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Abstract
Wind power is an important and growing source of renewable energy in Europe. Due to
the wind conditions, offshore wind power is a promising option. Hence, optimization and
reducing disruption to production of any kind is of interest. This report addresses one
cause of generation interruption for wind power stations: the occurrence of fire within
the wind turbine. It is estimated that 0,3-0,5 fire incidents of this nature occur per 1000
power stations (onshore and offshore) per year. The current report describes features of
the general design of wind turbines, lists fire causes based on available data, as well as
information about the presence of combustible material in wind turbines. The report also
presents possible conceptual design solutions that lower the fire risk. The application of
active fire protection systems, such as multi detectors and extinguishing measures, are
effective options, as are the introduction of passive fire protection systems, such as systems that isolate hot surfaces (ignition sources) from combustible material. The primary
objective of such fire protection systems is life safety, although a level of asset protection,
business continuity, etc., is also possible with the proposed measures. However, decisions
on investment in such measures would require a cost-benefit analysis so as to compare
any financial impact with the cost of implementation. Finally, means of egress in the event
of fire are discussed by applying emergency plans relating to technical installations used
for access and fast egress in order to avoid exposure to the effects of fire. The major conclusion in the report is that fire safety engineering needs to be part of the design phase of
offshore wind power projects.
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1. Introduction

2. Fire Incidents in Wind Power Stations

There is a societal push to identify and optimize alternative sources of power generation. In 2013, wind power was the source for 1% of total energy consumption worldwide
[1]. Offshore wind power represents about 2% of global installed capacity; a total of
8,759 MW. At present, more than 91% (8,045 MW) of all offshore wind installations can be
found in European waters; mainly in the North Sea (5,094.2 MW: 63.3%), Atlantic Ocean
(1,808.6 MW: 22.5%) and in the Baltic Sea (1,142.5 MW:14.2%) [2].

In this section statistics and a more detailed analysis of incidents of fire turbine fire is
presented.

Offshore wind power is a growing source of energy. In Sweden the general trend in recent
years is that wind power stations have been built in increasing numbers (refer to Table 1).
In 2011 about 200 000 wind turbines existed worldwide [3]. An increasing number are
built offshore but also at increasing distances from the shoreline (for example, in 2013 the
first turbines were built at a distance greater than 100 km from the coast [4]. At the beginning of 2013 1,662 power stations were located offshore [5]. Wind energy has grown from
a global generation capacity of 6.1 GW in 1996 to 369.6 GW in 2014 [2]. Global offshore
wind power production has increased to 8.8 GW in 2014 [2]. To indicate the relativity
generation capacity of wind energy, the total world electricity generation in 2013 was
23 322 TWh [6].
Table 1: Number of wind power stations in Sweden [7].
Year

Total number

2009

1419

Yearly increase

2010

1723

304

2011

2039

316

2012

2403

364

2013

2665

262

2014

3048

383

There is a beneficial environmental impact from maximizing and optimizing this source of
energy production and hence minimising all significant sources of disruption to production. The occurrence of fire in wind turbines is one type of disruption, which is in focus
of this paper in the context of offshore wind turbines. Currently there is only limited statistical information available in the public domain relating to wind power plants (both
onshore and offshore) and their functionality. The current paper deals with five aspects of
fires in offshore wind power stations. The first section deals with information on the incidence of fire and the causes for ignition. Thereafter, information on wind turbine design
and fire protection systems are presented and discussed. Finally, a review of both current
legislation and guidance documents is presented, relating to fire and evacuation.

2.1 Statistics
In relation to both onshore and offshore wind turbines, between ten and thirty percent
of all loss-of-power-generation incidents in wind power plants are due to fire [3]. According to Caithness Windfarm Information Forum data [8], the annual number of incidents
during 2007-2012 has been steady at 120-160 worldwide. As discussed by Uadiale et al.,
anecdotal evidence suggests that this represents only about 10% of the actual fire incidents. Unfortunately, the validity of the data is uncertain, as there is no formal process
for recording incidents. Using the range of the Caithness data, there were between 12 and
48 fire incidents per annum between 2007 and 2012, or an average of two and a half fire
accidents per month. Of course, if the anecdotal evidence is accurate, the true number of
fire incidents could be ten times higher. Until 2013 Data from Germany and Austria indicate higher rates of fire incidents. There were 38 incidents reported during 2008-2015 in
these countries of which 23 (60%) were fire incidents [9]-[31].
It is useful to normalize the data so that the figures are linked to the number of wind
turbines. In Germany and Austria, 23 000 wind turbines were constructed up until 2013.
With the total number of fire incidents reported over the period 2008-2015 results in on
average 0.02% fire incidents per turbine per year.
Number of fires per 1000 turbines
per year onshore and offshore

Reference

0,05

[3]

0,2

[32]

0,2

[10]-[31]

0,5

[36]

0,15

[38] reference to the insurance
underwriter Gcube

0,5

[38] reference to DNV GL

Table 2: Number of fires per 1000 turbines per year onshore and offshore.
Table 2 presents a comparison of estimates of wind power stations fires from various
sources. The average rate is 0.3 fires per 1000 turbines per year. To put this figure into
context with building fires, by comparison in Sweden there are typically approximately 20
fires per 1000 buildings per year. It is estimated that between 0.3 [34] and 0.5 [33] fire
incidents occur per 1000 offshore wind power stations per year. Hence, the number of
offshore fires is of the same order of magnitude as onshore.

2.2 Incidents details
With respect to the frequency of occurrence, the problem with respect to fire may appear minor compared to general problems with quality and mechanical failures in off
shore wind power stations [32]. However, wind turbine fires tend to cause substantial
losses (equal to or above the original cost of the wind power plant), especially off-shore.
Offshore wind power stations are more difficult to access in case of fire. Furthermore,
offshore turbines are bigger and more costly to install and repair and will incur much
higher costs in the event of a fire incident. Causes of fire incidents in onshore and offshore
installations appear to be alike. Hence, the frequency for on- and off shore wind turbines
may be assumed to be comparable. However, the consequence is assumed to be larger
off shore due to accessibility and possibilities to intervene in case of fire. This leads to a
higher assessed risk [33].
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Fire causes are only registered by insurance companies when the loss exceeds the deductible, i.e., when the insurer actually has to make a payout. Various sources of information
[3], [32]-[35] indicate the following fire incidents:
•
•
•
•
•
•

After maintenance (the highest frequency)
Lighting strike (has been reduced with design changes)
Electrical failure
Hot surface ignition
Hot work maintenance
Cooking

