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Power consumption of CEPC

Green design idea of CEPC

Green design Consideration of CEPC




CEPC power consumption

CEPC power consumption source :
Physics experiment equipment ;. Accelerators, Detectors etc.
Infrastructures : Cooling, Ventilation, Air conditioning, lighting etc.



. CEPC power consumption

CEPC CDR stage : 266MW (H) CEPC, CERN, FCC, ILC

500
System for Higgs Location and electrlcalldemand(MWS)urmce Total _ 450
(30MW) Ring |Booster| LINAC| BTL | IR | ding (MW) E 400
1 [RFPower Source 1038 | 015 | 58 109.75 - 320
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266MW & & \
CEPC TDR stage to reduce power consumption less than 266 MW by green design



. CEPC energy consumption

CEPC Power Consumption — CDR

Location and electrical demand(MW)

System for Higgs Total
(30MW) ing sooter| UnAc gL | R | |
building

1 |RF Power Source 1038 | 015 | 58 109.75
2 |Cryogenic System 1162 | 068 mn 140
3 |Vacuum System 9784 | 3792 | 0.646 1m
4 (Magnet Power Supplies | 47.21 | 1162 | 175 | 106 | 0.6 619
5 {Instrumentation 09 | 06 | 02 17
6 (Radiation Protection 0.25 0.1 035
T |Control System 1 06 | 02 | 0005 | 0.005 181
8 |Experimental devices 4 4
9 |Utilities 19| 353 | 138 | 083 | 12 3853
10 | General services 12 02 | 015 | 02 1|19

Total 213554| 20972 | 10276 | 1845 | 7385 | 12 [266.032
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[MW]

Total: 266.032 MW




. CEPC power consumption
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. CEPC power consumption

CEPC power consumption is huge,

» CEPC design must consider energy

conservation and consumption reduction as
well as considering sustainability.

» This is the social responsibility!

Energy
saving
TDR stage =)

Green
design

CEPC TDR total power
consumption goal




. CEPC green design idea

The green design, also called “Ecological design” , “Design
for environment”, “Environment conscious design” etc.

It refers to various types of information (technical information,
environmental coordination information, economic information)
related to products in the product life cycle, and uses advanced
design theories such as parallel design to make the designed
products have advanced technology and good performance,
environmental coordination and rational economics.

The CEPC green design,
» Focuses on the ecological balance between human and nature
during design process,
» Environmental benefits are fully considered
» The damage to the environment is minimized.




. CEPC green design idea

Heart of the green design

3R

CYCLE
RE::
USE

The idea of CEPC green design :

“Simple and practical”, “Energy saving

7
J

For the CEPC design, the material and energy consumption
reduction, environmental factors and pollution prevention
measures are incorporated into the product design at the design
stage, the environmental performance is taken as the design
goal and starting point of the product, and best effort is taken to
minimize the environmental.

The heart of the green design is “3R" -
“Reduce”, “Recycle” and “Reuse”,

which not only reduces the consumption of substances and
energy, but also reduces the emission of harmful substances,
and fully considers the recycling or reuse in the whole process of
the project.

1 7 1]

Recycling”, “Green and environmental protection”



"Reduce - Reduce environmental pollution

. CEPC green design consideration Reducs energy consumption

(1) Advanced and efficient subsystems : Reduce RF power

B High Efficiency Klystron (is the key to reduce RF power)
B High Efficiency Power supply

— Losses in the power converter [MW]
« Switching & conduction losses
e Inductors core & copper losses [oo] Total: 266.032 MW

— Cables losses — clear...

— Pulse transformers Losses M

e Core losses
e Copper losses




"Reduce - Reduce environmental pollution

. CEPC green design consideration Reducs energy consumption

(1) Advanced and efficient subsystems : High efficiency Klystron

CEPC high efficiency klystron R&D under going: (650MHz, 800kW, CW, =280%)
1st step, Low voltage single beam ;
2"d step, High voltage single beam;
3rd step, Multi beam low perveance klystron

700

Save ' 130M RMB 1 year

Excessive electricity bill, M RMB

T T 1 T T T T T T T T
40% 45% 20% 55% 60% 65% 70% 75% B80% B85% 90% 5% 100%

NOW COMING FUTURE Efficiency, %



"Reduce - Reduce environmental pollution

. CEPC green design consideration Reducs energy consumption

(1) Advanced and efficient subsystems : High efficiency Klystron

New type High Efficiency RF Power Source Consortium :
1, Institute of High Energy Physics, CAS
2, Institute of Electronics, CAS
3, Kunshan Guoli Electronic Technology Co., Ltd
4, Beijing Institute of Radio Measurement Technology

T o T




"Reduce - Reduce environmental pollution

Reduce energy consumption

. CEPC green design consideration
(1) Advanced and efficient subsystems : High Q, SRF cavity

(Low Power Loss & Energy-saving!)

