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This guideline is not binding. In individual cases the insurer reserves the right to agree on
other safety precautions according to its risk evaluation, which may deviate from these
technical specifications.
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1 Preliminary notes

With the politically declared objective to support
renewable energy sources and to increase their
share in the overall energy supply significantly,
wind turbines have developed rapidly over the
last few years. In addition to the expansion of
locations, the development is characterized by
a constant increase of wind turbines’ dimensi-
ons (hub height, rotor diameter) and a constant
performance increase to up to 6 MW at present
(2007).

The concentration of values coming along with
the performance increase at wind turbines, and
increasing requirements with respect to the avai-
lability of wind turbines as well as loss experiences
made over the last few years have caused

m the German Insurance Association (GDV) and
m Germanischer Lloyd Industrial Services GmbH,
Business Segment Wind Energy (GL Wind)

to prepare the present guideline on fire protection
for wind turbines.

This guideline will describe typical risks of fire gi-
ven under the special conditions of the operation
of wind turbines. Measures for loss prevention will
be suggested as a result of the fire risk analysis.
The objective is to minimize the incidence rate
and the scope of a potential fire damage at wind
turbines. In addition to special fire protection mea-
sures for detecting, fighting and preventing fires,
procedural safety measures and comprehensive
control technologies/systems for monitoring pro-
cedural operations and conditions are required.
It must be ensured that the wind turbine is being
transferred to a safe state as a result of early de-
tection of malfunctions of the system.

The application of so-called Condition Monitoring
Systems (CMS) is basically suitable for avoiding
mechanical consequences of loss. Maintenance
and controlling measures for wind turbines, in-
cluding a possible shutdown required to avoid
damage before it occurs, may be derived by me-
ans of monitoring the condition of relevant com-
ponents and modules in the wind turbine and by
documenting change processes. The following
aspects have to be taken into account in order
to ensure professional monitoring and condition-
oriented reaction if required:

m Suitability of CMS for wind turbines with respect
to the operating conditions to be expected

m Scope of the condition monitoring

m Indicators and measurement (sensors)

m Capturing, processing and forwarding of the

signal

Relevant limiting values

Alarm and acknowledgement of the alarm

Possible change of condition and its evaluation

(diagnostics)

m Documentation (data storage) and its prepara-
tion for the purpose of evaluating changes of
conditions (database)

Manufacturers of wind turbines and their compo-
nents as well as operators of wind turbines are
each responsible in their sphere of action.

Condition monitoring systems do not replace the
required maintenance of wind turbines (see also
paragraph 5.1.6)

The information on safety measures described
in the following paragraphs neither claims to be
complete nor does it release anyone from the ad-
herence to official obligations and regulations.

The present publication is based on the loss ex-
periences that are currently available and on pro-
spective safety-related failure analyses.

In case that there will be any basic alterations with
respect to the risk-related evaluation, it is inten-
ded to update this guideline.

Adherence to legal regulations and relevant sets
of rules representing state-of-the-art safety tech-
nology is being implied.

2 Scope of application

The present guideline refers to the planning and
operation of wind turbines constructed as lattice
mast or tower.

The fire protection concept applies to individual
wind turbines as well as to wind farms designed
as onshore or offshore installations.

Fire protection requirements on wind turbines re-
fer to the overall system and take into account
the system-specific main areas of risk at the rotor
blades, in the nacelle (machine house), in the to-
wer, or at the premises.

Depending on the kind of risk, different fire pro-
tection measures might be required.
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Fire protection measures are specifically de-
signed for the operation and for servicing and
maintenance activities resulting from the operati-
onal process. All fire protection measures should
be ready for operation by the time the operation
starts at the latest.

Fire protection measures mentioned in this gui-
deline do not take into account the assembly pe-
riod.

This guideline basically applies to turbines that
will be newly built. Existing turbines should be ad-
justed to the fire protection measures mentioned
in this guideline as far as is feasible.

3 Risks

Wind turbines differ from traditional power gene-
ration systems in terms of the basically existing
risk of total loss of the nacelle as a result of initial
fire. Main features of risk include:

m High concentration of values within the nacelle

m Concentration of potential ignition sources
within the nacelle, and increased risk of light-
ning strikes

m Unmanned operation

m No possibility of fighting the fire by fire brigades
because it is too high

m Remote, sometimes difficult to reach locations
of the wind turbines, which is the case with off-
shore installations in particular

The average newly installed capacity per wind
turbine has increased continuously in the last few
years.

Year Average capacity per Number of
newly installed wind total turbines
turbine [kW] [unit]
2002 1395 13759
2003 1553 15387
2004 1696 16543
2005 1723 17574
2006 1849 18685

Source: DEWI (German Wind Energy Institute)

Table 1: Wind turbines in Germany

The expenses for wind turbines and their compo-
nents as well as the restoration costs after a fire
increase with the increase of the installed capaci-
ty. In addition, the loss caused by an interruption
of operations increases with increasing capacity.

3.1 Damage to property and
follow-up costs

According to the insurers’ loss experience, fires
at wind turbines can cause significant damage to
property and very high follow-up costs —as shown
in the following examples — amongst others due
to the downtime of the wind turbine and liability
claims, etc.

3.1.1 Property risk

Fire damage in wind turbines may occur

m in the nacelle,

m in the tower,

m in the electric power substation of the wind tur-
bine or the wind farm.

Today, in most new wind turbines,

m switchgear, inverter, control cabinets and
m transformer

are placed in the nacelle. Thus, the risk of fire in-
creases significantly there. Due to the high density
of technical equipment and combustible material
in the nacelle, fire can spread rapidly. Moreover,
there is the danger that the upper tower segment
is being damaged in addition. In case of a total
loss of the nacelle, the restoration costs may well
reach the original value of the wind turbine.

With respect to offshore wind turbines, signifi-
cantly higher costs for required special ships,
e.g., floating cranes or cable layers are to be ex-
pected. In the case of partial loss, in particular,
this can significantly increase the overall loss ex-
penses.

3.1.2 Exposure to interruption of operations

Experience has shown that in case wind turbines
are damaged, interruptions of operations usually
take some time. Interruptions of several months
are not unusual. In case of total damage to the
nacelle, the time of interruption of operations may
well last 9 to 12 months. Components with the
longest delivery time include, amongst others,
gearbox, generators, and transformers. In case
of damages to offshore wind turbines, the de-
pendency on the weather when trying to reach
the turbines and the dependency on the availa-
bility of a crane/service ship cause additional dif-
ficulties.

If the damage is so severe that it would be sensi-
ble from an economic point of view to rebuild the
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turbine, the operator is subject to official obliga-
tions. The notice of approval for erecting a wind
turbine usually specifies the type of the wind tur-
bine. The operator does not have any possibility
to erect a maodified turbine at the site of the dama-
ged wind turbine if

m the notice of approval does not apply any lon-
ger or
m there is no approval for repowering.

In both cases a new approval procedure is ne-
cessary, which might extend the time of interrup-
tion of operations.