The Swedish Civil Contingencies Agency, MSB, records all incidents where the fire service intervened. In the period 2009-2014, nine incidents were recorded which matched
the search in the MSB database on fire for ‘vindkraftverk’ (wind turbines) and ‘vindkraft’
(wind energy) [36].
Table 3: Fire causes in wind turbines, Sweden[36].
Year

Initial fire location

Cause

Consequence

2014

Elevator engine and
cables 50 up in the
tower

Technical error in
the elevator

Smoke filled the tower and
nacelle

2014

Turbine

Unknown, technical
error plausible

The nacelle had reached
flashover when the fire service
arrived. They extinguished fires
on the ground due to objects
falling down

2014

2011

2011

Electrical cabinet
inside the tower
Tower

Capacitor started to
burn
Unknown

The components of a wind turbine can be grouped into three categories; the structure,
the primary system, where power is generated, and the control system. The structural
components comprise large passive elements, and include the turbine blades, the nacelle,
and the tower and associated supporting structure. Primary components include the mechanical and electrical components within the wind turbine which convert the movement
of the blades into a rotation and convert this rotation into electricity and associated transmission. Control systems are those secondary systems which are required for either optimisation of the position of the nacelle and angle of attack of the blades, based on wind
speed or direction, for maximum utilisation of the turbine; or systems required to ‘turn
off’ or stop the rotation of the blades to prevent damage in for example high winds, or
during maintenance.
Figure 1 illustrates schematically the components of an offshore wind turbine. The different groupings of components are denoted by colour. Included in the schematic is also the
off turbine components required for transmission of the power to an onshore grid.
Roating tip/
tip vane

Turbine a blades
Hydraulic system
Blade pitch
change mechanism
Hub/Rotor assembly

Fire spreads to include tower,
nacelle and rotor blades. Falling
objects.

Electrical cabinet
inside control room

Unknown

Fire self-extinguished

2011

Cooker inside the
nacelle

Cooker left on.
Shortcut

2 persons were trapped above
the fire. They rescued themselves

2010

Nacelle

Unknown

Fully developed fire inside the
nacelle. Falling objects on fire.

2009

Electrical cabinet

Shortcut in electrical Fire was extinguished by a
cabinet made it im- portable fire extinguishers
possible to stop the (powder)
wind power plant

2009

Battery on ground

Overloading due to
strong winds

Fire service extinguished the
battery on fire. Smoke-filled
structure.

Fire Safety in Offshore Wind Turbines | SP Technical Research Institute of Sweden

Sensors
Electronic
control

Mechanical
brake
Lowspeed
shaft

Gearbox

Sensors
Highspeed
shaft

Generator

Blade pitch
change mechanism

Fire was extinguished by a
portable fire extinguishers
(powder)

As can be seen in the Table 2 some were minor fires that were extinguished with a portable fire extinguisher and not all were located in the tower or nacelle.
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3. Wind Turbine Systems

Hydraulic system

Tower

Yaw system

Turbine a blades

Hydraulic system

On turbine
Off turbine

Key

Structure
Primary
system
Control
system

Roating tip/
tip vane

Electronic
control

Transformer

Offshore
substation

Transition piece
Foundations

Inner cable
array

Export
cable

Figure 1: Schematic illustration of the components of an offshore wind turbine showing
approximate position.
In the following sections a description of the main components is provided according to
the categories mentioned above. In addition to these main components there are various
other coolers, oil pumps and bearings inside a wind turbine, as well as a large amount of
cabling throughout.

3.1 Structural components
The wind turbine blades capture the wind energy and convert it into mechanical energy.
They typically either comprise a structural shell with shear webs (Figure 2), or a box spar
with shell fairings [36]-[40]. The shell of the blades is typically a composite “sandwich”,
i.e., a lightweight core material with a high-strength skin. Core materials of the composite
include Balsa, Foam cores (such as PVC, SAN, Urethane, PET), and engineered core materials [47], while the “skin” consists of a fibre-resin matrix. The fibres include glass, carbon,
aramids [47]; and resins include epoxies, Vinyl or Polyester, toughened resins and thermoplastics [47]. The most common material of choice for turbine blades is a glass fibre
reinforced polymer, with low cost and high reliability being the driving factors in material
choice [47].
Fire Safety in Offshore Wind Turbines | SP Technical Research Institute of Sweden
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Upper (LP)
Spar Cap
Sandwich Shell

Sandwich Shell

Trailing Edge

Leading Edge

Once the energy has been converted from kinetic energy to electrical energy the transformer steps up the voltage, from less than 1kV to between 10 and 36 kV, for transmission. For weight saving, in modern turbines, the transformer is normally located at the
base of the tower. The inner cable array then transmits the power from one turbine in the
farm to the next on its way to the offshore substation. The export cable then transfers the
energy from the offshore substation to the grid [50].

3.3 Control system
TE Shear
Web

Sandwich Shell
LE Shear
Web

Sandwich Shell
Lower (HP) Spar Cap

Figure 2: Wind turbine blade comprised of composite shell with shear [40].
The diameter of the circle which is travelled through by the blades is called the disc of
rotation, the larger the turbine output the larger the disc of rotation is. As an example, the
disc of rotation size of a 10 MW turbine is normally around 180 m diameter [47].
The nacelle of the turbine protects the inner components of the wind turbine from the external environment. The nacelle consists of a main structural frame to which most components are attached; this frame transmits the structural loads from the rotor to the tower
[50]. Cladding on the frame may be either steel, aluminium or a fibre reinforced polymer,
similar to the turbine blade construction.
The tower of the wind turbine is typically a steel tube consisting of rolled and welded
plate. The tower typically houses a transformer in the base and the yaw motor at the top,
as well as communication and power cables and some kind of means of access, such as
a ladder or elevator [50]. The tower of the wind turbine is connected to the foundations
by means of the transition piece. Commonly referred to as the TP, this also comprises
secondary elements such as landings, ladders and platforms for access to the turbine [49].
Foundations for offshore wind turbines may comprise monopoles, tripods, jackets, concrete structures or even floating structures [50].

