Other materials: 113 tCO₂e 
Operation for 1 year: 66 tCO₂e 
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Initial considerations
• Resource optimization as traditionally done for 

accelerators:

• Length/complexity -> construction cost 
• Power/energy consumption -> operating costs

Traditionally we optimize for energy reach and 
luminosity wrt to cost and power

• Sustainability in a wider sense adds new 
construction  and operation optimization criteria: 

• Energy use not only costs but also CO2, 
embedded CO2 in construction materials and 
components, rare earth usage, responsible 
sourcing in general for all parts, landscaping, 
integration in local communities, life cycle 
assessments including decommission and many 
more issues 

Approaches to increase sustainability 

• Overall system design

• Compact accelerator -> high gradients, high field magnets 
• Energy efficient -> low losses (wall-plug to beam)
• Effective -> small beam sizes to maximize luminosities 
• Energy recovery concepts 
• Civil engineering including landscaping and “community” 

integration 
• Subsystem and component design, e.g.

• High-efficiency cavities and klystrons
• Permanent magnets, HTS magnets 
• Heat-recovery. e.g. in tunnel linings, possibly other components 
• Responsible sourcing and material choices for all parts

• Sustainable operation concepts

• Renewables 
• Adapt to power availability
• Exploit energy buffering potential
• Recover low grade energy (heat) 

Good progress on the red points (was also part of our tradiational approach), initial 
progress/focus on the yellow/black ones |  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS
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Sustainable Technologies
 
• High-Efficiency Klystrons @ CERN: I. Syratchev
• Sustainable Accelerator R&D in the UK: B. Sheperd

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS
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Outline of the Workshop
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Outline of the Workshop
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Outline of the Workshop
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Parameter 
scans to find
optimal 
parameter set, 
change acc. 
structure 
designs  and 
gradients to 
find an 
optimum 

The designs of CLIC, including key performance 
parameters as accelerating gradients, pulse lengths, 
bunch-charges and luminosities, have been 
optimised for cost and power 

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

Power optimization

Nanobeams
reducing beam sizes

Increasing lumi

High Eff. Klystrons
L-band, X-band (for applications / 

collaborators and test-stands

1.5 TeV CLIC power
Magnets second largest

E.g. ZEPTO project 
CERN / STFC

Permanent magnets

SRF
Surface treatment, higher gradient, 
improve Q0, avoid electropolishing, 

remove bulk niobium 

Goal ILC:
Eusable ≥ 31.5 MV/m
Q0 ≥ 1·10

R&D Goal ILC:
Eusable ≥ 35 MV/m
Q0 ≥ 1.6·1010

10Heat recovery
where possible
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Sustainable Accelerator 
R&D in the UK

Ben Shepherd
Accelerator Science and Technology Centre, STFC Daresbury Laboratory

The International Workshop on Sustainability in Future Accelerators
Morioka, Japan

25-27 September 2023

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS
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Thin Film Superconducting RF

• Bulk niobium cavities have been the choice for SRF for the last 50 years

• Use a considerable amount of natural material 

• Performance limit of niobium has been reached

• Costly to produce

• Run at a temperature of 2 K

• A considerable cryogenic demand and energy load

Benefits of thin films

• Use a copper supporting cavity

• Better thermal properties, cheaper material and production

• Use different superconducting materials (e.g. Nb3Sn, NbN and MgB2)

• Better performing materials than Nb that can’t be formed into solid cavities

• Higher operation temperature of new alloys

• Reach higher accelerating gradients

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS

• Easy to coat with either conventional  planar 
magnetron or in tubular geometry used for RF 
cavities

• Easy to inspect 

• Three 6 GHz cavities have been 
manufactured, mechanically polished and 
tested at RT and T = 4.2 K

• 1st cavity Nb coated and tested 
at 4.2-9.5 K

6 GHz split cavity with Nb coating
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Horizon-Europe & National Progammes
 • EAJADE: M. Titov
• iSAS: J. d’Hondt

• Spanish Science Industry: E. Fernandez
• EU-Japan Regional & Cluster Cooperation Heldesk

Note: At ESS (presentation by A. Sunesson) also 
programmes iFAST (addition of solar panels to power 
modulators) and FlexRICAN (studying flexibility in 
power supply) discussed

Workshop in autumn / winter 2024: 
EAJADE + iFAST at DESY?

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS
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European Horizon-Europe Programmes: iSAS
Jorgen d’Hondt

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS
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European Horizon-Europe Programmes
Jorgen d’Hondt

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS
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European Horizon-Europe Programmes
Jorgen d’Hondt

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS
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Green ILC & Japanese Industry
• Scenarios toward 2050 Carbon Neutrality in Japan and ILC: M. Yoshioka
• Efforts of Taiheiyo Cement towards Carbon Neutrality: Y. Ohgi
• The Future of Construction: Carbon-Negative Concrete 

      for a Greener Tomorrow: K. Avadh
• Large-Scale Wooden Construction: Y. Shibuya
• Sustainable Forestry in the Tohoku region: K. Shibata
• Quantitative Evaluation of Forest CO2 Absorption in Ichinoseki City: H. Kikuchi
• Creation of a sustainable society model utilizing IoT technology 

      and local resources: Y. Komiya
• Commercialization of Low-Grade Waste Heat Recovery: Y. Kouno

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS
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101Toward Carbon-neutral Society
• In October of 2020, the Japanese Government announced 

that it would realize Carbon-neutral society by 2050.

