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EXECUTIVE 
SUMMARY 
The way we produce and consume energy globally is 
changing. Over the next decade, the energy mix will 
undergo a significant shift at both a supranational and 
domestic level as we work towards a cleaner future. 
 
Wind power has the potential to play a big part in this, 
and the time is now for operators to capitalise on growth 
opportunities as the market expands. But to convert growth 
into sustainable long-term business and financial rewards, 
operators must optimise capital and operational expenditure 
to ensure wind remains as competitive as possible within the 
energy mix.

This paper will provide wind business owners and operators 
with strategies to achieve this, particularly when it comes 
to the controllable operational elements such as turbine 
maintenance. 

We will look at the current state of play in the market, and 
projected growth; then will delve into the unique challenges 
the wind industry faces, with turbines placed in some 
of the most extreme climates on earth creating a host of 
maintenance challenges. We will discuss the strategies, 
such as effective lubrication management, that can be put 
in place to help optimise operations and boost competitive 
edge. 

We would like to thank DNV GL and WindEurope for their 
insights and contributions that helped to build this report; a 
great example of how collaboration in expertise can help to 
drive the industry forward. 
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FOREWORD 
The energy system is evolving rapidly. Fossil fuels are giving 
way to renewables. Electricity markets are undergoing 
profound changes. Technologies continue to advance and 
the costs of wind power are falling faster than many could 
have ever expected. With support for renewable energy 
phasing out in many countries and competitive auctions 
being the new norm, cost pressure is expanding throughout 
the value chain. Investment costs are decreasing quickly for 
both onshore and offshore technology. And more focus is 
being devoted to increasing energy yields through better 
designs, increasing operating hours and extending the 
lifetime of assets. 

Operation and maintenance strategies should be 
continuously strengthened. Through digital technology 
applications, the industry could unlock significant value for 

participants across the entire supply chain. Higher quality 
products and materials, sensor and monitoring equipment 
and control systems present higher upfront costs but can help 
to reap much higher cost saving in the long run.
 
It is key for the industry to learn from each other. Through 
knowledge-sharing, consultancy and close partnerships, 
operators can draw on this expertise from specialist 
OEMs, parts and consumables developers and software 
developers, benefiting from state-of-the-art tools and 
technologies that would not be cost effective to build in-
house.
 
The opportunities are aplenty. How operators choose to 
optimise on these will determine the success stories of the 
future energy mix.
  
Daniel Fraile, Head of market intelligence, WindEurope
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WIND ENERGY: 
THE TIME IS 
NOW 
The 2015 Paris Agreement on tackling climate change 
committed the world’s nations to taking action to mitigate the 
impact of global warming. An ambition was set to hold the 
increase in the global average temperature to well below 
2°C above pre-industrial levels and to pursue efforts to 
limit the temperature increase to 1.5°C above pre-industrial 
levels.

Following the agreement, many countries and regional 
groupings have also legislated to meet ambitious domestic 
green-energy targets (see map on page 4).

With legislation encouraging an increased focus on cleaner, 
renewable sources of power, the time is now for operators 
to maximise on growth potential to become key players in 
the future energy mix. 

The energy transition is already upon us

These targets build on already significant achievements 
from the renewables industry, of which wind energy is a 
key component. Around 25% of the world’s electricity now 

comes from renewable sources5. In the United States, more 
than $143 billion has been invested in new wind projects 
in the last 10 years6. In the EU, 85% of all new power 
installations in 2017 were renewable7.
 
According to research by analysts at DNV GL who publish 
an annual Energy Transition Outlook to forecast the world’s 
future energy demand and supply, wind energy is projected 
to contribute 29% of total global electricity supply by 
2050.  Graeme McCann, Renewables Advisory Service 
Area Manager from DNV GL comments, “this statistic is 
even more remarkable considering that the same research 
predicts the global demand for electricity will increase 
rapidly from 22PWh/year in 2015 to 57PWh/year by 
2050, thereby increasing electricity’s share of total energy 
demand from 19% today to 45% over the forecasting 
period – it would appear that technology commentators 
refer with good reason to the mega-trend of electrification, 
with wind power sitting in the vanguard of this change.”
While there are huge opportunities for wind businesses, 
wind power’s future success cannot be taken for granted. 
To secure its place in the future energy mix, wind must 
demonstrate its reliability and its ability to maximise output 
while reducing costs.