3.2 Primary system components
The hub or rotor is the assembly which convert the movement of the blades into a rotational movement which in turn drives the other components and the generator inside the
wind turbine. The blades and the blade pitch mechanism are attached to the hub, which
turns the low speed shaft inside the wind turbine [36], [50]. The component is typically
comprised of cast steel [50].
The low speed shaft delivers the mechanical energy from the rotor assembly to the gearbox. The low speed shaft is required to support the rotor assembly and is therefore massive, typically comprised of forged or cast iron, although carbon fibre reinforced polymer
(CFRP) is being introduced as an alternative material here for weight saving [36], [51].
The gearbox is required to convert the low rotational speeds from the hub and low speed
shaft to the high rotational speeds required to drive the generator [36]. In general gear
boxes are used as opposed to a direct drive turbine because of the complexity, weight
and expense of a generator capable of operating at the low rotational speeds provided
by the main shaft [51]. Currently step-up gearboxes are popular, although in the future
some gearboxes may be replaced by AC-DC-AC Cycloconverters [47], except in large wind
turbines where epicyclic gearboxes are likely to remain popular [47].
The high speed shaft delivers the rotation from the gearbox to the generator, which converts the energy from kinetic energy into electrical energy [36].
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The blade pitch change mechanism adjusts the angle of attack of the turbine blades to
reduce the lift if the wind speeds are too high or to increase the lift if the speeds are too
low. The mechanisms are installed in the hub or rotor assembly, and one is installed for
each blade. Both electrical and hydraulic systems can be used, however in offshore applications hydraulic control is more common [51]. Control of the angle of attack is based on
the input from external sensors.
The yaw system, similar to the blade pitch change mechanism, adjusts the turbine for
optimum power generation. It is located between the nacelle and the tower. It is typically
hydraulically actuated [36].
There are two types of mechanisms for addressing overspeed in wind turbines in addition
to control of the blade angle of attack; these are either mechanical devices or aerodynamic devices. The mechanical brake acts on the low speed shaft to lock the wind turbine
when needed [36]. On the ends of the turbine blades the rotating tip / rotating vane are
two of the most common methods for aerodynamic overspeed control [39].

3.4 Ignition sources and combustibility of components

In order for a fire to start a source of ignition and combustible material is needed. Possible sources of ignition are identified and listed in Table 4. Combustible materials inside a
wind turbine are also identified and listed in Table 5. The presence of ignitions sources and
combustible material create the possibility of ignition and fire development. However,
details of the design will influence he particular outcome in the event of a fire occurring.
Table 4: Possible sources of ignition.
Component

Ignition mechanism

Blades

Lightning strikes

Gearbox

Overheating / hot surface ignition

Generator

Electrical fault

Electrical system

Electrical fault

Nacelle

Lightning strikes

Mechanical brake

Overheating or damage to the brake causing sparks

Hydraulic system

Overheating of the pump

Oil pumps

Overheating / hot surface ignition

Transformer

Table 5: Combustible material inside of a wind turbine.
Component

Material

Blades

FRP / composite

Low speed shaft

Future turbines are likely to use CFRP for the low speed shaft

Gearbox

Gear box oil, in relatively small quantities, is likely to contribute to
the fuel load inside of a wind turbine

Nacelle

Varies, but FRP composites are used

Yaw system

Hydraulic oil

Mechanical brake

Carbon fibre

Hydraulic system

Hydraulic oil

Blade pitch change
mechanism

Hydraulic oil

Oil pumps

Lubricating oil

Transformer

Oil filled transformer
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4. Fire Protection Systems

EN ISO 1182 – Non combustibility test (classes A1 and A2)

There are generally two types of fire protection systems in buildings, structures and vehicles, namely active fire protection and passive fire protection. Both active and passive
fire protection systems play an important role in fire safety in wind turbines. Collectively,
fire protection systems help to achieve the desired fire safety objectives, whether it is
safety of people, property protection, environmental impact, or business continuity. In
the context of wind turbines, the basic principles of fire protection systems apply whether
the location is onshore or offshore, and hence no further distinction is made in this section of the paper.

EN ISO 1716 – Determination of the heat of combustion (classes A1 and A2)
EN ISO 11925-2 – Ignitability of building products subjected to direct impingement of
flame (classes B-E) (Figure 3)
EN 13823 – Building products exposed to the thermal attack by a single burning item
(classes A2-D) (Figure 3)

Testing cabinet
for draught free
environment

4.1 Legislative requirements
An important consideration with regard to fire protection systems in offshore wind turbines is to understand the legislative environment, i.e., what are the mandatory requirements with regard to fire protection systems. Sweden is used as an example of European
legislative requirements in this regard. A range of different regulations are potentially
applicable to fire protection in offshore wind turbines. They are discussed in the next
section. With regard to building regulations, in Sweden a wind turbine is not treated as a
building, either onshore or offshore, so hence the Swedish building regulations [41] do not
apply. There are however three other pieces of legislation that do apply.

Specimen
Ignition flame

Firstly, the technical provisions of the Planning and Building Act [42] apply to wind turbines. There are two aspects from the Act concerning fire safety that are applicable:
1.
2.

Load capacity, stability and durability
Safety in case of fire

Secondly, the technical provisions of the Building and Planning Ordinance [43] also apply
to wind turbines, as follows:
1.
2.
3.
4.
5.

The structure's fire resistance is likely to persist over a defined time
The development and spread of fire and smoke within the structure is limited
The spread of fire to nearby constructions is limited
Persons who are in the structure when a fire occurs may leave it or be rescued by
other means and
Consideration has been given to the safety of rescue services in case of fire

Thirdly, the requirements for the Application of European Construction Standards [44] are
applicable. The focus of EKS 9 with respect to fire is structural stability in fire, with SS-EN
1991-1-2:2002 [45] being the nominated standard that must be complied with. As such,
SS-EN 1991-1-1-2 [45] does not provide any specific requirements for fire protection systems, but the wind turbine structure must satisfy the structural stability in fire provisions
nominated in the standard.

4.2 Reaction to fire
The Swedish building regulations do not apply to wind turbines constructed in Swedish territorial waters, or onshore in Sweden, and hence the construction product classification
requirements do not apply. However, the general technical requirements for fire safety
in the Planning and Building Act [42] and the Planning and Building Ordinance [43] do apply, and the requirements in the building regulations can be used as guidance to find an
appropriate level of safety concerning reaction-to-fire properties for building products.

Figure 3: Test Single Burning Item, SS-EN 13823 (left) with test size 1,5 x 1,5 m, and Small
flame, SS-EN ISO 11925-2 (right) with test size 0,25 x 0,09 m.
The classification for classes B to F is performed for complete products, and not at the
material level. This means that, e.g., a sandwich panel with a core of highly flammable
materials can be protected by a layer of non-combustible or low flammable material and
achieve class B. Therefore, the classification has the biggest impact in the early stages of
a fire, before flashover occurs. Examples of classifications are:
A1
–
A2-s1,d0 –
B-s1,d0 –
C-s2,d0 –
D-s2,d0 –
E
–
F
–

Stone, glass, steel
Gypsum board (thin paper), mineral wool
Gypsum board (thick paper), fire treated wood
Wallpaper on gypsum board, fire treated wood
Untreated wood
Some plastics and synthetic materials
Unclassified

Generally, the classes B and higher will not lead to flashover in the full scale room corner
test according to the test method EN 14390 [53], see Figure 7, while class C or lower will
lead to flashover. However, there are exceptions, where some products perform better in
the small scale tests compared to the full scale tests, or the other way around.

