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1 Project summary and scope 

The project is assessing the production of methane as a readily exportable, renewable fuel derived 

from atmospheric carbon dioxide and hydrogen produced from renewable sources. The process 

(Figure 1) entails the capture of CO2 from air using a dedicated amine1-solution based process which 

is integrated with the exothermic methanation process for optimum energy conversion efficiency. 

 

Figure 1 Overview of process for production of synthetic methane from renewable energy 

Given the distributed nature of the methane production process the concept has the potential to 

incrementally replace the production of coal seam gas by renewable gas, using the existing gas 

collection and transportation infrastructure. 

The project addresses the following aspects which are considered critical for further development: 

1. Development of a cost-effective process for energy efficient recovery of carbon dioxide from 

ambient air with a focus on process and equipment design supported by laboratory-based 

experiments. 

2. Optimisation of the integration of the carbon dioxide recovery process with the methanation 

process and the electrolytic hydrogen production process supported by process modelling. 

The anticipated project outcome is a conceptual design of a modular unit that can produce synthetic 

methane from entirely renewable sources. 

  

 

 

1 Amines are chemicals, derivatives from ammonia, that are commonly used for CO2-capture. 
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2 Progress update 

The project has focused on the CO2-capture process because of the inherent challenge of the low 

CO2-concentrations in ambient air for recovery of CO2 that was anticipated to dominate the overall 

process cost. For the purpose of guidance and prioritisation of our research and development 

activities, a baseline techno-economic assessment using a standard 30 (wt)% aqueous 

monoethanolamine (MEA) solution as the CO2-capture agent in a modified absorber/desorber 

process design was carried out for the production of 0.291 tonne CO2/hour. This CO2-production 

was combined with the hydrogen produced by a 2.7 MW electrolyser to produce 148 m3/hour of 

synthetic methane. 

The parametric analysis resulted in an overall capture cost of AU$2500/tonne CO2 (range: AU$1500-

4500/tonne CO2)2 for 50% capture from ambient air. These costs could be significantly reduced to 

AU$1000/tonne CO2 (range: AU$400-1800/tonne CO2) through the use of amino acid salt solutions 

instead of MEA, thereby avoiding the necessity to recover amines from the exhaust air, and the use 

cheap gas/liquid contactors, similar to those used in commercial cooling towers. Both capital cost 

(47%) and energy requirement (35%) were significant contributors to the capture costs. Evaporative 

water losses were significant but not a significant cost at these high capture costs. 

It was argued that the CO2-capture costs can be reduced to AU$100/tonne CO2 (range: AU$40-

180/tonne CO2) through the scale-up of the capture process to 1 million tonnes/annum, 

representing 0.4 million tonnes/annum of produced methane combined with the assumption that 

the energy requirement for the capture process could be lowered to twice the theoretical minimum, 

similar to the development trajectory for CO2-capture from flue gases. At these capture costs levels 

(Figure 2), the contribution of the capture process to the methane production cost would be 

AU$5.3/GJ methane (range: AU$2.1-9.5/GJ), demonstrating a significant economic potential for 

production of renewable methane at affordable cost using the proposed CO2-capture process. 

 

 

 

2 The cost range is determined by the chosen variation in interest rate (4-12%), project life (15-25 years), electricity cost (30-300 AU$/MWh) and 
heat cost (3-30 AU$/GJ) and ±30% variation in capital cost, which leads to a variation of -60% to +80% in capture costs. Median values for the input 
variables are interest rate=8%; project life=20 years; electricity cost=145 AU$/MWh; heat cost=14.5 AU$/GJ. 
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Figure 2 Capture cost reduction trajectory (plant life=20 years; interest rate=8%, capacity factor=90%; heat 

cost=AU$14.5/GJ; electricity cost=AU$145/MWh) 

Overall, the techno-economic analysis has led to the definition of the technology improvements 

that are needed for the reduction of the capture costs for an amine-based process: 

1. Use of an absorption liquid without amine vapour pressure 

Amino-acid salt solutions are proposed here as available alternatives to amine solutions which 

would require a large amine wash section to avoid the amine losses.  

2. Use of low-cost gas/liquid contactors 

Cooling towers are cheap and widely used particularly in connection with air conditioning processes 

but are not yet widely considered for CO2-capture applications.  

3. Minimisation of energy requirement 

The process energy requirement, consisting of the heat requirement for absorbent regeneration 

and the electricity requirement for movement of air and the absorption liquid through the 

absorption process can be further reduced. Optimal integration with the methanation process will 

limit the additional thermal energy input. 
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3 Key Highlights and difficulties 

The experimental program has focused on the use of a range of amino-acid salt solutions for CO2-

capture from air through performance assessment of CO2-absorption rates (investment cost 

absorber), oxidative stability assessment (operation in air) and thermal stability assessment (liquid 

regeneration at high temperature). This resulted in the following observations: 

- CO2-absorption rates for amino-acid salt solutions are similar to those for a standard MEA-

solution. This indicates that absorber size will be equivalent to that of an MEA-based process. 

- Two amino-acid salt solutions showed significantly better oxidative stability than MEA but 

exhibited reduced thermal stability at regeneration temperature of 120 oC. Both are 

considered useful options for CO2-capture from air. 

