Heat recovery at CERN,

from one multi MW case to a generalised approach

Welcome to the Accelerator_s and
Technologies Sector Sseminar

Serge Claudet, as former Chair of the CERN Energy Management Panel

with contributions from N. Bellegarde (energy coordinator),
G. Rouge, G. Guillot, P. Cardon & M. Capeans (SCE, Site and Civil Engineering),
Y. Body & S. Deleval {EM, Cooling & Ventilation)

13-Nov-2025




About 10 years since
1st contacts,

To be progressively
started this winter
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Introduction to heat recovery at CERN

A first multi -MW project at CERN (LH®8 / ZAC Ferneyoltaire)
Heat recovery for Meyrin & Prevessin sites

Recent studies and new ideas

Summary and take away messages
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Energy consumption at CERN

Répartition de la consommation énergétique du CERN
Année 2023 - Total: 1,142 TWh
Azote liquide;
0,27%

Gaz; 3,42%

Carburants; 0,32%

CERN's electricity consumption from 2011 to 2023 and forecast for 2024 and 2025
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Stabilised energy consumption for last decade (~1.25 TWhly)
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Enerqgy Policy:

Energy coordination and tools since 2015 (WebEnergy)
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Less(energy),Better, Recover(heat)
... Energy consumption produces heat
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Heat rejection: cooling towers

COOLING TOWER

COUNTER-FLOW INDUCED DRAFT

Equipment
to be cooled

Heating is mostly originated from
Joule effect in conductors:
motors, NC magnets, electronics

(power, computing), ...
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Heat rejection at CERN

0 5 7 |

| i How could this heat be used?
Cooling towers at CERN: 450 MW installed power By who ?!?
Maximum dissipated: 200 MW (max electrical consumption!)
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ESSRI 2024Energy for Sustainable Science at Research Infrastructures

Energy management, Energy efficiency, Identify good practices, stimulate initiatives, cooperation amongst institute
CERN at the origin of this series, organiseverfit2

T

bt September
25th, 26" and 27", 2024
Madrid, Spain

2011, ESS - Lund (S)

125 participants, mostly Europeans

2013, CERN (CH)

189 participants, 14 countries (incl. JP & USA)

2015, DESY - Hambourg (D)

Stabilised participants, format

2017, ELI-NP - Bucharest (RO)

From concepts to realistic actions
AEconomy, Reliability,

2019, PSI - Villigen (CH)

Web: essri.psi.ch

2022, ESRF - Grenoble (F)

Web: indico.esrf.fr/event/2/, ~90 persons

2024, CIEMAT - Madrid (ESP)
https://agenda.ciemat.es/event/4431/
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Research infrastructures do not want to represent an energy issue for society,
But wish to contribute to good practices and solutions for the future !

07-Feb-2024 S. Claudet | Energy Management Panel #36
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Heat recovery major consideration: temperature level

Laboratoire d’ Informatique pour la Mécanique et les Sciences de I'Ingénieur 1- el I I pe ratu re |eve|

Second law, exergy, and consequences
on low-temperature heat-recovery

Michel Pons

CNRS-LIMSI , UPR 3251,
BP133, 91403 Orsay Cedex
www.limsi.fr/Individu/mpons
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DPTZEEEEEE cocrov for Sustainable Science Workshop, Lund, 13-14 October 2011

Can one produce energy out of
a huge amount of heat delivered at 40-50°C?

e 23 cooling towers in running condition exist |
at CERN. These are situated all over the
CERN territory with cooling power ranging
from 1.25 MW to 70 MW.

Surface |

Underground

Laboratoire d’ Informatique pour la Mécanique et les Sciences de I'Ingénieur

h % Energy for Sustainable Science Workshop, Lund, 13-14 October 2011 @
ks ; wry
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Heat recovery major consideration: temperature level

Heat source temperature [°C]