If a wind turbine has an installed capacity of 2 MW
and an average annual output of 4 million kWh
as well as a supposed maturity of 20 years, the
loss of feed-in tariff according to the German Re-
newable Energy Sources Act (EEG) amounts to
approximately EUR 5,000 per week, for example.
(BWE Market Survey 2006, German WindEnergy
Association)

If a wind farm’s central electric power substati-
on is damaged by fire, all connected plants are
disconnected from the public power supply sy-
stem at the same time. The loss of profits incre-
ases proportionally with the number of connected
wind turbines. Central electric power substations
of offshore wind farms represent a particularly
high risk of interruption of operations since they

m comprise a large number of individual turbines
each,

m are particularly efficient, which usually results
in longer delivery times in case replacements
are required, and

m might be difficult orimpossible to reach at some
times and depend on the availability of crane/
service ships, like offshore wind turbines.

3.2 Examples of damages

3.2.1 Fire damage caused by lightning strike

During a heavy summer thunderstorm, the blade
of a 2 MW wind turbine was struck by lightning.
The turbine was shut down automatically and the
blades were pitched out of the wind.

The burning blade stopped at an upright position
and burned off completely little by little. Burning
parts of the blades that fell down caused a secon-
dary fire in the nacelle.

Investigation of the cause of damage showed
that the fire in the blade was caused by a bolted

Fig. 1: Fire after lightning struck a 2 MW wind turbine
in 2004 (Image source: HDI/Gerling)

connection of the lightning protection system that
was not correctly fixed. The electric arc between
the arrester cable and the connection point led to
fusion at the cable lug and to the ignition of resi-
dues of hydraulic oil in the rotor blades.

The nacelle, including the rotor blades, had to be
referred to as a total loss. The upper part of the
tower had also been destroyed due to the high
temperature.

Operations were interrupted for approximately
150 days; the total loss amounted to approxima-
tely EUR 2 million.
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Deficient lightning arrester installations in the ro-
tor blades of wind turbines have already caused
several damages by fire in the past.

3.2.2 Fire damage caused by machinery
breakdown

The nacelle of a 1.5 MW wind turbine completely
burned out after the slip ring fan of the double-
fed induction generator had broken. Sparks that
were generated by the rotating fan impeller first
set the filter pad of the filter cabinet on fire and
then the hood insulation. The damage to property
amounted to EUR 800,000.

Fig. 2: Burnt down nacelle of a 1.5 MW wind turbine
(Image source: Allianz)

3.2.3 Fire damage caused by failure in
electrical installations

A low-voltage switchgear was installed within
the nacelle of a 1 MW wind turbine. The bolted
connection at one of the input contacts of the
low-voltage power switch was not sufficiently tig-
htened. The high contact resistance resulted in
a significant temperature increase at the junction
and in the ignition of adjacent combustible mate-
rial in the switchgear cabinet. The fuses situated
in front did not respond until the thermal dama-
ges by the fire were very severe. Control, inverter
and switchgear cabinets that were arranged next
to each other suffered a total loss. The interior of
the nacelle was full of soot. Despite the enormous
heat in the area of the seat of fire, the fire was
unable to spread across the metal nacelle ca-
sing. The damage to property amounted to EUR
500,000.

Fig. 3: Power switch of a 1 MW wind turbine —
destroyed by fire (Image source: Allianz)

3.2.4 Fire damage caused by resonant
circuits

Several damages were caused by parallel reso-
nant circuits consisting of capacities (reactive po-
wer compensation or line filters) and inductances
(generator, turbine transformer, energy supply
companies, power chokes, etc.) which had not
been taken into account when designing the tur-
bine. The resonant circuits were activated by har-
monics. Resonance phenomena generated high
currents which damaged capacitors. Breakdowns
in the dielectric of the already damaged capaci-
tors — usually caused by overvoltage events — re-
sulted in an increase of power loss and in some
cases in the bursting of the capacitor containers.
The resulting fires usually caused total loss to the
reactive power compensation or to the inverter.
Protective circuits through discharge resistors
and choking were not available in the respective
cases.
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Fig. 4: Burst pressure vessel of a line filter capacitor
(Image source: Allianz)

3.3 Causes of fire damage

Based on loss experiences of insurers, the follow-
ing paragraphs will provide an overview of typical
causes of an outbreak and spread of fire.

The causes of fire damages are basically the
same with offshore wind turbines and with ons-
hore wind turbines. However, due to stronger ex-
posure to environmental conditions and currently
still quite limited experiences, the probability of
technical defects and thus the risk of fire are pro-
bably higher with offshore wind turbines than with
onshore wind turbines.

3.3.1 Increased risk of an outbreak of

fire caused by lightning strike

A large number of cases of damage have shown
that lightning strikes are among the most frequent
causes of fire at wind turbines.

The special risk of lightning strikes arises from
the exposed locations (often located at a high-
er altitude) and the large height of the structure,
amongst others.

The risk of fire increases particularly when the
lightning protection system is not implemented
and maintained properly. If the contact resistance
of the lightning conductor path is too high, ther-
mal damages are almost inevitable in case of
lightning strikes.

3.3.2 Electrical installations

Besides lightning strikes, failures in electrical in-
stallations of wind turbines are among the most
common causes of fire. Fire is caused by over-
heating following overloading, earth fault/short
circuit as well as arcs. Typical failures include the
following:

m Technical defects or components in the power

electronics (e.g., switchgear cabinet, inverter

cabinet, transformer) that have the wrong di-

mension

Failure of power switches

Failure of control electronics

High contact resistance due to insufficient

contacts with electrical connections, e.g., with

bolted connections at contact bars

m Insufficient electrical protection concept with
respect to the identification of insulation de-
fects and the selectivity of switch-off units

m No or no all-pole disconnection of the genera-
tor in case of failure/switch-off of the turbine

m Missing surge protection at the mean voltage
side of the transformer

m Resonances within RC (resistor-capacitor) cir-
cuits (line filter, reactive power compensations)

3.3.3 Hot surfaces

If all areodynamical brakes fail, mechanical
brakes, which shall slow down the rotor, can re-
ach temperatures that result in an ignition of com-
bustible material. In case of such an emergency
braking, flying sparks that are caused by mecha-
nical brakes without cover also pose a high risk
since flying sparks might also ignite combustible
material that is further away. Defects at turbines or
parts thereof, e.g., leakage of the oil systems and
dirt, increase the risk of fire.

Other risks exist in case of overloading and poor
lubrication of generator and gearbox mountings.
In these cases the mountings get too hot. Com-
bustible material and lubricants can ignite when
they get in contact with hot surfaces. For examp-
le, if a failure at the mounting leads to rubbing of
rotating components, the flying sparks resulting
thereof might cause a fire.

3.3.4 Work involving fire hazards

Work involving fire hazards relating to repair, as-
sembling and disassembling work, e.g., welding,
abrasive cutting, soldering and flame cutting, is a
frequent cause of fire. Due to the high tempera-
tures that occur during these activities, combusti-
ble material that is in the close or further environ-
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ment of the working site may get on fire. Welding,
cutting and grinding sparks are particularly dan-
gerous since they can ignite combustible material
that is at a distance of 10 metres and more from
the working site. Many fires break out several
hours after the completion of work involving fire
hazards.

