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Wind turbine (WT) risks

Tower collapse

Blade Failure Ice throw
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lce Throw / Ice Fall

« WT in operation (often near nominal rotor speed) -> Ice throw

« WT out of operation / shut down / idle mode - lIce Fall

* Ice fragments:

LLE T
EfSwutrfin Lankern, Lammerssfiege, 47 12.05

Seifert, Risikoabschatzung des Eisabwurfs von Windenergieanlagen, 2007

https://www.pro-landschaft-arai.ch/wp-content/ http:/Aw-vb.de/media//Eiswurf/Eiswurf_20141129_Helpershain.jpg
uploads/2016/09/Eis_Windrad.jpg
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https://www.linkedin.com/posts/vivekktrivedi_windturbines-icing-safety-ugcPost-7287355760030724096-L-jX?utm_source=share&utm_medium=member_desktop



In Germany icing between 6 and 20 days per year
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I:l No icing - Moderate 1cing - 8-14 days per year

Oeeasional ieing - less than 1 day per vear - Strong icing - 13-30 days per year
Light 1cing - 2-7 days per year - Heavy itcing - more than 30 days per year

L Weather station
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Effect of atmospheric ice accretion on the dynamic performance of wind turbine blades by Abdel Salam Alsabagh

DWD, Wichura, 2023
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lce Throw risk regulation in Germany

Amtliche Mitteilungen
Ausgabe 2 | 17. April 2023

Model Administrative regulation - Technical Building
Regulation

« Appendix A 1.2.8/6 “Guideline for wind turbines”

(MVV TB 2023/1)

« Screening zone SZ = (Hub height + Rotor diameter) x 1,5

Distance from WT to public < SZ Distance from WT to public > SZ

mit Druckfehlerberichtigung
vom 10. Mai 2023

« Example

v

Expert statement needed

from independent advisor to demonstrate safety
6 DNV © DNV

Considered to be safe




Ice throw risk assessment according to IEA Task 19

Technology Collaboration Programme

bya

April 2022
IEA Wind TCP Task 19
Technical Report
International Recommendations
for Ice Fall and Ice Throw Risk

Assessments

. .
'ea W|nd Quelle: Scientific Computing and Simulation Lab, Aschaffenburg University of Applied Sciences
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Risk Assessment

* Risk = Frequency x Consequence

Individual Risk measures

* LSIR (Localized Individual Risk) as contours —
Assumption: 24 h x 365 days per year unprotected

* IRPA (Individual Risk Per Annum) for vulnerable objects
= LSIR x Probablity of Occupancy

Societal Risk measures
* FN Curve (Frequency Number Curve)

* PLL (Potential Loss of Life)
= IRPA x N (Number of people)
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Risk Acceptance Criteria

Basis: Endogenous Mortality Rate (EMR) of an individual, EN 50126: 2 x 10 per year

* A new technology should not increase the EMR significantly (5%).

* Tolerability level: <1 -10~

ALARP-Principle,

UK Health & Safety Executive:
Individual risk Societal risk
Unacceptable region Risk cannot be justified save in
extraordinary circumstances
i it i e 7 = = == - 1-1075 ------------ 1-1073---------
Tolerable only ifrisk is impracticable 1E-9
orifits cost is grossly disproportionate 1E+0 1E+1 1E+2 1E+3 1E+4 1E+S
ALARP or Tolerability region to the improvement gain Fatalities, N
RISk iS undertaken 0n|y |fa ...............................................
benefitis derived Tolerable if cost of reduction
would exceed the improvement
gained ” 5
------------------------------------------ 1-1077-------------1.1075---------

Broadly acceptable region
No need for detailed working to
demonstate ALARP

Necessary to maintain assurance
that risk remains at this level

9 DNV © Abbildungen: IEA Wind TCP Task 19
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Example — LSIR contour

Risk scale: 1x10! to 1x10 per year and 1m?2

b 114.0 m RD 70.0 m Hub Height

== | eaflet | ESRI
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Example — IRPA and PLL
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Update Vulnerability

Name of population (e.g. Pedestrians, Cars, etc)

Cars on highway

Number of people per occasion

2

Number of occasions per year

T000000

Area of population per occasion in object

2

Comments

7 Mio. cars per year on highway
In average 2 persons in car
10 % probability of fatality when car is hit

Vulnerability of people (Percentage)

10

Duration per occasion (seconds)

11

Total area of object (m?)

6417.03

Average speed of 100 km/h over a distance of 300 m leads to 11 s on section

Color of vulnerability object

Blue

m Update changes
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Example - Risk mitigation

* Facility Siting

* Certified ice detection system

 Blade heating

* Fences

« Warning signs

g, . Without ice With ice
« Warning lights detection and detection and

shut down shut down

12 DNV © Abbildung, Eissensor: https://labkotec.fi/wp-
content/uploads/picturel.jpeg D N V




Outlook: Integrated approach?
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NEK IEC TS 61400-31:2023

Wind energy generation systems
Part 31: Siting risk assessment

Norwegian electrotechnical specification

EK [ECTS 61400-31:2023
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Define objectives, scope and
requirements (Clauses Gand 7)

Hazard identification (Clause 8)
|

¥

Choosing an assessment
method (Clause 8)

!

Risk analysis

Risk assessment

| Estimation of risk (Clause 10) | y

Risk reduction l
measures |
{Clause 12)

Evaluation of risk (Clause 11) | Y
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|s the risk
tolerable?

| Documentation (Clause 5.2) |

l

[ Complete ]

Figure 1 — Flow chart of the risk assessment process
(Modified from ISO/IEC Guide 51 [3])

EC

Facility siting

from total risk perspective

Rtotal =
Risk
Risk
Risk
Risk
Risk

Ice
BladeFailure

NacelleBreakage

+ + + +

TowerCollapse

Fire
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160 years of building trust

Since 1864, we have been guided
by our purpose of:

Thank you
Safeguarding life, property, and

Christoph Schmidt the environment.

Our vision Is to be:

A trusted voice to tackle global

christoph.schmidt@dnv.com DNV transformations.
+49 (0) 151 4066 9141 ‘2024

www.dnv.com
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