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SCOPE OF HORIZON-INFRA-2023-TECH-01

NEW TECHNOLOGIES AND SOLUTIONS FOR REDUCING THE ENVIRONMENTAL
AND CLIMATE FOOTPRINT OF RESEARCH INFRASTRUCTURES (RIS)

Expected outcome

Deliver innovative technologies and solutions
to reduce the environmental footprint of RIs

Optimisation of resource and energy
consumption through the full life cycle of Rls

Increased long-term sustainability of
European RIs

New technologies and solutions
Validation and prototyping

Training of RI staff for the operation and use of
the new solutions

Action plans to deploy the new developments at
wider scale and ensure their sustainability

Measures to ensure an environmentally effective
integration of the solutions in the local contexts

Societal engagement to foster acceptance of the
solutions in the local and regional communities
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Research Facility 2.0: Towards a more energy-efficient and
sustainable path
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CHALLENGES

« Particle accelerators are energy-intensive systems
« Their number keeps increasing as more uses are found in industry and medicine
« Their complexity and energy consumption keeps growing for future research accelerators

1000
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Example for particle colliders, light sources not included

Energy consumption, cost considerations could shape future of accelerator R&D (Symmetry magazine)
Strive towards sustainability (Nature Physics)
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https://www.symmetrymagazine.org/article/energy-consumption-cost-considerations-could-shape-future-of-accelerator-rd?language_content_entity=und
https://www.nature.com/articles/s41567-023-02117-0

CHALLENGES

* High energy consumption but
renewables can cover only half of it

« Stringent power quality requirements

» Limited test flexibility (experiment
driven)

« Large quantity of raw materials
required for building particle
accelerators (including rare earth
elements)

* Previous work has been limited to
specialized studies on specific
technical topics




Vision

The RF2.0 partners vision
is to design, operate and supply
accelerators anytime in a secure

and stable way on 100% renewable

energy, i.e., almost independently
from the public power grid, while
reducing their environmental
impact.

>
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ﬂmprovethe efficiency operations\ 2’0

in large research facilities using Al

+ New energy management
approaches using Al

+ Digital twins of accelerators
components and systems /

APPROACH

~

( Increase the sustainability of large Al-assisted load
Sl . . management K
research facilities in the electrical system

» Power electronics and DC grids

* Fast measurement systems (phasor
measurement units)

» Energy costs and resources analysis

o New materials and components
EE—E_. targeting an efficiency increase
o)

New highly- * Permanent magnets

M_@if efficient and reliable * Semiconductor technologies

. . L e
components \ Solid-state amplifiers Y,

Power consumption
flexibility approaches
for providing grid
services

Integration and optimal operations of N
sustainable low carbon technologies @“\
S

* Energy storage systems and technologies
(batteries, supercaps, hydrogen) Sustainable low

COMPONENT TO SYSTEM LEVEL
carbon technologies

* Flexible power consumption in HPC centers/ integration First comprehensive and systematic analysis of
renewable power-driven scientific computing the energy use in large research facilities
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Al-oriented operations for 2’0
accelerators Q(IT

Karlsruher Institut fiir Technologie

~

Design of power systems of
future accelerators

Al-assisted load
management

i

Dynamic measurement of

11
critical systems ':_8_-3 High power, high frequency power

New highly- amplifiers:

@a p h i ro efficient and reliable
components -
\_ Cryoelectra COMMTIA

Power consumption

Digital twins for ALBA

data centers

Digital twins for :Q!(IT
accelerators

Karlsruher Institut fiir Technologie

ﬂs-.;xibility gg_proac_l:’es
or providing gri Helmholtz ——
. services HZB Zentrum Berlin

Permanent magnets:

L

HZB (0., MAXIV
Zentrum Berlin

Sustainable low
Green data Low carbon gg(IT carbon technologies
centers for i integration
technologies

accelerators Karlruher Insitut fr Technalogle
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IMPACT — 4 TARGET GROUPS (TG)

TG2 — System operators

Actors: Grid operators (TenneT), eng.
companies

Expected impact:

+ Power flexibility strategies for
accelerators and computing centers
(210-25%) for reduced consumption

