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Abstract. The cost associated with operations and maintenance (O&M) for offshore wind is a
cost that developers and operators are striving to reduce in order to reduce the overall Levelised
Cost of Energy. Improving accessibility and increasing time based availability of wind turbines
can guarantee these reductions. To increase time based availability , some wind farms utilise
night shift work to reduce downtime for turbines. Previous studies revealed cost reductions using
this method but are strictly based on North Sea wind farms. This paper investigates the impact
daylight hours have on the O&M costs for an offshore wind farm depending on location. Using
an O&M model, three maintenance strategies are simulated and their associated O&M costs
are found: ‘Daylight Limited’, ‘Daylight Not Limited’ and ‘Night Shift’. Three case studies are
chosen: North Sea, USA and Australia. The operational costs for the North Sea were reduced
by £32.74/MWhr with the introduction of the night shift. With increased daylight, the US site
saw a smaller reduction in operational costs of £3.48/MWhr using the night shift. However,
the Australian site was negatively impacted when adopting a night shift strategy as operational
costs increased by £3.19/MWhr. The study considers, if there are reductions in cost through
night shift, is it worth the trade-off the industry makes for health and safety of technicians who
work at night.

1. Introduction
In the global offshore wind (OW) sector, Europe is a leading developer, while countries like
China, the USA, and Australia have made progress in integrating OW into their energy mix [1].
As a result, much research in focused around European waters, particularly the North Sea. As
a result, much research in focused around European waters, particularly the North Sea. The
European Union have pledged to install 300GW of offshore wind energy by 2030, with 47% of
this target planned in the North Sea [2]. Operations and maintenance (O&M) for these wind
farms can account for up to 30% of the overall project cost [3].

Research has focused on reducing O&M costs through improved maintenance strategies,
enhanced accessibility, and condition monitoring. Improved accessibility, defined here as
successful crew transfer from port to wind farm for maintenance, can significantly reduce
downtime. As wind farms move farther from shore and increase in size, addressing accessibility
becomes more challenging, especially in areas with high wind speeds and rough sea conditions
[4].

Alongside cost savings, strict implementation of health and safety regulations is crucial for
wind farm developers to ensure the well-being of personnel and the general public. Balancing
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cost and safety is often described as a ‘trade-off.’ One proposed solution to increase time based
availability is the implementation of night shifts at wind farm sites, allowing maintenance to
continue after daylight hours.

Studies by Dalgic [5] and Anderson [6] have explored the impact of night shifts on O&M costs
and time based availability . Dalgic used the Strathclyde OW Operations and Maintenance tool
to simulate different configurations of Crew Transfer Vessels (CTVs) during day and night shifts,
concluding that the lowest O&M cost was achieved with 4 CTVs in both shifts [5]. Anderson’s
study utilised a real operational database to train a Bayesian hierarchical model, determining
that night shift work increases time based availability by 0.64% annually [6]. Both studies
acknowledged potential safety risks but primarily focused on cost and time based availability ,
emphasising the lack of literature on health and safety considerations in OW compared to the
oil and gas industry.

1.1. Health and Safety
This paper addresses safety concerns related to low visibility and technician welfare in OW
operations. It should be noted that some studies refer simply to offshore work and are not specific
to OW. G+ standards, applied to over 100 operational wind farms, emphasise precautions
for restricted visibility in small offshore vessels [7]. Limited health and safety literature in
OW suggests adopting practices from the more established oil and gas industry [8]. Proposed
adaptations include providing accommodations on vessels for extended shifts, akin to oil and
gas practices.

It is recommended that shift workers, who work at night, work the same shift pattern for
at least 7 days in a row so as not to disrupt their circadian rhythm, as it is thought to cause
health issues stemming from insufficient sleep [9]. Research has shown that it takes 5-6 days for
a worker to adapt to working night shifts. A disruption to circadian rhythm along with working
for over 48 hours a week for onshore workers leads to an increase risk in road accidents [10].
Another study compares risk aspects between oil and gas and OW, highlighting higher risk in
OW due to personnel transfers via boats [11].

Technician welfare is considered in studies, like the SPOWTT project [12], optimising transit
safety and productivity. Another study [13] employs machine learning to factor in technician
welfare when making dispatch decisions based on sea sickness indicators. A physical demand
study compares offshore and onshore technicians, concluding that OW work demands more
physically but not excessively compared to other blue-collar jobs [14].

