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1.1/ CERN's energy consumption

Energy consumption [GWh]

CERN's energy breakdown
Average of RUN2-RUN3: 1,252 GWh
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Energy procurement represents 5-10% of CERN's annual budget during full operation !
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1.2/ CERN's electricity consumption

1,400 - CERN's electricity breakdown

Average of RUN2-RUN3: 1,207 GWh

1,200
1,000
800
600
400
200
0 -

(Q\ I O M~ 00 — AN ™M

— — = o AN

(@] o O o o o o O

[Q\ NN N [Q\! [Q\] [Q\ [Q\] [Q\

P

—
S complex m Infrastructure sites

Infrastructure sites, 7.59%

PS complex, 10.15%

Electricity consumption [GWh]

SPS, 27.84%

—
o
AN

2024 s

2025

™
—
o
(Q\!

mlLHC mSPS =

2019
2020 .

LHC, 54.42%

HSE
Environmental Protection

Nikolaos Sapountzoglou | Einstein Telescope Workshop | Energy management at CERN 16/02/2026




1.3/ Carbon intensity & low-carbon electricity in France
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Under normal operating conditions, electricity is fully sourced from France, where more than 95% of electricity
generation comes from low-carbon sources (Scope 2 emissions).
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https://app.electricitymaps.com/

1.4/ CERN's electrical network

Separation of loads per type:

general services network

RTE/Swissgrid 400 kV lines

RTE Bois-Tollot 400 kV substation .
BE1 400/66/18 kV substation m a C h I n e n etWO rk
BE2 400/66 kV substation
66 kV lines
e secured networks
18 kV lines

18 kV substation E . N .
quipment quantities

ME10 130/18 kV substation

pes el : 100+ substations
500+ km of HV cables
350+ HV transformers
50 000+ LV feeders
300+ UPS systems
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2.1/ Energy management governance at CERN

Governance framework EMP objectives:

» Energy management system in place since )
2015 (built on earlier coordination structures;

reinforced in 2022)
Prevention of

environmental accidents
» Dedicated energy management team 7

(including full-time experts) Nat:laniing '“‘“;““

> Oversight through:

Protection of natural resources lonising radiation

Air protection

‘ >
Water protection

Environment@CERN

Energy management |

Soil protection
» Energy Management Panel (major _>\
Waste management

&zarﬂous substances
energy consumers and key stakeholders) |E

nvironmental noise

»  CERN Environmental Protection

Steering Board

Coordinate CERN's electricity demand planning.

Forecast electricity needs, monitor consumption

and analyse deviations.

Manage consumption to adapt to planning

evolution.

Prepare degraded operation scenarios for

constrained power availability.

Recommendations to optimise energy use with

minimal impact on the scientific programme.

CERN manages its energy needs through coordinated planning, monitoring and optimisation.
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2.2/ Energy policy & ISO 50001 certification

The ISO 50001 is the International Energy Management standard:

»  Strengthen corporate environmental responsibility;
» Structured energy management system framework;
»  Measurable performance indicators;

»  Continuous improvement;

» Independent external verification based on a 3-year cycle with

surveillance audits every year.

CERN is certified since February 2023 |

CERN is awarded the ISO 50001
energy certification

8 FEBRUARY, 2023

The CERN Meyrin site in 2020 (Image: CERN)

As part of CERN’s c i to energy the O ion began the ISO
50001 certification process in 2022. The certification was officially awarded on 2 February 2023 for a period of
three years, i.e. until 1 February 2026.

1S0 50001 is the standard for
improve energy performance. It entails setting up, itoring and i

which is aligned with CERN’s Energy Policy - and with relevant legislation.

systems and processes to continually

g an energy system -

For moreii ion about energy at CERN, see https://hse.cern/content,

Objective 1: Keep the required energy to the minimum

Objective 2: Improve energy efficiency

Objective 3: Recover waste heat
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CERN Energy Policy

CERN, an intergovernmental organization for fundamental research in particle physics, defines and
implements an Energy Policy. This policy covers all the energy sources needed for its activities and
installations, whether they are based in France or in Switzerland. The policy is periodically reviewed.