Cavity Gradient Q for Gra@ent in Q in Gra_dlent in Q in
amount (MV/m) long horizontal horizontal vertical test vertical

period test (MV/m) test (MV/m) test

650 MHz 2-cell cavity 240 19.7 1.5E10 22 2E10 22 4E10
1.3 GHz 9-cell cavity 96 19.8 1E10 22 2E10 24 3E10

1.3 GHz 9-cell cavity for booster
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650 MHz 2-cell cavity for collider ri
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"Reduce - Reduce environmental pollution

. CEPC green design consideration Reducs energy consumption

(1) Advanced and efficient subsystems : High Q, SRF cavity

High Q achieved in the vertical test!

Q Qo
1.00E+11 1.0E+11
Multipacting T 4 4 oo CEPC Target
sesseeesesestse w4 NP N o i A oou.*..‘
%% ”‘ Multipacting '0\
CEPC Target e
. 1.0E+10
Y
1.00E+10 s
"3
1.0E+09
650 MHz 1-cell cavity 650 MHz 2-cell cavity
At 2.0K (only BCP, no EP) At2.0€ (only BCP, no EP)
1.00E+09 1.0E+08 T T T T T 1
0 10 20 30 40 0 ] 10 15 20 25 30
Eacc(MV/m) Eacc (MV/m)
Vertical test result: Q,=5.1E10@26.0MV/m, Vertical test result: Q,=4.0E10@19.2MV/m,
which exceed the CEPC target which is close to the CEPC target

(Qu=4.0E10@22.0MV/m). (Qy=4.0E10@22.0MV/m).



"Reduce - Reduce environmental pollution

. CEPC green design consideration Reducs energy consumption

(1) Advanced and efficient subsystems : High Q, SRF cavity
N-doping: increase Q further!

After N-doping, Q, increased obviously at low field for 650 MHz 1-cell cavities : Q,=7E10@10MV/m.
But Q, decreased quickly at high field (>10 MV/m) because of no BCP/EP after N-doping.

After N-doping, the vertical test result of 1.3GHz 1 cell cavities reached 3.3E10@18MV/m (at 2K),
which is two times of baseline. It has exceeded the

Next, incz?ase Q at high field for CEPC TDR.

1.0E+11
- F Y
L Quencha8.8MV/m TEnE T A AT = R =
o T B A x W K * A
o EPE ST LI EVS DO
r -4
:”: \“"ﬁh‘ 4 Before N-doping (65051) i ﬁ_*; vamS?ér jx* A *:AAAA
* u vy 8 'R RN g g
’. - . v vv g -2 X . - ® ] o *
+ 'y “A = After N-doping (65051) Te s ; Ve v e o000 o
S WY S e e P 7 v A v v« SEPC Target
T = N ’, + Before N-doping (65082) % o 5 o —
iDacting = A % SHINE Target °°ooem
Mu"]p “:tlng . A .’ * After N-doping (65052) 1e10k g
- " 0‘ - a0 1.6K EP 150um & 1.6K 2/6 N-doping
Vertical test result of 650 MHz 1-cell cavities L Vertical test result of 1.3 GHz 1-cell cavity
% | © 2.0KEP150um e 2.0K 2/6 N-doping
1.0E+10 ) . ) . ) . ) . ) .
0 5 10 15 20 25 30 ) 5 10 15 20 25

Eace(MV/m) Eacc [MV/m]



. CEPC green design consideration

"Reduce - Reduce environmental pollution

Reduce energy consumption

(1) Advanced and efficient subsystems : High Q, SRF cavity

Nb,Sn film: Lower cavity loss significantly——Effort to TDR!

Nbs;Sn: high Tc, much higher Q than Nb at 4.2K, higher gradient (120MV/m in theory) than Nb (50 MV/m). Nb
cavity coating with Nb;Sn film is promising in future. Related research has begun at IHEP. The furnace for

Nb;Sn coating is under fabrication now.

