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II. Zusammenfassende Darstellung der Publikation mit Literaturverzeichnis 
    Summary of the publication with bibliography 

With the growing global concerns over limited, non-renewable resources and the impacts of 

climate change, renewable energy sectors have been gaining ever-increasing importance. 

The wind energy industry, for example, has experienced particular growth over the past few 

decades, especially in Asia and Europe (GWO 2013). This rapid increase in demand has 

resulted in a parallel need for a qualified, skilled workforce, including specialized provisions 

for workers’ health and safety. The latter are particularly important in situations where a 

“skills gap” -- or a lack of sufficient and/or properly trained personnel -- has occurred, which 

has been the case with the offshore wind energy sector (EU-OSHA 2013). Here, most of 

the occupational health and safety protocols have been provisionally borrowed from similar 

industries, such as offshore oil and gas. Apart from a few regional exceptions, no thorough 

investigations of the specific hazards of offshore wind energy work have been done.  

Notwithstanding, a lot of knowledge exists about the dangers of offshore workplaces 

generally. In all cases, workers are required to perform heavy manual labour, often under 

extreme weather conditions and typically at great heights and/or in confined spaces. In 

addition, the shift-work requirements and on-site living conditions can be both physically 

and psychologically taxing (DGAUM 2015, Velasco Garrido et al. 2018a and 2018b). 

Several countries and jurisdictions have developed preventive measures, such as “fitness 

to work” guidelines and aptitude testing for offshore workers, in an effort to minimize health 

hazards and worksite accidents or dangers (Preisser, McDonough et al. 2016). 

These requirements of the offshore industry, therefore, have further contributed to the 

importance of occupational health and safety as a branch of preventive medicine, not only 

in terms of assessing the aptitudes of applicants for specific working roles and tasks, but 

also by developing measures for ongoing evaluations of workplace health and safety. The 

focus of these efforts includes both individual employees and their co-workers, as well as 

their combined abilities to respond to high-stress situations or medical emergencies, while 

ensuring as much as possible the safe functioning of their offshore work-sites generally. 

Evaluations usually require a multi-level examination of physical fitness, specific to the task 

at hand. In addition to compiling a thorough medical, social, and occupational history, the 

process incorporates a standard clinical examination, including blood pressure and heart 

rate (HR) measurements. It can also be extended to include urine and blood analyses, 
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ECG, visual acuity, etc., usually at the discretion of the examining physician (Preisser, 

McDonough et al. 2016).  

The constant development of new technologies, along with the ever-changing nature of 

working roles, skills requirements, and the work environment pose continuing challenges to 

the field of occupational medicine. This is particularly true for relatively new ventures, such 

as the offshore wind energy industry, where the risks are not yet fully known or understood. 

In these cases, a certain amount of foresight is required until enough data on the specific 

risks or dangers has been acquired. At this point, only a few, typically regional studies have 

been completed for the offshore wind energy industry (Jürgens and Weinrich 2015, Stuhr et 

al. 2015). Moreover, there is a lack of reliable accident statistics, which complicates the 

creation of evidence-based guidelines. Indeed, this has been a significant problem for the 

field as a whole.   

In clinical research, evidence is often based on randomized, controlled trials. However, in 

fields of preventive medicine, including occupational health, such studies are often either 

not feasible or deemed unethical. As a result, many of the current guidelines in 

occupational health are written as consensus-based recommendations from various expert 

groups.  

In the present study, we sought to make an empirically based assessment of the claim that 

offshore employment generally requires “hard work”. We analyzed our results vis-à-vis the 

guidelines of the “Medical fitness test for employees working on offshore wind parks and 

other offshore installations”, produced by the Association of Scientific Medical Societies in 

Germany (AWMF e.V.) in 2015 (DGAUM 2015). In doing so, we also made an initial 

assessment of the validity of the limits published in the guidelines.  