In Europe, construction products and building elements are classified according to their
reaction-to-fire properties, i.e., their ignitability, flame spread and smoke development,
according to the European standard EN 13501-1 [52]. There are seven different classes
(A1, A2, B, C, D, E and F) which are combined with the additional classifications for smoke
production (s1, s2 or s3) and flaming droplets/particles (d0, d1 or d2). The classification is
based on four different test methods, which vary depending on the classification:
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Smoke optical
density

Gas analysis (02, CO, C02)
Flow measurment

Exhaust gases

Exhaust hood
3mx3mx1m

Space monitoring relates to the different areas of the turbine installation being monitored
by a fire detection system, such as the interior (nacelle and tower) and the exterior (transformer and substation). For the internal systems, CFPA-E recommends smoke detectors,
and that they are designed for the varying ambient conditions that will exist.

2,4 m

Gas burner

Doorway
0,8 m x 2,0 m
3,6 m

m
2,4

Figure 4: Room Corner Test, EN 14390.
There are no prescriptive requirements for the materials in wind turbines The CFPA-E
guidelines [54] recommend the use of non-combustible materials where possible, and
exceptionally low flammable material (class C according to EN 13501-1 [55]). Class C is the
general minimum requirement for wall claddings in Swedish 3-16-story buildings, so this
minimum level can be considered as appropriate by comparison. Class D is the general
minimum requirement for any type of building, so using lower classes than D should not
be seen as appropriate.
In NFPA 850 [56], interior finish in buildings critical to power generation or conversion
should be Class A, classified according to ASTM E 84 [57]. The test methods used for this
classification differ from the methods used in the European classification, so it is not possible to directly translate this requirement to a corresponding European class. However,
some comparison test studies performed [58] indicates that Class A products according
to ASTM E 84 would most likely be classified as class C or higher in the European system.

4.3 Active fire protection
Active fire protection (AFP) consists of fire protection systems that have some form of
electro-mechanical “activation” in the event of a fire. AFP systems have four primary roles:
•

•
•

•

14

The CFPA-E [54] suggests that a local fire detection system be installed to automatically
detect a fire at its incipient stage, due to no other detecting methods (e.g., observation by
staff) being present in an unmanned installation. The purpose for such detection is to trigger the fire extinguishing system, and to shut down the turbine. The CFPA-E recommends
that the detection system have two parts – space monitoring and equipment monitoring.

To detect a fire, applying some form of detectors
• Flame detectors which detect radiation from flames
• Heat detectors which detect hot convective flow
• Gas detectors which detect gas combustion products and
• Smoke detectors which detect aerosol (fine solid particles or liquid droplets
suspended in air) products of combustion
To provide warning that a fire has occurred, i.e. some form of alarm
To control or extinguish the fire, where control consists of maintaining the heat output from the fire at a constant level, i.e., the fire stops growing, and extinguish consists of reducing the heat output of the fire, i.e., the fire decays
To manage the smoke and gases produced by the fire, e.g., smoke reservoirs, smoke
extract, pressurisation, etc

Fire Safety in Offshore Wind Turbines | SP Technical Research Institute of Sweden

Equipment monitoring, relates to individual items of equipment installed in the nacelle
and tower, such as transformers, switchgear and inverter cabinets, etc. Such equipment
is the most likely source of any fire starting so hence targeted equipment monitoring,
in addition to space monitoring, reduces detection time to a practicable minimum. The
CFPA-E recommends smoke detectors for general equipment monitoring, but for mineral
oil transformers, heat detection in combination with a two-stage relay (pre-alarm and
main alarm shutdown).
In relation to the Construction Products Regulation (CPR), the applicable European standard for CE-marking of fire detection/alarm systems is EN 54 Fire Detection and Fire Alarm
Systems series of standards.
The CFPA-E recommends the following fire extinguishing systems in wind turbines, subject to suitability for the specific installation conditions:
•
•
•
•
•

Carbon dioxide
Inert gas
Water mist
Water spray
Foam

The CFPA-E specifically excludes powder and aerosol extinguishing systems from its recommendation since they cause consequential losses, i.e., they contain higher levels of
residue and are corrosive.
The applicable European standards are the EN 12259 Fixed Firefighting Systems – Components for Sprinkler and Water Spray Systems series, and the EN 12094 Fixed Fire Fighting
Systems – Components for Gas Extinguishing Systems series.
The CFPA-E also has prescriptive recommendations for fire extinguishers, nominating at
least 1x6 kg CO2 and 1x9 l foam extinguisher in the nacelle and 1x6 kg CO2 at each intermediate level and the base of the tower.
The International Association of Engineering Insurers [64] makes recommendation on
active fire protection systems that closely match those of the CFPA-E. The only real difference is that a range of detection options are provided, namely:
•
•
•
•

Smoke
Heat
Flame
Multi-sensor

Urban notes that as turbines are unoccupied for the majority of the time, detection systems are essential. A “double knock” system, consisting of two or more detectors, to be
triggered independently for activation, should be employed. This should trigger a suppression system that is suitable for the wind turbine in question, namely; water mist,
foam, gaseous, dry chemical, and condensed aerosol [63].

Fire Safety in Offshore Wind Turbines | SP Technical Research Institute of Sweden
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4.4 Passive fire protection
Passive fire protection (PFP) forms part of the fabric of a building, structure or vehicle, and
has three primary roles:
•
•

•

Limiting the effects of the fire to the area where the fire starts, known as compartmentation or containment
Minimising the development and impact of the fire by selecting materials with fire
performance that is either inherently better, or is enhanced in some way, and generally known as reaction-to-fire properties
Achieving a certain level of fire resistance so as to maintain structural (load-bearing)
performance and avoid premature collapse

PFP “achieves safety by design, which includes material selection, compartmentalisation and other measures to minimise the fire spread” (p. 18 in Ref. [63]). Containment
is achieved by the use of fire- and smoke-rated elements of construction such as walls,
floors, doors, fire-stopping, protective coatings, etc. Reaction-to-fire performance characteristics are achieved by selecting materials that have low combustibility and smoke
production properties, which is either inherent or due to modification of the materials’
fire performance. Fire resistance is generally achieved by protecting vulnerable elements
of construction and/or designing for residual performance. There are various sources in
the international literature of guidance and recommendations on how PFP systems can
improve fire safety in wind turbines.
The CFPA-E guide [54] describes a range of measures to reduce the risk of outbreak of fire,
which fall primarily into the category of fire prevention, but with some PFP measures also.
With regard to fire prevention:
1.
2.
3.
4.
5.
6.
7.
8.
9.