In this paper, we look at what steps the wind-power industry 
can take, to maximise its success today and in the future. 

of the world’s electricity now 
comes from renewable sources. 

25% 
Around

wind energy is projected to contribute 
29% of total global electricity supply 
by 2050

Note to Designer: Can we put this into a simple 
graphic showing the actual size of 500 TB. This is 
the equivalent of 170,500,000 average-sized 
digital pictures to give it some context. (Can 
recalculate if we put it in a weekly �gure)
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A typical onshore wind 
farm can generate about

average-sized

digital pictures

500
terabytes of

 data
every 13 days. 
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REGIONAL 
FOCUS: EUROPE 
Europe is one of the fastest developing 
regions in the wind energy industry. 
Daniel Fraile, Head of Market 
Intelligence at WindEurope, gives insight 
into what could be to come for other 
markets developing in this space.

 “Europe installed 182 GW of wind power capacity during 
the last 20 years thanks to the emergence of a quickly 
maturing industry. In fact, 46% of the global installed wind 
capacity is manufactured by European companies. 

Onshore wind energy is the cheapest source of new power 
in many places in Europe today. Offshore wind is not far 
behind: auction prices last year fell significantly below 

previously set industry cost reduction targets. We have 
entered a new era of competition, with the emergence of 
zero-subsidy bids in the offshore sector. 

The wind energy industry represents a growing industrial 
sector supporting 262,712 jobs8 and making a notable 
direct and indirect contribution to the European economy. 
The IEA predicts wind in Europe to be the first electricity 
source shortly after 2030.” 

In June 2018, the European 
Union increased its renewables 
target to 32% by 20301

In China, regulators set 
a renewable energy 
target of 15% by 2020 
and 30% by 20302

The Canadian 
government has said that 
all federal institutions will 
be powered 100% by 
renewable electricity no 
later than 20253 

India plans to build offshore 
windfarms with a capacity 
of 30GW by 20304
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HARNESSING THE 
POWER OF NATURE

WEATHER CHALLENGES

SIZE AND SCALE

LOCATIONAL CHALLENGES
Global Tech 1 wind-farm 
in Germany lies

MAINTENANCE

The tallest wind turbine in the world is 

245.5m
The GE Haliade-X 12MW 
currently being developed is set 
to overtake this with a height of 

260m11

9

The longest turbine blade length is 

88.4m
(Longer than the 
full wingspan of 
an Airbus A380)

The Statue of Liberty 
towers to a height of

93m

Wind turbines are 
designed to endure 
temperatures as 
low as

Wind turbines in 
Death Valley, 
California, 
experience highs 
of nearly

A ‘normal’ wind 
turbine can with-
stand hurricane 
speeds of nearly
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CHINA

The Gansu Wind Farm in 
China is the largest onshore 
wind farm in the world with 

7000 
turbines in the Gobi desert14

12

Extreme weather poses 
extreme stress on this 
high-value equipment.

is spent on maintenance globally 
by wind-farm operators15   

Wind project operational 
costs can account for up to 

USD$8bn 
Over

20% 
of the total budget16

Gearbox failure can cost up to 

$500,000  
per incident17

Companies can reduce 
running costs by up to 

30% 
by streamlining operations 
and maintenance18

from shore10 

110km

Protecting a wind turbines 
value and output through 
effective maintenance will 
prove critical to achieving 
a competitive edge.
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In June 2018, the European Union 
increased its renewables target to 32% by 
2030 . 

In China, regulators set a renewable 
energy target of 15% by 2020 and 30% by 
2030 . 

The Canadian government has said that all 
federal institutions will be powered 100% 
by renewable electricity no later than 
2025 . 

India plans to build o�shore windfarms 
with a capacity of 30GW by 2030 .

By 2020 this global installed capacity is predicted 
to grow to around 186GW, representing roughly 
12GW of new wind capacity in cold climate 
locations on average per year. By comparison, the 
average annual growth rate for o�shore wind is 
forecast at around 4GW per year, making the cold 
climate market nearly three times the size of 
o�shore wind . 

Note to Designer: Although this will 
remain in the main body of text, 
please can we have an illustration of 
this section adjacent to the text, 
showing the avg annual growth rate 
of new wind capacity in cold climate 
locations (12GW) vs. o�shore (4GW)?