10"

@ Conventional niobium cavity at 4.2 K
® Nb3Sn cavity at 4.2 K

L atsnnmmasnsssssse

ol Q of Nbyon U™ *
times higher than

- Nb!

10

Vertical test results of
1.3GHz @ Cornell

0 2 4 6 B 10 12 14 16 18
Accelerating gradient (MV/m)

0 |‘

Parameters Value

Min vacuum 5.0E-5 Pa

Max temperature 1400°C

Min 9.0E-4 Pa
vacuum@1400°C

Uniform ®300mmx500mm

temperature area

Furnace for Nb;Sn coating



"Reduce - Reduce environmental pollution

. CEPC green design consideration Reduce energy consumpton

(1) Advanced and efficient subsystems : Permanent Magnet

« Advantages to using PMs: » PMs can be employed in the CEPC
« Compact two linac-booster transfer lines.
* Low power » PMs use for the ring magnet we need
« No vibration more R&D in the CEPC TDR stage.

» Disadvantages can be mitigated
* Tuning

» Temperature variation
» Radiation effects

2.3 High Strength prototype

« Many accelerator labs using PMs -




"Reduce - Reduce environmental pollution

)
. CEPC green design consideration Reducs energy consumption

(2) Electrical power saving design : Electrical Power supply system

CDR : eight 110kV/10kV substations design

T3 T3
20/110/1C E\f ) @ 20/110/10 f@“ ”q :

UE: SRELIF RHT 5

I
|
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Presenter
Presentation Notes
TDR阶随着CEPC总的用电负荷进一步优化、降低，可考虑采用4段电气设计方案优化设想：
座110kV变电站供电设计方案（TDR阶段为8座110kV变电站）；



"Reduce - Reduce environmental pollution

. CEPC green design consideration Reducs energy consumption

(2) Electrical power saving design : Electrical Power supply system

TDR : With the further optimization and reduction of the total power load of CEPC,
four 110k/20(10)kV substations can be considered.

At the same time, it is considered to use 20kV voltage level
power distribution instead of 10kV voltage level.
(Compared to the 10kV voltage level, the 20kV voltage
level has a large power supply capacity and low loss).

@ . : CEPC{ft e e = E

(T EERECIFR T8 )




"Reduce - Reduce environmental pollution

)
. CEPC green design consideration Reducs energy consumption

(2) Electrical power saving design : Electrical Power supply system

All distribution transformers use

amorphous alloy transformers. Amorphous alloy
I/ _._

-—- #&"“
The iron loss (ie, no-load loss)

amorphous alloy transformers IS
70-80% lower than that of
conventional transformers.

S|I|con steel
CEPC: Using amorphous alloy transformers, sheet

Save 3 million kWh electricity per year.

‘w——u‘-

Reduce CO2 emissions: 2,620 tons



Presenter
Presentation Notes
配电变压器全部采用非晶合金变压器，非晶合金变压器的铁损（即空载损耗）要比传统变压器低70—80%
以CEPC为例，每年可节约电能300万kwh，减排CO2 2620吨