With regard to “non-combustible” hydraulic oils and lubricants noted previously, the definition for “non-combustible” given in ISO 13943 is “not capable of undergoing combustion under specified conditions”. There is an important note in ISO 13943 which clarifies
what is meant by the phrase “under specified conditions” in the definition, stating that “in
some regulations a material is classified as being non-combustible even if it is capable of
combustion, provided that its heat of combustion is less than a defined amount” (definition 4.239, p. 28 in Ref. [66]).
With a focus on fire properties of materials in the nacelle, Uadiale et al. [3] and Uadiale
[65] provide a list of PFP (including fire prevention) measures that can be taken:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Non-combustible hydraulic oil and lubricants be used
Radiation barriers be installed to protect combustible solids
Flame-retarded materials be used
Installation of comprehensive lightning protection systems
Avoiding the use of combustible materials
Avoidance of hot work activities
Monitoring and maintenance of critical systems
The installation of electric overvoltage protection
The use of flame retardant materials
The use of materials that have washable surfaces, so that foreign matter such as oil
will not accumulate

PFP measures such as radiant barriers should be used in conjunction with AFP systems.

Lightning and surge protection
Minimise risk from electrical systems
Safely managing work that involves flammable liquids
No storage of combustible materials
Avoid possible ignition sources
Avoid hot work
Monitoring, inspections, servicing and maintenance
No smoking policy
Training of staff

In relation to PFP:
1.

Minimise combustible materials by elimination, use of low flammability materials and
non-absorbent materials

2.

Use of cabling that meets certain reaction-to-fire requirements

In a similar vein, the International Association of Engineering Insurers suggests that relevant measures relating to fire prevention, are [64]:
•
•
•
•
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In the event of a leak/spill of combustible fluid, ensure the material is safely collected
and disposed of
No combustible materials should be stored in the nacelle
All cables and wiring should have meet strict reaction to fire requirements relating to
toxicity, emissions and fire propagation
Potential ignition sources should be avoided by appropriate design, compliance with
earthing rules and regulations, and the use of brake disc covers to prevent any sparks
igniting combustible materials
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5. Requirements for Manufacturing, Health and Safety
and Evacuation
In this section design requirements and guidelines concerning manufacturing the turbine,
health and safety (H&S) relating to the operation of the turbine, as well as evacuation
from turbine structure, are presented.

5.1 Manufacturing
The primary systems of a wind turbine (i.e., excluding the wind turbine structure) are considered, from a regulatory perspective, as machinery. In Europe, product-related safety
issues for machinery are regulated by the Machinery Directive [61] which has in turn been
adopted into Swedish legislation [62].
The manufacturer is responsible for complying with the product-related safety requirements in the Machinery Directive and other relevant directives. The manufacturer is also
responsible for the provision of a technical risk assessment which should take into account
all the risks that could be associated with the machine when in use. The turbine manufacturer is obliged to inform the user if risks cannot be reduced by technical measures or
construction. The manufacturer should furthermore provide information and suggestions
as to how the risk can be prevented or/and minimized. Practical guidance and examples of
technical risk assessments are provided in the EN ISO 12100-1 [60].
The requirements of the Machinery Directive [61] are formulated in a general manner.
Detailed descriptions of how the requirements of Machinery Directive AFS 2008:3 [62]
can be complied with, are mentioned in the so-called “harmonized standards”. It is not
mandatory to apply a harmonized standard, but if the manufacturer decides to use a standard, all machines have to comply with the basic health and safety requirements of the
Machinery Directive.
Relevant standard for wind turbines are, for example:
•
•

EN 50308, Wind turbines - Protective Measures - Requirements for design, operation
and maintenance
EN 61400-1 Wind turbines - Design requirements

Furthermore, some standards for the construction of the tower and the turbine are:
•
•
•
•
•

There are only a limited number of official rules which regulate the health and safety
of organization offshore. In many cases it is only possible to refer to a recommendation
or a guideline. Therefore, the company carrying out work is required to conduct risk assessments for each non-regulated or unsafe situation (Directive 89/391 OSH Framework)
[71]. In the Swedish legislation it refers to the Work Environment Act, Arbetsmiljölagen
[59]. There are no regulations for risk assessments, except for the obligatory TOP-ranking
(Hierarchy for risk assessment measures T-technical, O-organization, P-personal). Thus,
the nature of a risk assessment is essentially up to the company required to carry out the
assessment.
There are some standards that deal with risk assessments:
•
•

ISO 31000 - Risk management [77]
IMO - MSC/Circ.1023 MEPC/Circ.392 Guidelines for Formal Safety Assessment (FSA)
[76] HSE plan

The H&S policy is usually mentioned within the HSE-Plan. But the plan is just a management tool and not officially required by the current legislation.
Possible topics for a H&S plan are:
•
•
•
•
•
•
•
•

H&S representatives
Legal frame for the operation
Conduction of risk assessments
Emergency response plan
Rescue drill
Access plan (for the platforms)
Fire Safety concept including (ERP and EEP)
Etc.

In Anglo-Saxon countries the H&S plan is often a part the CDM (Construction Design and
Management) Plan Regulations 2007. This regulation places specific duties on clients, designers and contractors, to plan their approach for health and safety throughout offshore
construction projects.

IEC 61400-1, Wind turbines - Part 1: Design requirements
IEC 61400-3, Wind turbines - Part 3: Design requirements for offshore wind turbines
IEC 61400-22, Wind turbines - Part 22: Conformity testing and certification
ISO 19900 General requirements for offshore structures
ISO 19902 Fixed steel offshore structures

Due to the fact that wind power plants are covered by AFS (2008:3) [62], all electronically
parts must be CE-marked. The CE-mark means that wind turbines comply with the corresponding EU-directives (e.g. Machinery Directive 2006/42/EC and the EMC Directive
2004/108 EC). Electronic parts which are covered by the AFS 2008:3 [62] may not be sold
or used without the CE-marking.