Heat flux Q released at 45°C (1) Any solution?
Laboratoire d’ Informatique pour la Mécanique et les Sciences de I'Ingénieur 1 Tel I I pe ratu re |eve| « Carnot factor B/Q = 0.08 0.3 | « Usually, low-grade heat- 03
recovery is achieved with
* The exergy content of 0.25 | Ty=20°C. heat delivered at 90- 025 _
heat delivered at 45°C in . 100°C, and preferably - Ty=20°C.
i oC | -~ ! 1 Ve
Second law, exergy, and consequences en;nrg;nl-lent at20°Cis = o2 e more (120°C). T 02 -
on low-temperature heat-recovery on'y So: £ - s -
only less than 8% can be g 015 P N g -
converted into work. = P e At 120°C, the exergy £0.15 - T, = 40°C
Michel Pons £ P content is 0.25, then one 2 4
o 5 | - E p
p CNRS-LIMSI , UPR 3251, « Considering now a real & 01 s, C?fn hope to obtain an S 04 P
‘@ﬂ BP133, 91403 Orsay Cedex process heat to N — effective conversion P
: www.limsi.fr/Individu/mpons electricity: the likely 0.05 - efficiency of 10% 0.05
‘ ‘ efficiency We/Qp= 0.04 { (still low but non-
@ (4% only of Q, is |  —— § negligible). 0 )
o ——— converted into electricity). 20 40 60 80 100 120
DPTZEEEEEE cocrov for Sustainable Science Workshop, Lund, 13-14 October 2011 ¥) 20 40 60 80 100 120

Heat source temperature [°C]

Laboratoire d’ Informatique pour la Mécanique et les Sciences de I'Ingénieur

Laboratoire d’ Informatique pour la Mécanique et les Sciences de I'Ingénieur

Energy for Sustainable Science Workshop, Lund, 13-14 October 2011

== .

Energy for Sustainable Science Workshop, Lund, 13-14 October 2011

Can one produce energy out of | -

a huge amount of heat delivered at 40-50°C?

e 23 cooling towers in running condition exist |
at CERN. These are situated all over the
CERN territory with cooling power ranging
from 1.25 MW to 70 MW.

oA ora

Conclusion

¢ Because of the temperature level, the exergy content
of heat rejected by cooling towers is so low

Not worth considering

that (re-)conversion into electricity is not worth. producmg electr|C|ty
—T— e Two possible ways: .
= Recover heat at high temperature levels, Heat recovery at hlgheSt
ie. .up-.hill .th.e cooling tqwer Ioop; possible temperature ?
: (but still with limited conversion potential),
T - = Save energy (probably larger potential) : |
Surface] » Increase insulation of the zones
i Undergroind which are at high or low temperature JUSt consume LESS I
':—1—~ * Improve engrgetic efficit_ency of electricity improve energy efficiency I
! B Lol consuming devices, auxiliaries, components, etc. BETTER |

Laboratoire d’ Informatique pour la Mécanique et les Sciences de I'Ingénieur

k E Energy for Sustainable Science Workshop, Lund, 13-14 October 2011 @
' 23 ""é
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At the origin of heat recovery studies at CERN

ESSRI 20120132015, with considerations outside of CERN

PAUL SCHERRER INSTITUT

== Building Infrastructure of PSI Campus

It is more efficient to channel
Building Infrastructure and condition, casing and insulation .
o B Ot B0 v recovered heat through existing
«  Office, laboratories and functional buildings with high in windows than isolating a |arge

» Some huts as permanent interim arrangements . T "
* Closed but still legal «research atomic reactor buildings qlflantlty of old bUl'dlngS
« Buildings to be removed but ever and ever used (Direct or heat pump to heating network)

g 3072 OBGA Betretsgebasde 3073WB3A Betnebsgebaude 207 “
Reduction of heat consumption by passive insulation less effective than waste heat recycling but very
ostly!
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At the origin of heat recovery studies at CERN

ESSRI 20120132015, with considerations outside of CERN

PAUL SCHERRER INSTITUT

w={j» Building Infrastructure of PSI Campus

It is more efficient to channel (heat from compressors at ~ 60'C)
Building Infrastructure and condition, casing and insulation ..
o B Ot B0 v recovered heat through existing
«  Office, laboratories and functional buildings with highin ~ windows than isolating a large | dstreet | 2streets
» Some huts as permanent interim arrangements . T " heat extraction 4,6 GWh/a 7,0 GWh/a
* Closed but still legal «research atomic reactor buildings qlflantlty of old bUIIdlngS cost savings™ 228.450 €/a 350.600 €/a
Buildings to be removed but ever and ever used (Direct or heat pump to heating network) payback period 2 26a 1,7a
—= Responsible — Renewable — 807.740 € 1558 208 €
Recyclable : . .
— re Responsle 1.087 t-CO,/a 1.669 t-CO,/a
i T 1
! S 1 PR 5 €/kWh
Z L) ST | kE
q j ) 22 @ %
> 9)\ g CO,/kWh
L
Peter Jensen, Eva Leister | Energy for Sustainable Science | 24.10.2013 | page 13 BE:{

