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Scientific Significance of Higgs Factory

» The Particle physics research is important to discover the fundamental laws of
the universe and its evolution for human being.

* Precise measurements of the Higgs boson’s properties serve as probes into the
underlying fundamental physics principles of the SM and beyond.

« The Higgs factory is a kind of special energy consumer. The environmental
Impact for the given scientific outcome must be optimized carefully.



Calculation Model for CEPC Construction Impact

* Environmental impact of construction: raw material supply (Al), material
transport (A2), material manufacture (A3), material transport to work site (A4), and

construction process (A5)

. Part | (A1-A3): material emissions* 2 ILC: 7.34 kton CO,/km (9.5 m diameter)

/‘ 2 CLIC: 6.38 kton CO,/km (5.6 m diameter)
- Main tunnel: linear with the circumference

- Other structures: contribute additional ~30% of emissions (klystron gallery, access
shafts, alcoves, and caverns) — related with the circumference

« Part Il (A4, Ab): transport and construction process emissions*

- Contribute additional ~25% of emissions

* Martin Breidenbach et. al., “Sustainability Strategy for the Cool Copper Collider”, PRX Energy 2, 047001 (2023).



CEPC Tunnel cross section

6.5 m diameter Bmx5m

« Two excavation methods, TBM and drilling and blasting, will be considered.

« Two shape: round-shape, gate-shape
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CEPC Carbon Footprint of Construction

Main tunnel: 7.0 kton CO,, e/km
Carbon for construction: Main tunnel + other structures + transport (+25%)
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Environmental impact of operation

« The carbon emissions of each collider project can be evaluated as

the product of the total energy consumption and the local carbon
Intensity.

» The CO, emissions highly depend on where and how the energy
(electricity) Is produced.

 Decarbonization of the electric grid by 2040 is a nominal goal of
the whole world.



Current Status of Chinese Electricity Grid

Carbon intensity (kgCO2/kWh)

%
S PAan
3
P25 T 0.836 0.775 0.722 0.91
Wt = HHk 0.679 0.721 0.615 0.839
T4 P | T 0.816 0.797 0.663 0.814
1] [ Jest 0.829 0.776 0.617 0.615
il | B Fo 0.873 0.892 0.812 0.841
AL I ek 0915 0.898 0.903 < | Qin Huang Dao
;’3{' 'l! fe i 0.88 0.849 0.74 0.841
] B
el OF 3t 0.85 0929 0.753 1.000
gg __ o oo Wz 0.924 0.888 0.861 0.742
ol e —— Electricity Transmission: | v 0793 0.624 0.564 0,548
By  — L5 0.736 0.75 0.683 0.695
o [— e North-to-South ML 0.682 0.665 0.525 <— | HuZzhou
G5l | — 2 0.791 0.809 0.776 0763
T g [ R 0.544 0.551 0.391 0.489
Hilt pr— e Waest-to-East YT 0.764 0.634 0.634 0.616
P == il 0.844 0.806 0.791 0.738
il [— it 0372 0353 0357 0316
1LY — W 0.552 0517 0.499 <— | ChangSha
Vil —. £33 0.629 0.574 0.441 0432
‘?‘f”‘ = B Coal g Ji| 0.289 0.248 0.103 0.117
(=]
ot | . Gas S 0.638 0.591 0.451 <— | shen shan
%& P Biomass I 0.482 0.495 0.394 0.526
- s Solar ; 0.646 0.686 0.515 0.459
Xift | ind it
dese |l Win Gl 0.656 0.495 0.428 0.42
T B Nuclear ZH 0.415 0.306 0.092 0.146
Vi I Hydraulic Bk 0.87 0.769 0.767 0.641
1 N 1 N 1 N 1 N 1
0 4000 8000 12000 16000 =Nzl 0.612 0.573 0.491 0.46
it 0.226 0.232 0.26 0.095
Electricity Generating Capacity in China 2020 (10000 kW) e 0.818 0.779 0.62 0.872
i 0.764 0.79 0.622 0.749

Mini-workshop of IAS Program on High Energy Physics (HEP 2024)



“Double Carbon Target” in China

« Peak Carbon Dioxide Emissions: China has pledged to reach carbon peak by 2030,
and then gradually reduce carbon dioxide emissions.