The literature emphasises the need for enhanced consideration of technician welfare in
future operations and maintenance strategies. A regulatory framework addressing safety risks,
especially during night shifts, is crucial. Longer rotations, such as 14 days on, 14 days off, may
mitigate sleep disruption risks, but challenges persist during the initial adjustment period.

1.2. Motivation
This study explores the impact of daylight limitations on OW farm O&M costs, with a focus
on varying site locations. Specifically, it investigates how O&M costs are affected by daylight
duration differences, particularly between the North Sea and locations closer to the equator.
Additionally, the study assesses whether the introduction of a night shift to the wind farm
alleviates O&M costs and to what extent.

The motivation behind this research is twofold. Firstly, the expansion of OW energy has
meant that new locations and sites in development have not yet had extensive research done
on their operations and maintenance for the simple reason that the projects are still at early
stages. Secondly, the study addresses a gap in existing literature by specifically examining
daylight limitations in Australia and the East Coast of the USA. Previous research on night
shift work has focused on the North Sea and oil and gas industry practices, but none have
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conducted a comparative study on daylight hours and visibility across sites. The rest of the
paper is as follows: Section 2 outlines the methodology, Section 3 analyses and discusses results
from the model, Section 4 concludes and suggests future work.

2. Methodology
The following section details the methodology utilised to determine the effects of daylight
limitations. Firstly, the origin and nature of the data used will be discussed and then the
site specifics for each of the locations. After which, the O&M model will be described in terms
of it’s functionality and then the inputs chosen for the simulations and the outputs that can be
obtained from the simulations.

2.1. Climate data and site location
To model OW farm operations and maintenance, climate data, specifically wind speed and
significant wave height, is crucial for simulations over the farm’s lifetime. Wind speed data is
used to create time series simulations at sea level and hub height, influencing vessel limitations
and energy production calculations for overall O&M cost. Significant wave height determines
vessel transfer limits to the wind farm. This study examined three case studies: the North Sea,
East Coast USA, and Darwin, Australia. North Sea, known for high wind speeds and shallow
waters, used FINO data spanning 6 years [15]. East Coast USA data, from Martha’s Vineyard
Coastal Observatory [16], covered 18 months. The choice of location is based on recent interest in
developing the OW sector in the region. Lastly, the third choice is Darwin, Australia. Despite

Figure 1: Diagram of the site locations selected across the globe, the red crosses represent the
site location and the red line represents the equator.

not being a prominent site for OW development, Australia has shown significant interest in
establishing projects in Victoria and New South Wales. Darwin was chosen for this study due
to existing oil and gas port facilities, which can be repurposed for OW projects. The selection
considers the similarity in requirements for large vessel ports between the oil and gas industry
and OW. While other Australian regions also have suitable ports, Darwin’s proximity to the
equator is a distinguishing factor. The study’s goal is to assess daylight limitations, making it
crucial to choose sites at varying distances from the equator to understand the impact on O&M
costs. Climate data for Darwin is sourced from the ERA5 reanalysis database [17], with the
site located 50km from the shore for consistency with the other wind farm sites. The dataset
includes hourly measurements of wind speeds at 10m and 100m heights, as well as significant
wave heights, spanning four years. Figure 1 shows the site locations marked by the red crosses
on the globe. The bold red line indicates the equator.
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2.2. O&M Model
With site selection and climate data selected, the model can simulate the wind farm operations.
The model used is the industrial bench-marked Strathclyde OW Operations and Maintenance
tool. The function of the model is to simulate the operations of a wind farm over it’s lifetime
through the simulation of weather, wind turbine failure and maintenance schedules considering
resources time based availability . The user must enter a range of required inputs including
climate data, failure data, transportation information, costs, resources and wind farm specifics.
The model uses Monte Carlo simulations to simulate failures in the wind farm which triggers
maintenance to occur. Once the failure has occurred, the transport vessel which has been
assigned to that specific failure mode is deployed. This is based on a number of conditions.
Firstly, the number of required technicians for the repair must be available for the transfer, if
they are occupied with another task then the turbine will remain down. If the weather exceeds
the vessel limits for the vessel assigned to the task during the repair window then the vessel
is not deployed and technicians will remain at port until a suitable weather time is available.
Once the operations simulation is complete, several outputs are calculated for the wind farm,
including power production, wind farm time based availability , vessel utilisation, repair specifics
and cost breakdowns. Detailed information into the model can be found in [18, 19, 20]. The
number of simulations is set to 100 resulting in 0.022% convergence of the output. The wind
farm lifetime is set to 20 years, a conservative value based off the industry estimate that wind
farm lifetime may be extended to 25-30 years [21]. Failure rates are taken from [22], the turbine
used is a 3 MW direct drive wind turbine. The vessel that will be utilised for night shift is
based on a CTV Catamaran boat that has the capacity for 6 technicians. The day shift will
assume that there are 5 operational CTV’s that can be utilised for maintenance. The night shift
analysis assumes that the same number of CTV’s in the day shift are available for night shift. A
short sensitivity analysis will be completed surrounding this assumption. The transport inputs
are displayed in Table 1. These values are based on the vessel specifications. Charter rates and
mobilisation times are obtained from previous literature [23]. Note that the Jack Up also has a
lifting capacity limit of 12 m/s.