It seems interesting to recover heat if the site is
equipped with central heating network and/or with olc

——

Reduction of heat consumption by passive insulation less effective than waste heat recycling but very
ostly!
—— —— buildings with poor thermal performance
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Towards feasibility studies at CERN

Energy efficiency for buildings and site facilities

In fact a must (strong incentive) with market based energy contracts in France
Evaluation started in March’17 with external specialists, conclusions March’18

Large halls (100m x 40m x 15m) heating improvement, stratification?
Combined production of warm and cold for CERN restaurants (n100e/day)
Improvements for cooling towers fans & pumps, VFD's

Central compressed air distribution improvements and heat recovery
Power distribution and high efficiency power transformers

Lighting improvement for some large halls, CERN streets and car parks

> Heat recovery from LHC-P8 to external heating network in surroundings
> Heat recovery from P1 to Main CERN Meyrin site, heat pump

Preliminary feedback:

- Global situation rather healthy at CERN, correct approach in case of revamping
(energy efficiency alternatives considered on long term10-15 years)

- Improving monitoring of fluids (air, heating system) could help

- Heat recovery to be further evaluated, clearly a strong potential

CERN energy management and projects - 2018
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Heat recovery projects identified & studied (2017-18)

Possible synergy next to a CERN technical site

Heat recovery from CERN-P8 to be
injected in a local “anergie” loop
(ZAC Ferney-Voltaire)

Réseau d'échanges thermiques
» Utilisation de I'énergie selon sa valeur qualitative
» Réduction de la densité énergétique

~ Réduction des émissions de CO2

Preliminary technical
feasibility done, followed
by economical evaluation

(2016)

e~ " P8 CERN

13Now2025

Heat recovery project CERN-CERN, under study

Biggest energy consumers f Meyrin buildings (from simulation)

— gl o SR AL R T~ - iR
A e B R .Y R ~
X S T - o N ’

A o A

.ngh Total Requirement i

_ +High Specific Requirement
= High Saving Potential

Studie with EdF, considering a SMW -dass heat pump to
85/90 degres to match our heating network (intermediate
season), or to boost ttle heating plant (winterL

Study slightly delayed in 2018, resumed after LS2

Qngh/LowTotal Requirem ent
-+ Low/High Specific Requirement
o= Medium/Medium Saving Potenti:
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Towards feasibility studies at CERN

Energy efficiency for buildings and site facilities

In fact a must (strong incentive) with market based energy contracts in France
Evaluation started in March’17 with external specialists, conclusions March’18

FerneyVoltaire
Innovatign

R % - ; / 5 ‘\“ ., .
““'O P8 CERN . A 7
Beta IS,

Heat recovery from LHC-P8 to be injected in a local
Improvements for cooling towers fans & pumps, VFD's ifanergieo | oop

Central compressed air distribution improvements and heat recovery (ZAC Ferney-Voltaire innovation)

Large halls (100m x 40m x 15m) heating improvement, stratification?

Combined production of warm and cold for CERN restaurants (n100e/day)

Power distribution and high efficiency power transformers
Lighting improvement for some large halls, CERN streets and car parks

> Heat recovery from LHC-P8 to external heating network in surroundings

> Heat recovery from P1 to Main CERN Meyrin site, heat pump

» Utilisation de I'énergie selon sa valeur qualitative

Preliminary feedback: en = o

- Global situation rather healthy at CERN, correct approach in case of revamping

(energy efficiency alternatives considered on long term10-15 years) LHGP8 to ZAC FerneyVoltaire (ext.):

- Improving monitoring of fluids (air, heating system) could help Worth a technical and economical evaluation,
- Heat recovery to be further evaluated, clearly a strong potential would it make sense ?

LHGP1 to CERN Meyrin (int.):
More investment required (multi MCHF),
LS2 & resources already committed, new ...

CERN energy management and projects - 2018
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Content

A first multi -MW project at CERN (LH®8 / ZAC Ferneyoltaire)
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ZAC FerneyVoltaire, the needs (2016)

WHERE ? HOW MUCH ?

