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& A brief introduction to CEPC :

TheCEPC aims to start operation innChikaDb3006s, as

To run at+/T ~ 240 GeV, abovetheZHpr oducti on t hr eshol d&pdedor O]
~Tera Z; atthe W*W- pair and then <air production thresholds.

Higgs, EW, flavor physics & QCD, probes of physics BSM.
Possible pp collider (SppC) of /i ~ 50i 100 TeV in the far future.

Booster Potential CEPC Sites .~

\\ Electron Ring

/
Positron Ring |

m m Higgs (2) factory
Ring length ~ 100 km




CEPC TDR design
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Circular collider Higher luminosity than a linear collider
100km circumference Optimum total cost, good also fosppC
Shared tunnel Accommodate CEPC booster &collider aggpC
Switchableoperation: Higgs, W/Z, top

Off-axis injection , Off-axis inject

1.3GHz 9-cell SRF cavity
for Booster

650MHz 2-cell SRF cavity
for Collider

Booster 2 %‘S H 30/50 MW Mode 3 r%{s
Outer Ring 160 m g m 8m— 160 m

Inner Ring

3CMs W3SOMWE&

Booster sl Z 10 MW Mode ~

Outer Ring

InnerRing

Common tunnel for
booster/collider & SppC

Compatible Operation for
Higgs W and Z
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Main Parameters: High
luminosity as a Higgs Factory Higgs | w | 7 ttbar
Number of IPs 2
Circumference [km] 100.0
SR power per beam [MW] 50
Energy [GeV] 120 80 45.5 180
Bunch number 415 2161 19918 59
Emittance éx/ey) [nm/pm] 0.64/1.3 0.87/1.7 0.27/1.4 1.4/4.7
Beam size at IPs{x/sy) [um/nm] 15/36 13/42 6/35 39/113
Bunch length (SR/total) [mm] 2.3/3.9 2.5/4.9 2.5/8.7 2.2[2.9
Beambeam parametersx/xy) 0.015/0.11] 0.0120.113| 0.004/0.127 | 0.071/0.1
RF frequency [MHz] 650
Luminosity per
P[1034/on/s] 8.3 27 192 0.83
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International TDR reviews

E 2023 June 12-16 X technical review { June 26: civil cost domestic review  September 11-15 X cost

review
E 2023 October: CEPC International Advisory Committee meeting

June 12-16, 2023, in HKUST-IAS, Hong Kong Chaired by Frank Zimmermann

Phase 1 CEPC TDR Review Report

Technical review

CEPC TDR Technical Review Committee

N
] '_l

15 July 2023

~‘ ost reviev(/
| Cost review g8

Sept. 11-15, 2023, in HKUST-IAS, Hong Kong [ Chaired by Loinid Rivkin J
CEPC Accelerator TDR Cost Review

The CEPC Accelerator TDR Cost Review committee examined the cost estimate of the TDR of
accelerator systems for the first stage of the CEPC project operated as a Higgs factory with
synchrotron radiation power up to 30 MW per beam (including all infrastructure that is not easily
upgradeable and is already designed to operate up to the ttbar energy and at 50 MW). The cost
estimate under review does not include the civil engineering, the detectors at the IPs with their
technical services, and the central computing services

IAC meeting [

in the opinion of the commitiee the cost estimate presented is sufficiently complete to form a
proper basis for the next iteration that will be done during the EDR stage

IHEP-AC-2023-01

CEPC

Technical Design Report

Accelerator

arXiv: 2312.14363

The CEPC Study Group
December 2023

Oct. 30-31, 2023, in IHEP Chaired by Brian Foster

The Ninth Meeting of the CEPC-SppC
International Advisory Committee

[AC Committee
M. E. Biagini. Y.-H. Chang. A. Colen,
M. Davier, M. Demartean. B. Foster (Chair).
B. Heinemann, K. Jakobs. L. Linssen.
L. Maiani, M.L. Mangano, T, Nakada, S. Stapnes

G. N. Tavlor. A. Yamamoto, H. Zhao

CEPC TDR -
Accelerator

formally released
on 25. Dec. 2023




» Energy consumption breakdown @ 50MW SR power

Table A3.15: Total facility power consumption in Higgs mode (50 MW/beam)

System for Higes Location and power Requirement (MW) Total

(50 MW /beam) | Collider | Booster | Linac | BTL IR l; Ellglfli (MW)