© 2023 KAJIMA CORPORATION (Source: Agency for Natural Resources and Energy, Ministry of Economy, Trade and Industry (METI)

Emission

Removal

Carbon
Removal

N
on-electricity

Electricity

C
O

2

Other
GHG

1.24B ton

0.18B ton

Electricity
0.45B ton

Transport
0.20B ton

Industry
0.30B ton

Consumer
0.11B ton

Net-zero

Reduction

Emission

Removal

Emission
= Removal

↓
Net-Zero
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EAJADE Workshop on Sustainability in Future Accelerators (WSFA2023)

The Future of Construction: Carbon-
Negative Concrete for a Greener 
Tomorrow

Kajima Corporation
Dr. Kumar Avadh (PhD. University of Tokyo)
Research Engineer

2023/9/26
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106
CO2CO2CO2CO2

Curing Chamber

γC2S

CO2

CaCO3

γC2S

CO2

CaCO3

γC2S

CO2

CaCO3

© 2023 KAJIMA CORPORATION

Carbonation Curing

Absorbing CO2 as it 
hardens
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107
 

CO2 reduction
Max：400kg/m3

Cement reduction
：-200kg/m3

CO2 
absorbed
：-110kg/m3

CCU Powder：-
40kg/m3CCU Material：-50kg/m3

Ordinary：
300kg/m3

CO2 absorbed
Max：200kg/m3

Target of CO2 reduction and absorption

＋ CCU
Materials＊

＊Materials reacted with CO2 in 
advance and put into concrete
  CCU: Carbon Capture and 
Utilization

CCU AggregateCCU Powder

Maximizing absorption and reduction of CO2 by using CCU materials

<R&D in progress> Material development

© 2023 KAJIMA CORPORATION

Target
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Creating 
a forest 
in the city

Wooden Large-scale 
construction for a 
Greener Future: 

Shelter Inc.'s Initiative

09/26/2023
Yuka Shibuya

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS
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Comparison of CO₂ Emissions during Construction between Timber 
and Other Structures

Comparison of Estimated CO₂ Emissions per Floor Area in Office Buildings by Structural Type:

Source: Japan Housing and Wood Technology Center, a public interest foundation, "Examples of Buildings with Interior Wood Usage 
and Their Effects," Published in March 2022.

Timber

Steel Frame

Reinforced 
Concrete

Production (Domestic Consumption Expenditure)

Production (Domestic Capital Formation)

Production (Overseas Consumption Expenditure)

Production (Overseas Capital Formation)
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Seismic Resistance of the Metal Hardware Joining Method

• During the Great Hanshin Earthquake in 1995, 73 wooden houses constructed using the metal 
hardware joining method in the disaster-affected areas remained standing without collapsing.      
(The photo depicts a three-story house in the heavily affected Nada district of Kobe City.)
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Wooden Fireproof Components “COOL WOOD”

・Load-bearing component (Wood)

・Fire-stop layer (Gypsum board)

・Surface material (Wood)

1-hour Fireproof COOL WOOD (Column)
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Commercialization of Low-Grade 
waste heat recovery

Higashi-nihon KidenKaihatsu Co.,Ltd.(HKK)

Yuichi Kouno

WSFA2023
 Sustainability Session Ⅱ：Green ILC & Japanese Industry 
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Containers 
delivery Containers 

delive
ry

Containers 

delive
ry

Off-line Waste Heat Circulation Model

Exhaust heat from ILC
(50~100 ˚C)

Heat storage process

Demand and supply
Energy pricing and billing

Heat reuse process

Greenhouse
for agriculture

Energy
management

Exhaust heat from Factory 
(50~100 ˚C)

Heat storage processHeat reuse process
Greenhouse for agriculture

Portable Hasclay 
container 

Containers 
delivery

Heat release device

Building a system that networks the facilities with small-scale 
and decentralized demand and supply, making it accessible to 
many people.

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS
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What’s HASClay ?

HASClay® is an inorganic adsorbent material composed of a 
composite of amorphous hydroxyl aluminum silicate (HAS) and 
low-crystallinity clay. 

HASClay®  has the ability to store heat with the principle of 
energy transfer by water vapor desorption.

The appearance of HASClay®

• In particular, it has an excellent storage 
capacity for low-grade heat (<100 ˚C).

• It is capable of repeating the heat storage and 
dissipation cycle over and over again.

• By sealing the container and blocking 
moisture, the heat energy can be stored semi-
permanently and will not ignite or deteriorate, 
making it safe to store.

• Off-line transport allows exhaust heat from ILC 
and factories to be used effectively in a wide 
range of fields. 

Adsorbent Heat storage 
ability

Heat storage
capacity(kJ/L)

HASclay 40 ˚C or more 567
Modified zeolite 80 ˚C or more 439

Performance of various adsorbents

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS
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Demonstration tests to achieve commercialization
Thermal storage process: Hot spring Heat dissipation process: Greenhouse

Utilizing the heat of hot spring water to store (dry) 
HASClay

Heat storage device

Panoramic view of the heat storage facility

Heat dissipation device

Strawberry cultivation greenhouse

Utilizing HASClay for heat 
dissipation and using it for 

nighttime heating
Delivery after 
heat storage

Recovery and Recharging 
after Heat Dissipation

inside

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS



Outlook? 
Conclusions? 



Contact

Deutsches Elektronen-
Synchrotron DESY

www.desy.de

Thomas Schörner
DESY FH 
E-Mail: thomas.schoerner@desy.de
Phone: +49 40 8998 3429

Thank you
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Individual Measures
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Individual Measures
From HECAP+ paper / M. Düren

|  Sustainability  |  FH Sustainability Forum  |  19 Feb 2024  |  TS



DESY. Page 121

Individual Measures
From HECAP+ Paper / M. Düren
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