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• Chemelot is one of the largest CO₂ emitters 
in the Netherlands

• Chemelot goal: zero emissions in 2050
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• Fourth state of matter
• Ionized gas with equal numbers of positively charged ions and negatively 

charged electrons
• Electrical conductive

Examples:
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Aurora Borealis

Welding Neon Light

HR+ glass coating (Pilkington)

Lighting





Steam Cracker:
Typically 1 ton CO2 is 

emitted per 1 ton of olefins

Ammonia Plant:
Typically 9 ton CO2 is emitted 

per 1 ton of hydrogen
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9 kg H2O

5.3 kg CH4

1 kg H2 + 8 kg O2

+ 4.3 kg HC≡CH

142 MJ

63 MJ

2 kg CH4 +  4.5 kg H2O
32 MJ

electrolysis

plasmolysis

steam-methane
reforming

1 kg H2

1 kg H2

+  5.5 kg 
CO2

121 MJ

121 MJ

121 MJ

4 kg CH4 + 3 kg C
19 MJ

plasmolysis
1 kg H2

121 MJ
Various CH
Product
options

Option with CCS 
towards 
Blue Hydrogen

Thermodynamic numbers, no heating or cooling
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Plasma going commercial: 
• Notodden, 1906 operational 
• 32 arc furnaces of 750 kW
• electricity from waterfall power station, built at the 

same time with the factory. 
Surpassed by Haber-Bosch
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Gasification: conversion of plastic containing waste with oxygen to syngas (CO and H2) -to 
chemicals
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The world’s largest green hydrogen plant is being developed by SGH2 Energy in Lancaster, a city situated 
some 70 miles north of Los Angeles. The facility will transform plastic waste into hydrogen for use as a 
fuel for transport and power generation.
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Lab Scale
TRL 1-3

• Started in 2020
• R&D program for the direct 

formation of Ethylene using 
Microwave plasma (1-10 
kW)

Bench Scale
TRL 4-5

• Started in 2021/2022
• R&D program to optimize 

the Hüls process using arc 
technology and microwave 
plasma (50 kW)

• Started in 2022/2023
• Hüls process for the 

formation of hydrogen and 
acetylene using arc 
technology (150~500 kW)

Pilot Plant
TRL 6-7

Plasma Lab at Brightsite



29G van Rooij 29

C2H6  C2H4 + H2

2CH4 C2H6 + H2

C2H4  C2H2 + H2

C2H2  2C(s) + H2

100

102

104

106

108

Re
ac

tio
n 

ra
te

 c
oe

ff
ic

ie
nt

 (s
-1

)

Temperature (K)
2500 2000 1670 1430 1250 1111

Carbon black

plasma activation enhanced reactivity
0

0,5

1

1,5

2

2,5

0 1000 2000 3000

M
ol

es

Temperature (oC)

H2

C(s)

CH4 C2H2

Gas species + C(s)

0

0,5

1

1,5

2

2,5

0 1000 2000 3000

M
ol

es

Temperature (oC)

H2

CH4

C2H2

C2H4

Gas species, no C(s)

0

0,5

1

1,5

2

2,5

0 1000 2000 3000

M
ol

es

Temperature (oC)

H2CH4

C2H4

Gas species, no C(s) & C2H2



30

Lab
Plasma
Trl 1-3

2020
3 kWe
R&D program

Benchscale
Plasma +

Hydrogenation

Trl 4-5

2021-2022
50 kWe
R&D program

Pilot Plant
Plasma +

Hydrogenation

TRL 6-7

2022-23
1-3 t/a H2
C2H4/C 
Pilot gen 1
500 kWe

Demo Plant
10 kt/a H2

2025
TRL 7-8

2025-2027
1-10 kt/a H2
Demo gen 2

Commercial 
Plant

0,2 Mt/a H2
TRL 9

2030-2040

2030-2040
0,2 Mt/a H2
Demo gen 3

2020-2040

Plasma lab at Brightlands
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Today Circularity with plasma

Courtesy Gerard van Rooij
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