1. Objectives

In line with the CERN Safety Policy, the Energy Policy is designed to continuously improve the
Organization’s energy performance and minimise the impact of its activities on the environment. Its
specific goals are to:

- keep the energy required for its activities to a minimum,
- improve energy efficiency, and
- recover waste energy.

2. Means
The Organization makes the necessary means available, in particular funding and personnel, needed to
meet its Energy Policy objectives.

In particular, the Organization:

- implements structured, efficient and sustainable measures to ensure the continuous
improvement of its energy performance,

- ensures that the Energy Policy objectives are integrated into the design of its sites and
facilities and taken into account in the definition and execution of its activities,

- establishes appropriate internal regulations, keeps them up to date and monitors
compliance with them,

- communicates proactively with all persons participating in its activities or present on its site,
as well with as the Host States and the public,

- collaborates with the Host States.

2.1 Continuous improvement
The Organization is committed to the continuous improvement of its energy performance by means of :

- defining, monitoring and updating strategic energy guidelines and associated objectives and
indicators. These guidelines, objectives and indicators are based on energy use
measurements, best practices and feedback and are documented in the Organization’s
energy performance plan;

- an Energy Management System (EMS) compliant with the ISO 50001 standard;

- training the relevant personnel and raising their awareness of the Organization’s energy
performance and usage;

- monitoring trends, regulatory developments and best practices in energy performance.
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2.3/ CERN's 2025 and 2030 objectives on energy

1,600 - RUN4- L5 TWh 5025 objectives:

> Limit the RUN3 increase of electricity consumption to
5 % compared to the 2018 baseline. «/ max 2.95 %
» Maximum target of 1.32 TWh/year. " max 1.29 TWh

+—>

400 RUN3: 1.32 TWh

2030 objectives:

» Limit the electricity consumption to 1.5 TWh/year up to
the end of RUN4 (High Luminosity-LHC operation).
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Electricity consumption [MWh]
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» Reduce the gas consumption by 60% compared to the

SERNCINCIN > 9 99 2018 basel ther-normalised
SEECERNERN P> P aseline (weather-normalised).
NN SN AP N PN PPN AN ( )
mLHC mSPS mPS complex mInfrastructure sites » Cover 10% of the electricity needs with renewables.
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3.1/ Energy management tools: WebEnergy

@ E O er2025(vs) (2 Operational modes

Environmental Protection
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3.1/ Energy management tools: WebEnergy

Monitoring:

» Global accuracy > 99% vs. main 400 kV counters.

» 98% accuracy in 2025 on forecasting monthly electricity
consumption.

» 12/12 bonuses obtained from electricity supplier in 2025.

[RTE [ w6+26265 [ Sentto EDF [ WebEnergy
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» More than 300+ HV protection relays. e B B e B

Power (kW)

» An additional 200+ to be incorporated by 2029. LLELFLEFLISEPLILISEFLISESLILISFLSLILILELLE
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3.2/ Virtual invoices

Virtual Electricity Invoice Virtual Electricity Invoice Virtual Electricity Invoice Annex
@ Year 2024 @ @
v) LHC ) LHC Year 2024 v) LHC Year 2024

Me Repartition b the main c

Monthly consumption

The following consumption figures are extracted from the WebEnergy tool (https//energy cer.ch).

M€

The invoice price includes energy, transmission, capacity and CEE costs calculated according to CERN's electricity

LHC Radio Frequency,
and transmission contracts in force at date.