1 RF Power Source 161.60 1.73 14.10 177.43
2 | Cryogenic System 9.17 1.77 0.16 11.10
3 | Vacuum System 5.40 4.20 0.60 10.20
4 | Magnet System 4216 8.46 2.15 4.89 0.30 57.96
5 | Instrumentation 1.30 0.70 0.20 2.20
6 ﬁf‘(igf; 0.30 0.10 0.40
7 | Control System 1.00 0.60 0.20 1.80
8 Eiﬁiiel;mml 4.00 4.00
9 | Utilities 46.40 3.80 2.50 0.60 1.20 54.50
10 | General Services 7.20 0.30 0.20 0.20 12.00 19.90

Total 27453 | 21.26 20.15 5.69 5.86 12.00 339.49

U Magnet (58MW)

u Cryogenics (11 MW)

CEPC-TDR p967

The total power at other operation
modes are listed in TDR

The total electricity consumption is 340MW for the operation of Higgs, SR power 50MW
The major energy consumer systems:

U RF power (177MW)
E Auxiliary power:

Instrumentation(2.2) + Radiation Protection(0.4) + Control(1.8) + Experimental device (4) + Utility(54.5) + General
Service(19.9) = 78 MW



3 Energy consumption breakdown @ 30MW SR power

Table A3.11: Total facility power consumption in Higgs mode (30 MW/beam)

System for Higgs Location and power Requirement (MW) - Total
(30 MW /beam) | Collider | Booster | Linac | BTL IR Surface | (\w)
building
1 RF Power Source 96.90 0.15 12.26 109.31
2 | Cryogenic System 9.72 1.71 0.16 11.59
3 | Vacuum System 5.40 4.20 0.60 10.20
4 | Magnet System 42.16 8.46 2.15 4.89 0.30 57.96
5 | Instrumentation 1.30 0.70 0.20 2.20
Radiation CEPC-TDR p965
6 o 0.30 0.10 0.40
Protection
7 | Control System 1.00 0.60 0.20 1.80
3 Expe_.‘l'lmen‘ral 4.00 4.00
Devices
9 | Utilities 37.80 3.20 1.80 0.60 1.20 44.60
10 | General Services 7.20 0.30 0.20 0.20 12.00 19.90
Total 201.78 19.02 17.61 5.69 5.86 12.00 261.96

E The total electricity consumption is 262MW for the operation of SR power 30MW
E The major energy consumer systems:
U RF power (109 MW) (U Magnet (58 MW) {1 Cryogenics (11.6 MW)
E Auxiliary power:
U Instrumentation(2.2) + Radiation Protection (0.4) + Control (1.8) + Experimental device (4) +Utility(44.6) +General
Service(19.9) = 73 MW



Operation of BEPCII and performance enhancement

A BEPCI
- Upgrade project of BEPC, operated since 2009
- A doublering factorylike collider
- Collider & SR operation modes

1. Ist LR. Experi. Hall
2. Ist LR, Experi. Hall
3. Power Station of RingMag. Computer Center
4. RF Station

5. 2nd LR. Experi. Hall
6. Tunnel of Trans.Line

7. Tunnel of Trans. Line

8. Tunnel of Linac

9. Klystron Gallery
10.Nuclear Phy. Experi. Hall
11.Power Sta. of trans. Line
12.East Hall for S.R. Experi,
13.West Hall for S.R.Experi.
14 Computer Center

TR 1—]

BESIII

Main Parameters Design
Energy (GeV) 1.89
Beam current (mA) 910
Bunch current (mA) 9.8
Bunch number 93
RF voltage 1.5
Beam-beam parameter 0.04
BB, (m) 1.0/0.015
Inj. Rate (mA/min) 200e= /50 e*
Lum. (x 103c¢m2s7) 1.0

BSRF

2.5GeV

250mA

240.4m

Beém Energy:
Beam Current:

I -
|| Circumference:




Beam energy GeV 6

Circumference m 1360.4 _
Emittance pm-rad <60 I c-i3tb o
Brightness phs/s/mm2/mrad?/0.1%BW >1x1022

Beam current mA 200

Injection Top-up

disciplinary researches
A Accumulate conventional key technologies for CEPC
-Magnet -Vacuum -Power supply - Beam instrumentation

- Alignment - Control - Mechanical system- Linac complex
- RF - Cryogenics - Utilities