Part of the initial research for the project was done in the form of the Studienarbeit.  We 

compared the “fitness to work” public-access guidelines of four Baltic Sea countries that are 

currently large players in the offshore wind energy industry: Germany, the Netherlands, the 

UK, and Norway (DGAUM 2015, NOGEPA 2013, Norwegian Directorate of Health 2015, 

Taylor 2008, renewable UK 2013). These provided a general overview of the current health 

and fitness standards for this line of work. We believe that the overall consistency of 

standards among the documents bodes well for a potentially collaborative, mutually-

accepted “fitness to work” certification, which, in turn, could offset some of the problems 
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caused by the shortage of trained personnel in this relatively new sector (Preisser, 

McDonough et al. 2016). We must note, however, that none of the described limits or 

restrictions are based on direct measurements of the physical strain experienced by the 

workers. It is therefore difficult to achieve the important balance between ensuring the best 

possible safety of offshore workers and their working environments, through thorough 

medical histories and health and fitness investigations, without risking the unfair exclusion 

of potentially suitable candidates.  

This brings us to the main focus of the research project. We sought to gain a more accurate 

impression of the physical burden experienced by offshore wind energy workers through 

direct measurements of HR and indirect measurements of oxygen uptake (VO2). The initial 

plan was to use mobile spiroergometry devices to directly measure VO2 during the training 

periods; this, however, proved difficult because of the interference of personal protective 

equipment (PPE) worn by trainees during the modules. Furthermore, due to logistical and 

financial constraints, we were unable to accompany crews to their offshore platforms; so, as 

a result, these examinations were carried out during their Global Wind Organisation 

(GWO)-mandated training units, e.g., “Sea Survival”, “Working at Heights”, and “Fire 

Awareness” (GWO 2013). The results were then analyzed in relation to the individual 

maxima, as measured via spiroergometry. In this manner, we were able to gain insight into 

two aspects of the current state of the offshore wind workforce: 1) how physically 

demanding is the work?, and 2) what is the fitness level of workers who are actively 

employed in the industry?  

We must also note that every person visiting an offshore platform must have completed the 

training program. As a result, our “collective” ended up including workers from a wide range 

of occupations, some of which were unrelated to the “typical” maintenance and repair jobs 

most often associated with high levels of physical strain (e.g., film crews, reporters, 

students, module instructors, etc.).  Indeed, all of the international guidelines (discussed 

above) provided different occupation-specific requirements. Predictably, for example, 

requirements were far more stringent for fire fighter and rescue teams than for catering 

crews (Preisser, McDonough et al. 2016). The industry’s operational needs for a variety of 

employees, with disparate skills and job descriptions, therefore, further complicates the 

development of a cohesive guideline.  
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Our initial collective comprised 30 individuals (including one woman) recruited 

consecutively over a three-month period, from September to November, 2016. Because the 

German guideline requires a test of physical fitness via cycle (spiro)ergometry prior to 

embarking offshore, several participants (nine of 30) had already completed some form of 

maximal testing. Of these nine, we were only able to obtain the results from the medical 

records of four. We also had to exclude the female participant from our analyses, due to 

differing acceptable limit values found in the literature. Another dataset was lost due to 

malfunctioning of the recording equipment, resulting in a final collective of 23.  

“On-site” testing was performed using spiroergometry, in contrast to the external testing 

format, which was exclusively performed with cycle ergometry (i.e., without direct 

measurement of VO2). Also, owing to errors in pre-testing calibration, VO2,max testing was 

not performed on our initial three subjects, resulting in a total of 16 participants with 

cardiopulmonary testing (CPX, spiroergometry) and seven individuals with cycle ergometry. 

For the latter group, we were restricted to use of HR measurements and VO2 values 

derived from them to ascertain the level of physical strain experienced by these seven 

workers. While this type of analysis is generally accepted in the literature, it is important to 

note the relatively unspecific nature of the HR response. Indeed, HR is affected by a variety 

of factors, including but not limited to temperature, psychological stress, various 

medications, pre-existing conditions, BMI, and age (Sammito et al. 2015, Wilson and Corlett 

2005). For the purposes of this pilot study, however, we found it to be an acceptable 

parameter for physical load.  

