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1 Summary 
 
Since the first offshore Oil & Gas platforms were installed in the Gulf 
of Mexico in the late 1940’s, the Oil & Gas industry has undergone an 
extensive development within structural design, by unwillingly 
witnessing a vast number of errors, mistakes and disasters, and the 
people and companies involved have paid dearly to gain the 
experience and knowledge in existence today regarding offshore 
structures. 
 
The gained experience and obtained knowledge have been made 
available through the international standards for fixed offshore 
structures and a countless number of books and articles. There are 
many similarities between support structures for Oil & Gas modules 
and offshore foundations for Wind Turbines but also distinct 
differences. However, there is no reason for the Offshore Wind 
industry to repeat the mistakes of the Offshore Oil & Gas industry. 
 
The future holds a great potential for synergy between the Offshore 
Wind industry and the Offshore Oil & Gas industry if we are willing to 
let go of the prejudice. 
 



 

2 The Oil & Gas Legacy - The Past 
 
The pioneers of offshore Oil & Gas had very limited knowledge about 
even the most basic design principles that we now take for granted. 
Fundamental offshore calculation models such as long-term wave 
height estimation, load bearing capacity of long piles and wave load 
on cylinders just to mention a few, are all examples of engineering 
achievements made in the pursuit of oil. 
 

 
In 1947, Kerr-McGee made history and launched the offshore industry when it drilled the 
first commercial oil well out of sight of land in the Gulf of Mexico 
 
 
All of these technical accomplishments and countless more have been 
skilfully researched and unselfishly published and shared by the 



researchers of the universities and employees of the companies and 
governmental organisations directly or indirectly involved in the 
exploration and production of hydrocarbons offshore. Over the years 
the best practices were meticulously collected, together with the 
experience gained from offshore operation, and published in 
recommended practices, codes and standards by oil companies and 
governmental organisations for the benefit of the entire offshore 
community. 
 

3 What is so special about putting structures 
offshore? 

 
There are a few but distinct differences between land and offshore 
based structures. The most obvious are the direct wave load and 
accelerated corrosion problems due to the saltwater. Most designers 
are aware of these challenges, and have obtained the necessary tools 
and skills to overcome them. 
 

 
Severe corrosion on an offshore boatlanding 
 
Not quite so obvious, and to the surprise of some designers, are the 
problems caused by the dynamics of the waves, i.e. phenomena such 
as strength, fatigue, vortex shedding, local and global scour (seabed 
erosion), wave run-up and wave slamming to mention a few. 
 
However, the first and foremost distinction between designing 
structures for on- and offshore is the way of thinking. The philosophy 
applied when designing the structures, with a strong focus on simple 



installation and minimum maintenance solutions. It is both 
complicated and costly to carry out maintenance of e.g. coating due 
to the waves, and the fact that both the personnel and equipment 
have to be transported offshore and provided with accommodation 
facilities etc. in order to complete the work, makes a detailed 
planning necessary. 
 
As formulated by a project manager of a successful wind turbine 
foundation contractor: “If the cost of a certain task is X at the 
fabrication yard, the cost is 10X at the base harbour and 50X offshore 
for performing the same work”. The dramatic cost increase of working 
offshore compared to onshore strongly influences the chosen 
solutions towards simple installation and minimum maintenance at 
the cost of more expensive design and fabrication in order to 
minimise overall cost. 
 
The designers and operators of oil and gas structures have often been 
accused by the wind industry for implementing “gold plated” 
solutions, meaning that they are unnecessarily costly and therefore 
too expensive for offshore wind farms. However, more than a few 
developers and designers of offshore wind farms are probably now 
wishing that they had sought the available offshore experience in due 
time, and perhaps had invested in better and longer lasting solutions, 
and thereby avoiding the extensive maintenance and refurbishments 
already encountered at some of the prestigious flagship projects of 
the offshore wind world. 
 