& Motivation and obligations to pursue a green machine

China national dual-carbon strategy: CO2 emission peak before 2030 and
carbon neutrality before 2060)

The modern high-performance accelerator complex consumes a significant
amount of energy: LHC, ILC, CEPCeé

]

'  ?151
N, EwropeanXFEL
7. F6MW

WX S EHRT R R R 20MW
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A Mid-T baking (Gdoping) vs. Ndoping higherE, .. & Q, simple process, less EP
A EXxcellent results obtained, exceeding requirements of CEPC, SHINE, HCEf:.
A ILGtype cavities with higher E . is also under development




y Mid-temp baking SRF cavity test results

1.3 GHz High Q Mid-T Cavity Horizontal Test

1.E+11

IHEP M-TFB 1.3GHz 9cell cavities delivered to SHINE

CEPC 650 MHz 1-cell Cavity

SE10 Q, Radiation (pSv/h
T T T T 105
..... ‘ ﬁ ~
M a : b b & 1] FVVVVVVVVVVVVIN 4
[ L E' 8 g ¢ ! -8 !' 5 Q‘QQJ*E-F;! » f_‘. 10 ® 0o = AMAA‘. . e 110°
[ < 3 J ) C "
4RO S s e PRE BN I NSEP | I ]spec T - ® ooy {10°
o pe : $ ! < o No N1O A5 ® 0o 9 ® 0o °
* = Y.u = ; (=}
4« 33 b N10 €P S 1.E410 — - - : ‘e 410°
3E10 : 4 3 $ * NS mo.T o 1300-NS VT naked 1300-N7 VT nak Mid-T furnace baking: & Q, A Rad
- &y ol & 1300-N5_VT nake 300-N /T naked w0l | s o B 3 3
y £E8. CEPO spm e ma | 1300-NS_VT jacketed » 1300-N7_VT jacketed 2 COER: @' G, Hag 110
c * * N9 mig Vi) V1) s% CEPC VT spec P
SHINE spos HE spec N10 mic-T| J ® 1300-NS HT ¢ 1300-N7 HT L : ’ ] 100
N1t ma-T - O
. elo N2 -3 1300-N9_VT naked & 1300-N10_VT naked (o)
2E10 . N13 micd-T) = - 2
e 2 ® 1300-N9 jacketed » 1300-N10_VT jacketed 0Anp8p080400A0a0840R4000848480 O © — 10"
HiomoT ] ® 1300-N9_HT a 1300-N10_HT 109 i | | i i i i P 102
=2 — 0 5 10 15 20 25 30 35 40 45
1E10 | B A E,.. (MV/m
s EXFEL uc ot 0.0 5.0 10.0 15.0 20.0 25.0 30 . . . - a-°°( -) . L s .
: ILC spec
5€9 [ 1 1 1 1 1 1 | 1 " Eacc :x"v'»\',"V‘Yf 0 1 2 S 5 6 T 8 9 10
0 5 10 15 20 25 30 35 . . . . - VeMV) . . . 1
E,.. (MV/m) Mid-T 1.3 GHz 9-cell 0 20 40 60 80 1(%9“” 120 140 160 180
peal

horizontal test (SEL)
3.1E10@21 MV/m, avg.
24.6 MV/m

Mid-T 1.3 GHz 9-cell vertical test

avg.4.3E10@ 31 MV/m 6.4E10@30MV/m, 2.3E10@41.6MV/m

na

A Mid-T baking applied to 1.3GHz/650MHz cavities, resulting in High Q SRF cavityrthats the CEPC
specification
A Completed SRF modules for both 1.3GHz and 650MHz cavities were assembled:;
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650 MHz test cryomodules including cavities, couplers, HOM
absorbers,tuners..., was built and tested OK

A full eight 1.3 GHz9-cell cavities with input couplers, tuners, SC
magnet, BPM, cryostat, module cart, feed/end-cap, volvebox é
was built and tested OK

Horizontal | CEPC Booster LCLS-II,
Parameters | .o results Higgs sHiNE | SCLSIFHE

Average Q, @ 3.6x 1010
21.8 MV/m ' 3.0x101°@ | 2.7x10@ | 2.7x10° @
Average CW 231 21.8 MV/m 16 MV/m 20.8 MV/m

E.cc (MV/m)




£ High Q SRF significance for a green machine

A The SRF system, along with its cryogenic auxiliaries, is one of the major electricity consumers. High
Q-factor SRF cryo-modules effectively reduce the heat load, resulting in lower energy consumption

A The CEPC 1.3GHz SRF cavities adopt the mid -temp baking technology, which enhances the Q factor
by 5 times compared to the EP technique.