5.2 H&S requirements
The Swedish Work Environment Authority, Arbetsmiljöverket, verifies that the AFS 2008:3
[62] requirements are followed by conducting market inspections and checks within wind
energy projects. If the Arbetsmiljöverket determines that a CE-marked wind turbine has
such defects that it may compromise safety regulations, the Arbetsmiljöverket has the
right to take appropriate measures, such as to prohibit the work. EU member states are
not allowed to impose additional requirements for CE-marked products beyond those
that are mentioned in the Machinery Directive.
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6. Fire safety and evacuation

6.1 Fire safety plan (FSP)

Offshore evacuation in Sweden is provided by two services according to Swedish
legislation.
According to Lagen om Skydd mot Olyckor (2003:778) (the Swedish Law on Protection
from Accidents) [70] the Swedish rescue service is responsible for conducting rescue operations both on-shore and offshore but the Sjöfartsverket (Swedish Maritime Administration) is responsible in case of distress at sea. The area of responsibility includes not only
the land but also lakes and the sea. The territorially limit is a distance of 12 nautical miles
(22.2 km) from the coastline (alternatively from the Swedish border).
At the same time the client is responsible to provide rescue equipment for first aid, firefighting and self-evacuation.

Put out fire with
Extinguisher

Monitor the area
and update as
necessary

Let the tower
burn out

Radio the
Crew Boat stating:
“This is an
Emergeny Call”
Give details

Can Fire be
contained with
Fire Extinguisher?

MTC to contact
Environmental
Agency & inform

Call Coast Guard and
Marine Traffic Controller
& place on standby

Yes
Evacuate via the
base door. Isolate
tower and close
the door after
exiting

Can you evacuate
by normal access
door at the base of
the tower?

•
•
•
•
•
•
•

No

Evacuate from
platform into
Crew Boat

Initiate self rescue
procedure from
Nacelle with ropes
and decent device
found in the Nacelle

Fire fighting
Active fire protection
Measures to minimize fire spread
Facility notification
Emergency communications
Personnel responsibilities
Etc.

6.3 Emergency escape plan (EEP)
When a wind turbine is initially being built, it is considered to be a construction site.
According to European Directive 92/57/EEC [74] for temporary or mobile construction
sites and Directive 89/654/EEC [73] relating to workplace requirements, it is the client’s
duty to organize the evacuation of construction sites.
Whether during the construction phase, or in service, an Evacuation Escape Plan (EEP)
is recommended in several Swedish and international documents [35], [54], [56]. A flow
chart on such a process is given in Figure 5. No more prescriptive requirements are given
in the documents.
According to ISO 23601:2009 [84] an Emergency Escape Plan has to include the following
information:
•

Crew Boat to
mainstain a safe
distance. Place all
offshore personnel
on standby to
evacuate the
Wind Farm

Emergency Response Plan
Emergency Escape Plan
Dangerous stored materials
Connections to sprinkler system (if available)
Layout drawing and site plan of building
Maintenance Schedules for life safety systems
Personnel training and fire drill procedure
Etc.

An Emergency Response Plan (ERP) is a plan developed by the owner/operator of a wind
turbine facility that provides details of how to respond to an emergency situation. An ERP
can address the following aspects:

No

Inform Crew Boat
and MTC of the
situation

•
•
•
•
•
•
•
•

6.2 Emergency response plan (ERP)

On discovery of a Fire

Yes

An offshore wind turbine is considered to be the same as any land-based place of work,
and hence H&S requirements apply in the same way. As part of a broader H&S Plan, an
offshore wind turbine facility should have a Fire Safety Plan (FSP), which can include the
following:

•
•
•
•
•
•

Current site and facility plan drawings with key features of the facility as verified by
site visit
Identification of all escape routes
Evaluation planning documentation including expected people movement
Location of all firefighting and emergency equipment including alarm buttons
Required actions to be taken in case of emergency or fire (Emergency chain)
Assembly points
Etc.

Figure 5: Suggested procedure of action in case of fire [90].
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6.4 Means of escape
It is important to recognize that the means of access (i.e., access to and movement around
a wind turbine installation in non-emergency situations) are not always with the same
as the means of escape in case of emergency [88]. A site changes in case of emergency,
routes of access may not be available in case of fire, and the needs of an evacuee might
differ under these changed conditions. The evacuation route from a wind power station
should be analyzed following six, not necessarily consecutive, steps:
•
•
•
•
•
•

Egress from rotator
Egress from the nacelle
Descending the tower
Accessing and egressing intermediate and fundament platform
Accessing a vessel for rescue
Others (Water)

7. Concluding Remarks
Wind power stations present an important source of renewable energy in Northern
Europe. Due to their high efficiency in comparison to onshore installations, offshore power stations are important and hence, the number of offshore power stations is increasing.
Fire can be a serious threat to the operation of an offshore power station since they are
difficult to reach from shore. Available data show that fires do occur in offshore wind
power stations but the frequency of such events is uncertain. For the current work it
was difficult to obtain a reliable estimate of fire incidents for offshore power stations. In
order to conduct a credible risk assessment exercise, comprehensive data on the number
of fires in the nacelle/turbine, tower, transformer units and control rooms, as well as the
material used in the particular designs, would be essential.
There are no good sources of fire incident data that can be used for scientific research
purposes where there is both a large sample size and accurate reporting. For offshore
turbines the situation is further complicated by the limited number of turbine years. The
statistics that were identified during this research indicate a range of between 0.05 and
0.5 fires per 1000 turbines per year, which is relatively low compared to, say, the rate
building fires. This points to an average rate of approximately 0.3 fires per 1000 turbines
per year, mainly in relation to onshore installations. Anecdotal evidence suggests that
offshore turbines fires have a similar frequency.
In spite of the restrictions caused by limited data, the current study has the following
findings:
Combustible materials as well as ignition mechanisms have been identified through statistical and material analysis. Although the blades are constructed from combustible materials, potential ignition sources are mainly inside the nacelle, where there are hot surfaces
are in the gearbox, generator, brake system, pumps and transformer. In combination with
the possible presence of combustible hydraulic and lubricant oil and solid combustible
material in the nacelle, a fire can ignite and develop, leading to the possible complete
destruction of the power station.
Appropriate fire safety engineering is important. The impact of fires in offshore wind turbines can be mitigated by using active and passive fire protection measures. The active
fire protection measures can consist of multi detection systems that react to smoke, heat
and flames, together with sprinkler and water mist systems. The passive fire protection
measures can consist of the utilization of low flammable and non-absorbent materials, as
well as cabling that meets certain reaction-to-fire requirements. Potential ignition sources
should be avoided by appropriate design, compliance with earthing rules and regulations,
and the use of brake disc covers to prevent any sparks igniting combustible materials. Fire
compartmentation could also mitigate some possible problems, especially since modern,
large-scale wind power stations have multi-storey nacelles.
National regulations specifically for offshore wind power stations do not exist in Nordic
countries such as Sweden. A set off other regulations such as H&S requirements do however apply. There are also a series of international guidelines and standards providing
guidance on the construction of the station. It is recommended that the operator of an
offshore wind facility provide a detailed Fire Safety Plan, which contains details such as
an Emergency Response Plan and an Emergency Evacuation Plan. This documentation
should be developed in collaboration with the relevant rescues services. Furthermore, it
is recommended to carry out relevant training for workers as well as possible fire fighters. Technical standards for a number of the features of offshore wind turbines, such as
escape routes and safety systems (alarm signals, etc.) could be of useful.