3.3.5 Fire load

A wide variety of combustible material that can
cause an outbreak of fire and result in a fast
spread of fire is being applied in the nacelle of
wind turbines, e.g.,

m internal foam sound insulation of the nacelle, in
parts contaminated by oil-containing deposits,

m plastic housing of the nacelle (e.g., GRP),

m oil in the hydraulic systems, e.g., for pitch ad-
justments, braking systems. If there are any
damages or if the temperature is very high,
high pressure in the hydraulic pipes can cau-
se the hydraulic oil to escape finely nebulized,
and this can cause an explosive spread of the
fire,

m gearbox oil and other lubricants, e.g., for the
generator bearings,

m transformer oil,

m eclectrical installations, cables, etc.

Hydraulic oils, oil-containing waste that has not
been removed, and lubricants, which are stored
in the nacelle are additional fire loads and not
only increase the general risk of fire unnecessa-
rily, but also increase the risk of a spread of fire,
in particular.

3.3.6 Strongly limited accessibility
for fire fighting

With the currently available means, fire brigades
do not have any chance to fight fires at wind tur-
bines if the nacelle or rotors are affected. The
fire brigade’s turntable ladder does not reach
the necessary height. Therefore, a nacelle that is
on fire cannot be reached from the outside. The
way towards the nacelle via ladder or elevator of
a burning turbine is also perilous for fire fighters,
and therefore, this is also no option. Fire fighters
are exposed to the risk of getting hurt by burning
parts falling down even on the ground at the sur-
roundings of the turbine. Due to the fact that the-
re is an increasing trend to integrate transformers
into the nacelle, fire fighters also have to pay at-
tention to high-voltage power lines.

With respect to the fires that have occurred so
far, the fire fighters’ work has been restricted to
the protection of the location of the fire and the
prevention of secondary fires on the ground or at
adjacent installations.

In case offshore wind turbines are affected by fire,
manual fire fighting from the outside is not to be
expected.

3.3.7 Limitations with respect to maintenance
(servicing, inspection and repair)

Due to the cramped confines in wind turbines and
the limited accessibility of the turbines’ compo-
nents it is very difficult for the maintenance staff
to conduct maintenance work appropriately and
professionally. The quality of work might suffer
from the difficult conditions.

4 Protection objectives and
protection concept

Fire precautions for wind turbines, which are de-
scribed in detail in this guideline, shall supple-
ment existing regulations and aim at minimizing
damage to property through limitation of the risks
of an outbreak of fire and spread of fire on the one
hand, and at preventing interruption of operations
due to fire on the other hand, and thus ensuring
the availability of the wind turbines.

The required scope of protection for wind tur-
bines may vary depending on the object-specific
risk and the risks to be insured, which can also
significantly determine the insurability according
to the insurers’ experience.

Experience has shown that in order to ensure the
required fire safety it is always sensible to pre-
pare a fire protection concept after consulting
with all parties involved, the insurer in particular.
According to this concept, all structural, turbine-
specific and organizational protection measures
shall supplement each other in terms of risk and
protection targets, and any kind of mutual impair-
ment of protection functions shall be excluded.
The risks of an outbreak of fire shall be limited
effectively by the following, amongst others:

m Use of non-combustible or difficult to ignite
materials

m Early fire detection with automatic fire detection/
alarm systems

m Frequent as well as professional maintenance
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m Automatic switch-off of the turbines and com-
plete disconnection from the power supply sy-
stem in case risks are being identified

m Training of employees with respect to handling
dangerous situations, and in-house regulati-
ons with respect to work involving fire hazards,
e.g., welding permit procedure.

In order to limit the risks of fire spread,

m early fire detection with automatic fire detec-
tion/alarm systems and

m fire fighting with automatic fire extinguishing
systems

have proven to be effective in addition to the use
of fire resistant components.

Moreover, it is always helpful to prepare an emer-
gency plan in order to limit potential damages,
and to keep this plan updated. Implementation
of this plan should be ensured by means of trai-
nings that take place on a regular basis.

Highly acknowledged rules of technology have
been prepared for planning, implementation and
operation of these fire precautions as well as for
assuring their quality. The present guideline will
refer to these rules.

In addition, changes of the conditions in the po-
wer train can be detected early on by means of
condition monitoring systems (CMS), and thus
the risk of an outbreak of fire due to such changes
can be prevented.

Reference: GL guideline for the certification of
condition monitoring systems for wind turbines

In case existing wind turbines shall be revised in
terms of fire protection according to this guide-
line, it should be clarified in advance with authori-
ties, the manufacturer of the turbine, the certifying
body of the turbine, and the insurer, amongst
others, whether a renewal of the official approval
and certification of the turbines might be required
due to retrofitting.

It is generally sensible to grade the required
scope of protection depending on the risk para-
meters. In doing so, the following has to be taken
into account, e.g.,

m loss experiences with different types and com-
ponents of turbines,

m capacity of the turbine in MW,

m structure of the wind turbine and arrangement
of risk components,

m location of the turbine (onshore or offshore),
m amount insured, and
m amount of deductible.

Table 2 shows an example of the grading of pro-
tection measures by means of so-called protec-
tion levels. It is possible to agree upon a different
grading of protection measures after consulting
with the insurer. Lightning and surge protection
according to paragraph 5.1.1 as well as general
electrical protection measures according to para-
graph 5.1.2 are generally implied.

Moreover, in case the automatic early fire detec-
tion system which serves to monitor the installa-
tion and room is activated, the wind turbine shall
be automatically shut down and disconnected
completely from the power supply system.

Protection
levels

0|1 2 | 3

Protection measures
as modules

Fire detection system — instal-

. o X | x| x| x
lation and room monitoring

Fire extinguishing systems — installation protection

Control, inverter and switch-

gear cabinets (LV/MV) S I
Transformer X | x
Hydraulic system X

Slip ring housing of the gene-
rator

Fire extinguishing systems — room protection

Raised floors with oil sump
and cable and electrical instal- X X
lation

Nacelle with generator, trans-
former, hydraulic systems, X
gearbox, brake, azimuth drive

Hub with pitch drive and gene-
rator, if applicable

Tower base/platform with exi-
sting installations, if applicable

Table 2: Examples of protection levels

Evidence of the effectiveness and reliability of
turbine-specific fire precautions can be provided
through respective approval of components and
systems by VdS Schadenverhiitung or through si-
milar approval.

The overall fire protection concept for wind tur-
bines shall be checked by an independent, ack-
nowledged body after consultation with the in-
surer, if applicable, with respect to whether an

10
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adequate protection against risk is ensured for
the respective wind turbine. This can be done in
the course of a test and certification procedure
complementing the type testing and certifications
by, e.g., Germanischer Lloyd Industrial Services
GmbH, that have proven their value and that
might be required.

Reference: GL Wind Guideline, certification of fire
protection systems for wind turbines, test proce-
dure

5 Protection measures

The following explanations represent an instruc-
tion for specifying fire precautions in the frame-
work of a turbine-specific fire protection concept.

5.1 Reducing the risks of an
outbreak of fire

Potential risks of fire and explosions should al-
ready be identified and important aspects of fire
protection should already be taken into account
during the planning and construction phase.

5.1.1 Lightning and surge protection

Wind turbines have to be equipped with compre-
hensive lightning and surge protection that is ad-
justed to the individual type of turbine. Systems
for lightning and surge protection have to be plan-
ned, build and operated like other components of
the wind turbine according to the acknowledged
rules of technology.