However, having said this, the solution for the offshore wind industry 
is probably not to just tap into the conventional offshore Oil & Gas 
experience by hiring their designers and contractors. Some of them 
tend to rest on the laurels, while others have the necessary drive to 
solve the new problems encountered with offshore wind foundation 
technology. Offshore wind farms in general and offshore turbine 
foundations in particular do also have distinct differences from Oil & 
Gas platforms, primarily the wind turbine itself, which imposes a 
fundamentally different and much more dynamic load pattern on the 
foundation, than bulky Oil & Gas modules do. The load on the wind 
turbine in combination with the wave load subject the foundation to 
two simultaneous dynamic load processes. This significantly increases 
the challenge for the engineers when designing the wind turbine 
foundations to ensure sufficient strength and adequate fatigue life. 
 
Further, in order to avoid resonance of the wind turbine structure 
which would lead to dramatically increased loads, the foundation 
should be designed in such a way that the overall natural frequency 
of the foundation, tower, nacelle and rotor does not conflict with the 



rotor revolution frequency (1p) and blade passing frequency (3p). 
Since most offshore wind turbine use the variable speed technology, 
the frequency band left for the natural frequency of the overall 
structure is extremely narrow, typically between 0.30 and 0.35 Hz 
whereas the equivalent criteria for an Oil & Gas platform usually only 
has to be above 0.20 Hz in order to stay away from the frequencies 
of the waves. 
 
Last but not least, Oil & Gas platforms are in most cases designed as 
unique structures and only one of a kind, whereas offshore wind 
turbine foundations are designed in series of 30, 60 or even more. 
The large number of similar foundations makes even minor cost 
savings and structural optimisations worth while. However, mass 
production is a double edged sword since mistakes are also 
multiplied, and therefore impose strict requirements to the designers 
and fabricators with respect to experience and quality assurance. 
Further, from an installation point of view, the large number of 
foundations and turbines that are installed in a single wind farm 
emphasises the encouragement to minimise offshore installation 
time. In the Oil & Gas industry it has been a practice through the 
years to use offshore welding of piles and the pile/platform 
connection in order to minimise the necessary crane capacity. 
However, an installation time of just 3-4 days would make it 
impossible to complete the installation of e.g. 60 foundations in a 
calendar year with a single vessel, when taking weather downtime 
into consideration, and would therefore dramatically increase the 
overall duration of the construction phase and thereby delay power 
production, and increase the construction cost unnecessarily.  
 

4 The Present - History Repeating Itself 
 
In the early years of offshore Oil & Gas exploration and production 
there were a number of accidents and mishaps stemming from lack of 
knowledge and experience regarding offshore structures. 
 
The inevitable consequence of the accidents was that the insurance 
premiums escalated, and that insurance companies shed away from 
the all too risky business. Unfortunately history is now repeating 
itself, and the offshore wind industry is starting to see the same 
behaviour from the insurance companies with escalated premiums 
and reluctance to insure the allegedly high risk offshore projects. 
Knowing the problems with the offshore wind farms so far, it is hard 
to blame the insurance companies, but there is no reason that 



offshore wind farms should be a high risk area. The experience and 
knowledge is available, there is no reason to reinvent the wheel. 
 
The wealth of knowledge and experience gathered is illustrated by 
the fact that e.g. the recommended practice for fixed offshore 
structures by the American Petroleum Institute (API RP2A) is now in 
its 21st edition. 
 
Both the API RP2A and all other national codes and standards 
regarding offshore structures are soon to be replaced by the 
international standard EN/ISO 19900 series, which has been in 
preparation for more than 10 years. The development of this 
standard has involved people from most of the world’s oil producing 
countries, and therefore contains over 60 years of experience from 
more than 20 countries and thousands of offshore structures. 
 
This ISO standard is what most of the pioneers of the offshore wind 
energy community, in their stride towards an international consensus, 
have chosen as the structural strength base document for their 
offshore wind developments. 
 
Also the land based standard for wind turbine design, IEC 61400-1 
will soon be supplemented with an offshore version, IEC 61400-3 
“Safety requirements for offshore wind turbines”. This standard 
references the ISO 19900 standards mentioned before. Hopefully the 
first version will be published already next year, ready to be used for 
all future offshore wind projects. 
 