A Using the high -Q SRF in CEPC may reduce the operational power by ~ 10MW , which could result in an

electricity savings of approximately = 60M kWh per year.

g 35.0
<
5 00 EP cavity (e.g. Euro-XFEL) .
= 250 (1E10 — 28 MW)
8‘ ' 10 MW power reduction
Power consumption with respect < .00 with high Q cavity
to the cavity Q-factor 2 <
. . ]
CEPC 50MW Higgs operation > 150 High Q cavity .
- (3E10 — 17.6 MW)
O 100

0.0E+00 2.0E+10 4.0E+10 6.0E+10 8.0E+10 1.0E+11
Cavity Qg



Endeavors for a higkefficient klystron 15

Klystron No. 2
aiming at
efficiency 77%

Klystron No. 3
Efficiency80.5%

SEPC at 800 RMB/M

Save Mo 130M RMB

and 6000 hours/year

/ Jear
0 T T Tt T T T T .

40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95%  100%

Klystron No. 1
Efficiency62%
(2020)

90 M RMB

300 +

200 -

100 -

Excessive electricity bill, M RMB

2020 2022 Efficiency, %

Efficiency impacton operationcost(Only consideringoperatiorefficiency of 650MHz klystrong
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Klystron No. 1
Efficiency 65%
(2020)

Pulsed RF Mode (30% duty factor, 60ms/5Hz)
High Voltage vs. Power&Efficency

g e

70 80-0—PoweW) —o—RI6(%) 110

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

120

S0 %
LI0RY

0.0%
O.U% '
80 0% //
=

v

) O

Klystron No. 2

(2021)

2022
70.5% @ 630kW

.
~ E

Power vs. Efficiency

Efficiency 77% &8
Jel"lslg“Ln.llel_l.. fe

iriiiiiiii‘"‘ii

v IIII.

=

Klystron No. 3 (MB}
Efficiency 80.5%
(under fabrication)

_-'iu-s 'n'




Energy recovery by decelerating the used beams

has conducted similar efforts.

AN /S

(AT TNy :- 1
, Energy Recovery:

tribution inside the

essed collector

A CPI (USA) has developed multiple models of
multi - stages decelerating collector klystrons

A Many research institutes in Japan, UK and so on

Typical klystron

-20000
-20200

-z0400 3
-20600 —
-20800 —
~21000 —
-21200 —
-21400 —
-21600
-21800

-22000 —
-22200 —
~22400 —

-22600 ;

—2z800
=23000

=22200

A CEPC will carry out the researches as well

U Theoretical studies of efficiency v.s. collection stages for

normal and high -efficient klystrons

CEPC high efficiency klystron prototype CEPC first prototype
H.V. 113kV H.V. 81.5kV
Cur. 9.5A Cur. 15.3A
Coll. Qty Coll. Eff. Kly Eff. Coll. Qty | Coll. Eff. | Kly Eff.
0 0.0% 68.0% 0 0.00% 58.3%
1 29.8% 77.5% 1 31.4% 71.4%
2 47.7% 83.3% 2 50.9% 79.5%
3 55.6% 85.8% 3 59.2% 83.0%
4 61.4% 87.7% 4 64.3% 85.1%
5 65.2% 88.9% 5 67.9% 86.6%

Efficiency

Klystron efficiency comparison

87.7
83.3 85.8 -

77.5 83 8571

86.6




Novel design and prototypes for the room-temperature magnet  1s

Dual aperture magnetsprototypes for the CEPC Collider

A Following theproposal of duahperture magnets with common coils from CERN, the CEPC team has
developed prototypes for dipoles and quadrupoles. Both prototypes meet the specified requirements

A Large amount of duadperture magnets will be used in CEPC: 768% of magnets cover ab@dt 67km

A Compare to the conventional separaa@erture magnets, the disgerture magnets will sas@%
electricity, roughly40 MW

Combine-function dipole- sextupledesign for theCEPC Booster, eliminating a lot of
sextuples andresducingtheir energy consumption



HEPS employs permanent dipole magnets

A Longitudinal-gradient dipole takes use of the permanent
magnet at HEPS, which consumes zero electricity

A Equivalent single excitation energy ™
consumption of about 1.62kW.
A Equivalent cooling, power efficiency . Annual saving
id:adklssnal energy consumption of about electricity about 5.6
' million kWh
A 240 magnets in the whole ring —
A Annual running time of 8000 hours




R&D for Halbach type quadrupole with tunable field

20

Dual-rings magnets enable field tenabillity in a large range

Challenges:
A Movement synchronizing for ceaselessly field cancellation
A Shimming technology for good field quality at all operation modes

A Radiation shielding

The CEPC uses permanent magnets (dipole, quadruple) for
A Damping ring . Transport line




Plasma wake field acceleration

High gradient:  ~10-100GV/m, ~ 1000times higher than conventional Acc.