Average new wind capacity per year
by 2020

Cold climate locationsOffshore locations

PLEASE NOTE: THIS IS NOT A PAGE LAYOUT

In June 2018, the 
European Union 
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to 32% by 2030

In China, regulators 
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OPTIMISING 
OPERATIONS:
Key Challenges

The challenges power companies face in optimising wind 
farm operations are well known. With some types of power 
generation, jobs can be run to the tightest schedule and 
almost every variable controlled. This is possible, because 
engineers work in stable and predictable environments.

Wind-farm maintenance engineers do not have this 
luxury. Wind farms are often sited in remote and hostile 
environments, whether it be the battering winds off-shore 
equipment is subject to, or the freezing and volatile weather 
of cold climate sites, these highly variable conditions often 
lie far from centres of population. 

Although seemingly adverse, wind turbines are placed 
in these locations for good reason. Graeme McCann 
from DNV GL notes that “cold climate sites have recently 
received much attention thanks to their highly favourable 
wind conditions for energy production combined with 
low populated areas. Market studies show a cumulative 
capacity of about 127GW of wind power operating in 
such regions as of the end of 2015. By 2020 this global 
installed capacity is predicted to grow to around 186GW, 
representing roughly 12GW of new wind capacity in cold 
climate locations on average per year. By comparison, the 

average annual growth rate for offshore wind is forecast 
at around 4GW per year, making the cold climate market 
nearly three times the size of offshore wind19. Other climatic 
conditions requiring special consideration for wind turbine 
installation and operation are tropical cyclones. At present, 
numerous offshore projects are planned in areas prone to 
tropical cyclones, be they on the eastern seaboard of the 
US or in the Straits of Formosa off Taiwan20.” 

While the conditions make these sites attractive due to their 
yield potential, it’s impossible to control all or even most 
of the variables that determine climatic impact on either 
operation or maintenance. 

Average new wind capacity per year by 2020

6



A DOUBLE-HIT ON 
MAINTENANCE 
The impact of these factors on the economics of wind 
power is not simply theoretical. According to a recent 
analysts’ report, the global costs of maintaining wind farms 
is set to double between 2015 and 202021. But the industry 
does not have to take this as inevitable. There are steps that 
can be taken now, to reduce maintenance costs today and 
keep them lower in the future. 

The challenges of operating in 
remote and hostile environments fall 
into two main categories: access and 
equipment strain.

ACCESS
With turbines on remote hillsides, offshore, and in cold 
climate locations, it can be difficult to get the right 
equipment and personnel onsite quickly if an unexpected 
problem occurs. This can lead to increased downtime 
and a loss of profits as a result. According to a recent 
study, logistics alone accounts for up to 17% of the 
annual operational budget of offshore windfarms22. This 
underlines the critical nature of preventative maintenance 
in the wind industry – addressing the problem before it 
even occurs.

EQUIPMENT 
STRAIN: 

Equipment in such environments is under constantly — 
and often rapidly — changing or generally increased 
loads. For example, cold climate sites provide high 
energy yield, but cause increased structural loading 
levels. This makes effective and consistent operation 
challenging as it increases stress on key turbine 
components, that can lead to unplanned downtime if 
unmanaged.

A study by the Fraunhofer Institute for Wind Energy 
found that the mean downtime on the sites studied 
was up to eight days for the drive-train system 
and six days for the transmission system23. The 
monetary impact this has is significant and shows 
the importance of not only implementing predictive 
maintenance measures, but also having the right 
experts onsite when needed.   
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PREPARING 
FOR MOTHER 
NATURE 
While we simply do not have the ability 
to control the weather, Graeme McCann 
from DNV GL shares tips for operators on 
the areas of site assessment that can help 
ensure they are best equipped for the 
challenges of Mother Nature:

Special considerations for cold climate projects 
(low temperatures and / or icing) should cover:

 ■ site access (also under heavy  snow conditions)
 ■ thorough site assessment (temperature ranges, icing 
frequencies)

 ■ determination of operational and extreme loads
 ■ reliable grid connection
 ■ sufficient power supply for the safety/heating/cooling 
systems

 ■ proper selection of temperature resistant materials and 
supplies

 ■ reliable start-up procedures for gear box, generator and 
transformer

 ■ requirements for anti-icing or de-icing systems; and 
personnel safety. 