"Reduce - Reduce environmental pollution

Reduce energy consumption

. CEPC green design consideration

Conventional 10 type transformer loss

Amorphous alloy transformer loss

% B8 6kV. 10kVR 10 BFARMEAEREEE B HRRMARIRAE £BO 6kV. 10kVER I5HFAEBSSRORATER
- /54 SRR
Senm | zn $Hé@&m¢ﬂ%\j&'ﬂjﬁ§iiﬁﬁ o _}ﬁﬁﬁm?@;&?&flﬁﬁéitﬁﬁ . — P w U -
e B
kv 3‘9;? s P 0 W P m (%) KVA W B F H %) (%)
(100C) | (120C) | €1457C) | €100 | (120T) | (145°C) {100C) (120 (145°C)
30 190 | 670 | 710 760 130 700 740 790 30 70 670 710 760 16
50 270 - 940 1000 1070 250° 1010 1 060 1140 50 90 940 1 OGD 1070 1.4
80 370 1290 1380 1480 330 1370 1470 1570 -
100 400 | 1480 1570 1690 360 1600 1690 1 830 80 120 1250 1380 1480 13
125 470 1740 1850 1980 420 1870 ° 1 980 2120 4.0 100 130 1 480 1570 1690 1.2
160 540 2 000 2130 2 280 490 2120 2320 2 480 125 150 1740 1850 1980 1.1
200 620 | 2370 2530 | 2710 580 2550 2690 2 880
250 720 2590 2760 2 960 660 2 880 3070 3 300 . 160 170 2000 2130 21230 I 4.0
315 880 | 3270 3470 3730 | - 780 3450 3 690 3970 200 200 2370 2530 2710 1.0
400 980 | 3750 3990 4280 890 4100 4350 4640 250 230 2550 2760 2960 10
500 | 1160 | 4590 4850 5230 1040 4870 5 160 5530 4.0 315 280 3210 3470 3730 0.9
630 1340 | 5530 5 880 6290 1200 5810 6 140 6 560 400 310 3750 3930 4280 o8
630 1300 | 5610 5960 6400 1160 5950 6330 6800 500 360 4590 4880 5230 08
800 1520 | 6550 6960 7460 1370 6960 7380 7900 630 420 5530 5880 6290 0.7
1000 {1770 | 7650 8130 8 760 1560 8250 §730 9420 630 410 5610 5960 6400 0.7
1250|2090 9100 9690 10370 1810 9830 | 10390 | 11140 60 800 480 6550 6960 7 460 0.7
1600 |2450| 11050 | 11730 | 12580 | 2400 | 11990 | 12770 | 13650 1 000 550 7650 3130 8 760 0.6
2000 |3050| 13600 | 14450 | 15560 | 2700 | 14450 | 15300 | 16540 1250 050 4100 9690 10370 06 60
2500 |3600] 16150 | 17170 | 18450 | 3150 | 17380 | 18420 | 19720 500 260 1 0% S 12 580 06
1600 | 2450 | 12280, | 12960 | 13900 | 2400 | 12930 | 13720 | 14690 > 000
2000 | 3050] 15020 | 15960 | 17110 | 2700 | 15770 | 16720 | 18060 8.0
2500 |3600| 17760 | 18890 | 20290 | 3150 | 18700 | 19840 | 21330




"Reduce - Reduce environmental pollution

. CEPC green design consideration Reducs energy consumption

(2) Electrical power saving design : HTS cable for DC power transfer

1.2 kMRS —iR2000AE S 4T1G453-5 0 REE(HER 1,000 mile, 5,000 Megawatt Power Equivalents
@J:,E{%,Eﬂ!’,lZE?BSOkVQOOOA Overbead Powsr Lines _

I ¢ L 9 2 ] S0

B Kb R & R (2017 1025 5

Superconductor Efectricity F.'pemre S ?‘ﬁ

2511, Right-of-Way

FEER==zk1 ]
Out of Sight, Out of Harm’s Way

(RO R i 35 TR
R SHSGARE LRI PPERFSER i sL

A L g AL

(E A L h A % F L4 b 35KV 85 w4k T
HIRTARFEMRE R (ER LA LR (2017) 1731
B) UE. HERRARELEA, LHEBHBLRR, £
KRR RSH, REGLE AT, B9 %, AER
BER B TRAFOARE THIE, ARTRRRT £
ARFRAA ST )HM/{

Phase 1
Phase 2
FPhase 3
Screen

— BEHE )
| AERBTRHLK 220 TRK A AW Rk 2 P 1
35 TR, HEA 2.2 FLmBERL, $RAN4E Inner LN2

b Cooling

Former

Dielectric
Quter LN,

Cooling




"Reduce - Reduce environmental pollution

Reduce energy consumption

. CEPC green design consideration
(3) Lighting energy saving design : LED Lighting

All LED light can save more than 70% energy
compared to conventional light sources

1%:':\%5%!%%[] LED%!J? tb$

I R 77 1 I
Incandescent 100 14 3300 K
Fluorescent 90 (T8)
(T8 / T5) 20 100 (T5) 300
Compact
Elucréscant 80 80 4100 K
HID 65 80 4000 K
LED /
Standard 70 100 5500 K
White
LED /

Warm White

85

3000 K

60 W 850 Im 1k hrs
2880 Im(T8)
32 W (T8)
2800 Im 20k hrs
28 W (T5) G
23w 1840 Im 8Bk hrs
400 w 26,000 Im 24k hrs
35k hrs
iw 100 Im (L70)
1w 80 Im 2 Sk ihrs

(L70)

High

l energy saving

Good for
environment
protection

SMAloT T

For CEPC, energy saving with LED lighting can save energy: 40 million kWh/year
Converted to standard coal: 15,000 tons; Reduce CO2 emissions: 40,000 tons



"Reduce - Reduce environmental pollution

. CEPC green design consideration Reducs energy consumption

(4) Green energy utilization

The energy source develops diversified, The renewable energy develops rapidly’

90,000
MW

80,000

B Photovoltaic and
70,000

other

0000 ® Wind power
50,000
40,000 ¥ Hydropower
30,000
20,000 § Nuclear power
10,000

B Thermal power

0
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Renewable energy: 19%
Non-fossil energy: 27%

(* Grid of Zhejiang province )



"Reduce - Reduce environmental pollution

. CEPC green design consideration Reducs energy consumption

(4) Green energy utilization CEPC can use of renewable energy and low-carbon
electricity.