22

Fire Safety in Offshore Wind Turbines | SP Technical Research Institute of Sweden

Fire Safety in Offshore Wind Turbines | SP Technical Research Institute of Sweden

23

7. References
[1]

BP Statistical Review of World Energy, BP, June 2015

[32] Anonymous insurance company, 2015

[2]

Global Wind Report 2014, Global Wind Energy Council, 2015

[3]

Uadiale S, Urban E, Carvel R, Lange D, Rein G, Overview of Problems and Solutions in
Fire Protection Engineering of Wind Turbines. Fire Safety Science - Proceedings of the
11th Symposium, vol. 11, International Association for Fire Safety Science, 2014. 200.

[33] 2013 annual incident data report, G9 Offshore Wind Health and Safety Association,
2013

[4]

Offshore Wind Power as a Pillar of the Energiewende, Siemens AG, Energy Sector,
Erlangen, February 27 2013

[5]

Deep water: The next step for offshore wind energy,
European Wind Energy Association (EWEA), 2013

[6]

Key World Energy Statistics 2015, International Energy Agency, Paris, 2015

[7]

Vindkraftstatistik och prognos 2014, Svensk Vindenergi, Stockholm, 2014

[8]

Wind turbine accident compilation 2015, Caithness Windfarm Information Forum,
United Kingdom, 2015

[9]

Böhme D, Erneuerbare Energien in Zahlen - Nationale und internationale
Entwicklung at the Wayback Machine, Federal Ministry for Environment,
Nature Conservation and Nuclear Safety, 2014

[10] Brüggestraße T, Großeinsatz in Echtrop Windrad-Brand: Schaden in Millionenhöhe,
soester-anzeiger, 2014
[11]

Windrad brennt in 80 Metern Höhe, Schweriner Volkszeitung, 2014

[12] Windkraftanlage brennt in Dollerup, Schleswiger Nachrichten, 2013
[13] Heide D, Windrad geht in Flammen auf, Handelsblatt, 2013
[14] Hanz M, Millionenschaden: Feuer zerstört Windkraftrad, NWZ online, 2013
[15] Santo B, Brand einer Windkraftanlage auf dem Langenhard, Bo Baden Online, 2013

[35] Vindkraft - Arbetsmiljö och säkerhet, Energimyndigheten, 2014
[36] Räddningsinsatser m.m. vid vindkraftverk på land och till havs, MSB, Stockholm,
2010.
[37] Li YF, Valla S, Zio E; Reliability assessment of generic geared wind turbines by GTSTMLD model and Monte Carlo simulation; Renewable Energy 83 (2015), pp.
222 – 233 doi:10.1016/j.renene.2015.04.035
[38] Campbell S; Minimising fire risk in wind turbines; Windpower monthly 2015
[39] Quandt G; Wind turbine trailing edge aerodynamic brake design; National Renewable
Energy Laboratory, Colorado US, 1996, NREL/TP-441-7389 UC Category:
1213 DE96000525
[40] Blade manufacturing process; WIND ENERGY HANDBOOK, Gurit, 2009
[41]

Swedish building regulations, BBR – Boverkets byggregler, Boverket, 2011

[42] Planning and Building Act, Plan – och bygglag, Sveriges Riksdag, SFS 2010:900, 2010
[43] Building and Planning Ordinance,Plan- och byggförordning, Sveriges Riksdag,
SFS 2011:338, 2011
[44] Application of European Construction Standards, EKS 9, Boverket, 2013

[16] Windrad geht in Flammen auf, Mitteldeutschland, 2013

[45] Actions on Structures – Part 1-2: General Actions – Actions on Structures Exposed
to Fire, SS-EN 1991-1-2:2002, Eurocodes, European commission, 2002

[17] Referat Sitzung des Technischen Ausschusses, Simmersfeld, 18.01.2012

[46] SS-EN 1991-1-1-2 Eurocodes, European commission, 2002

[18] Clauser S, Windrad-Brand: 500.000 Euro Schaden, Die Glocke, Lokalnachrichten
Beckum, 2012

[47] Nolet SC, Composite wind blade engineering and manufacturing, Massachusetts
Institute of Technology, 2011

[19] Windrad in Flammen, Die Welt, 2012

[48] Ancona D, McVeigh J, Wind turbine - materials and manufacturing fact sheet,
Prepared for the Office of Industrial Technologies, US Department of Energy, 2001

[20] Brennende Windkraftanlage in Neukirchen, Kieler Nachrichten, 2012
[21] Windrad brennt ab – Schaden in Millionenhöhe, Walsroder Zeitung, 30.03.2012
[22] Windrad-Brand in Basedow: Feuerwehr machtlos, Lokal XXL, 2012
[23] Windrad bei Gols fing Feuer, Burgenland, ORF, Österreich,2012
[24] Windkraftanlage durch Feuer zerstört,Schleswik-Holsteinische Landzeitung ,2012
[25] Wimme H, Brennendes Windrad hielt Feuerwehr in Atem, Vienna.at, 2012
[26] Steimke: Windrad brennt, Allgemeine Zeitung, 2011
[27] Windrad brennt: drei Millionen Euro Schaden, BILD, 2011
[28] Windrad brennt - und keiner löscht, Duisburger Anzeige, 2010
[29] Brand einer Windkraftanlage, Retter.tv, 2010
[30] Lück I, Witt M, Wehe, wenn der Rotor brennt, Elmshorner Nachrichten, 2012
[31] Windkraftanlage abgebrannt - 1,5 Mio. Euro Sachschaden, Polizei Pressestelle
Husum, 2005

24

[34] Hertenberger KC, de Argüelles J, Ellinghaus R, Hong Ho K, Howe T, Johst M, Kjer T,
Kragelund N, McBride M, Mengotti A, Scholz F, Schreiber K, (2009), New Challenges
for Wind Energy, The international association of engeneering insurers, IMIA
conference Istanbul 2009

Fire Safety in Offshore Wind Turbines | SP Technical Research Institute of Sweden

[49] Nordsee One GmbH, Foundations, http://www.nordseeone.com/engineeringconstruction/basements.html, accessed 10th October 2015
[50] Kaiser MJ, Snyder B, Offshore wind energy cost modelling installation and decom
missinoing, 212, XVI, 236 p. Springer, ISBN 978-1-4471-2487-0
[51] Karimirad M, Offshore energy structures for wind power, wave energy and hybrid
marine platforms; 2014, XI, 301 p. Springer, ISB 978-3-319-12174-1
[52] EN 13501-1, Fire classification of construction products and building elements –
Part 1: Classification using data from reaction to fire tests, European commission, 2007
[53] EN 14390, Fire test – Large-scale room reference test for surface products,
European commission, 2010
[54] CFPA-E. (2012) Wind Turbines Fire Protection Guideline, CFPA-E No 22:2012 F,
Confederation of Fire Protection Associations in Europe, 2010
[55] Bauregellste A, Bauregelliste B und Liste C, Deutsches Institut für Bautechnik, 2014

Fire Safety in Offshore Wind Turbines | SP Technical Research Institute of Sweden

25

[56] NFPA 850 - Recommended Practice for Fire Protection for Electric Generating
Plants and High Voltage Direct Current Converter Stations, 2010 edition.