For turbines exposed to tropical cyclones 
additional requirements are in place:

 ■ site assessment (including wind speeds and grid stability); 
 ■ Safety system design (including detection of tropical 
cyclones and load mitigation strategies)

 ■ Management of back-up systems in case of grid outages
 ■ Yaw system management (the component responsible for 
the orientation of the wind turbine rotor towards the wind) 
to follow the rapidly changing wind direction even during 
possible grid outage.

In the face of tough external conditions, a crucial factor 
in determining how much downtime a site suffers, is its 
lubrication regime. A Shell Lubricants survey of power 
operators found that 40% said they had experienced 
equipment breakdowns because of ineffective lubrication24.

But 38% say that lubrication isn’t an organisational priority. 
This is a missed opportunity when you consider that simply 
choosing an effective synthetic lubricant for your specific 
equipment and location — even before you consider 
optimising other aspects of lubrication management — can 
help to reduce costs significantly25. 

As the size, power and the operational time (capacity 
factor) of turbines increases, the impact these factors have 
on maintenance costs, reliability and return on investment, 
will grow. This makes getting maintenance right — and 
doing it now, in preparation for the expansion of wind 
capacity — more important than ever. 
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FAILURE TO 
OPTIMISE 
IS NOT AN 
OPTION 
The wind-power industry is highly complex and faced 
with a wide range of challenges and opportunities. These 
range from the increased complexity (and effectiveness) of 
big-data analytics and the need to reassure investors that 
subsidy-free operating models don’t over-expose them to 
energy-price fluctuations. 
  
With so many issues vying for their attention, power 
generators are often not aware of how significant of an 
impact optimising operations through maintenance can have 
on the bottom line.

Don’t Underestimate the Cost of Not 
Optimising

According to a recent report, globally, wind-farm operators 
spend over $8 billion on maintenance. As things stand 
today, this figure is expected to increase by 11% a year, 
every year, between now and 202526. 
 
On any given wind project, operational costs can account 
for up to 20% of the total budget27. Every year, there are 
1,200 incidents of gearbox failure among the 175,000 
geared turbines worldwide. These commonly cost around 
$300,000 per incident and sometimes up to $500,00028.  

Without data-based optimisation, these costs will continue to 
rise. This is not sustainable and, left unchecked, will prevent 
the industry from scaling up. It is, however, unlikely that 
the whole industry will fail to come to grips with the issue. 
More probably, the approach will be variable and those 
companies that do not optimise will — particularly as we 
move to a subsidy-free model — find it harder and more 
expensive to attract the investment they need to expand and 
take advantage of the opportunities offered by the energy 
transition. This will give their competitors the edge.

Every year, there are 
1,200 incidents of 
gearbox failure among 
the 175,000 geared 
turbines worldwide. 
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A COMPETITIVE 
OPPORTUNITY 
FOR FIRST 
MOVERS 
A dynamic in which the need to optimise operational and 
maintenance costs repeatedly loses out to other issues 
has created an odd state of affairs. Power generation 
companies know that operational optimisation is an issue 
that will have a significant impact on their bottom line and 
long-term sustainability. But, in many cases, companies are 
not yet acting on that knowledge. 

Gaining an edge through a Total Cost of 
Ownership (TCO) approach

By taking a TCO approach29 to operations, companies can 
significantly reduce their running costs. By looking at the full 
picture when purchasing or maintaining equipment and/or 
operations, it allows decisions to be made based on cost-
efficient output, rather than short-sighted, up-front costs. 
A study by Accenture found that operators which 
streamlined their operation and maintenance practices 
reduced their overall running costs by 30%30. Operators 
who move now toward a holistic approach to maintenance 
will be well placed to gain a competitive edge over their 
rivals. This will help not only with the immediate bottom line 
but also in making sure they are strategically placed for the 
next round of public investment in wind power.  

Lubrication: an unrealised efficiency 
opportunity

Recent research by Shell Lubricants found that 84% of 
executives in power companies recognised that effective 
equipment lubrication can generate savings and have a 
significant impact on the bottom line. Despite this, there 
appears to be a gap between intention and action, with 
over one third (38%) saying that lubrication is rarely a 
priority.  And as a result, 40% say their companies still 
experience regular breakdowns because of ineffective 
lubrication. 