In order to plan systems for the purpose of light-
ning and surge protection it is required to do a
risk evaluation or to assume the highest possible
risk according to IEC 62305 (lightning protection
level | = LPL ). When evaluating the risk, the pos-
sible lightning paths, e.g., from the rotor blade via
hub, nacelle and tower to the foundation, have to
be recorded and observed exactly.

Lightning and surge protection have to cover the
nacelle and rotor blades, in particular, as well as
any kind of electrical installations or equipment,
including cable lines that are relevant for operati-
on and safety.

Fig. 5: Allocation of lightning protection zones (BSZ)
at wind turbines with metal nacelle (Source: Phoenix
Contact)

Attention has to be paid to the allocation of the
wind turbines’ components to individual lightning
protection zones depending on the disturbance
variable through partial lightning currents and
switching surges that may be expected.

In order to design the turbines’ components for
lightning protection, the relevant protection level
of the turbines has to be defined. In doing so, at
least protection level Il should be chosen for a
comprehensive lightning protection system for
wind turbines.

However, as is the case with high towers, low-
voltage lightning strikes also pose a challenge
to wind turbines. Therefore, protection areas at
the tower, nacelle, hub and rotors — also rotating
— should be identified by means of the so-called
rolling sphere method.

Reference:

m VdS 2010: Risk-oriented lightning and surge
protection; guidelines on loss prevention

m DIN EN 61400 (VDE 0127): Wind turbines
— Part 1: Design requirements (IEC 61400-1)

m DIN EN 62305 (VDE 0185-305) Protection
against lightning

m Part 1: General principles (DIN EN 62305-1;
VDE 0185-305-1)

m Part 2: Risk management (VDE 0185-305-2) in-
cluding supplementary sheets 1 and 2

m Part 3: Physical damage to structures and life
hazard (DIN EN 62305-3 und VDE 0185-305-3)
including supplementary sheets 1to 3

11


https://shop.vds.de/download/vds-2010

Vervielfaltigungen/Verdffentlichungen — auch fiir innerbetriebliche Verwendung — nicht gestattet

Heruntergeladen von IP 18.118.148.178 am 26.04.2024 - 09:21

© VdS Schadenverhiitung GmbH

Wind turbines

VdS 3523en : 2008-07 (01)

m Part 4: Electrical and electronic systems within
structures (IEC 62305-4)

m Guideline for the certification of wind turbines:
8 Electrical systems; section 7: Lightning pro-
tection measures, Germanischer Lloyd Indus-
trial Services GmbH

5.1.2 Minimizing the risk of
electrical systems

The protection technology, which comprises any
electrical installations as well as measures for
identifying power system faults and other abnor-
mal operating conditions at wind turbines and the
associated peripheral systems, shall be state of
the art. Its main task is to identify flaws selectively
and to switch off faulty parts of the power system
or individual electrical equipment, e.g., transfor-
mer, line, generator, immediately. There is cur-
rently no sufficient protection in most of the older
wind turbines.

Graded protection concepts which create mutu-
al reserve protection through the integration of
the protection systems of adjacent equipment
provide the best possible protection against fire.
This applies to the overall system planned by the
plant’s manufacturer and the wind farm developer
and to components which the planner creates on
his own according to the plant manufacturer’s
requirements. For example, with the appropriate
configuration, the risk of fire arising from an arc in
a low-voltage switchgear can be prevented despi-
te failure of the power switch. Appropriate arcing
fault protection systems detect the fault and open
the medium-voltage switch at the transformer’s
high-voltage side. Thus, the faulty component is
being selectively disconnected from the power
system. The same goes for high-resistance earth
faults which emerge between low-voltage power
switch and transformer.

The protection systems have to ensure imme-
diate, controlled shutdown of the wind turbine
with subsequent all-pole (medium-voltage side)
disconnection from the power system. The acti-
vating of protection systems shall result in sen-
ding a fault message to the remote control.

Reference:

m VdS 2028; Cable and line systems, guidelines
on damage prevention

m VdS 2046: Safety regulations for electrical sy-
stems up to 1000 volt

m VdS 2349: Electrical installations with minimal
interferences

5.1.3 Minimizing combustible material

Hydraulic and lubricant oils should be chosen
according to the following characteristics: in ad-
dition to their technical features required, they
should preferably be non-combustible or have a
high flash point which is significantly above the
operating temperatures of the systems.

The application of combustible material, e.g.,
foamed plastics such as PUR (polyurethane) or
PS (polystyrene) as insulating material or GRP
(glass-reinforced plastics) for coverings and other
components should preferably be avoided for fire
protection reasons.

If the application of non-combustible material is
impossible in individual cases, the material used
should at least be of low flammability (building
material class DIN 4102-B1). Moreover, closed-
cell material with washable surface should be
used in order to avoid intrusion of impurities, oil
leakage, etc., which otherwise would increase the
risk of fire in the course of the operating time.

Cables and lines should be used that preferably

m separate slightly poisonous and corrosive de-
composition products,

m do not cause much smoke and cause only little
pollution of the rooms and content,

m do not support fire spread

when they burn.

When working with components that contain
flammable liquids or oils, it must be made sure
that leaking fluids are collected safely, e.g., by
installing trays or be applying non-combustible
oil binding agents. Leakages are to be removed
immediately.

After the work has been completed, the collected
fluids should be disposed properly, and impuri-
fied oil binding agents should be removed from
the system.

Combustible material as well as auxiliary mate-
rial and operating material should not be stored
within the wind turbine.

5.1.4 Avoidance of possible ignition sources
Possible ignition sources include, e.g.:
m Lightning current

m Flying sparks occurring during the brake appli-
cation of a mechanical brake
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m Short circuit and arc as well as resonant cir-
cuits with electrical devices and systems

m Hot surfaces, e.g., bearings, brake disk

m Spontaneous ignition through dirty cleaning
cloth (e.g., oil, solvents)

Components and possible ignition sources must
be arranged and executed in a way that com-
bustible material is not set on fire during normal
operation or in case of malfunctions. In order to
ensure this it might be necessary to install co-
verings, baffle plates or the like that are made of
non-combustible material.

Electrical equipments should be secluded if pos-
sible.

Dirty cleaning cloths must be disposed when lea-
ving the wind turbine.

5.1.5 Work involving fire hazards

Work involving fire hazards relating to repair, as-
sembling or disassembling work should be avo-
ided. If this is impossible it should be checked
whether so-called cold procedures (sawing, scre-
wing, cold bonding, etc.) can be used instead.

If work involving fire hazards cannot be avoided
it is indispensable to take fire precautions prior,
during and after the work in order to avoid an out-
break of fire or to detect a fire early on, and to
fight it effectively.

Reference:

n Work involving fire hazards — guide-
lines for fire protection

m VdS 2036 Permit for welding, cutting, soldering,
thawing and abrasive cutting (sample)

n Safety regulations for work involving
fire hazards

5.1.6 Maintenance (servicing, inspection
and repair) of mechanical and
electrical systems

Fire caused by technical defects at electrical and
mechanical systems represent the most frequent
causes of damages. Means to reduce such kind
of damage include regular maintenance accor-
ding to the manufacturer’s instructions (mainte-
nance manual) and inspections of the systems as
well as timely repair of identified deficiencies.

