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1. PROJECT SUMMARY & SCOPE 

1.1 PROJECT AIMS  

This project aims to use modern synthetic biology methods to produce a strain of bacteria that produces 
hydrogen from renewable carbohydrate feedstock such as glucose and sucrose. Through an iterative process of 
engineering, our cells are optimised for maximum rate and yield of hydrogen production suitable for 
commercial scale hydrogen production.  

 

1.2 SCOPE  

The scope of this project involves four key milestones: 1) establishing a 2-L laboratory scale culture system for 
growing the hydrogen producing bacteria; 2) genetically optimising the bacteria to produce 700 mL hydrogen 
gas per hour per litre of culture; 3) genetically engineering the bacterial strain to increase the current hydrogen 
production yield from 2% to 20% of the theoretical maximum; and 4) producing sufficient amounts of 
hydrogen gas for testing as a renewable fuel in various applications.  

 

1.3 PROGRESS UPDATE 

To date, we have scaled the fermentation of our hydrogen-producing bacteria from a 100-mL bench scale to a 
2-L laboratory scale bioreactor. Optimisation of the 2-L laboratory scale fermentation process to achieve pilot 
scale generation of larger volumes of hydrogen gas is underway. The engineered bacterial cells can produce 
more than 6 L of hydrogen gas per hour per litre of bacterial culture. This is a 1000-fold improvement on 
hydrogen rate since the commencement of the project and nearly 10-fold greater than our anticipated target 
rate for this project. The yield of hydrogen production from the engineered hydrogen-producing bacteria from 
glucose feedstocks is, at present, at 14%. This value is near our expected target of 20% to be achieved by the 
conclusion of the project.  We have developed bespoke equipment and methods for measuring hydrogen gas 
from our current optimised bacterial strains. We have built a laboratory scale generator, coupled with fuel-cell 
technology, which can directly utilise the hydrogen produced from our engineered strains to generate 
electricity without requiring hydrogen storage.   

 

2. KEY HIGHLIGHTS AND DIFFICULTIES EXPERIENCED 

 

2.1 ESTABLISHING ROBUST AND RELIABLE HYDROGEN MEASUREMENTS  

A major challenge at the commencement of this project was to establish a robust and accurate measurement 
of the hydrogen production from our hydrogen producing bacterial strains over short and long time scales. We 
are able to accurately measure hydrogen production over time scales from seconds to hours. Establishing 
robust protocols for achieving real-time measurements of hydrogen production was vital for characterising the 
relationship between the bacterial strain modifications and the hydrogen gas production rates and yields. 

 

2.2 STRAIN ENGINEERING USING CRISPR FOR INCREASING HYDROGEN PRODUCTION 
RATES AND YIELDS 

We have applied and optimised the CRISPR gene editing technology (see CRISPR: The new tool in the gene 
editing revolution explained for a general explanation of CRISPR technology) to successfully delete or 
upregulate targeted genes within our bacterial cells with high precision. CRISPR technology for targeted 
genome editing in bacteria has only been applied widely in recent years and still considered a premature 
technology for some applications including in bacteria. In this project, we have now optimised the CRISPR 

https://www.abc.net.au/news/science/2016-04-07/crispr-gene-editing-technology-explainer/7217782
https://www.abc.net.au/news/science/2016-04-07/crispr-gene-editing-technology-explainer/7217782
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technology for our specific bacterial strains and determined important parameters to achieve high precision 
targeted gene edits. As a result, our engineered bacterial strains now produce more than 6 L of hydrogen gas 
per hour per litre of culture at a yield of 14% when using glucose as feedstock. We have also used CRISPR 
technology to confer our bacteria the ability to utilise sucrose instead of glucose as carbohydrate feedstock. 
Sucrose is an attractive feedstock for renewable hydrogen production as it can be obtained from sugar cane 
waste such as molasses, an abundant resource in Australia. The CRISPR engineered strains have been 
incorporated into our provisional patent.  

 

2.3 SCALE-UP 

We have established a 2-L laboratory scale bioreactor system to grow our bacterial strains for high volume 
hydrogen production. This scale has allowed us to reliably and robustly test and optimise conditions for 
bacterial hydrogen production. Currently, our fermentation conditions can achieve bacterial culture densities 
of about 20% of the maximum densities that we estimate are achievable. Engineered bacteria are highly 
dependent on a number of tightly regulated conditions including nutrient availability and oxygen levels and 
we continue to explore these parameters to improve the bacterial cell culture densities in our 2-L scale 
fermentation trials. Success from these trials will identify ideal conditions for the follow-on pilot scale 
fermentation experiments. The tasks for scaling up to pilot scale production will continue to be a challenge to 
overcome for this project as it is for other fermentation bioprocess industries.  