The main outputs from the simulations are the total O&M costs in £/MWhr, power produced
in MWhr, time based availability in % and direct O&M costs in £/MWhr. The difference
between total and direct costs is that direct costs only looks at the staff (Cs), repair (Cr), fixed
(Cf ) and transport costs (Ct) whereas that total O&M costs considers lost revenue (Clr) as
well. The repair costs (Cr) are the sum of the costs for each component and associated failure
mode. These are based on the average number of yearly failures simulated for each subsystem
multiplied by the cost to repair the component multiplied by the lifetime of the wind farm and
the number of turbines in the farm. The transport costs (Ct) are the sum of the costs for vessels
used on the wind farm. These costs include charter rates, mobilisation rates, fuel consumption
and hire costs based on the calculated utilisation of the vessel within the simulation. The lost
revenue costs (Clr) is the calculated wholesale value of lost electricity revenue as a result of
turbine downtime over the wind farm lifetime. The staff costs (Cs) are the sum of technician
costs based on the salary for permanent technicians and the total pool of technicians available
throughout the lifetime of the windfarm. The fixed costs (Cf ) are the sum of any port or
insurance costs for the wind farm during it’s lifetime.

The variables changed across the sites will be the climate data, coordinates of the wind farm,
the port and the local offset, which is utilised to calculate the amount of daylight hours available
throughout the year. Within the site case studies, the input that is varied is daylight limitation.
The model has the functionality to simulate three different daylight scenarios: ‘Daylight Not
Limited’, ‘Daylight Limited’ and ‘Night Shift’. ‘Daylight Limited’ means that, regardless of how
long is left of the 12 hour shift (8am-8pm), if it is dark then maintenance cannot be carried out.
The measure of when daylight is limited and maintenance cannot be carried out is based on the
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model calculating the sunrise and sunset times of a specified location at a specific period in the
year, it accounts for one extra hour of daylight to allow 30 minutes for sunset or ‘dusk’ and 30
minutes for sunrise or ‘dawn’. The code also captures the +1 hour summer time between ‘last
Sunday of March 01:00:00’ and ‘last Sunday of October 01:00:00’. The maintenance decision
also takes into account the length of the maintenance activity required, the time taken to reach
the turbine and the time to transfer from the vessel to the turbine. If the sun sets before the
full maintenance task can be completed then the task must wait until the next available weather
window, daylight dependent. ‘Daylight Not Limited’ means that the 8am-8pm shift is carried
out regardless of visibility but there is no night shift work. Finally, ‘Night Shift’ means the
8am-8pm shift is carried out followed by another 12 hour shift in which night technicians and
night CTV’s are used.

Table 1: Vessel inputs to the model

Input CTV SOV Jack-up
Significant wave height limit (m) 1.5 3 4
Wind speed limit (m/s) at 10m 12 12 36

Fuel consumption (m3/hr) 0.24 0.3 0.55
Charter rate (£/day) 1980 9500 360,000

Mobilisation time (days) N/A 30 60

If either of the first two options are selected for the simulations then the vessel inputs required
are all for day time vessels with associated technicians. If the last option is chosen then inputs
must include the number of vessels on the night shift and how many technicians are available.
All other inputs to the model are held constant across the different sites so the analysis will only
focus on the impact daylight has on the O&M costs.

