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Project context and objectives  

EU project number: 212508 

Project acronym: SOLAR-H2   

Website: http://www.fotomol.uu.se/Forskning/Biomimetics/solarh2/Solarh2.shtm 

Project title: European Solar-Fuel Initiative – Renewable Hydrogen from Sun and Water. 
Science Linking Molecular Biomimetics and Genetics 
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Project context and objectives 
 
The research in SOLAR-H2 has linked two research areas denoted Artificial photosynthesis and 
Photobiological hydrogen production. In both areas the research was intended to develop non-
thermal methods for solar-fuel production (in this program H2) from solar energy and water as an 
alternative to fuel generation from biomass.  
 
Core points in the research carried out in the program were: 
 

- Exploration of biomimetic (artificial photosynthesis -Workpackage 1) solar energy 
conversion concepts to produce H2 as a Solar-fuel.  

- Exploration of hydrogen production from solar energy and water using photosynthetic 
micro-organisms (photobiological hydrogen production – Workpackage 3) 

- The bio-reactor branch of the project (Workpackage 4) that explored technological advances 
intended to provide opportunites to demonstrate hydrogen production from photosynthetic 
microorganisms in somewhat larger scale. 

- The scientific workshop and summer school program that allowed the merge of the 
multidisciplinary science and the training of a new generation of scientists in this field with 
large future implications. 

 
The long-term objective is to develop natural and artificial photosynthesis to produce H2 directly 
from the never-ending resources solar energy and water. To accomplish this SOLAR-H2 has 
explored two recent routes for H2 production from solar energy – photochemical water splitting to 
form hydrogen directly using totally man-made systems for artificial photosynthesis based on 
principles from nature and photo-biological H2 production using living organisms. This was 
accomplished by bringing together the two fields in a multidisciplinary approach. The outline ideas 
in the project are schematized in Figure 1. 
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Figure 1. Analogy between natural and artificial photosynthesis. Natural photosynthesis (top) uses enzymes 
(photosynthetic reaction centers – here in a filamentous cyanobacterium) to harvest energy in light and use this energy 
to form valuable products from water and other simple compounds. Sometimes this is H2 and the research in SOLAR-
H2 aimed to improve these processes. The idea in Artificial Photosynthesis (lower) is to develop man-made 
photocatalysts (upper left) that can harvest the energy in light and use water as raw material to produce a fuel like H2. 
 
The research in the program was dominated by basic research bringing in-depth fundamental 
knowledge (Workpackages 1-3). This is critical at this stage in the development of these visionary 
routes for our future fuel production from the renewable resources solar energy and water. In the 
bioreactor branch of the project (Workpackage 4) technical developments concerning photo-
bioreactors were achieved. These will provide future opportunities to validate, at a small scale, the 
concept of photo-biological H2 production using genetically designed photosynthetic 
microorganisms in photobioreactors. The idea with the bioreactor program was to bring the research 
on photo-biological H2 production closer to demonstration which might be possible to utilize in 
future research programs. In the biomimetic branches of the program (Artificial photosynthesis, 
work package 1) the demands for break-throughs in basic science are very large and the research 
during this period had a large, visionary basic science component (“targeted basic research”) being 
worldleading, at the brink of what at all can be accomplished at the present stage of this science.  
 
The conceptual idea – three axes connecting vision and science – overview of objectives. 
 
The project had three main axes.  
 
1) In a long term research effort, the program strived to develop bio-mimetic chemistry. Here 
knowledge about natural reactions provided the basis for the attempts to develop man-made 
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photocatalysts able to catalyze H2 production from water and solar energy. In this project line, 
which is called artificial photosynthesis, biochemistry, synthetic chemistry and physical chemistry 
have been combined and intertwined to reach unexpected cross cutting results. The measurable 
results are scientific and have been presented in many scientific reports/papers and in lectures at 
many conferences and invited seminars.  
 
2) In the second axis the project developed photobiological H2 production and photo-bioreactors. 
Here, photosynthetic H2 evolving organisms were studied and improved. In this approach the main 
effort was devoted to the development of more efficient H2 producing organisms using molecular 
biology. The new cyanobacterial and algal strains were used, tested and studied for performance in 
photobioreactors. The project also contained research to develop and improve such photo-
bioreactors. The new organisms were also studied in detail using biochemistry and biophysics. The 
research on the photo-bioreactors was of more technical nature and one accomplishment was the 
development of a torus photo-bioreactor.  
 
3) The third axis in the program was the overall strategy that was applied to achieve the complex 
scientific goals. Here the diverse scientific fields were integrated and bound together through a firm 
framework of biochemical and biophysical knowledge (in WP 2). This work package overlapped 
with both the artificial photosynthesis and the photobiological H2 production parts of the program. 
This ensured continuous creative interdisciplinarity in the entire program. There were major efforts 
in the meeting and management structure to support this transfer of knowledge from one field to 
another field. This was achieved board-meetings, discussion sessions, scientific work-shops etc. 
Three summer/winter schools that brought our young investigators in contact with the very broad 
scientific platform in the project were also invaluable in this respect. 
 
Expected final results and their potential impact and use 
 
The long-term objectives, expected results and potential impact, can be summarized in 3 points. 
 
1. Contribution to the development of the knowledge base necessary to advance towards the design, 
synthesis and characterisation of bio-mimetic compounds able to convert solar radiation into a 
usable fuel like hydrogen.  
 
2) Development of a bio-mimetic complex based on a Ru-center as photo-active system and a Mn-
ensemble as redox-active catalyst to mimic solar radiation capture and photosynthetic water 
oxidation, and an iron based hydrogenase mimic to achieve hydrogen generation.  
 
3) Demonstrate photobiological hydrogen production by cyanobacteria and green algae in medium 
scale laboratory photo-bioreactors and to further improve the best suited organisms using molecular 
biology and metabolic engineering techniques. 
 

Work package list - An overview. 
The work has been divided in four scientific WPs and 3 management WPs. 
 
The Scientific work packages were: 
 
WP 1. Photochemical water splitting by artificial photosynthesis. Design, synthesis, 
characterization and functional studies of modular biomimetic photocatalysts. 
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WP 2. Molecular basis for light-driven water photolysis and H2 formation in biology.  
 
WP 3. Analysis of metabolic pathways involved in photobiological H2 formation; development of 
novel expression systems and engineering of photosynthetic organisms with improved H2 
production. 
  
WP 4. Characterization, modeling and optimization of photobioreactor systems for biohydrogen gas 
production by photosynthetic microorganisms. 
 
The management/dessimination work packages were: 
 
WP 5.  Dissemination of results in SOLAR-H2 both within the scientific community and to the 
general public.  
 

WP 6. Workshops and summer schools. The project had one kick off workshop, 4 scientific 
workshops with each 70-80 participants; 2 summer schools and one winter school. 
 

WP 7. Coordination/management/assessment. This work here was led by the coordinator (Stenbjörn 
Styring Partner 1) together with the deputy coordinator (Peter Lindblad; Partner 1).  
 