A key reason for this appears to be a lack of training and 
understanding of the benefits effective lubrication can bring 
to equipment, with 83% thinking maintenance staff would 
benefit from additional training in the theory and practice of 
effective lubrication. 

High quality lubricants and greases, when effectively 
managed, have the ability to help improve equipment 
productivity and reduce unplanned downtime. They protect 
the heart of the wind turbine – the gearbox -, and the 
strong thermal stability of synthetic lubricants allows them 
to optimally protect equipment in the extreme temperatures 
faced. By minimising deposit wear and ultimately friction, 
wind turbines can run smoothly, contributing to extended 
equipment life. 

The oil life of lubricants varies from product to product 
and can also play a big part in effective equipment 
maintenance. For example, the 10-year oil life of Shell 
Omala S5 Wind reduces the number of oil changes for 
operators by 33% over a 20-year lifespan when compared 
to a conventional synthetic wind turbine gear lubricant31. 
Choosing a lubricant that offers oil life benefits such as 
this allows reduction in equipment downtime and costs 
associated with oil change.

The Power of Partnerships

Collaboration will be key to unlocking success in the wind 
industry. Working with third-party experts allows you to 
deploy field specialists where needed to find the right 
technical and organisational approach to challenges and 
advise on optimisation tactics. 

By working with specialist OEMs, parts and consumables 
developers and industry bodies, wind-turbine operators can 
benefit from industry-leading tools, research and expertise 
that it would not be cost effective to build in-house. Through 
knowledge-sharing, consultancy and close collaboration, 
operators can draw on this expertise to achieve measurable 
efficiencies, cost-savings and improved return on investment 
for their equipment, their consumables and their specialist 
personnel. 
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INDUSTRY 4.0 
There are several ways in which companies can act now 
to fine-tune their approach to turbine maintenance in a 
way that makes a tangible impact on the bottom line. The 
most prevalent of these, currently, is using “Industry 4.0” 
technology32. 

With connected sensors throughout each turbine, operators 
can monitor loads, stress levels and operating conditions in 
real-time. Combined with advanced AI-led data analytics, 
this allows engineers to not only spot problems before 
they occur, but also to use predictive maintenance across 
the entire enterprise, minimising downtime and maximising 
output. 

As the economics of wind energy continue to face more 
pressures, digital technology applications could unlock 
significant value for industry participants across the entire 
supply chain.

Daniel Fraile, WindEurope, points out that although digital 
technology applications could unlock significant value 
for industry participants, we are still a while away from 
widespread uptake: “Today, manufacturers and operators 
are sitting on vast banks of data that are never seen, let 
alone analysed or optimised. For instance, a typical onshore 
wind farm can generate about 500 terabytes of data 
every 13 days. At a moderate operating load and 20-year 
lifetime, this would translate into more than 61,000 terabytes 
for a single site. Engineers will select just a few indicators 
to monitor in real-time, and monitor other indicators at 
semi-regular intervals. But much of the collected data will 
never be consulted until a failure occurs. Many operators 
do not adopt more sophisticated data analysis tools or 
digital solutions because of upfront costs, time or a lack of 
knowledge on where to start. 

The value of data analysis seems to become even more 
apparent when wind farms approach the end of support 
schemes and end of their expected lifetime. Over the next 
decade, between 40 and 60 GW of wind energy will 

reach the end of its designed operational life, according 
to our latest WindEurope estimates. But some of these 
assets will be fit to continue safe operation beyond this 
time, and digital solutions could play an increasing role 
in addressing lifetime management strategies for wind 
turbines. For example, creating digital ‘twins’ for prognosis 
of failures in key components would help operators to 
decide how long they should ‘sweat the asset’ (operate it 
without maintenance interventions) and decide at what point 
maintenance, overhaul and replacement of components will 
yield maximum benefit.”

To achieve the maximum benefit from these technologies, 
it is important to consider how they will impact each other, 
as well as how they will impact elements of your current 
maintenance regime. The best way to do this is to work 
with specialist providers that are able to partner with your 
engineers and scientists — including, where appropriate, by 
providing training — to analyse your needs and identify the 
right approach and the right products for your business. 