Tools serving this purpose, which are already
available at many wind turbines, are systems
that automatically monitor important operating

parameters such as pressure and temperature at
mechanical and electrical systems such as trans-
former, generator winding, gearboxes, hydraulic
systems or bearings. If the limiting value is ex-
ceeded or is not reached, there should be some
kind of alarm and finally an automatic shutdown
of the wind turbine. In the course of type testing
and certification processes of wind turbines, the
monitoring of operating parameters is usually ta-
ken into account.

Electrical installations and monitoring systems in
wind turbines have to be examined by experts on
site on a regular basis. At least every five years
the gas and oil of the transformer insulation liquid
have to be analyzed, amongst others.

The analysis allows drawing a conclusion on the
quality of the insulating oil and provides informa-
tion about possible electrical defects, thermal
overloads of the transformer, and the condition
of the paper dielectric. If there are any defects in
the active component of oil transformers, there
is the risk of an explosion due to large electrical
currents in connection with the insulating oil as
fire load resulting from rapidly increasing internal
pressure in the boiler. With respect to dry-type
transformers, the surface has to be controlled
annually, and it has to be cleaned if necessary.
Additional safety is provided by installations that
serve the optical detection of partial discharge
(spark switch).

Recurring inspections of electrical installations

according to VdS 2871| should usually take place
every two years.

Reference:

n Testing guidelines according to clause
3602, guidelines for inspecting electrical instal-
lations

m DIN EN 50308 (VDE 0127-100) Wind turbines
— Protective measures — Requirements for de-
sign, operation and maintenance

m DIN EN 50110-100 (VDE 0105-100) Operation
of electrical installations

m DIN EN 60204-1 (VDE 0113-1) Safety of machi-
nery — Electrical equipment of machines — Part
1: General requirements

m DIN EN 60599 (VDE 0370-7, IEC 60599) Mine-
ral oil-impregnated electrical equipment in ser-
vice — Guide to the interpretation of dissolved
and free gases analysis

m DIN EN 61400-2 (VDE 0127-2) Wind turbines
— Part 2: Safety of small wind turbines (IEC
61400-2)
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m Accident prevention regulation: Electrical in-
stallations and equipment (BGV A 3, formerly
VBG 4)

In addition to these inspections, thermography at
the electrical installations should be examined on
a regular basis, e.g., in the following areas:

m Connection areas and, if possible, contacts of
the LV HRC fuse switch disconnectors

m Clamping devices and terminal strips, respec-
tively, in distribution boards as well as in switch
terminal blocks and control terminal blocks

m Connection areas and, if possible, contacts of
bus bars, contactors, capacitors, etc.

m Connection areas and surfaces of transfor-
mers, converters, and engines

m Power cable and cable bundles, respectively

m Surfaces of equipment which may pose a risk
in case of heating.

Thermography inspections should be conducted
by an approved expert who disposes of the tech-
nical qualification and the required measuring
instruments, e.g., VdS-approved expert for elec-
trical thermography.

Reference:

m VdS 2858 Thermography in electrical installa-
tions

m VdS 2861 VdS-approved experts for electrical
thermography, see also www.vds.de

Mobile devices which are applied in the course
of maintenance and repair have to be inspected
on a regular basis according to BGV A3 (recom-
mended period: semi-annually; maximum period:
annually).

Lightning protection systems have to be inspected
by an approved expert at regular intervals (annu-
ally). The inspection of the operability and con-
dition of the lightning protection system includes
a visual inspection of all air terminals and down
conductors as well as measuring the contact re-
sistance of the conduction path from the air ter-
minals in the rotor blades to the ground terminal
lug, and measuring the ground resistance of the
foundation.

Reference:

m VdS 3432 VdS-approved experts for lightning
and surge protection as well as EMC-suitable
electrical installations (EMC' experts)

"EMC = electromagnetic compatibility

m Work rule “Inspection of the condition of the
lightning protection system of wind turbines”,
German WindEnergy Association (BWE) (versi-
on: October 2004)

The ground resistance of the foundation accor-
ding to VDE 0185-305-3 (EN 62305-3) has to be
measured in addition in the course of this recur-
ring inspection.

The result of any maintenance activities should
be documented in written form, e.g., in a mainte-
nance specification sheet or a report book. Defi-
ciencies that have been identified during mainte-
nance or testing should be fixed immediately. The
correction of deficiencies has to be documented
and reviewed.

5.1.7 No smoking

The entire area of the wind turbine should be de-
clared a non-smoking area.

In order to ensure compliance with the ban on
smoking, employees and external companies, if
applicable, should be instructed accordingly, and
sanctions should be imposed in case of violation
of the ban.

“No Smoking” signs have to be put up clearly
and permanently right at the entry areas of the
wind turbine.

5.1.8 Training

Service staff and authorized external companies,
if applicable, are to be instructed on the risks of
fire at the wind turbine on a regular basis. Instruc-
tions may include, amongst others:

m Preventing risks of fire

m Functionality of fire protection systems and in-
stallations installed as well as how to handle
them

m Correct behaviour in case of fire, e.g., alerting
assisting bodies

m Correct use of fire extinguishers

It is recommended to conduct fire protection
trainings, e.g., test alarm, implementation of the
emergency plan and evacuation of the nacelle,
at regular intervals, and to involve the local fire
brigade into these trainings.
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5.2 Fire detection and fire fighting

Operating conditions, first of all environmental
and weather conditions, for fire protection sy-
stems at wind turbines may vary significantly.

The following, in particular, has to be taken into
account, e.g.,

m effects of atmospheres containing salt (offshore
wind turbines),

m significant fluctuations of temperature due to
the change of day and night, e.g., cooling down
significantly at night and intensive sun shining
at day,

m Vvibrations,

m oil deposits,

m air change und flow conditions in the nacelle.

Moreover, increased humidity, e.g., due to the
location, and construction of the wind turbine
may have an impact on the functionality of the
turbine’s technology.

Therefore, effects that may have an impact on the
effectiveness and reliability of the fire protection
technology have to be taken into account alrea-
dy in the planning phase of the turbine, and they
have to be adjusted to the different techniques
and constructions applied at wind turbines.

5.2.1 Fire detection

In order to effectively limit fire and consequen-
tial loss, fires at wind turbines should also be
detected early on by automatic fire detection sy-
stems, in particular, since wind turbines are usu-
ally operated without any on-site staff. Distinction
is basically made between room and installation
monitoring.

On the one hand, automatic fire detection serves
to inform the control unit, and on the other hand,
it serves to activate the extinguishing devices au-
tomatically and to shut down the wind turbine au-
tomatically, if necessary.

Room monitoring

Nacelle and parts of the tower in which the wind
turbine technology is installed as well as external
transformer and electric power substations are to
be monitored by an automatic fire detection sy-
stem.

Raised floors and ceiling voids or the like with fire
loads, e.g., cables and other lines, have to be in-
cluded in the monitoring.

Reference: VdS 2099 Guidelines for automatic fire
detection and fire alarm systems — planning and
installation

Fire detectors have to be qualified for the area to
be monitored and for the fire characteristics to be
expected. Special environmental conditions, e.g.,
temperature, humidity, and vibrations, have to be
taken into account when selecting and operating
fire detectors; detector heating may be applied, if
applicable. Fire detectors with the characteristic
“smoke” should preferably be applied for the mo-
nitoring in wind turbines.

