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Green Particle Accelerator: issues and challenges

China is reducing energy pollution, promoting green accelerator and boosting unit energy GDP (China dual
carbon strategy: achieve peak CO2 emissions before 2030 and carbon neutrality before 2060)

Huge energy is needed for modern large colliders such as LHC, ILC, CEPC..
Huge energy means huge cost and huge pollution.
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Saving power-lower poIIutlon—Iower operatlon cost



1. CEPC waste heat recovery/reuse requirements

CEPC Higgs 30MW power consumption power is about 262MW*, according to 8,000 hours of operation annual
power consumption will be as high as 2,096 GWh (about 2.1 billion yuan electricity):

The CEPC collision ring has 16 cooling water circuit sites with a cooling water circuit heat load of 221 MW**,

The cooling water system comprises a low-conductivity water (LCW) closed-loop circuit, a cooling tower water
(CTW) circuit, and a deionized water make-up system.

LCW system absorbs heat from the various accelerator equipment, which is transferred through a heat exchanger
to the cooling water circuit CTW, and finally taken away by the cooling water system;

Table A3.11: Total facili tion in Hi de (30 MW/b . . .
e otal facility power consumption in Higgs mode ( cam) Table 9.8.1: Estimated cooling water heat loads (at Higgs /30MW)

f . Location and power Requirement (MW) 1 -
Sgigﬁlwofbmggs Surface (Tb:(;{;) Sust Location and heat loads (MW)
i i stem
( eam) | Collider | Booster | Linac | BIL R building Y Collider Booster | Linac BTL IR Total
1 | RF Power Source 96.90 0.15 12.26 109.31 Accelerating tube /
_ Wavestide 1.36 1.36
2 | Cryogenic System 9.72 1.71 0.16 11.59 gu
3 | Vacuum System 540 | 420 | 0.60 10.20 Power source 36.90 0.15 218 46.23
4 | Magnet System 42.16 | 846 | 215 | 489 | 030 57.96 Eryog_emcs e 9.50 1.60 0.16 11.26
5 | Instrumentation 130 | 070 | 020 220 Xperimental devices 360 360
— Magnets 31.22 5.18 1.76 431 42.47
¢ | Radiation 0.30 0.10 0.40
Protection : : : Vacuum chamber of ring 64.00 6.20 0.50 70.70
7 Contrgl System 1.00 0.60 0.20 1.80 Power convert for 4.05 0.1 0.18 0.47 0.03 554
g | Experimental 4,00 400 magnets
Devices ] ] Condenser in stub tunnel 13.20 13.20
9 | Utilities 37.80 3.20 1.80 0.60 1.20 44.60 Pump 21.65 1.46 1.65 1.32 1.05 27.13
10 | General Services 7.20 0.30 0.20 0.20 12.00 19.90 Total 180.52 15.40 14.63 6.10 4.84 221.49
Total 201.78 19.02 17.61 5.69 5.86 12.00 261.96 "
TDR report “P851
TDR report "P973 4



1. CEPC waste heat recovery/reuse requirements

CTW temperature: 5° C inlet and 11° C outlet; Total cooling load of 197 MW .(TDR report P854)
LCW temperature: 29° C inlet and 34° C outlet (TDR report P852). Total cooling load of 221MW (16 sites).
Low-grade energy can be converted into high-grade energy through heat pump technology, photo-thermal

technology and thermal energy storage technology.

Table 9.8.2: Parameters of the cooling tower water system (at Higgs /30 MW) =
[T [0 [T [TTITITI
Parameters Collider | Booster | Linac BTL IR Total
Heat load (MW) 180.52 | 1540 | 1463 | 610 | 484 | 221.49 Cooling Towers sos
Supply water temperature 29°C = v o1
Temperature rise 5°C sodfioa l - ! CTW Tank J !
Flow rate (m*/h) 31044 | 2648 | 2516 | 1049 | 832 | 38089 By-pass
r TDR report P853 Filters

= == 0TW Pump

Hrrrry LTIyl iy rrriiriiriiririiriiiiriiiriiririririiiiriy
Cooling waler circuil undergraund

>

f —

Expansion tank

D - — .ww.:'ﬂﬂ b ﬂn’ |

Il | |
|

Filters
e e Wém

— M —
‘; LCW Pump ‘ - | l
— i 1 |
) [;Jj""'"" . Heat exchanger Ea— T E_“i
e Figure 9.8.1: Flow diagram of a typical cooling water system. TDR report P859

Figure 9.8.2: Layout of cooling water circuits around the ring. S




2. Principles of Absorption Heat Pumps (AHP)

» AHP contains two circle: 1st circle--refrigerant vapor passes from the generator (point 5) through the condenser (point
3), the throttle valve (point 1), the evaporator (point 1'), the absorber (point 2) and then returns to the generator, which
is a refrigeration cycle;

« 2nd circle: Driving circle of the AHP (the power cycle of the heat compressor)-starting from the generator (point 4)
through the solution valve (point 8), the absorber (point 2), the solution pump (point 7) and then back to the generator
(point 5).
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2. Principles of Absorption Heat Pumps (AHP)