« Carbon neutrality: achieve a relative "zero emissions" before 2060 by planting trees
and forests, saving energy and reducing emissions
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carbon intensity will be reduced rapidly until 2035 in China.

Qing Hai: 0.01 kgCO2/kWh (hydroelectric, wind and photovoltaic dominate)

Hu Nan: 0.312 kgCO2/kWh (hydroelectric and coal dominate)
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CEPC Carbon Footprint of Operation

 Grid average carbon intensity in 2023: 550 ton CO, e /GWh
 Grid average carbon intensity by 2035: 300 ton CO, e /GWh

Mt CO, eq.
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Table: CEPC parameters*

Circumference(km) 50 80 100 120
L /IP (50MW) (1034 cm-2s1) 2.83 6.33 8.33 9.7

Total Higgs particle (million) 4
Collision time/year (month) 5
Running time (years) 30 14 10 9
Instantaneous power (MW) 340

*Dou Wang, et al., “CEPC cost model study and circumference optimization”, Journal of Instrumentation, (2022)17 P10018. 11
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CEPC operation emissions with different energy source

Wind (t CO2/GWh) | Hydroelectric (t CO2/GWh)
30 15 25 5

Ref: Electricity Maps, https://www.electricitymaps.com.
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CEPC Total Carbon Footprint

 Grid average carbon intensity in 2023: 550 ton CO, e /GWh « Total emission= construction + operation

 Grid average carbon intensity by 2035: 300 ton CO, e /GWh
Carbon free energy: 30 ton CO, e /GWh

Higgs number: 4 million
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CEPC Carbon Footprint per Higgs
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* Along-distance flight from Beijing to Europe: ~ 1 ton CO,/ person
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160

CO, for single Higgs:
0.5~ 2.5 ton




CEPC Total Carbon emissions vs. SR power

Higgs number: 4 million

Mt CO, eq.
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CEPC Carbon emissions per Higgs vs. Higgs number

CEPC Carbon emission per Higgs (100km)
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Clean energy can help reduce the single Higgs emission, and is more sensitive to

the total Higgs number.
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Total Carbon Emissions of Future Colliders

« Assumption: All the projects can use the same clean energy (20 ton CO,e/GWh (solar & nuclear))
« Only Higgs Factories are considered.

Mt CO; eq.
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ILC-250 | CLIC-380 | C3-250 |CEPC-240| FCCee-240
Instantaneous power (MW) 111 110 150 340 290
Annual collision month 6.2 4.6 6.2 5.0 4.2
Annual collision time (E7 s) 1.6 1.2 1.6 1.3 1.1
Operational efficiency 0.75 0.75 0.75 0.57 0.75
Higgs operation time (years) 11.5 8 11.5 10 3
Higgs number (million) 0.5 0.25 0.5 4 1

Ref: Patrick JANOT and Alain BLONDEL, “The carbon footprint of proposed e*e” Higgs factories”, arXiv:2208.10466v4 [hep-ph] 23 Sep 2022.
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Total Carbon emissions with different physics goal

 All the projects have same Higgs number.

hd Same energy 20 ton COZE/GWh Carbon footprint with 1 M Higgs
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Summary

The carbon footprint of CEPC was estimated based on simplified model including
both construction process and operation process.

The environmental impact of CEPC with different circumference, different energy
source, different SR power and different Higgs number was studied.

The carbon intensity of the electric grid will be reduced rapidly by 2040 due to the
development of renewable energies. And it is possible to consider using the dedicated
renewable electricity plants for each collider project.

Assuming all the colliders will use the same clean energy (20 ton CO.,e/GWh ), CEPC
has the lowest carbon emission to produce one Higgs boson.

The environmental impact of CEPC and strategies to lower the carbon footprint will
be studied continuously.



Thanks for your attention!