Installation monitoring
Applications which are operated, e.g.,

m encapsulated,
m forced-air-cooled and
m in rooms with high air change rate,

e.g., switchgear and inverter cabinets, require
monitoring of installations in addition to the mo-
nitoring of rooms. “Smoke” should preferably be
used as fire characteristic also with the monito-
ring of installations.

Reference: \/dS 2304 Local application protection
for electric and electronic equipment — Guidelines
for planning and installation

The fire detectors’ qualification is to be reviewed
for each individual turbine depending on the re-
spective operating conditions at the wind turbi-
ne and after consulting with the system’s owner
(manufacturer). Attention is to be paid to optimal
fire detection and limitation of false alarms or nui-
sance alarms, in particular.

Mineral oil transformers should be protected with
Buchholz relay (pre-alarm and main alarm with
shutdown) in addition to room monitoring fire de-
tection and temperature monitoring.

Automatic early fire detection only makes sense
if at least the following reactions are triggered in
case of activation:

m Fire alarm with alarm signal being forwarded to
a continuously manned post

m Shutdown of the wind turbine and complete
disconnection from the power supply system

m Activation of the installation and room protec-
tion extinguishing system with two-detector
dependency (type B)
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Detection systems that allow different alarm
thresholds offer the possibility to induce gradu-
al reactions depending on the alarm thresholds,
e.g., pre-alarm, main alarm, etc.

When selecting a fire detection system it is im-
portant to pay attention to the fact that the main-
tenance required can be ensured in a feasible
way given the location and the little space in the
nacelle.

5.2.2 Fire fighting

Due to the fact that wind turbines are usually oper-
ated without any on-site staff and due to the time-
consuming accessibility (in case of offshore wind
turbines, in particular) and the strongly limited
accessibility for fire fighters, effective fire fighting
and thus limitation of loss can be ensured by au-
tomatic fire extinguishing systems, in particular,
as has been shown in the past.

Fire extinguishing systems

For the purpose of effective fire protection of wind
turbines, the use of automatic, stationary fire ex-
tinguishing systems is recommended. Gas extin-
guishing systems as well as fine water spray sy-
stems are basically suitable (taking into account
the special conditions given). These fire extin-
guishing systems can be used as installation or
room protection systems or as a combination of
both. Installation protection systems have a se-
lective effect on the device or component to be
protected.

Before the fire extinguishing system is activated,
the air-conditioning or ventilation system should
be switched off automatically.

With respect to the application at wind turbines,
extinguishing agents that are as residue-free,
non-corrosive and non-electroconductive as pos-

Type of detector Smoke detector Heat detector Flame Multi-sensor
(index “R” accor- | detector | smoke detector
ding to DIN EN 54-5)
Point- Multi- Linear | Point- Linear IR | UV | Smoke | Smoke
shaped point- shaped and and
shaped heat co
Scattered | Aspirating | Light
light beam

Room/Installation
Nacelle with transfor-
mer, including hub - + - - - - - -
and raised floors
Central electric
power subgtatlon, + + + + + i i + +
switch cabinet
rooms
Tower base/platform
with available instal- - + + - - - - -
lations, if applicable
Switchgear cabinets + + - - - - + -
Hydraulic systems - + - - - - -
Transformer - + Buchholz relay - - - -

+ basically suitable - not likely suitable

installation of fire detection systems).

The data in this table refers to the basic suitability of several types of detectors with respect to functionality and general ap-
plication conditions in the respective area of the wind turbine’s system; it serves as orientation guide and does not replace
the required proof of suitability as well as the object-specific technical planning by appropriate specialist planners, e.g., VdS-
approved installers. Type-specific characteristics of wind turbines and fire detection systems have to be taken into account
after consulting with the insurer (e.g., Engineering department), VdS Schadenverhiitung GmbH (VdS loss prevention) as
well as the certifying body for wind turbines, if applicable (for more information see also VdS guidelines for the planning and

Table 3: Information on the selection of fire detectors for monitoring rooms and installations
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sible, and which are suitable with respect to the
prevalent environmental conditions at wind tur-
bines (temperature, weather, impermeability of
the installations and rooms to be protected) and
the fire loads would be desirable. The following
systems can be applied at wind turbines, depen-
ding on the intended type of application:

m CO:; fire extinguishing systems

m Inert gas extinguishing systems

m Fine water spray systems

m Water spray systems (transformer and electric
power substation, respectively).

Powder extinguishing systems as well as aerosol
extinguishing systems cannot be recommended
for application at wind turbines since they may
cause consequential loss.

Suitability of automatic fire extinguishing systems
for the purpose of room and installation protec-
tion is basically to be reviewed for each individu-
al turbine by taking into account the respective
operating conditions at the wind turbine and by
consulting with the manufacturer. The following
aspects, in particular, have to be taken into ac-
count:

m Effectiveness of extinguishing

m Required extinguishing gas concentration
and impingement of water, respectively

m Application (residence) time for gas extin-
guishing systems (taking into account pos-
sible reignition)

m Operating time of water extinguishing sy-
stems (taking into account an effective ex-
tinguishing success)

m Impermeability of the room/pressure relief

Storing of extinguishing agents (required quan-

tity, weight, etc.)

Volume/Required space

Installation/Approval, implementation

Maintenance

Reliability (robustness of the systems with re-

spect to susceptibility to failure in order to limit

maintenance and inspection intervals)

m Cost

In order to ensure the effectiveness of gas extin-
guishing systems it is necessary to pay special
attention to the planning requirements in con-
nection with the pressure relief openings that will
have to be provided.

Moreover, attention should be paid to the required
protection regulations with respect to the safety
of persons when applying gas extinguishing sy-
stems.

Each extinguishing system has certain limits of
applicability or advantages and disadvantages,
respectively. Therefore, the suitability of the cho-
sen extinguishing system has to be reviewed for
each individual application because of the large
number of possible parameters and the given
conditions that are to be adhered to in order to
ensure the effectiveness of extinguishing.

Reference:

n CO, fire extinguishing systems, gui-
delines for planning and installation

n Foam extinguishing systems; guide-
lines for planning and installation

n Water spray systems; guidelines for
planning and installation

[ ] Local application protection for elec-
tric and electronic equipment; guidelines for
planning and installation

] Planning and installation of fire extingu-
ishing systems using non-liquefied inert gases

] Planning and installation of fire extin-

guishing systems using halocarbon gases

m VdS 2494 Guidelines for the triggering of fire
extinguishing systems

m VdS 2498 Guidelines for fine water spray sy-
stems, supplementing

n Procedure for the approval of new
extinguishing techniques

Fire detection, alarm, alarm control, triggering of
a fire extinguishing system and its monitoring is
usually done by a fire detection system approved
for this purpose (see paragraph 5.2.1).

Fire extinguisher

In order to fight initial fires it is necessary to provi-
de a sufficient number of appropriate and opera-
tional fire extinguishers. They should be available
in all rooms in which a fire may occur, amongst
others in the nacelle, in the tower base and in the
electric power substation which might be arran-
ged externally.