Heating network of new ZAC, and possible links to FV Heating Power needs [kW] for each hour of the year
A\" AMSTEIN+WALTHERT | 900038 ZAC Ferney-Genéve-Innovation réseau d'anergie | | Phase AVP | 26.02.16 ‘\" AMSTEIN+WALTHERT | 900038 ZAC Ferney-Genéve-Innovation réseau d’anergie | | Phase AVP | 26.02.16
Power breakdown (heating) for various zones
,.
For sake of economical efficiency, peaks to be
) / covered by an additional source
2km to . Maximum heating power = 6,89 MW
CERN-P8 % < Maximum sanitary hot water = 1,63 MW
6 —
Y o
i3 =
11 o
TS a -
T o
“ 7 =
7 —
-zl : (0]
) i T
= Réseau de chaleur b R 2\
@ sous-station réseau chaleur ? ‘:_\l
mmmm  Réseau d’anergie ZAC ::
— R Cost optimised on their side: L&
‘ Champ de sondes géothermiques Network to CERN allows to reduce 3 ‘h}“"\;
, significantly the number of 200m R
mmm Réseau CERN 30°C (DN 500) S
® g . geothermal U_tubes o — —
eﬂale d’interconnexion | | —_ X

13Now2025 ATS Seminar | S. Claudet | Heat Recovery at CERN




LHCGP8, Heat available & technical constraints

WHERE ? HOW MUCH ?
o0 —_ Powe‘r_TutaI T I T [ I I e
—— Power-Cryo —— Power_Total
—=— Power_Cavern
200001 —— power_Surface M 2a000
—=— Power_Back-Up
Physics
g15:»)9 R '] U g 15000
N 3
5 10000 é 10000
. s | m I‘ Test
¢ | réglementaire
1']?4\'2014 31-0ct-2014 2-Mar-2015 2-Jul-2015 1-Nov-2015 1-]Du|-2[|14 31-0ct-2014 2-Mar-2015 2-Jul-2015 1-Nov-2015 J du’?g:’:sces
2014 2015 2014 2015
Two alternatives . . ——
. Cryogenics :
Io?hke;lrgt, with 4 MW ‘|
e one ’ ° .
Heat exchangers to be located next to matching better 32'000 MWh/yr at 65°C i
towers, with connections to supply _ g ) g . i
- . : . in
pipe below and external duct towards with their needs Cooling towers : | 004w
CERN limit 023220 MW 7 m
90’000 MWh/yr at 30°C (base 10 MW) . N

In practice, most important than highest temperature level: availability of maximum heat during winter months!
At least 5SMW available, possibly 10MW for ZAC network upgrades -MWtiavailable 55 to 65% over 15 years
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Energy needs/available & general considerations

General conditions:
(established with CERN top management)

AW AMSTEIN + WALTHERT | 500038 ZAC Ferney-Genéve-Innovation réseau d'anergie | | Phase AVP | 26.02.16
2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 COSt:
30 000 000
rres jo-Grange No loss, no gain, incentive for more recovery
10000 000 Heating needs I I

Availability of heat:

CERN is not a district heating entity, Heat when
available (of course with proper coordination)
Risks & responsibilities:

kw

-60 000 000 Maximum energy
available from

CERN per year

- Known technology & heat exchangers at CERN
keep hands on availability for LHC)

- Circulation pumps for transfer loop outside of
M Besoin chauffage ZAC ~ W Besoin ECS ZAC Besoin froid ZAC M Datacenter B11 M Rejets réels CERN CERN (nOt CERN to deCIde When to Operate the
heat recovery loop)

-70 000 000

-80 000 000

L_
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Systematic evaluation done CERN / Pays de Gex (F)

Typical evaluation NeeddeatRouting to probe if a synergy could lead to a viable heat recovery network

A\" AMSTEIN +WALTHERT

20172019

Communauté de Communes
du Pays de Gex

Etude du potentiel pour la récupération
de I'énergie fatale du CERN

Systematic evaluation of possible
synergies between CERN sites and
local communities in France

- Heat profile per site (CERN)

- Review of needs (locals)

- Possible routing of heating network
=> Power density & preliminary costing
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Systematic evaluation done CERN / Pays de Gex (F)

Typical evaluation NeeddeatRouting to probe if a synergy could lead to a viable heat recovery network

A\" AMSTEIN +WALTHERT

20172019

Communauté de Communes
du Pays de Gex

Etude du potentiel pour la récupération
de I'énergie fatale du CERN

Systematic evaluation of possible
synergies between CERN sites and
local communities in France

- Heat profile per site (CERN)
- Review of needs (locals)
- Possible routing of heating network