 

2.4 ON-DEMAND AND ON-SITE HYDROGEN PRODUCTION 

The conventional path for producing hydrogen from other approaches such as steam reformation and 
electrolysis and getting it to the end user requires costly collection, storage and transport. We overcome this 
challenge by producing hydrogen gas on site and on demand from our engineered bacterial cells. Through this 
project, we have demonstrated that our bacterial cells can be harvested (once they reach high density during 
fermentation) and then stored for hydrogen production at a later time. We have also established conditions to 
suppress hydrogen production during the high-density fermentation of our bacteria ensuring a safe process. 
The harvested bacterial cells produce hydrogen from addition of the carbohydrate feedstock in a simple reactor 
vessel that can transported and deployed easily with minimal infrastructure requirement and costs. Our 
hydrogen production process is tightly controlled which allows for safe, on-demand and on-site hydrogen 
production with low infrastructure requirements and without the need to store or transport hydrogen. This 
key feature of our novel bacterial hydrogen technology gives us a significant competitive advantage over 
current existing hydrogen production processes which require costly and elaborate hydrogen storage and 
transport technologies. This feature is one component of our provisional patent. 

 

2.5 HYDROGEN SAFETY 

Producing hydrogen at our current rates and managing the safe operation of our fermenters has been an 
important component of this project. We have developed safe operation strategies and introduced hydrogen 
sensors to constantly monitor and adapt to provide safe hydrogen production as our rates and yield increases. 
Further, and as described above, hydrogen production is a highly controlled process by addition of the 
carbohydrate feedstock, when needed.  

 

3. COMMERCIALISATION PROSPECTS 

 

Since commencing the ARENA supported project, we have actively engaged with industry partners and various 
stakeholders from the hydrogen and energy sectors. We have participated in the CSIRO ON Prime and ON 
Accelerator commercialisation programs. Through these programs, we have identified specific market needs 
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for the on-site and on-demand production of hydrogen. Specifically, opportunities for meeting energy 
demands in remote and off-grid communities using our technology have been identified.  

 

Hydrogen is an excellent renewable fuel due to its high energy density, zero carbon emissions upon use, and 
high versatility. While the majority of hydrogen is currently used for industrial processes such as ammonia or 
steel production, it can also be used for transportation, to generate electricity, heat, or to supplement natural 
gas to decarbonise our economy and decrease greenhouse gas emissions. Accordingly to the CSIRO national 
hydrogen roadmap report (https://www.csiro.au/en/Do-business/Futures/Reports/Energy-and-
Resources/Hydrogen-Roadmap), the global hydrogen market is expected to reach USD155 billion by 2021, 
with the European Union, Japan and South Korea, heavily investing in hydrogen R&D and infrastructure. 
Currently, 96% of global hydrogen is still produced non-renewably from fossil fuels while only 4% is from 
electrolysis, powered mostly by renewable energy such as solar and wind energy. The commercial readiness of 
electrolysers is currently low to reach the scale and economics required for market adoption and replacement 
of hydrogen production from fossil fuels. In addition, high costs associated with the storage and transport of 
hydrogen are a substantial hurdle for establishing a hydrogen economy. For instance, storage costs can add up 
to $0.3/kg to the price of hydrogen. Transport costs add significantly more to the costs of hydrogen with road 
transport estimated at $0.23/kg for every kilometre of transport. As a result, up to nearly 50% of the energy 
stored in hydrogen may be used up for its storage and transport processes alone.  

 

Our technology is in an ideal position to reach maturity independently of current practical limitations with 
hydrogen storage and transport, electrolysers, and battery technology. Hence, there is a huge promise for 
alternative technologies such as ours to provide economically viable and sustainable hydrogen production from 
alternative and renewable resources such as biomass. Since we can provide on-site and on-demand hydrogen, 
we see our solution can meet the needs of remote and off-grid communities who can utilise hydrogen for 
electricity, heat, fuel or also for in-house ammonia production.  

 

 

4. SUMMARY OF KNOWLEDGE SHARING ACTIVITES COMPLETED 

 

4.1 AUSTRALIAN PROVISIONAL PATENT 

File No:  2020900990 

 

4.2 CONFERENCE PRESENTATIONS 

Conference talk at the Synthetic Biology Australasia conference, Brisbane, 2019. Title: ‘Synthetic Biology 
optimisation of biohydrogen production in bacteria.’ https://synbioaustralasia.org/wp-
content/uploads/2019/10/SBA-2019-Abstract-booklet-High-Resolution-1.pdf 

Poster presentation at the Synthetic Biology Australasia conference, in Brisbane, 2019. Title: ‘Metabolic 
engineering in Escherichia coli using CRISPR/Cas9.’  https://synbioaustralasia.org/wp-
content/uploads/2019/10/SBA-2019-Abstract-booklet-High-Resolution-1.pdf 

Poster presentation at the Synthetic Biology Australasia conference, in Brisbane, 2019. Title: ‘Identifying 
High Hydrogen Producing Hydrogenases’ https://synbioaustralasia.org/wp-
content/uploads/2019/10/SBA-2019-Abstract-booklet-High-Resolution-1.pdf 

 