High energy conversion rate

A
A
A High repetition rate possibility
!A Focus on PWFA acceleration

--Plasmam\;v*a@reld\

Driver beam

Conventional linac 1GeV accelerator in hand




Conventional colliderVs. plasma collider
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Proposal Name c.m. energy Luminosity /TP Yrs. pre- Yrs. to 1st | Constr. cost | Electr. power
[TeV] [103% em~2s!] | project R&D physics (2021 BS] [MW]
FCC-eel:2 0.24 7.7 (28.9) 0-2 13-18 12-18 290
CEPCL2 0.24 8.3 (16.6) 0-2 13-18 12-18 340
ILC3-0.25 0.25 2.7 0-2 <12 7-12 140
CLIC3-0.38 0.38 2.3 0-2 13-18 7-12 110
cces 0.25 1.3 3-5 13-18 7-12 150
HELEN?3 0.25 1.4 5-10 13-18 7-12 110
FNAL eTe™ circ. 0.24 1.2 3-5 13-18 7-12 200
CERC? 0.24 78 5-10 19-24 12-30 90
ReLiCL3 0.24 165 (330) 5-10 >25 7-18 315
ERLC? 0.24 90 5-10 >25 12-18 250
XCC vy 0.125 0.1 5-10 19-24 4-7 90
pp-Higgs 0.13 0.01 >10 19-24 4-7 200
ILC-3 E:\ .: 3 6.1 5-10 19-24 18-30 ~400
cLicz To 3 5.9 3-5 19-24 18-30 ~550
CCC-3 3 6.0 3-5 19-24 12-18 ~700
ReLiC-3 3 47(94) 5-10 >25 30-50 ~780
ppCollidert-3 3 2.3(4.6) >10 19-24 7-12 ~230
LWFA-LC-3 VM 3 10 >10 >25 12-80 ~340
PWFA-LC-3 ~7 T 3 10 >10 19-24 12-30 ~230
SWFA-LC-3 3 10 5-10 >25 12-30 ~170

A Size:
- LWFALC << PWFALC << LC
- But NOT 1000 times smaller due to
beam deliver section

A Power consumption
- Plasma LC < LC, smaller size
means smaller vacuum, magnet,
SC ee
- PWFALC < LWFA LC, due to higher
Ol pluga driver @NAgriver trailer
- Plasma acclerator estimation is not
as accurate as conventional LC,
and should be overestimated /
based on future technology
A Construction
- Plasma accelerator cost is in a big
range due to technique uncertainty
- May not be ready in the next 20 yrs



Single stage plasma acceleration efficiency

— PI . AR
Hosing instability e :ISe::’:or '- ’I{"

Inter-bunch
separation O(100 ns) 554 ns ‘ 0.5ns \

Bunch-train

length Calels 726 Us 156 ns
: : : : : Macro-pul
ACA Driver, DriverA Wakefield, WakefieldA Trailer ;:2’,;2:‘;;9 77 100 ms 20 ms

“rarmsoa T Gerto omawii S Gieama vave o soum Y@ Right now <10 oreven<1
Max. # of | ~
" bunches per ??? 13120 15600
second
50- 60% for PWEA 50% (exp.) 40% (exp.) High rep. rate plasma source and lasers (for LWFA)

~ 10% for LWFA 90% (sim.) 90% (sim.)
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i Backup solution for CEH@ac, conceptual design based agimulation
shows that the scheme feasible

ESBS: Electron source & bunching system
FAS: First accelerating section
EBTL: Electron bypass transport line

Conventional technology
as the baseline design :

4

PWFA backup design :