M€ 41.53GWh, 6.4%

ME
Annual Consumption in 2024 Virtual Invoice M€
Me LHC Experiments
GEL d6.0vh M%Eg"w‘en"
ME 23.1%
k€

5

B RN R R e
Gn [ e | M | G | m [ Am | S | om | mv | o=
g, | 538GWn 415 GWn 553 G 635 G 415 G 410 W 701 G| 694 G 647 G| 440 G| 55.8 G| 54 G
Vershiyprce
(e
—— o we  me | we | W we | we we | we | W me | we|  we
Evolution of consumption in the last years
LHC Transfer Lines
800.0 GWh €0.0% 725 MW

700.0 GWh e T

e 50.0%
Rest of CERN 600.0 GWh
607.81 GWh 40.0%
500.0 GWh
400.0 GWh 30.0%
300.0 GWh
20.0%
200.0 GWh
. Fos : 10.0%
NOTE: energy counters are located on the high voltage network, therefore it is not possible to achieve perfect 100.0 GWh
granularity in the counting structure. Some approximations are required when defining boundaries between
consumers. The counting structure is public and available on the WebEnergy application. For any queries, OMWh 0 % S | ame | e wm
clarifications or information, please do not hesitate to contact us or consult the website. —eigy | 930GWR 6550 GWh 4520 G 6120 Gih 6450 GH| 3610 GWh 1411 GWn 495.1 GWi 4303 G 57
—o—CNFaction| 5% | S38x | Sam | Sais | Siow | s | s | saos | sim
Possible discrepancies in energy data of previous years compared to previous invoices are due to recalculations or
corrections of the counting structure of WebEnergy.
Issue date: 20/2/2025 https /energy cemct Technical contacts: ) )
|ssue date: 20/2/2025 ) Technical contacts Issue date: 20/2/2025 hups/energy cem.ch, Technical contacts:

Mikalaos - EDMS 2509454 v. 20240 Nikolaos Sapountzoglou - nikelaos sapountzoglou@cern.ch

Virtual invoices sent every year to management and main users to raise awareness !
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3.3/ Research Facility 2.0

Objectives:
» Perturbation analysis.

) POWGl’ quallty (PQ) analySiS- https://rf20.eu/wide-area-disturbance-

detection-cern-records-the-iberian-blackout/

» Correlation of PQ events
with equipment behaviour.

» ldentify tailored mitigation
actions to increase grid

resilience.

» Develop and validate a

Photo Credit: ESO/ Maximilien Brice (CERN)

dlgltal twin Of the gl’ld. Wide-Area Disturbance Detection: CERN

Installed a total of 24 Phasor Measurement » Integrate PMUs to SCADA. Recaras the Ineran Blackoit
Units (PMUs) in key locations | - e e s it i 1
(400 kV, 66 kV and LHC 18 kV substations). > Provide guidelines for FCC.

Funded by the for Education, Research and Innovation (SERI).
European Union

L
i =
Environmental Protection Nikolaos Sapountzoglou | Einstein Telescope WorkshoiE) |'Energy management at CERJ\I R

!
i



https://rf20.eu/wide-area-disturbance-detection-cern-records-the-iberian-blackout/
https://rf20.eu/wide-area-disturbance-detection-cern-records-the-iberian-blackout/
https://rf20.eu/wide-area-disturbance-detection-cern-records-the-iberian-blackout/
https://rf20.eu/wide-area-disturbance-detection-cern-records-the-iberian-blackout/
https://rf20.eu/wide-area-disturbance-detection-cern-records-the-iberian-blackout/
https://rf20.eu/wide-area-disturbance-detection-cern-records-the-iberian-blackout/
https://rf20.eu/wide-area-disturbance-detection-cern-records-the-iberian-blackout/
https://rf20.eu/wide-area-disturbance-detection-cern-records-the-iberian-blackout/
https://rf20.eu/wide-area-disturbance-detection-cern-records-the-iberian-blackout/
https://rf20.eu/wide-area-disturbance-detection-cern-records-the-iberian-blackout/
https://rf20.eu/wide-area-disturbance-detection-cern-records-the-iberian-blackout/
https://rf20.eu/wide-area-disturbance-detection-cern-records-the-iberian-blackout/
https://rf20.eu/wide-area-disturbance-detection-cern-records-the-iberian-blackout/
https://rf20.eu/wide-area-disturbance-detection-cern-records-the-iberian-blackout/
https://rf20.eu/wide-area-disturbance-detection-cern-records-the-iberian-blackout/
https://rf20.eu/wide-area-disturbance-detection-cern-records-the-iberian-blackout/
https://rf20.eu/wide-area-disturbance-detection-cern-records-the-iberian-blackout/