One representative amino-acid salt solution was selected for larger scale CO2-absorption 

experiments conducted in two gas/liquid contactors, a commercial cooling tower and the rotating 

liquid sheet contactor, developed by CSIRO. The volumetric mass transfer was 2-3 times lower than 

calculated for 30 (wt)% MEA in the techno-economic assessment. The cooling tower was, however, 

able to operate at lower liquid flow rate which will have benefits for lowering the energy 

consumption of the capture process. The rotating liquid sheet contactor exhibited little advantage 

for this application as it needs to operate at high liquid flow rates which would increase the energy 

consumption. 

Further process modelling was carried out aiming at the reduction of the energy requirement for 

liquid absorbent regeneration in the CO2-capture process, to facilitate thermal integration with the 

methanation process. This resulted in a process design that included latent heat recovery from the 

capture process which reduced the heat requirement to a level that it could be met by the 

methanation process. At this point the energy requirements resulting from the movement of large 

volumes of air and absorption liquids, have become the largest energy requirement of the process. 

Progress in methanation process development was assessed via a literature review that addressed 

different reactor geometries, process designs, catalysts and media suitable to extract useful heat 

from the exothermic process. A commercially available methanation process design based on a 

series of adiabatic fixed bed reactors was simulated to determine the production of thermal energy 

as determined by the methanation pressure. At a pressure of 10 bar the thermal energy was 

sufficient for the regeneration of the absorption liquids. It was recognised that the methanation 

process design was quite complex and therefore costly at the small-scale studied. New isothermal 

designs are likely to be simpler and be of lower cost. 

  



CSIRO Australia’s National Science Agency Knowledge sharing report – Milestone 2  |  6 

The assessment of the project results thus far indicates that the goal of a methane production costs 

of AU$ 10/GJ, excluding hydrogen production cost, is achievable. The remainder of the project will 

focus on the following items that will contribute significantly to that goal: 

- Further experimental evaluation of gas/liquid contactors and amino acid salt solution 

formulations that achieve CO2-absorption rates equivalent to the 30 (wt)% MEA based 

process at lower liquid/gas flow rates, and preferably avoid the evaporative water losses, 

- Further optimisation of the thermal integration between the CO2-capture process and the 

methanation process considering the use of ejectors for latent heat recovery in the liquid 

absorbent regeneration process, but also considering the option where the capture process 

is operated using electrical energy only, with the methanation process producing electrical 

energy at a location different from the capture process. 
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4 Commercialisation prospects 

The techno-economic analysis indicates that the costs of the capture process can be reduced to 

levels below AU$ 100/tonne CO2. In the context of methane as a fuel carrier this equates to a cost 

contribution of less than AU$ 5/GJ, which constitutes a good economic basis for this 

commercialisation pathway for the export of renewable methane. 

Further steps towards commercialisation will require the involvement of the following stakeholders: 

- Operators of coal seam gas facilities and LNG (liquefied natural gas) plants interested in 

exploring this option for production and export of renewable gas, 

- Engineering companies and manufacturers for the design and fabrication of suitable 

gas/liquid contactors and supply of the overall process and equipment, 

- Suppliers and/or developers of low cost methanation processes and equipment that could 

be integrated with the CO2-capture process, 

- Suppliers of hydrogen systems and renewable energy providers. 

Technology commercialisation will be pursued on the basis of the intellectual property developed 

in this project in partnership with stakeholders having complementary interests and capabilities. 

The techno-economic analysis will be further detailed in the remainder of the project to achieve a 

clearer definition of the commercial opportunity for Australia and exporters of Australian gas. The 

analysis will be based on the size of a typical process module for the production of methane from 

atmospheric CO2.  

The first step towards commercialisation of the concept will entail the establishment of pilot plant 

that demonstrates the CO2-capture from air process, continuously producing a stream of CO2. This 

is required to verify the process performances and its robustness. 

The concept of CO2 capture from air developed in this project, which we have named the Ambient 

CO2 Harvester, will also have relevance for geological storage of CO2, which is essential for the 

achievement of Net Zero Emissions by the middle of the century. Capturing CO2 from the air near a 

suitable CO2-storage location will avoid the transportation of CO2 via pipelines from the emission 

sources such as power plants. This will reduce the investment costs for pipeline infrastructure and 

there is potential for the creation of significant carbon off-sets through air capture with subsequent 

geological storage of CO2.  
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5 Knowledge sharing activities 

Publications 

Techno-Economic Assessment for CO2 Capture from Air Using a Conventional Liquid-Based 

Absorption Process, Ali Kiani, Kaiqi Jiang and Paul Feron, Front. Energy Res. 8:92, doi: 

10.3389/fenrg.2020.00092 

Conference presentations 

Direct Capture of CO2 from Ambient Air, Ali Kian, Kaiqi Jiang, Paul Feron, presented at PCCC5, 

Kyoto Japan, September 2019 

Others 

- A short video is available on the Ambient CO2 Harvester: 

https://www.csiro.au/en/Research/EF/Areas/Renewable-and-low-emission-tech/Carbon-capture-

storage/Ambient 

- The project was also presented at the Falling Walls Lab Australia event on 2 September 2019 in 

Canberra.  

  

https://www.csiro.au/en/Research/EF/Areas/Renewable-and-low-emission-tech/Carbon-capture-storage/Ambient
https://www.csiro.au/en/Research/EF/Areas/Renewable-and-low-emission-tech/Carbon-capture-storage/Ambient
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