Strengthen the application of renewable energy and

promote the construction of the smart micro grid in

Science City
According to local conditions to build wind power,
photovoltaic, biomass power plants, etc.,
supporting energy storage systems to improve
the self-sufficiency level of the project; relying on
the International Science City to promote green
energy-efficient buildings and green
transportation, and establish a smart micro-grid.

For CEPC,
if wind power: 50MW, solar photovoltaic : 30MW,
kg2 09 e it will be ~30% of total power,
%@;.M s Can save 136 million kWh of electricity;
; g Equivalent standard coal: 49,000 tons;

] ] ] ] ] Reduce CO2 emissions: 130,000 tons
Science City Intelligent Microgrid ADS technology, nuclear waste

= ."' o,
BRRERR) 21
— \% o




"Reduce - Reduce environmental pollution

. CEPC green design consideration Reducs energy consumption

(4) Green energy utilization

K [5) Re 36 BB ek 3 B{

e s T 100MW Panda power plant,

Area 1 km?
25 Year 3.2 B kWh electricity
Coal 1.056 M ton,

C0O2 2.74 M ton.




"Reduce - Reduce environmental pollution

. CEPC green design consideration Reducs energy consumption

(5) Ventilation and air conditioning

Employ high efficient ventilation and air conditioning system,
Employ high efficiency motor to reduce energy consumption.




"Reduce - Reduce environmental pollution

. CEPC green design consideration Reducs energy consumption

(6) Green, energy saving building

Adopt green, energy saving building design,
Which is to follow the basic methods of climate
design and energy conservation, and study the
building planning division, group and unit,
building orientation, spacing, solar radiation,
wind direction and external space environment,
and design low energy consumption buildings to
reduce energy consumption;

Adopt ecological environmental protection
design,
Incorporate environmental factors into the design,
and harmonize with the environment, and adopt
environmentally friendly materials and green
construction to reduce the pollution and damage
of the project to the environment.

Science and Technology Park



2Recycle

. CEPC green design consideration sReuse

(1) Waste heat utilization

CEPC will generate huge amount of waste heat by the cooling system, this waste
heat can be recycled, energy will be saved effectively.

According to different waste heat characteristics, there are different ways to use and

lications. e
appiications 1 MR EREGARGENR R

RETEE /T wiFE WA WETR ISR F A

0 40 B, SEHAN . SENEE  BEEREANRERETAERY EEMAHEES | REEE |, 8
Ak LA HE . Rl
WEHL - B . WREEEESA  FARlEENESE 0§ RE

50 ~200 DU FAMBMENRE | 4HEE
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2Recycle
3Reuse

CEPC green design consideration

(1) Waste heat utilization

5°C]

127°F [53°C]
=

J Cooling tower

Heat pump
Choose suitable heat storage materials or thermal energy technology, combined with various waste heat

utilization technologies, recover waste heat from the project

( E’I ll‘“
I

Bath water heating

S
K

Power generation

Industry use



2Recycle

. CEPC green design consideration sReuse

(2) Waste water utilization

Introduce the “sponge city” design idea, collect and process rain water and waste
water to establish a recycling system,

Construct a water-saving “sponge technology Science park”.
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. CEPC green design consideration ey managemen

Construct advanced energy management system

AR ) @ 2 8 As an important part of CEPC information

system construction, the energy

TE: R — g
xEsy oA Sere o Wy manggement system adc_>pts a layered and
Ethomet|(TPC / IP) distributed system architecture to collect

and process energy consumption data of
various items such as electricity, heat and
water, and analyze the  energy
consumption of buildings. Through Energy
project, energy monitoring, energy statistics,
energy consumption analysis, key energy
equipment management, energy metering
equipment management and other method
to achieve energy savings.
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Thanks for your attention.

GREEN CEPC
FOR ENVIRONMENTAL PROTECTION
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