A major and perhaps surprising result of the study was the relatively low individual fitness 

levels of the participants. While the average maximal load value found for our collective was 

above the recommended age-adjusted limit found in the literature, many of the individual 

subjects did not achieve this. Furthermore, the average HRmax and VO2,max values were 

either at or just below the predicted maximum values, derived from equations found in the 

literature (Gläser at al. 2013, Hansen et al. 1984). Because such predicted values are 

intended to serve as a guideline for the general population – and not for employees in 

strenuous occupations – it follows that the more stringent criteria in the “fitness to work” 

guidelines were also not achieved by these participants. In other words, in our (albeit small) 

collective, many would not be considered to be of average acceptable fitness. When 

measured in terms of the current UK and German “fitness to work” guidelines, 50% and 
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21%, respectively, would not have met the criteria (DGAUM/AWMF 2015, renewable UK 

2013). These are clearly surprising, if not alarming results for an industry with such 

physically demanding workplaces.   

The average HR and VO2 values were calculated from measurements taken during task 

performance only (i.e., excluding any rest periods). During the observed simulations, such 

breaks were frequent and often lasted for extended periods. Because of this, the training 

setting that we had to rely on may not accurately reflect the real-world situation, where 

employees are often on continuous, 12-hour alternating shifts (Parkes 2010). HR or VO2-

based “limit values” found in the literature are not only based on the length of the shift, but 

also the number and length of rest periods built into the workday (Wilson and Corlett 2005, 

Evans et al. 1980, Astrand et al. 2003, Ilmarinen et al. 1991, Rodgers et al. 1986). Without 

knowledge of the effects of these variables, we were unable to reach any conclusions about 

the physical strain experienced over a full eight- to 12-hour shift. Notwithstanding these 

limitations, the study’s results clearly underline the physically taxing nature of offshore work.  

We must also note that while our collective comprised a heterogeneous group of workers, it 

nonetheless represented only a small number of individuals. While acceptable as a pilot 

study, obviously a more accurate picture of the overall health status of the current 

workforce in this sector would require investigations and related testing of a much larger 

group, ideally including workers from various countries with greater stakes in the offshore 

wind energy industry. It would also include the capabilities and resources to accompany 

workers to offshore platforms and to perform HR and VO2 measurements during their 

actual, on-site deployments.  

This scale of research effort, in combination with detailed knowledge of “work-rest” 

schedules, would provide very valuable information for the evaluation and possible re-

assessment of the various national guidelines now in place. Of perhaps equal importance, it 

could further contribute to the development and publication of a cohesive and 

comprehensive, multi-national document.  

Finally, we should deal with the aspect of “consequence”, as reflected in part by the 

aforementioned lack of adequate accident and illness statistics. Put another way, if workers 

do not fulfill the required health and fitness criteria, what are the repercussions? Currently, 

such efforts as the Central Medical Offshore Register (CeMOR), developed by the BG 
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Hospital Hamburg (BUKH), have been initiated to fill in these knowledge gaps. The insights 

that they have been able to provide into the mechanisms of injury and illness will contribute 

substantially to the quality assurance of occupational healthcare in the offshore industry. In 

combination with other, international registers, this will provide valuable insights into the 

potential workplace dangers and other health-related problems that may affect workers in 

this industry generally. 

In conclusion, the results of the current study have confirmed the strenuous nature of 

offshore employment, and they contribute to validating its status as “hard work”. We have 

also shown that it is feasible to perform HR measurements during a variety of physical 

activities and in combination with PPE. Once in-depth studies on the specific hazards of the 

offshore-wind-energy environment have been performed, a re-evaluation of the current 

limits for physical work in the literature can and should be made. This could be 

complemented by incorporating other, equally important aspects of fitness to work, 

including workers’ abilities to assess risk and communicate about risk effectively, as well as 

implementing task-specific forms of fitness testing. By expanding these results 

internationally, health care specialists working in conjunction with industry can achieve 

significant gains in the workforce development and workplace safety efficiency of this 

important energy sector.  
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III. Abstract 
 
Purpose: Workers on offshore wind turbine installations face a variety of physical and 

psychological challenges. To prevent potentially dangerous situations or incidents, 

guidelines for the physical aptitude testing of offshore employees in Germany and other 

European countries have been developed. However, these criteria have not been 

previously empirically tested for validity. Although an important component of occupational 

health and safety, such aptitude testing should not lead to the unjustified exclusion of 

potential employees.  