Note to Designer: Can we put this into a simple 
graphic showing the actual size of 500 TB. This is 
the equivalent of 170,500,000 average-sized 
digital pictures to give it some context. (Can 
recalculate if we put it in a weekly �gure)

PLEASE NOTE: THIS IS NOT A PAGE LAYOUT
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CONCLUSION 
This is a time of tremendous opportunity for 
the wind industry. Sentiment among policy 
makers and among the public is shifting at 
just the time when the economics of wind 
power is improving dramatically. 

But, along with opportunity, these changing fundamentals will 
bring with them increased competition and increased risk. To 
compete with other power sources, the sector must maximise 
efficiency, cost effectiveness and uptime. Individual operators 
must do the same if they hope to be successful in bidding for 
new locations and contracts as these become available.

Maintenance is key to this quest for greater efficiency. Through 
the application of Industry 4.0 technologies, wind-farm 
operators can move to a regime of data-driven, pre-emptive 
and ongoing maintenance methods to maximise uptime while 
minimising cost. Innovation, however, cannot achieve this 
alone. 

To make effective use of new technology, the quality of 
lubrication is key to ensuring that equipment is working to 
maximum operational efficiency and is a crucial element of the 
new maintenance regime employed by wind-farm operators. 

As wind power becomes a bigger player in the future 
energy mix in the face of tougher emissions targets, industry 
collaboration and knowledge sharing will be critical to its 
sustained success.
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Shell Lubricants

The term “Shell Lubricants” collectively refers to Shell Group 
companies engaged in the lubricants business. Shell sells 
a wide variety of lubricants to meet customer needs across 
a range of applications. These include power generation, 
consumer motoring, heavy-duty transport, mining and 
general engineering. Shell’s portfolio of lubricants includes 
Shell Omala, Pennzoil, Quaker State, Shell Helix, Shell 
Rotella, Shell Tellus and Shell Rimula.  We are active across 
the full lubricant supply chain. We manufacture base oils in 
seven plants, blend them with additives to make lubricants in 
over 40 plants, and distribute, market and sell lubricants in 
over 100 countries. 

We also provide technical and business support to 
customers. We offer lubricant-related services in addition 
to our product range. These include: Shell LubeMatch –
the market leading product on-line recommendation tool, 
Shell LubeAdvisor - helps customers to select the right 
lubricant through highly trained Shell technical staff as well 
as online tools, and Shell LubeAnalyst - an early warning 
system that enables customers to monitor the condition of 
their equipment and lubricant, helping to save money on 
maintenance and avoid potential lost business through 
equipment failure.

Shell’s world-class technology works to deliver value to our 
customers. Innovation, product application and technical 
collaboration are at the heart of Shell lubricants. We have 
lubricants research centres in China, Germany, Japan 
(in a joint venture with Showa Shell), and the USA. We 
invest significantly in technology and work closely with 
our customers to develop innovative lubricants. We have 
a patent portfolio with 150 + patent series for lubricants, 
base oils and greases; more than 200 scientists and 
lubricants engineers dedicated to lubricants research and 
development.

DNV GL

DNV GL is a global quality assurance and risk management 
company. Driven by our purpose of safeguarding life, 
property and the environment, we enable our customers to 
advance the safety and sustainability of their business. We 
provide classification, technical assurance, software and 
independent expert advisory services to the maritime, oil & 
gas, power and renewables industries. We also provide 
certification, supply chain and data management services 
to customers across a wide range of industries. Operating 
in more than 100 countries, our experts are dedicated 
to helping customers make the world safer, smarter and 
greener.

DNV GL in the power and renewables industry

DNV GL delivers world-renowned testing and advisory 
services to the energy value chain including renewables 
and energy management. Our expertise spans onshore 
and offshore wind power, solar, conventional generation, 
transmission and distribution, smart grids, and sustainable 
energy use, as well as energy markets and regulations. Our 
experts support customers around the globe in delivering a 
safe, reliable, efficient, and sustainable energy supply.

WindEurope:

WindEurope is the voice of the wind industry, actively 
promoting wind power in Europe and worldwide. It has 
over 450 members with headquarters in more than 40 
countries, including the leading wind turbine manufacturers, 
component suppliers, research institutes, national wind 
energy associations, developers, contractors, electricity 
providers, financial institutions, insurance companies and 
consultants. This combined strength makes WindEurope 
Europe’s largest and most powerful wind energy network.
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