
Plasma Bubbles: 
A path to Green Chemistry



How electrification became a major tool for fighting climate change



Cyan hydrogen: methane pyrolysis



Power-to-X means using renewable 
electricity, for example wind power, to 

create something else ('X')



TECHNOLOGY



AMMONIA



HISTORY

Birkeland–Eyde (1903): used electrical arcs (thermal plasma) to react 

atmospheric nitrogen (N2) with oxygen (O2), ultimately producing nitric acid 

(HNO3) with water.



PLASMA BUBBLE PROCESS



Glow

Spark

A hybrid plasma electrocatalytic process for sustainable ammonia 

production. Energy & Environmental Science, (2021) 14(2), 865-872.
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MARKET LEADING PERFORMANCE 

We are on track to combining world leading energy efficiency & production rates

November 2020 Achievement: 

234 kWh kg-1 (Published) 
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Specific energy consumption (kWh kg-1 NH3)

2023 Forecast: 

20 kWh kg-1

PlasmaLeap Bubble Process

Competitor Tech – Direct Synthesis

Key:

Graph: Zero-emission Direct Ammonia Synthesis Performance, Source: PlasmaLeap

Energy efficiency limit for 

renewable H2 and

eHB Ammonia

February 2023 Achievement: 

75 kWh kg-1

Nov 2020: 

234 kWh kg-1
Feb 2023: 

75 kWh kg-1

Jun 2023: 

42 kWh kg-1

10X energy efficiency

130X yield rates



• Launch 2024 

NITRATES / AMMONIA MODULAR BASE UNIT



PLASMA-DRIVEN-POWER-2-X



OUR COMMERCIAL ROADMAP

2024
Decentralized Production
On-Farm Nitrate Units

100-200t p.a.

2026
Semi-centralized Production
Regional Ammonia Hubs

1-5 Kt p.a.

2030
Centralized Production
Large-scale Ammonia Plants

500kt  - 1Mt+ p.a.

z





eFuels

CO2



CH4
CH3• CH3OH

HYBRID 
ELECTROCATALYSIS



HYDROCARBON eFUELS
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Plasma chemistry modelling

Suggested mechanism of NOx production in DBD plasma

Illustration on possible pathway of plasma synthesis of NH3 
in N2/H2O system

Hong et al. Green Chem., (2022) 24, 7458

Sun et al. Chem. Eng. J. (2023) 469, 143841

• Provide information on important pathway to utilize the reactants and produce target products through sensitivity 
analysis 

on different reactions in gas phase, on surface and water volume



Plasma fluid modelling 
• Aim to extend to Multi-phase, Multi-physics computational study to improve understanding on the actual complex nature

of plasma interaction  



Thank you
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