2.3. Assumptions and limitations in the model
The night shift workers are paid the same amount as the day shift workers. In reality, the
pay for technicians will vary depending on the experience of the worker, the work that is being
carried out and the time of day the work is being completed. The assumption to keep costs
the same is seen as a conservative approach. For these simulations, the amount chosen was
£40,000 per year based on industry estimates. The turbine used throughout simulations is the
same and is not tailored to the climate of each site. For Australia and USA, it is likely turbines
will be constructed to compliment the climate conditions of the site, so this could cause some
under/overestimation in the total energy production by the turbines. To limit the variability
of results, a fixed electricity price of £140/kWhr was utilised, when in reality each market is
different and is dynamic over time. Limiting the scope of the study, is the lack of field data
available for failure rates for larger turbines. The paper is restricted to using a smaller turbine
of 3 MW as it has complete failure data. Finally, the metocean data for each site is different
in order to capture the features of the different locations. While important for individualising
the case studies, the different metocean conditions impact the results along with the daylight
conditions of the site.

3. Results and discussion
3.1. North Sea
The North Sea data was simulated for three different scenarios, Figure 2a shows the direct and
total O&M costs for each of these. Notably, the total O&M costs when daylight is a limiting
factor are over double the total O&M costs of the two other scenarios. Looking at the direct
costs across the three maintenance strategies, they are closer in range, indicating that lost



EERA DeepWind Conference 2024
Journal of Physics: Conference Series 2875 (2024) 012018

IOP Publishing
doi:10.1088/1742-6596/2875/1/012018

6

revenue is contributing to the high total O&M costs for the limited by daylight scenario. This
is highlighted in the breakdown of costs in Figure 2b. Aside from the lost revenue differences, it
is noted that repair costs are similar, the staff costs are higher for night shift and the transport
costs are highest for the limited daylight case. Higher transport costs for the limited by daylight
scenario may be a result of maintenance not being completed during the day and extra charter
costs incurred by having to go back and complete the maintenance the next day. Lost revenue

(a) (b)

Figure 2: (a) Cost overview for the North Sea simulations (b) Breakdown of costs for the North
Sea simulations

costs are driven by increased turbine downtime where maintenance has not been carried out to
get turbines generating power again. For the limited daylight scenario, the available weather
windows for crew transfers are reduced and accessibility is limited. Coupled with this, metocean
conditions in the North Sea can reduce the amount of weather windows for maintenance to be
carried out. These two factors result in high lost revenue costs. The night shift has the lowest
total O&M costs as the opportunity to complete maintenance is higher so turbines will not
experience as much downtime.

3.2. USA
Using the same method, the US simulations were completed, the costs can be shown in Figure
3a. Similar to the North Sea, the highest total O&M cost is for the limited by daylight scenario
but the difference between costs across the scenarios is a lot smaller. The night shift has the
highest direct costs but not by a large margin. At this site, the difference in costs between
the night shift strategy and the daylight not limited strategy is smaller than that seen in the
North Sea. This means the US site has higher accessibility, due to met ocean conditions not
breaching vessel limitations as frequently, resulting in larger weather windows for maintenance
to be complete.

Figure 3b shows the breakdown of the costs for the US scenarios. The slightly higher direct
costs for night shift are predominantly driven by the increase in staff costs. Despite the staff
costs, for the total O&M costs, the night shift is the lowest as the lost revenue contribution is
considerably lower due to the increase of available time to complete maintenance. The highest
total O&M cost is when daylight is limited. Again, lost revenue is the prime driver of increased
costs as the window of opportunity to complete maintenance is reduced. Although the difference
in cost is high between the night shift scenario and the limited daylight scenario, it is important
to note that the difference in cost is much lower than that what was simulated for the North
Sea wind farm. As mentioned previously, this could be related to met ocean conditions being
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(a) (b)

Figure 3: (a) Cost overview for East Coast US simulations (b) Breakdown of costs for East
Coast USA simulations

(a) (b)

Figure 4: (a) Cost overview for Darwin Australia simulations (b) Breakdown of costs for Darwin
Australia simulations

calmer, but for the daylight limited case, it could also be related to the fact that there are more
daylight hours at this site so weather windows are increased.

3.3. Australia
In Figure 4a and Figure 4b, the Australia case study results are presented. Total and direct
O&M costs for Darwin are significantly higher than the North Sea and US, attributed to the
lower wind resource with average speeds of around 4 m/s. Despite the absolute cost difference,
the study focuses on the relative distinctions between scenarios. The night shift exhibits the
highest total and direct costs, emphasising that lost revenue is not the primary cost driver at
this site.