The extinguishing agent is to be adjusted to the
existing fire loads. Due to the negative impacts
of extinguishing powder on electrical and electro-
nic equipment it is recommended to refrain from
using powder extinguishers if possible.
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Extinguishing systems | Gas extinguishing Water extinguishing systems Other extinguishing
(extinguishing agents) systems systems
CO, (high | Inert | Sprinkler | Water | Fine | Foam | Powder | Aerosol"
pressure) | gases spray spray
Room/Installation
wind turbine
Room protection, e.g.,
Nacelle with generator,
transformer, hydraulic + + + + i ) )
systems, gearbox, brake,
azimuth drive
Hub with p!tch drllve and + + + + i i i
generator, if applicable
Raised floors with oil
sump and cable and + - + + + - -
electrical installations
Central electric power
substation, switchgear
. + + - + - - -
rooms (without trans-
former)
Tower base/platform with
available installations, if + + + + - - -
applicable
Installation protection, e.g.,
Control, inverter, switch-
gear cabinets (LV/MV), + + - + - - -
closed
Transformer + - + + - - -
Control, inverter, switch-
gear cabinets (LV/MV), + - - + - - -
open
Hydraulic system, open + - + + + + - -
+ basically suitable - not likely suitable
The data in this table refers to the basic suitability of several fire extinguishing systems with respect to their functionality and
general application conditions in the respective area of the wind turbine’s system; it serves as a first orientation guide and
does not replace the required proof of suitability as well as the object-specific technical planning by appropriate specialist
planners, e.g., VdS-approved installers. Type-specific characteristics of wind turbines and fire extinguishing systems have to
be taken into account after consulting with the insurer (e.g., Engineering department), VdS Schadenverhiitung GmbH (VdS
loss prevention) as well as the certifying body for wind turbines, if applicable (for more information see also VdS guidelines
for the planning and installation of the respective fire extinguishing systems).
" There is currently no empirical information available on the reliability and effectiveness concerning the application of aero-
sol extinguishing systems

Table 4: Information on the selection of fire extinguishing systems for room and installation protection

At least one 6 kg CO; fire extinguisher and one
9 | foam fire extinguisher should be installed in
the nacelle (pay attention to the risk of frost). And
at least one 6 kg CO; fire extinguisher should be
installed at the intermediate levels and at the to-
wer base in the area of the electrical installations
each.

Fire extinguishers have to be inspected by an ex-
pert at regular intervals, at least every two years.
In case the extinguisher is subject to high stress,

e.g., due to environmental impacts, shorter time
intervals might be required.

5.2.3 Fault monitoring

Fire detection systems and fire extinguishing sy-
stems have to be monitored constantly in order to
ensure their operational reliability.

Failures with traditional fire protection systems,
e.g., failure of individual fire detectors or leakage
at the extinguishing agent stock or shrinkage of
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the extinguishing agent supply, will be displayed
directly at the fire protection system by means of
an error message. Due to the operation without
on-site staff and the remote location of wind tur-
bines and the resulting non-identification of pos-
sible failures at the fire protection system on site,
forwarding of all error messages to a permanently
manned post (control post) is required. This con-
trol post will then initiate immediate recovery of
the unlimited operational readiness of the fire pro-
tection system.

Any events have to be documented in the report
book.

5.2.4 Deactivation of safety installations

Fire protection systems may only be deactivatedfor
a short period of time after consulting with the per-
sonsinchargein case of compelling requirements.
When deactivating a fire protection system it must
always be checked whether there is any obligati-
on to inform the non-life insurer (increase of risk
in terms of the German Insurance Contract Act
(WG)).

Sufficient backup measures should be provided
for the duration of the deactivation, e.g.,

m ensuring fire alarm/call,
m providing suitable fire fighting equipment (see
also paragraph 5.2.2).

After completion of the work all safety and fire
protection installations that had been deactivated
have to be set in operation again. The operating
condition of the systems should be visible at the
entrance area of the wind turbine and at the pri-
mary control unit.

5.3 Measures for limiting loss

Experience has shown that it is sensible to pre-
pare an emergency plan for the case of fire. This
plan should include the following specifications,
in particular:

m Determination of the personnel that is on
standby in the internal work schedule for the
existing wind turbines (ensuring “twenty-four-
seven” standby of the control post)

m Preparation and introduction of an internal,
written schedule in case of fire in which any
immediate measures to be taken by the em-
ployee in charge are included. The schedule
should include the following issues:

m Provision of local emergency telephone
code

m Notification of fire brigade and police

m On-site support by fire brigade and police

m Shutdown of the wind turbine and discon-
nection from the power supply system, if
required

m Report fire damage immediately to the in-
surer

m Preparation of an emergency concept for the
case of fire after consulting with fire brigades
and police offices in charge and with the in-
surer, if applicable. The following issues should
be included in an emergency concept:

m Leave internal standby schedule and a re-
spective standby telephone number with the
police and fire brigade

m Information and briefing, if applicable, of the
competent rescue forces (fire brigade, po-
lice) on:

Structure of the wind turbine
High-voltage components and combusti-
ble materials within the wind turbine
Route description and access to the wind
turbine

m Specification of immediate measures that
have to be taken in case of a fire alarm/call,
e.g., disconnection of the wind turbine from
the power supply system

m Information on the preparation of an emer-
gency concept in case of fire for each wind
turbine, e.qg., appropriate emergency vehi-
cles and necessary protective clothing as
well as protection zone around the wind tur-
bine affected

The following information should be easily acces-
sible by everyone at the wind turbine:

m Identification number and emergency telephone
number

m Code of conduct in case of fire at the wind tur-
bine, e.g., notification of the fire brigade and
seeking shelter as well as observing other sa-
fety instructions

With respect to offshore wind farms alternative or
supplementary measures might be required for
emergency planning due to special conditions.

5.4 Quality assurance

Experience has shown that the functions of tech-
nical installations, of safety-related installations,
in particular, can be ensured for their period of
operation or service life if appropriate measures
for the purpose of quality assurance have been

19



Vervielfaltigungen/Verdffentlichungen — auch fiir innerbetriebliche Verwendung — nicht gestattet

Heruntergeladen von IP 18.118.148.178 am 26.04.2024 - 09:21

© VdS Schadenverhiitung GmbH

Wind turbines

VdS 3523en : 2008-07 (01)

taken with respect to planning, execution, and
operation. This includes, amongst others:

m Generally accepted standards of technology
as fundamentals of planning

m Application of products and systems with pro-
ven quality, which might be subject to internal
controls and external monitoring, if applicable

m Qualification of specialist planners and execu-
tion experts. The following institutions/persons
are considered sufficiently qualified: e.g., VdS-
approved installer companies, VdS-approved
experts for lightning and surge protection and
EMC experts

m Acceptance inspection and recurring inspec-
tions by approved experts, e.g., VdS experts
for fire protection systems

m Regular and proper maintenance by specialist
companies and trained in-house specialized
staff, respectively

m Documentation and monitoring of the mainte-
nance to be performed

These measures may also be considered and
reviewed in the course of type testing or certifi-
cation of the wind turbine by independent and
approved bodies.

When constructing a wind turbine, several aspects
have to be considered in addition to structural de-
sign (statics) and revenue calculation, e.g., light-
ning and fire protection, electromagnetic interfe-
rences, noise immission, shadow impact, or im-
pacts for the aviation business, fauna and natural
scenery and view of a place. Accordingly, appro-
priate specialist planners should be consulted.

