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PHD POSITION OFFER – INSA TOULOUSE 

Durability, protection and environmental impact of floating wind turbine structures - 
corrosion, anti-corrosion, eco-design, biocolonisation - DuMaCoBio 

Adopted in 2011, the 2050 Energy Roadmap sets the objective of reducing Europe's greenhouse gas emissions by 
80-95% compared to 1990. Achieving this goal requires increasing the share of renewable energies, including 
offshore wind, in European energy production. In France, since 2012, seven offshore wind farm projects have 
already been awarded for commissioning from 2021. The use of floating wind turbines is a major avenue for 
offshore wind energy in France.  

The durability of floating wind turbine structures (floats, mooring lines, concrete blocks, etc.) is a key issue for the 
long-term development of the sector. For the structures (mainly built in reinforced concrete or steel), the 
phenomenon conditioning durability is that of corrosion induced by the marine environment. Given the strong 
aggressiveness of this environment, the structures are protected by anti-corrosion systems such as galvanic 
cathodic protection or impressed current.  

The triptych microorganisms-construction materials-marine environment is at the centre of the phenomena. In the 
marine environment, the construction materials, reinforced concrete and steel, are chemically attacked by the ionic 
species in the sea water. A biofilm of microorganisms quickly forms on their surfaces, followed by macroscopic and 
intense colonisation (biofouling) by plants (macroalgae and macrophytes) and/or animals. 

This colonisation by "marine organisms" is implicated in the mechanisms and rates of alteration of materials 
without this influence, whether positive (bioprotection) or negative (biodeterioration), being definitively evaluated. 
Indeed, the formation of biofilm (and then the installation of biofouling) on the surface of materials, in different 
environments, creates local chemical conditions that can be more aggressive than the surrounding environment. 
Furthermore, the biofilm, as well as the biofouling, can sometimes constitute a physical barrier against certain ions 
that are aggressive for the materials and present in the sea water, which can therefore constitute a beneficial effect. 
Finally, the consumption of oxygen by the aerobic microorganisms present in the biofilm leads to particular local 
conditions of oxygen concentration which can influence the electrochemical reactions involved in the corrosion of 
steels and, by the same token, the functioning of cathodic protection systems.  

In addition, the question of the environmental impact of offshore structures and their corrosion products, as well 
as of cathodic protection solutions, is crucial. In order to resist mechanically and chemically to the aggressive marine 
environment, the choice of binders is essential with regard to the durability of the structure. In this context, 
cements with a high carbon footprint are generally recommended. Little work has been done on the use of 
alternative binders with a low carbon footprint in the marine environment.  

The ambition of the project is to optimise the durability of reinforced concrete and metallic structures of floating 
wind turbine components (floats, weights, fittings, concrete blocks), and to minimise the environmental impacts 
associated with their construction and operation. The originality of the project resides in the desire to take into 
account, in an unprecedented but crucial way, the coupling of (i) ageing/corrosion phenomena and/or those 
associated with the operation of anti-corrosion devices with (ii) biocolonisation on the surface of construction 
materials (reinforced concrete and steel). 

The objectives of the thesis are to: 

 Determine the kinetics and mechanisms of ageing/corrosion of reinforced concrete and steel materials under 
the coupled effect of the chemically aggressive environment of the marine environment and the biological 
proliferation on their surface. To identify the dynamics of biocolonisation and the metabolic activities of the 
microorganisms involved in biodeterioration over time. Identify the possibility of bioprotection by colonisation 
of the surface of structures by marine organisms.  

 Quantify the effectiveness of anti-corrosion systems (cathodic protection, galvanisation, coatings) for 
reinforced concrete and steel structures, particularly in conjunction with the development of biofilm 
(quantification of the diversity and activities of microorganisms, meiofauna and macrofauna) on the surface of 
materials. 
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 To evaluate the impact of concrete formulation (conventional formulations and eco-designed concrete 
formulations) and texturing (porosity-roughness) of the material surface, on phenomena at the interface 
between the structure and the environment, in particular (i) the formation of biofilm (biocolonisation), (ii) the 
evolution of the coating and structural steel, (iii) the kinetics and mechanisms of ageing, and (iv) the 
effectiveness of anti-corrosion systems.  
 

The proposed study will be highly experimental and will rely on developments in the physical chemistry of 
materials, electrochemistry, biological processes and microbial ecology. The characterisation of interactions will 
be based on the exploitation of specific experimental protocols and a range of analytical techniques for solid, 
liquid and biomass combined to achieve a detailed understanding of phenomenologies (SEM, EPMA, XRD, ATG-
MS, ICP-OES, HPIC, Potentiostat, etc.) and microbial activities (analysis of bacterial populations by sequencing 
target genes, observation by confocal and epifluorescence microscopy, etc.).  

The thesis will be carried out within the framework of the collaborative project DuMaCoBio, financed by the 
Occitanie Region and led by a consortium of 4 laboratories in the Occitanie Region: the LMDC (INSA Toulouse), 
the LBBM (Banyuls-sur-Mer, Sorbonne University), the LGC (Toulouse INP), and the LMGC (IMT Mines d'Alès), and 
the SME Corrohm. The project will include sea trials, via the REMIMED regional technological platform at sea, in 
the bay of Banyuls-sur-Mer on the site of the Oceanological Observatory, and trials within the various 
laboratories. 

Start of thesis: 1 October 2022 
 

Working conditions and location: 
The PhD student will be employed by INSA Toulouse. The supervisory team will be made up of researchers and 
professors from the LMDC, LMGC, LGC and LBBM: Prof. Alexandra Bertron, Dr. Fabrice Deby, Dr. Marie Salgues, Dr. 
HDR Benjamin Erable and Dr. HDR Raphaël Lami. The PhD student will regularly visit the different laboratories 
according to the work programme. 
 
Candidate profile and expected skills: 
The candidate will have a master degree (from university or engineering school) in Materials Science, Civil 
Engineering, Chemistry, or Process Engineering, and a good command of English. Significant research experience 
will be an important element. The candidate should have a taste for multidisciplinary themes and for experimental 
work. Knowledge of cementitious and/or metallic materials could be an interesting background. Knowledge of solid 
(XRD, EPMA, SEM+EDS, ATD/ATG...) and liquid (ICP-OES, ICP-MS, HPIC...) and electrochemical (potentiostat) 
analysis techniques will be an asset. The future PhD student will have to be curious, motivated and committed and 
show initiative and autonomy. During the course of his/her PhD, he/she will have different interlocutors with whom 
he/she will have to communicate regularly. He/she will have to present his/her results very regularly and report on 
the progress of his/her work. The PhD student will therefore have to demonstrate writing skills, as well as ease in 
communicating and presenting his/her work. 
 
Contacts for information and application:  
Alexandra Bertron, Fabrice Deby. 
bertron@insa-toulouse.fr,  f_deby@insa-toulouse.fr   
 
Opening of the call for applications: Immediate 
Closing of the call for applications: 1 June 2022 
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