SSSSS

¢ Possible
> network &

YYYYYY {

[3
90 :
PR

300 0 300

\“major loads .z ,

% 3 I Batiments administratifs

Légende
Densité thermique
0 - 500 MWh

B 500 - 1'000 MWh
I 1'000 - 1'500 MWh
I 1'500 - 3'000 MWh
W > 31000 MWh

< Sites du CERN

[ Zone Porte de France

[ TechnoParc > 100 MWh

Réseau de chaleur

~— Réseau depuis le CERN solution 2

—— Réseau de chaleur hors CERN
Extension du réseau de chaleur
I Sous Station

A\" AMSTEIN+WALTHERT | 900108 CCPG

— Récupération chaleur fatale CERN |

Présentation COPIL | 07.05.19

PREVESSIN-M

Réseau depuis le CERN solution 1

s 4 /I‘\_ f

3.2\

0 1000 2000 3000 4000 m

MWh/nml

/ \- D , 
2.4 MWH/mlly

T LN
N e

=N

R
LIS
z;}i‘r&’/

> (
5.5 MWh/ml/V
7
nsités thermiques et des consommations de I'ensemble des Puits di

u CERN

de chaleur - Zoom sur le puits P2

Criteria ADEME (F):

isation des réseaux de chaleur de I'ensemble des zones étudiées |

P_density> 2 MWh/ml/y, viable with conditions (future interlink, needs ...)
P_density> 5 MWh/ml/y, economically viable

_ s ~ Decision to proceed with LHGPS8 to ZAC Ferneyoltaire (2019),
=> Power density & preliminary costing gnq revisit LH®?2 & LHE®5 at a later stage (being considered now)

to

give a tendenc

13Now2025
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Similar evaluation done CERN / Canton Geneve (CH)

A“' AMSTEIN +WALTHERT

OCEN
CERN P1 - Valorisation des rejets de chaleur

Rendu Final
Version 03 - 17.11.2019

REPUBLIQUE
ET CANTON
TR o: ceneve

Périmetrel s
Satigny

&

A

2 NReasy
. Zimeysa

Périmétre 4 fé ‘
Quartier
* des Vergers

LA

13Now2025

A
Sous-périmeétre
Logements Meyrin

<

A\" AMSTEIN+WALTHERT | 401451 _CERN_Rejets_P1 | | Syntheése d'étude intermédiaire | 10.07.19

10.2 Conclusions sur les périmétres

Périmétres 1. Satigny 2. Zimeysa 3. Logements Meyrin 4. Quartier des Vergers
Besoins énergétiques ~7 000 MWh/an - ~10 000 MWh -
Couverture des SPS seul : 64% SPS seul : 67%
besoins CH SPS + ATLAS : 85% SPS + ATLAS : 86%

Part des rejets de P1 SPS seul : 9% SPS seul : 14%
valorisés SPS + ATLAS : 7% SPS + ATLAS : 11%
. ) 1.1 3 1.3 MWh/ml.an 1.9 3 2.2 MWh/ml.an
Densité thermique = =
< 5 MWh.ml.an < 5 MWh.ml.an
Non
Non Périmétre déja densément

Périmétre retenu ? A analyser en détail A analyser en détail

raccordé sur réseaux CAD
FAD existants

Densité thermique faible

; ; ) Besoin équilibrage de la  Identifier les évolutions
Données nécessaires boucle d'anergie du PDER
pour valider I'intérét = Zimeysaver ? =

du périmetre Evolution du PDER ?

49

ATS Seminar

Not enough thermal power density, or zones
already equipped.

Agreement to revisit the situation in case of
specific needs (interlink)
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From Convention to Works@CERN and operation entity

2 X 5 MW heat exchangers being installed in dedicated building at LHC P8
Primary

L = g .\ .:- 1 ; ] ..j‘_'.i; i - w
CERN - ‘

" KT | . M= 5 —

| \
Public-private entity created to

operate the network

Cost neutral for both parties:
A 60% at completion
A 40% prorata of heat
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LHGPS8 and link towards ZAC Ferneyoltaire

2XDN500 pipes over more than 1.6km betweenR8H0 B11 Heatinglant

- 2019: Signature of convention (contract)

-2021: Acceptance of recovery circuits on CERN site

-2023: Connection to LHE8

-2024: Network of 2km completed, heating plant started (civil)
-2025: Completion of complementary network in Fern®&pltaire

- 2025: Completion of heating plant, commissioning before winter26

857 P8 CERN

The branch for existing housing in Ferney
(Dalkia) will help for early years !!!
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Courtesy N. Bellegarde

LHGP8 / ZAC Ferneyoltaire, next: commissioning

2025

S2-2025heavy
commissioning by DALKIA
on ZAC site
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