In Figure 4b, transport costs are notably higher than other contributing costs. While
transport expenditures remain consistent across all sites, the elevated cost per MWh produced is
attributed to lower power production in Darwin. Staff and fixed costs are affected by the lower
power production but remain comparatively lower. Examining cost breakdowns, lost revenue
costs are lowest for the night shift, indicating increased accessibility. Daylight limited has the
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highest lost revenue cost but the daylight not limited scenario is very similar in cost indicating
that the site location has higher accessibility. This could be a combination of calmer metocean
conditions, due to lower wind speeds in the area, but also the increase daylight hours. In fact,
the two scenarios having almost the same cost indicates that daylight hours are increased to a
point where an 8am-8pm shift is rarely limited by there being no daylight.

Transport and repair costs show minimal differences across scenarios. The most significant
disparity arises from staff costs, doubling in the night shift compared to daylight scenarios due
to the larger number of technicians. This increase is consistent across all site locations but has
a more pronounced impact in Darwin.

3.4. Comparison

(a) (b)

Figure 5: Comparison of each wind farm location in terms of (a) Total time based availability
(b) Power production.

Figure 6: The relative difference in cost in £/MWhr between the night shift strategy and the
daylight limited maintenance strategy is calculated for each site location.

To compare the three site locations, the study analyses the relative difference in cost across
scenarios rather than determining the best overall site. Firstly, Figures 5a and 5b illustrate
the time based availability and power production of each location. The North Sea wind farm
has the lowest time based availability among the three sites, particularly in the daylight-limited
scenario, where time based availability is only 79%, leading to high lost revenue costs. Overall,
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Darwin has higher time based availability but significantly lower power production due to its
low wind resource and calmer climate compared to the US and North Sea.

Figure 6 depicts the overall relative difference in costs between different locations, calculated
by determining the absolute difference in cost between the night shift and daylight-limited
scenarios. The North Sea exhibits the largest relative difference in total O&M costs, around
10 times more than the US or Australia. However, in terms of direct costs, Darwin shows the
greatest relative difference, primarily driven by high staff costs. The impact of changing the
number of technicians during the night shift on total O&M costs is investigated in Subsection
3.5. One of the main conclusions that can be drawn from these results is that the night shift
for Darwin would be a negative addition to the O&M strategy as the high staff costs incurred
outweigh the reduction in the lost revenue costs.

3.5. Sensitivity around number of CTV’s

(a) (b)

Figure 7: Sensitivity analysis of (a) Total O&M Costs and (b) Direct O&M Costs for Darwin
Australia

In these simulations, the assumption is that the number of technicians remains constant
between day and night shifts. Australia’s results highlight that staff costs significantly contribute
to higher night shift costs. A sensitivity analysis for the number of technicians during the night
shift is performed, shown in Figure 7a and Figure 7b.

The orange line in both graphs represents the cost of the day shift at the Darwin wind farm
with 5 CTVs and 6 technicians per CTV. For Darwin, total costs for only having a day shift
are lower than having both a day and night shift costs when 2-5 CTVs operate during the night
shift. The night shift becomes cost-effective only when one CTV is in operation at night. Direct
O&M costs are consistently higher for night shift simulations.

4. Conclusion
This study delves into the influence of daylight limitations on OW O&M costs across three
global wind farm sites. Employing three maintenance strategies— daylight limited, daylight
not limited and night shift scenarios—the study evaluates their economic viability. Notably,
the North Sea site exhibited a £32.74/MWhr reduction in costs under the night shift strategy
compared to the daylight-limited scenario. Conversely, the US site saw a £3.48/MWhr reduction,
while the Darwin site experienced a £3.19/MWhr increase in costs with the night shift. The
variance in results highlights the critical role of location and daylight hours in determining
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the need for night shift maintenance. Furthermore, the study highlights possible health and
safety risks associated with night shift work and its impact on technician welfare, a domain
largely unexplored compared to the more extensively studied oil and gas industry. Quantifying
and analysing these health and safety risks is a potential avenue for future work. The study
emphasises the necessity of conducting a case-by-case cost-benefit analysis when considering the
implementation of a night shift. O&M operators must carefully weigh the potential reduction
in costs against the increased health and safety risks associated with night shift, including
fatigue and reduced visibility. The decision-making process should involve evaluating mitigation
strategies to address declining technician welfare and increased safety risks during night shifts.
The industry’s development depends on the well-being of its workforce, necessitating ongoing
efforts to enhance safety measures and address welfare concerns for both day and night shift
operations in OW.
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