 

Methods: Heart rate (HR) and oxygen consumption (V̇O2) measurements of 23 male 

offshore employees and trainers were taken during typical field activities, within the 

framework of mandatory training exercises. These were evaluated in relation to the 

individual maximum values of the subjects, determined by cycle spiroergometry. 

 

Results: For the training modules, average HR and V̇O2 values of approximately 40% and 

33–48% of the maximum values, respectively, were found. Furthermore, 65% of the 

participants achieved average HR values that exceeded 30% of their individual heart rate 

reserve and 45% had V̇O2 values above 35% of their individual V̇O2,max.  

 

Conclusion: Our preliminary results show that offshore work is a form of heavy physical 

labor, thereby justifying the criteria put forth in the various fitness to work guidelines. We 

propose that more in-depth investigations should be performed, incorporating task-specific 

fitness testing as well as higher level aspects of work safety and security, including effective 

communication skills and teamwork. We also recommend a re-evaluation of the current 

limits for physical work provided in the literature. The results of such studies could then be 

applied to other aptitude tests, thereby strengthening the evidence for such measures.  
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IV. Zusammenfassung 

 
Hintergrund: Arbeitnehmer auf Offshore Windenergie Installationen sind vielfältigen 

physischen und psychischen Herausforderungen ausgesetzt. Um potenziell gefährliche 

Situationen oder Vorfälle zu verhindern, wurden arbeitsmedizinische Leitlinien und 

Empfehlungen zu Eignungsuntersuchungen der Offshore-Mitarbeiter in Deutschland und 

anderen europäischen Ländern entwickelt. Jedoch konnten die in den Empfehlungen 

formulierten Eignungskriterien zuvor nicht wissenschaftlich überprüft werden und sind somit 

nicht Evidenz-basiert. Eignungsuntersuchungen sind ein wichtiger Bestandteil von 

Arbeitsschutz und Arbeitssicherheit und dürfen daher nicht zum ungerechtfertigten 

Ausschluss von potenziellen Mitarbeitern führen. 

 

Methoden: Messungen von Herzfrequenz (HR) und Sauerstoffaufnahme (V̇O2) von 23 

männlichen Offshore-Angestellten und Trainern wurden während typischer Feldaktivitäten 

im Rahmen von obligatorischen Trainings- und Notfallübungen durchgeführt. Diese wurden 

in Relation zu den individuellen Maximalwerten der Probanden gesetzt, ermittelt durch 

Fahrrad-Spiroergometrie. 

 

Ergebnisse: Für die Trainingsmodule wurden durchschnittliche HR- und V̇O2-Werte von 

ca. 40% bzw. 33–48% der Maximalwerte gefunden. Darüber hinaus erreichten 65% der 

Teilnehmer durchschnittliche HR-Werte, die 30% ihrer individuellen Herzfrequenzreserve 

überstiegen, und 45% hatten V̇O2-Werte von über 35% ihres individuellen V̇O2,max. 

 

Schussfolgerungen: Unsere vorläufigen Ergebnisse zeigen, dass Offshore-Arbeit eine 

Form von schwerer körperlicher Arbeit ist, wodurch die in den verschiedenen 

arbeitsmedizinischen Leitlinien festgelegten Kriterien gerechtfertigt sind. Wir empfehlen es, 

tiefergehende Untersuchungen durchzuführen, unter Berücksichtigung 

aufgabenspezifischer Fitnesstests sowie anderer Aspekte der Arbeitssicherheit, 

einschließlich effektiver Kommunikationsfähigkeiten und Teamarbeit. Wir empfehlen auch 

eine Neubewertung der aktuellen Grenzwerte für körperliche Arbeit in der Literatur. Die 

Ergebnisse dieser Studien könnten dann auf andere Eignungstests angewendet werden, 

wodurch die Evidenz für solche Maßnahmen gestärkt wird.  
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