/ The work W produced by the reversible Carnot heat engine RJ and the \
heat Q1" supplied to the heat user are:

Tg — Ty , _ Ty
0 0 =70

W =

The maximum amount of heat Q1'' that the reversible heat pump RB wants to
provide to the heat user under the action of work W is respectively:

Qn= Ty — Ty Tg—Ty
L T ry-Ty Ty-TL Tg

Q¢

The maximum heating coefficient of the absorption heat pump is:

Ty Tg-Ty

TH, g
COP... — Q1+Q1” _ 1606 Ty-T,  Tg QG= THTH-T)+TH(T6—TH)_ T Te—TL_
) max Q¢ e Tg(TH-TL) Tu-TL Tg $max e
Fig. Ideal heat pump system

circulation principle




3. Possible solutions for CEPC waste heat reuse

1. Conventional method

LCW is cooled by CTW through heat
exchanger.

e Winter: Cooling tower cools the CTW and
discharges waste heat to the outside
environment.

eSummer: Chiller consumes electricity and
provides cold energy to cool the CTW.

11°C 5C 11°c Evaporator 5C
cTW CcTW
T m—T
34C HX 29°C 34°C HX 29°C
Lew Accelerator| Lew Accelerator
Equipment Equipment [*
Winter Summer

2. Existing improvement methods

LCW is cooled by CTW through heat
exchanger.

eWinter: electric heat pump consumes
electric energy and recovers CTW waste
heat to heat users.

eSummer: chiller consumes electricity to
provide cold energy to cool the CTW.
eIssue: Although it can recover the waste
heat for heating in winter, it consumes
more electricity than the conventional

method.
Heat ooling
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Electric
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3. Further improvement method

*LCW is cooled by CTW through heat exchanger

eWinter: Absorption heat pump driven by renewable energy sources
such as solar thermal, recovering CTW waste heat to supply heating
to heat users

e Summer: Using existing absorption heat pump unit ( Utilizing PV Heat)
to cool the CTW, not consuming the electricity, saving power.

eAdvantage: Utilizing renewable energy sources such as solar thermal
to recover waste heat for heating in winter and provide cooling energy
to cool the CTW in summer, with less power consumption than
conventional methods.
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4. Advantages of AHP

> Recovering 14MW waste heat from 1 site (221MW/16 sites);

> Two different schemes:
« Photovoltaic (PV) to power — electric driven heat pumps (EDHP)
« Photovoltaic (PV) to heat — absorption heat pumps (AHP)

/\

Conclusion:

v' For the same recovery of 14MW of waste heat, the PV
— AHP solution requires 25% less solar energy than
the PV —providing 50% more heating energy

v A smaller initial investment for a larger gain.

required solar energy heating supply capacity What is the efficiencies difference between
PV to power and PV to heat?
(1) PV to power — EDHP:
| \ 4 -
f:(g;":lzgpv energy Wg = COPEQDWHP_l = ltA_/\lw = 7MW: COPcpp is the coefficient of performance of EDHP PV—> powert—» hea"‘
o _ o
Requir'ed solar energy: ws= nW—E = 7?2;?/ = 46.67MW,npy, is the coefficient of solar photovoltaic efficiency 15 A) * 3 _ 45 /o
heati I it y 1 : . alald
eating supply capacity: Qs =Qw + Wg = 14MW + 7TMW=21MW
PV—PV heat—heat
(2) PV fo heat — AHP: 50% * 1.8 = 90%
Required PV energy On= =TV 17 5MW,  COPyyp is the coefficient of performance of AHP 3 4
to heat: AHP 1. GB/T 39857-201
Required solar energy:  w; = = 17.9MW _ 35MW: npr is the PV to heat efficiency 2. GB/T 18430
3. GB/T 17581-2021
i itv:  Os = Qw + Qy = 14MW + 17.5MW=315MW
heating supply capacity: 0@s=0Qw+@Q + 4. GBT 34620-2017 o



5. AHP is highly efficient and also saving money, so why hasn’t it
dominated the market?

@ Driven by leading enterprises, electric driven heat pumps (EDHP) have developed for over 300 years
and have formed a relatively complete industry standard and system;

€ At present, absorption heat pumps (AHP) have entered the market and are gradually being
accepted, such as:

« Absorption refrigeration units are used for central air conditioning refrigeration in buildings
(#£)iEbara, iz KXYuanda, * R Shuangliang)

* AHP units are used for cogeneration in thermal power plants, providing winter heating for buildings
(HEYEZEHHYTM, WK Shuangliang)

SHUANGLIANG ECO-ENERGY

G 1 i 7R BA WEI T HE




Working temperature range: -
40~120°C

Positive pressure operation

Working temperature range:
0~80°C

Negative pressure operation

Requires distillation unit No distillation unit required

No risk of crystallization Risk of crystallization

Stimulating odour No Stimulating odour

kW ~ MW power MW power
Combined cooling and heating is Difficulty in realizing combined
possible cooling and heating

O

SN

Advantages of the ammonia solution (NH3-H20) fluid:

wide range of concentration adjustment (10% ~ 70%), can
achieve a large temperature range adjustment (-20~90°C or
0~110C) for both cooling and heating;

no risk of crystallization, low operation and maintenance costs;
positive-pressure operation, a smaller volume, low investment in
equipment.