Reference: DIN VDE 0100-610 (VDE 0100-610)
Erection of low-voltage installations — Part 6-61:
Verification — Initial verification

For the purpose of erecting and maintaining wind
turbines specialist companies should be assi-
gned which dispose of

m the required specialist knowledge and expe-
rience,

m specialized staff,

m equipment and devices,

which can be proven by adequate references. In
case of fire protection systems this can be en-
sured by VdS-approval of the installer compa-
nies, for example.

6 Literature/Sources

Act on granting priority to renewable energy
sources (Renewable Energy Sources Act (Erneu-
erbare-Energien-Gesetz, EEG), 21st July 2004)
http://www.erneuerbare-energien.de/inhalt/

Accident prevention regulation: Electrical installa-
tions and equipment (BGV A 3, formerly VBG 4)

Guideline for wind turbines; loads and strength
analysis for tower and foundation, German Insti-
tute for Civil Engineering (Deutsches Institut fiir
Bautechnik, DIBt), March 2004

DIN EN 50110-2 (VDE 0105-2) Operation of elec-
trical installations

DIN EN 50308 (VDE 0127-100) Wind turbines —
Protective measures — Requirements for design,
operation and maintenance

DIN EN 60204-1 (VDE 0113-1) Safety of machi-
nery — Electrical equipment of machines — Part 1:
General requirements

DIN EN 61400-2 (VDE 0127-2) Wind turbine ge-
nerator systems

DIN EN 60599 (VDE 0370-7, ICE 60599) Mineral
oil-impregnated electrical equipment in service —
Guide to the interpretation of dissolved and free
gases analysis

DIN EN 61400-1; VDE 0127-1: Wind turbine ge-
nerator systems

Part 1: Design requirement (IEC 61400-1)
Part 2: Safety of small wind turbines(IEC 61400-2)

DIN EN 62305 (VDE 0185-305) Protection against
lightning

Part 1: General principles (DIN EN 62305-1;
VDE 0185-305-1)

Part 2: Risk management (VDE 0185-305-2) sup-
plement 1: Lightning threat in Germany, and sup-
plement 2: Calculation guide for the assessment
of the risk of physical damage to structures

Part 3: Physical damage to structures and life
hazard (DIN EN 62305-3 and VDE 0185-305-3)
with supplement 1: Additional information on the
application of DIN EN 62305-3 and supplement
2: Additional information on special structures
and supplement 3: Additional information on the
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testing and maintenance of lightning protection
systems

Part 4: Electrical and electronic systems within
structures (DIN EN 62305-4, VDE 0185-305-4 and
IEC 62305-4)

DIN VDE 0100-610 (VDE 0100-610) Erection of
low-voltage installations - Part 6-61: Verification —
Initial verification

Reference source: Beuth Verlag GmbH,
Burggrafenstrasse 6, 10787 Berlin, www.beuth.de

GDV brochure , Erneuerbare Energien: Gesamtti-
berblick tiber den technologischen Entwicklungs-
stand und das technische Gefdhrdungspotential®,
final report of the working group “Renewable En-
ergies” of technical insurers within the GDV (Ger-
man Insurance Association)

dS 2008: Work involving fire hazards — Guide-

lines for fire protection

dS 2010: Risk-oriented lightning and surge pro-
tection, Guidelines for loss prevention

dS 2025: Cable and line systems, guidelines for
loss prevention

VdS 2036: Permit for welding, cutting, soldering,
thawing and abrasive cutting (sample)

dS 2046: Safety regulations for electrical instal-
lations up to 1000 volt

dS 2047: Safety regulations for work involving

fire hazards

dS 2093: Guidelines for CO; fire extinguishing
systems; planning and installation

dS 2095: Guidelines for automatic fire detection
and fire alarm systems; planning and installation

dS 2108: Guidelines for foam extinguishing sy-

stems; planning and installation

dS 2109: Guidelines for water spray systems;

planning and installation

dS 2304: Application protection for electrical and
electronic equipment; guidelines for planning and
installation

dS 2349: Electrical installations with minimal in-

terferences

dS 238(d: Planning and installation of fire extin-

guishing systems using non-liquefied inert gases

dS 2381[: Planning and installation of fire extin-

guishing systems using halocarbon gases

dS 2496: Guidelines for the triggering of fire ex-
tinguishing systems

VdS 2498: Guidelines for fine spray extinguishing
systems supplementing VdS 2109

dS 2562: Procedure for the approval of new ex-
tinguishing techniques

dS 2858: Thermography in electrical installations

VdS 2861: VdS-approved experts for electric ther-
mography (see also www.vds.de)

dS 2871: Inspection guidelines according to
clause 3602, guidelines for inspecting electrical
installations

dS 3433: VdS-approved experts for lightning
and surge protection as well as EMC-suitable
electrical installations (EMC experts)

Reference source: VdS Schadenverhitung Verlag,
Cologne, www.vds.de

GL-Richtlinie fiir die Zertifizierung von Windener-
gieanlagen, Ausgabe 2003 mit Ergédnzung 2004

GL Guideline for the Certification of Wind Tur-
bines, Edition 2003 with Supplement 2004

GL Guideline for the Certification of Offshore Wind
Turbines, Edition 2005

GL-Richtlinie fir die Zertifizierung von Condition
Monitoring Systemen fiir Windenergieanlagen,
Ausgabe 2007

GL Guideline for the Certification of Condition
Monitoring Systems for Wind Turbines, Edition
2007

GL-Wind-Leitfaden, Zertifizierung von Brandschutz-
systemen fur Windenergieanlagen (WEA), Prif-
verfahren, Germanischer Lloyd (GL Wind Guide-
line, Certification of fire protection systems for wind
turbines, test procedure)

21


https://shop.vds.de/download/vds-2349
https://shop.vds.de/download/vds-2380
https://shop.vds.de/download/vds-2381
https://shop.vds.de/download/vds-2496
https://shop.vds.de/download/vds-2109
https://shop.vds.de/download/vds-2562
https://shop.vds.de/download/vds-2858
https://shop.vds.de/download/vds-2008
https://shop.vds.de/download/vds-2871
https://shop.vds.de/download/vds-2010
https://shop.vds.de/download/vds-3432
https://shop.vds.de/download/vds-2025
https://shop.vds.de/download/vds-2046
https://shop.vds.de/download/vds-2047
https://shop.vds.de/download/vds-2093
https://shop.vds.de/download/vds-2095
https://shop.vds.de/download/vds-2108
https://shop.vds.de/download/vds-2109
https://shop.vds.de/download/vds-2304

Vervielfaltigungen/Verdffentlichungen — auch fiir innerbetriebliche Verwendung — nicht gestattet

Heruntergeladen von IP 18.118.148.178 am 26.04.2024 - 09:21

© VdS Schadenverhiitung GmbH

Wind turbines VdS 3523en : 2008-07 (01)

Reference source: Germanischer Lloyd Industrial
Services GmbH, Geschaftsbereich Windenergie,
Steinho6ft 9, 20459 Hamburg,
www.gl-group.com/glwind

German WindEnergy Association (BWE)
Market Survey 2006

Working guideline “Uberpriifung des Zustandes
des Blitzschutzsystems von Windenergieanlagen”,
2004 (Inspection of the condition of wind turbines’
lightning protection systems)

Reference: http://www.wind-energie.de/de/shop/
bwe-marktuebersicht/marktuebersicht-2006/
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