It should also be mentioned that DNV issued their design standard  
“Design of offshore wind turbine structures” in June 2004 and that GL 
just recently have issued a comprehensive set of standards for the 
design of offshore wind turbines and their foundation structures. 
 
With these new standards it is believed that a consistent level of 
reliability in the design and fabrication can be achieved, thus 
strengthening the confidence in the offshore wind industry. 
 

5 The Future - Synergy 
 
Synergy, [from Greek sunergia, meaning "cooperation," and also 
sunergos, meaning "working together"] is the combined working 
together of two or more parts of a system so that the combined effect 
is greater than the sum of the efforts of the parts.  
 



Over the last decade the wind industry in general and the offshore 
wind industry in particular have changed into big business with 
renowned multinational companies like GE and Siemens entering as 
turbine manufacturers, and former Oil & Gas companies such as 
Shell, Centrica, DONG and Total transforming into energy companies 
and offshore wind farm developers. These companies are 
undoubtedly going to use their Oil & Gas experience and in-house 
expertise in order to develop their offshore wind farms in the most 
economical and best technical way and thereby stimulate the synergy 
between offshore wind and Oil & Gas. 
 
What the future is going to bring is hard to predict but one can only 
hope and work towards synergy between the offshore Wind and Oil & 
Gas sectors. Some of the technical areas where synergy is likely to 
happen in a foreseeable future, seen from a designers point of view, 
are listed in the following.  
 
Due to the trend amongst offshore wind farm developers to move 
into deeper waters, the “mass production”, and the ever increasing 
size of the turbines, we may see that the offshore wind industry is 
going to refine the fatigue calculation procedures originally developed 
in the Oil & Gas sector in order to make the projects possible or even 
profitable. The simple structures used for wind turbine foundations 
and the practice of continuous monitoring in the wind industry makes 
it straightforward to implement measurement programmes that 
should lead to a better understanding of e.g. fatigue, and thereby 
make it safe to strip conservatisms in the current design codes.  
 
In the Oil & Gas sector there is a strong trend towards more refined 
extreme event analyses (strength) due to the ageing of the platform 
population, and due to the ever increasing demands for the platforms 
to carry more loads in order to prolong the oil or gas production from 
a mature field. Progressive collapse analyses utilising the plastic 
capacity rather than the elastic capacity of the steel is one of the 
tools used, which may be of relevance to the wind industry when the 
need for reassessment due to excessive corrosion, boat impact or 
upgrade of wind turbine makes it desirable to demonstrate a higher 
load carrying capacity. 
 
Also probabilistic analyses, aiming at satisfying an overall safety level 
by calculating the probability of failure based on the mean value, 
standard deviation and distribution type for all involved parameters 
could be a useful tool for the wind industry, in order to cut down on 
conservatisms and costs for new designs, or to prolong the life of 
existing foundations. 
 



These were just a few examples of possible technical synergies in the 
future between the offshore wind and Oil & Gas sectors. There are 
many other areas where the oil industry can benefit from the wind 
industry and vice versa, and one can only hope that the circles of the 
conference logo will move closer and increase the overlapped area in 
the future. 
 

 
 
 

6 Conclusions 
 
There are many commonalities between offshore Oil & Gas structures 
and offshore wind turbine foundation structures but also some 
significant differences in e.g. the loading regime and the number of 
installations usually carried out within a single project. 
 
There is no need for the offshore wind industry to repeat the 
mistakes and errors of the offshore Oil & Gas industry. There is 
absolutely no reason to believe that effects such as corrosion, scour, 
wave run-up and slamming should be any different for an offshore 
structure with a wind turbine on top than if it had to carry a wellhead 
module. 
 
There is a vast base of experience and knowledge about offshore 
structures in existence, which has been collected and made available 
during the past 60 years by the Oil & Gas industry, primarily in the 
form of “code of practice”, “recommended practice” and international 
standards, but also by educating designers, fabricators and 
contractors to competently assist the offshore wind industry. 
 
The future holds a great potential for synergy between the offshore 
wind industry and the offshore Oil & Gas industry  
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