3.4/ Keeping energy to the minimum

A. Achieved Impact: >100 GWh/year energy savings since 2010.
» Facility upgrades (e.g. East Area new magnets and power converters).
»  Optimised operating modes (eco-mode for cryoplants -5.5 MW, SPS magnets powering).

» Large building consolidation.

B. Additional Measures (2022—-2023)

» Temporary operational adjustments in response to the energy crisis:

» reduced accelerator schedule;
» reduced gas consumption.

C. Outlook 2030: Additional 80—100 GWh/year savings targeted.
»  Cooling & ventilation optimisation.
» Heat recovery projects.

» Further building consolidation.
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3.5/ Improving energy efficiency

1.  Define and track energy performance indicators for the LHC, SPS RUNT RUN2 RUN3 HL-LHC
. L . L 45 | 900
and PS complex as a function of luminosity/intensity at injection 2 R .
delivered per unit of electricity consumed. S o 700 £
? o % o )
280 & . | 600 g
2. New Data Centres with Power Usage Effectiveness (PUE) of 1.1- 8 s \ L ° 500 &
7] | | I I [72]
1.15 (below EU target of 1.3-1.4). 220 N, } 400 §
515 \\. S ‘ 300 £
= I | I | O
. . g_ [ [ \ | %
3.  Procurement guidelines: evaluate energy performance of 210 N 200 8
5 D . |
. . . ) E 5 | | | ;'O-._ ! 100
equipment/products/services over planned/expected lifetime. g o TT0ea. 900000,
0 [ R R = =t L R —{)
2010 2015 2020 2025 2030 2035 2040 2045
ThreShC)ldS' @ LHC electricity consumption (GWh)
O Expected LHC electricity consumption (GWh)
. . Y ici inosity delivered (GWh/fb-'
a) power consumption of all tender items > 500 kW; 5 Expastott otoctiei Comomition v Kuminostty dalivered (GWHAD)

b) annual energy consumption > 5 GWh;
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3.6/ Waste heat recovery

A. External use [Operational since January 2026]

» Waste heat recovered from cooling towers at Point 8 of the LHC.

» Supplies the Ferney-Genéve Innovation network with 65% decarbonized
energy.

» Equivalent to 5,800 homes powered by ~20 GWh/year recovered.
» 5,000 tons of CO, avoided annually.

B. Internal use [Ongoing]

» Waste heat recovered from the new Data Centre in Prévessin and the
LHC Point 1 cooling towers.

» Supplies the Meyrin and Prévessin CERN sites with 25-30 GWh /year as
of 2027.

» Expected to reduce CERN's annual gas consumption by 60% (compared
to 2018).

HSE
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3.7/ Renewable energy

Three physical photovoltaic Power Purchase Agreements singed between  CERN signs long-term solar power
CERN and producers in France. agreements

Projects can now begin so that 140 GWh/year - about 10% of CERN’s annual

electricity consumption during accelerator operation years - will be provided
Parameter Value by renewable sources from 2027

Peak power 89 MW IR R
Electricity produced/year 128 GWh*

Total area 90 ha

Delivery dates May 2026 - July 2027

Duration 15 years

*updated P50 curve
» mandatory as CERN is supplied from France.
» ~10% during RUN and ~25% during LS.

» ~40% of CERN'’s fenced perimeter — difficult to envisage onsite!
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CERN

Thank you !
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