[81] ISO 16732 Basis for fire risk assessment ,
International Organization for Standardization, 2012

[57] ASTM E 84 – Standard Test Method for Surface Burning Characteristics of Building
Materials, ASTM Volume 04.07 Building Seals and Sealants; Fire Standards, 2011

[82] ISO 19900 General requirements for offshore structures,
International Organization for Standardization, 2002

[58] Ditenberger et. al. Room/corner tests of wall linings with 100/300 kW burner. In
Proceedings, 4th international fire and materials conference; 1995 November 15-16;
Crystal City, WA. London, UK: Inter Science Communications Limited: 53-62.

[83] ISO 19902 Fixed steel offshore structures,
International Organization for Standardization, 2002

[59] Svensk författningssamling 1977:1160, Arbetsmiljölagen , Sveriges Riksdag, 1977
[60] EN ISO 12100:2010 Safety of machinery -- Risk assessment, Maskinsäkerhet - Risk
bedömning - Del 1: Principer (ISO 12100-1:2010) , International Organization for
Standardization, 2010
[61] Machinery Directive (2006/42/EC), European Commission, 2006
[62] Maskindirektivet, AFS 2008:3, Arbetsmiljöverket, 2008
[63] Urbán, E., Detection and Suppression for Fire-safe Wind Turbines, Master’s Thesis, Edinburgh, Scotland: The University of Edinburgh, School of Engineering, 2013
[64] International Association of Engineering Insurers, New Challenges for Wind Energy,
Working Group Paper WGP 62 (09), IMIA Conference 2009, Istanbul, Turkey, 2009

[84] ISO 23932:2009 General Fire safety engineering principles,
International Organization for Standardization, 2009
[85] ISO/IEC 17020, International Organization for Standardization, 2012
[86] ISO/IEC 17025, International Organization for Standardization, 2012
[87] ISO/IEC 17065, International Organization for Standardization, 2012
[88] Hutchinson C , Emergency Evacuation Plan V90, OFFSHORE WINDPARK EGMOND
AAN ZEE, NoordZee Wind, 2006
[89] SpanSet GmbH & Co. KG, Jülicher Str. 49-51 52531 Übach-Palenberg,
Tel. +49-2451 / 4831 -0, Fax +49-2451 / 4831 - 8191,
info@spanset.de, www.spanset.de
[90] Project Procedure, Emergency Evacuation Plan V90, VESTAS, 2015

[65] Uadiale SO, (2013) Passive Fire Protection in Wind Turbines for Sustainable Energy,
Master’s Thesis, Edinburgh, Scotland: The University of Edinburgh, School of
Engineering.
[66] SIS. (2010). Svensk Standard SS-EN ISO 13943:2010 Fire Safety, Stockholm, Sweden:
Swedish Standards Institute, 2010
[67] EN 50308, Wind turbines - Protective Measures - Requirements for design,
operation and maintenance, European Commission, 2005
[68] EN 61400-1 Wind turbines - Design requirements, European Commission, 2005
[69] EN ISO 12100-1 Safety of machinery -- Risk assessment, International Organization
for Standardization, 2010
[70] Lag (2003:778) om skydd mot , Severiges Riksdag, 2003
[71] Directive 89/391 OSH Framework, European Commission, 1989
[72] AFS 1999:3, Arbetsmiljöverket, 1999
[73] Directive 89/654/EEC Workplace requirements, European Commission, 1989
[74] Directive 92/57/EEC Temporary or mobile construction sites, European Commission,
1992
[75] Hälso- och sjukvårdslag (1982:763), Sveriges Riksdag 1982
[76] IMO - MSC/Circ.1023 MEPC/Circ.392 Guidelines for Formal Safety Assessment
(FSA), Interim Maritime Organisation, 1997
[77] ISO 31000 - Risk management, International Organization for Standardization,
2009
[78] IEC 61400-1, Wind turbines
- Part 1: Design requirements, International Electrotechnical Commission, 2005
[79] IEC 61400-3, Wind turbines - Part 3: Design requirements for offshore wind
turbines, International Electrotechnical Commission, 2005
[80] IEC 61400-22, Wind turbines - Part 22: Conformity testing and certification,
International Electrotechnical Commission, 2005

26

Fire Safety in Offshore Wind Turbines | SP Technical Research Institute of Sweden

Fire Safety in Offshore Wind Turbines | SP Technical Research Institute of Sweden

27

SP Technical Research Institute of Sweden is an internationally significant group of institutes with around 1,500 employees. It is part of the RISE group. We create value in
cooperation and offer quality throughout the innovation chain, which is very important
for industrial competitiveness and sustainable development.
SP's mission is to contribute to growth and competitiveness of industry as well as to
safety, conservation of resources and a good environment in society. We do this through
applied research and a wide range of services in technical evaluation and metrology.
We develop knowledge through research in cooperation with universities and institutes
of technology, other research institutes and international partners. Our research covers
both fundamental and applied work.
Further information is available at www.sp.se

OFFSHORE VÄST
OffshoreVäst is a cooperation project which started in 2013 and can be seen as a platform
for interaction and innovation. We bring together some of Sweden’s best in the offshore
sector with the goal of developing together. By drawing upon the strong industry of
Sweden, we are developing an internationally recognized offshore industry in the Swedish
west coast area.
OffshoreVäst is owned by its consortium members, consisting of several companies,
universities, research institutes and public authorities with an interest in the offshore
sector. To reach our common goals we have also established strategic partnerships with
several organizations where there is a clear win-win situation.
OffshoreVäst is hosted by SP Technical Research Institute of Sweden and supported by
Västra Götalands Regionen as well as the consortium.
www.offshorevast.se