0. Difference between lithium bromide and ammonia fluid?

lithium bromide (LiBr-H20) unit application
limitation

+ @ limited by the crystallization point of
lithium bromide, variable concentration
adjustment range is narrow (30% ~ 50% or
40%~70%), besides the range of temperature
regulation is also narrow;

* (2 negative-pressure operation, huge volume,
high investment in equipment;

- 3 there is a risk of corrosion, it is difficult to
run for a long time, and requires regular
maintenance;

* @ the system solution charge is large, strong
thermal inertia.

- ® Difficult to run for a long time, need
regular maintenance, high maintenance costs.

L

Y.Wu, Y. Chen, T. Wu. Int. J. Refri. 29 (2006) 308-335.

Further NH3-H20O-LiBr working pair can also be a selected scheme: the COP of the ammonia absorption
refrigeration system was 4.64—-30.66% improved when LiBr was added to the ammonia-water working pair.
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7. NH;-H,O Application Precautions

€ China's ammonia cold storage has a strict restriction on the use of the amount shall not exceed 20t,
because the amount is very large, so needs take into account the risk of leakage and the
corresponding measures to solve the problem (emergencies with water spray — ammonia solution);

€ NH;-H,O Absorption type cold heating and cooling unit:

« Amount of the ammonia vapour just only 30kg (200kW), the amount is very small;

« Operating pressure does not exceed 1.6 ~ 1.7MPq, the pressure is not high, the mechanical sealing
performance is very easy to safequard:;

€ The use of ammonia needs to pay attention to the characteristics of irritation, harmfulness and
flammability, etc., keep well ventilated, keep away from fire source and power supply, and use special

containers and labelling, etc.
,;:-;;".-v_, ) "'|~t 7 5".’,‘3"'?

Proper use can control
risks and avoid hazards

12



8. AHP unit application status

Are there any mature absorption products currently on What technical difficulties remain for applications in the
the market? accelerator field?
€ At present, there is no very mature absorption cooling and

heating units and products on the market; 1
@ TIPC, CAS has developed some unitsin recent years: » The problem of matching loads on the heating
30 ~ 200kW natural gas absorption heat pump units; and supply side;
« waste heat driven absorption refrigeration units;

« prototype based on a multi-energy complementary ‘
absorption cooling and heating pump unit(absorption CHP). 2

- Stable balancing of combined heat and cold

supply ‘

Development of advanced control technologies;
Cope with factors such as large heat load

fluctuations, model mismatches and unstable
heat source perturbations in accelerator waste
heat recovery;

Ensure normal and stable operation.




Application demonstration: distributed low-carbon efficient heating

Unit Application Demonstration
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9. Energy efficiency and economic analysis--CEPC project

O Waste heat power: 221MW; Waste heat capacity: 636.56Wh

O Refrigeration power: 197MW:; Refrigeration capacity: 9856Wh

O Preliminary evaluation: Using absorption CHP can save 477 million yuan/year; total investment of the project is 1.18 billion yuan;;
O the static recovery cycle is 2-3 years. Detailed calculation is under going on.

Parameter Winter-value parameter Summer-value

Item Cost value
(100 nillion)

Total waste heat + PV 1145.76Wh Total refrigeration 9856Wh
heat capacity capacity Core equipment investment
Total heating capacity 1909 56Wh natural gas consumption 73.8 million (Lo e L L)
E—— . ey , standard m3 Auxiliary equipment
otal heating area .26 million m ‘
9 natural gas cost 148 million investment (solar thermal 2.3
Reduce natural gas 114.57 million lectrici 51 86Wh collectors, efc.)
consumption** el Save electricity power 351.86W installation 12
Save natural gas 344 million Save power cost 281 million Pipe network renovation and 0.7
cost/¥ Reduced operating costs 133 million construction '
other 0.8
Winter (heating): Summer (cooling): sum 11.8
Natural gas price: 3CNY/m3 Natural gas price: 2CNY/m?
Heating supply efficiency: 1.5 Refrigeration efficiency: 0.8
Heat supply period: 2880 (4Ms) Refrigeration period: 5000h (~7Ms) sHeating power per unit of building area: 50 w/m?
Waste heat power: 221MW Refrigeration power: 197MW **Calorific value of natural gas: 36000 kJ/m?3
Waste heat capacity: 636.5GWh Refrigeration capacity: 985GWh 15




Summary

The development of environmental friendly, green and sustainable
accelerator is a relatively new topic in this field;

Waste heat recovery is meaningful, and Low-grade energy can be
converted into high-grade energy through heat pump technology:
Photovoltaic (PV) to heat — absorption heat pumps (AHP) scheme: A
smaller initial investment for a larger gain.

Further green accelerator development & research works are still going on
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