4.3 LINKS TO PUBLICLY AVAILABLE MEDIA ARTICLES CONCERNING THIS RESEARCH 
PROJECT 

https://www.csiro.au/en/Do-business/Futures/Reports/Energy-and-Resources/Hydrogen-Roadmap
https://www.csiro.au/en/Do-business/Futures/Reports/Energy-and-Resources/Hydrogen-Roadmap
https://synbioaustralasia.org/wp-content/uploads/2019/10/SBA-2019-Abstract-booklet-High-Resolution-1.pdf
https://synbioaustralasia.org/wp-content/uploads/2019/10/SBA-2019-Abstract-booklet-High-Resolution-1.pdf
https://synbioaustralasia.org/wp-content/uploads/2019/10/SBA-2019-Abstract-booklet-High-Resolution-1.pdf
https://synbioaustralasia.org/wp-content/uploads/2019/10/SBA-2019-Abstract-booklet-High-Resolution-1.pdf
https://synbioaustralasia.org/wp-content/uploads/2019/10/SBA-2019-Abstract-booklet-High-Resolution-1.pdf
https://synbioaustralasia.org/wp-content/uploads/2019/10/SBA-2019-Abstract-booklet-High-Resolution-1.pdf
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https://newcastleonhunter.com/2019/09/08/australian-universities-and-hydrogen-research/ 

https://www.csiro.au/en/Do-business/Hydrogen-Technology-Filter-Landing/Dark-fermentation 

 

4.4 LINKS TO PODCAST AND RADIO INTERVIEWS 

https://www.listennotes.com/podcasts/science-meets-vc/hydrogen-quantum-vEdFMHIOZct/ 

https://tinyurl.com/y8qhzj35 

http://createsend.com/t/t-9F7BFFF11A4B2E052540EF23F30FEDED 

 

https://lighthouse.mq.edu.au/article/september2/designer-bacteria-could-fuel-the-future-with-cheap-
hydrogen 

https://www.world-energy.org/article/2581.html 

https://www.mq.edu.au/newsroom/2018/09/06/bugs-burps-for-efficient-hydrogen-production/  

https://advancedbiofuelsusa.info/bacteria-that-turn-sugar-into-hydrogen-being-engineered-by-researchers/  

https://www.gasworld.com/bacteria-that-turn-sugar-into-hydrogen/2015400.article  

https://www.biofuelsdigest.com/bdigest/2018/09/10/arena-awards-macquarie-university-researchers-a1-1-
million-to-turn-sugar-intro-hydrogen/  

https://sciencemeetsbusiness.com.au/future-hydrogen-economy-scaffolded-by-universities/  

https://newcastleonhunter.com/2019/09/08/australian-universities-and-hydrogen-research/
https://www.csiro.au/en/Do-business/Hydrogen-Technology-Filter-Landing/Dark-fermentation
https://www.listennotes.com/podcasts/science-meets-vc/hydrogen-quantum-vEdFMHIOZct/
https://tinyurl.com/y8qhzj35
http://createsend.com/t/t-9F7BFFF11A4B2E052540EF23F30FEDED
https://lighthouse.mq.edu.au/article/september2/designer-bacteria-could-fuel-the-future-with-cheap-hydrogen
https://lighthouse.mq.edu.au/article/september2/designer-bacteria-could-fuel-the-future-with-cheap-hydrogen
https://www.mq.edu.au/newsroom/2018/09/06/bugs-burps-for-efficient-hydrogen-production/
https://advancedbiofuelsusa.info/bacteria-that-turn-sugar-into-hydrogen-being-engineered-by-researchers/
https://www.gasworld.com/bacteria-that-turn-sugar-into-hydrogen/2015400.article
https://www.biofuelsdigest.com/bdigest/2018/09/10/arena-awards-macquarie-university-researchers-a1-1-million-to-turn-sugar-intro-hydrogen/
https://www.biofuelsdigest.com/bdigest/2018/09/10/arena-awards-macquarie-university-researchers-a1-1-million-to-turn-sugar-intro-hydrogen/
https://sciencemeetsbusiness.com.au/future-hydrogen-economy-scaffolded-by-universities/


 

 

 

Macquarie University is a vibrant hub of intellectual thinkers, all working 
towards a brighter future for our communities and our planet. 

A PLACE OF INSPIRATION 

Macquarie is uniquely located in the heart of Australia’s largest high-tech precinct, a thriving locale which is 
predicted to double in size in the next 20 years to become the fourth largest CBD in Australia. 

Our campus spans 126 hectares, with open green space that gives our community the freedom to think and 
grow. We are home to fantastic facilities with excellent transport links to the city and suburbs, supported by 
an on-campus train station. 

RENOWNED FOR EXCELLENCE 

We are ranked among the top two per cent of universities in the world, and with a 5-star QS rating, we are 
renowned for producing graduates that are among the most sought after professionals in the world. 

A PROUD TRADITION OF DISCOVERY 

Our enviable research efforts are brought to life by renowned researchers whose audacious solutions to issues 
of global significance are benefiting the world we live in. 

BUILDING SUCCESSFUL GRADUATES 

Our pioneering approach to teaching and learning is built around a connected learning community: our 

students are considered partners and co-creators in their learning experience. 
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