A Main linac : 10GeV S-band

AL-band (10+ nC) and S-band
(<5nC) RF guns

A Compression and combination

A Different e+ acc. scheme

A e+ PWFA need to be cascaded

Ae- PWFA with TR~ 3.5

ESBS

Driven
beam

Witness
beam

EBTL

FAS SPAS SAS ‘

t 1t tm ottt

TAS

PSPAS: Positron source & pre-accelerating section
SAS: Second accelerating section
TAS: Third accelerating section
DR: Damping ring

50MeV 1.1GeV 4GeV 200MeV 1.1GeV 1.1GeV 30GeV
e
-_ll _ - 4nC/12nC 20 GeV
-— 10GeV e
) e ~ PWFAL | <,
3 Sy
_| »
>|_ | ? . ,4nC
Gund —f CEPC Plasma Injector V3.0 J— PwrAl —
Target 0.4 GeV pl1.2nC, 2.4IGe 30 GeV

Witness
beam

op—l -
1.0 GeV i‘ \

CEPC IARC, 2022.06



» Test facility to be built at BEPCII

<150MeV

2.5 GeV de+ beamline+ PWevel high
performance laser system

A= TA T /. I

: Plasma Acc.

Experimental Hall :

&




HEPS Waste Heat Sources Utilization
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A A heat recovery chiller unit is used to recover waste heat.

A HEPS installs four heat recovery chiller units: 2 * 5500
kW and 2 * 2800 kW. In the normal operation, maximum
of about 13 MW waste heat can be recovered in the form
of 42°C water

A The heat load of HEPS is about 10,413 kW in winter and
4,117 KW in summer. When the system is running, the
recovered heat source can fully replace municipal heat

sources

Installation the heat
recovery condenser




Advanced heat-pump technology applications for CEPC
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A As the rapid development of photovoltaic and heat storage technology, AHP can be served the
new possible scheme to recover the waste heat.

L. —. —. J
I_ ...................
. |
I .
i condenser I
Main |

| IT valve chiller *
! | ==

g | S— |
I evaporator
L o ol ¢ o b o e e e o — —

156 106

Chilled wate
circuit
s O.CCElerator P

1. Conventional waste
heat discharged
through cooling towers
in accelerator

Heat user

355 45~65
|_
!. —_ e ] — s — s —_ s — . 'I |
I Electrical| |
- condenser heat - .
I compressor pump I I
LW :
lectricit 7 .
! electricity I I
! | !
! | !
! | !
Lo svaporor | . | —
r .................. I
| .
i condenser I
Main |
| JT valve chiller
I
ﬂ:ﬂ .
> [ ) |
11 .
evaporator I
106
Chilled wate!
accelerator clreutt

2a Recovery the
waster heat using the
electrical heat pump

Heat user
3506
A 4 )
. Q-drive energy
S e = solar heali
gemh;ﬂ: hbeizr:ass' 80-106 geothermid@ biomas$
Heat driven | I Heat ldrlvene|
generator absorption—type! generator abﬁoretlor}typ 2
condenser heat pump I condenser e_a pump R
- combined cooling combined cooling
and heating | | ] and heating |
N Thermah JT valve R . N Thermah . function
compjgessor JTvalve 4 function I compre$sor JT valve I
> absorber I I absorber I
I | = i
evaporator . evaporator
a e — s e s — s — s — s — s — s — s — s —
. | . 1
i condenser . I condenser N
. Main | . Main |
| JT valve chiller - | T valve, chiller |
! = | » b - |
jg B — .
I evaporator I ! K evaporator I
—_ ek e ke — e — e — e — U
100 < 156 100 |«
Chilled watel|
circuit
e accelerator PEaaEE

Chilled wate|
circuit
accelerator PEShaiEm

3a Heating condition -
absorption type HP-recovery
of waste heat Machine from
the main cooling unit for
heating

4a Refrigeration condition -
absorption Type HP - to produce
part of the chilled water, can
reduce the main cooling unit
energy consumption (energy
saving)



Solar panels on-top of the roof at HEPS
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Photovoltaic (PV) power generation systems are installed on
the roofs of HEPS building complex

Adopting 465Wp/550Wp monocrystalline silicon photovoltaic
modules, the first phase has a total installed capacity of
9,950.92 kWp. The average annual power generation is
expected to be 10.30766 million kWh, and the equivalent
average annual utilization hours will be 10,035.85h.

Phase | was connected to the grid on 2023.10.30.

The second phase is planned to lay PV modules on the
ground inside the storage ring with an installed capacity of
7314.45kWp.