/s

TG1 - Large research facilities

(current and future ones)

Actors: Particle accelerators, data
centers

TG3 - Technology manufacturers

Actors: Manufacturers, software and
Al companies

Expected impact:
» Electricity costs reduction (=210-25%)
* 100% renewable energy supply

* Fully digitalized infrastructure Expected impact:

| \\ Improved magnets, power

electronics, (TRL 1-3 2 4-6, -20%
consumption)

TG4 — General Society

Actors: medical facilities, schools, public buildings, computing centers

Expected impact:

» Higher awareness of sustainable energy solutions

» Training of public managers by means of
demonstrators, schools, and workshops.

» Reduction of operation costs for public (hospitals,
schools) and private (industry) facilities
* Open-access data & Benchmark results

11 13.05.2024
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WORK PACKAGES

Accelerators

WP 1

field data

Key Technologies

WP 1 “Identification of key technologies for improving
Identified Key Technologies M6 energy efficiency in accelerators”

WP 2 “More efficient and reliable components”

WP 3 “Data-driven research infrastructure energy
management”

WP 3 WP 4 WP 4 “System-level design of future accelerators”
Rl energy management System design

WP 2

Efficient components

WP 5 “Grid services and economic analysis for

' Permanent I PMUs integrated in CERN grid M32 accelerators”
. Magnet WP 6 “Experimental validation in realistic operation
. & SSA conditions”
*  prototypes
: WP 5
: Energycosts&coz ‘I EEEEEEEEEEEEEEEEEEEEEENESR IIIIIII:
o@,,) . footprint evaluation . .
*G o’)& : . 3\,‘(3"0 ,ag\k
5 Sy, o E HPC control integrated . o’ ed®
oy, s % HE O b
- at DESY M32 : 9% !
S e
WP 6 E

Demonstrator projects @ ALBA, DESY, HZB, MAX
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FIRST STEPS: SUSTAINABILITY METRICS

MAIN METRIC? QUANTIFYING UNIT EXAMPLE

Total energy consumption of an

Energy/operation kWh/operation-hour
gy/op fop accelerator in a year
Reduce frequency of servers
GHG/operation COZ2e/operation-hour according to provisioning with

renewable energy

Material/operation

kg/operation-hour

LCA to analyse costs of all
demonstrator magnets’ inputs

Energy/science

kWh/scientific output capacity

Minimize TAT: TAT=TAT min, theory

GHG/science

CO2e/scientific output capacity

Shift computing jobs to times
when renewables are abundant

Material/science

Courtesy of F. Abusaif

kg/scientific output capacity

Minimize component’s volume

per unit nominal field:
v < Vet
Fieldmax ~ Fieldmax, ref
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« Monitor quantitatively if
goals are being met

« Derive new metrics during
the project’s lifetime

Publicly available soon

20
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ATTENTION

/ CERN
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NMIT & W) HZB i

Karlsruhe Institute of Technology

MAXTV COMMTlR @aphiro Ciyoelectra Q ENERGY

For further information
and to follow our
project progress visit
www.rf20.eu

=
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and our Social Media accounts: @ RF2.0 Project @ @rf20_project

This project has received funding from the Schweizerische Eidgenossenschaft Federal Department of Economic Affairs,
European Union’s Horizon Europe research and Confédération suisse Education and Research EAER
% innovation programme under grant agreement No Confederazione Svizzera State Secretariat for Education,
* g X ' Confederaziun svizra Research and Innovation SERI
101131850 and from the Swiss State Secretariat for
Funded by the Education, Research and Innovation (SERI). Swiss Confederation

European Union


http://www.rf20.eu/

|

RESEARCH FACILITY 2.0

MANAGEMENT STRUCTURE

General Assembly (GA)
Strategies and decision making

Industrial Advisory Board (IAB)
Input for implementation;

Support of dissemination & exploitation

Decision path

Steering Committee (SC)

Management Support Team . ! .
Operational implementation

Support operational implementation

Decisi th
Project Manager KIT ecision pa

Innovation Manager KIT

Risk Manager KIT

Communication & Dissemination Manager KIT
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