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IdentiFlight
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• a product of Boulder Imaging

• 110 employees 

• market availability since 2018; first validation in GER

• acknowledged mitigation measure by federal law in Germany

→ 520 IdentiFlight-systems in operation

→ 6 continents, 14 country

→ environmentally sound operation of 1.582 turbines/ 6 GW

→ 8 turbine manufacturers

→ 1. installation in 2017: 9 years of operation/ experience 



Challenges 
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• research focus mainly on mitigation success

       Germany: REICHENBACH ET AL. 2023a, 2023b, 2023c, 2021;         
ASCHWANDEN & LIECHTI 2020; HSWT 2022-2026  

• lack of system-specific assessments of economic aspects: 
false-positive-rate, number & duration of shutdowns

Why is that important?

→ legal conformity              
      Germany: < 3% annual yield loss for bird protection

→ planning and investment security

→ reduction of disinformation 

→  higher level of acceptance & trust from developers

STEINKAMP, T., REICHENBACH, R., HOLZMÜLLER, J. (2025): 

Ertragsverlustberechnungen von anlassbezogenen 

Abschaltungen zum Schutz kollisionsgefährdeter 

Vogelarten – Optimierung der Berechnungsmethode & 

Szenarienbetrachtung. Endbericht. 66 S. 



Concept
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1. optimization of existing model (REICHENBACH ET AL. 2020)

• extensive, long-term, high-resolution data 

• influencing & correction factors aligned with industry 
standard

2. model verification 

• estimated result and data from reference site with minimal 
deviation (0,02%)

3. application of estimation model: 8 scenarios

• target species: RK (3), WTE (2), RK & WTE (3)

• div. site conditions: breeding density, distance between 
nests/turbine, attractiveness as feeding ground

• flight activity: moderate to high

• new generation turbine types, different manufacturers 

• div. wind potential

Germany & Austria



Methodology – Flight activity
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• IdentiFlight-data from all 8 sites (62-314 d)

• extrapolation of curtailments per daily hour through out breeding season: RK (Mar-Sep), WTE (all year) 

• distribution of species-specific flight activity; correlation with number of curtailments (REICHENBACH ET AL. 2020)

RK: MAMMEN et al. 2013; GSCHWENG et al. 2014; PFEIFFER & MEYBURG 2015, 2022; HEUCK et al. 2019; RAAB et al. in press; SPATZ et al. 2019. 

WTE: KRONE et al. 2009; KRONE et al. 2017; TIKKANEN et al. 2018; MELUR & LLUR 2016; MELUND & LLUR 2021

sites AVERAGE NUMBER OF CURTAILMENTS PER DAY

mating nesting rearing post-breeding remaining 
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Methodology – curtailment & turbine behavior 
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signal duration

Ø 65s

 

Time to clear (Tc)

= 180s

 

time for restart

= [dep. turbine type]

 

curtailment = duration of time without yield production 

Mean time to restart (V150, V162, V172) 

Mean time to restart (E 138, E160) 



Methodology – annual yield (loss)
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1. gross yield production: 

• turbine type-specific performance depending on site-specific wind 
speed and availability (10-min-interval; ANEMOS data 2019-2023) 

2. net yield production: 

• consideration of main influencing and correction factors aligned 
with technical standards (Technical Guideline TR-6)

 → air density 

 → deviation in wind potential (± 5%)

 → windfarm efficiency 

→ windfarm availability

3. reduced net yield production: 

• application of estimated shutdowns

4. annual yield loss: 

• difference between annual net yield production and annual 
reduced net yield production 

model verification: minimal deviation (0,02%); robust model

Performance curve (air density: 1,225 kg/m3) 

ERA5 data example ANEMOS Windatlas 



Results I 
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site species
turbine 

type
starting 
time [s]

annual 
yield loss 

[kWh]

annual 
yield loss 

[%]

A2 RK E-138 338 247.873 1,55

B RK V150 83 120.444 0,50

C WTE V172 83 49.493 0,16

D2 WTE elev V150 83 79.318 0,35

E1 RK + WTE V150 83 278.809 1,28

E1 RK V150 83 216.660 1,00

E1 WTE V150 83 62.149 0,29

E2 RK V150 83 121.296 0,56

E2 WTE V150 83 58.293 0,27

E2 RK + WTE V150 83 179.589 0,83

F RK E-160 338 123.245 1,02

G RK + WTE V150 83 211.772 0,94

Annual yield loss: 0,16 – 1,55%     →     fixed shutdown (Germany: 4-6 weeks) = 4,48% bzw. 6,72% (KNE 2024) 

 



Results II
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Max. duration shutdown on demand = 206,7 h = 8,61 days     →      fixed shutdown (Germany: 4-6 weeks) = 28-42 days

 

Red kite White-tailed eagle RK + WTE

site
number 
curtail.

duration 
curtail. [h]

number  
curtail.

duration 
curtail. [h]

sum_durat
ion [h incl. 
Tc starting 

time]

A2 1.261 88,3 0 0,0 206,7

B 727 48,7 0 0,0 65,4

C 0 0,0 208 14,0 18,8

D2 0 0,0 456 28,7 39,2

E1 1.664 123,9 427 29,7 201,7

E2 963 68,2 386 27,9 127,2

F 810 52,1 0 0,0 128,1

G 1.129 76,6 197 13,7 120,8



Conclusion
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• robust results: significantly higher activity then considered is unlikely due to limited 

availability of resources on site

• expected annual yield loss dependent on species-specific behavior; WTE < RK

• yield loss is very low incl. Tc (0,16-1,55%) 

 → applicable under economic aspects; significant advantage to fixed shutdowns 

 → legal conformity (Germany: < 3%)

 → > 2 species can be protected at the same site

• results are strongly influenced by system performance, e.g. identification accuracy

 → IdentiFlight: classification success (RK, WTE) > 98% (Reichenbach et al. 2023)

 → results cannot be transferred to other detection systems

• speedy & iterative optimization of neuronal nets calls for innovative validation method

 → Reichenbach et al. (2024); Digital validation of identification success. Proof of concept. 
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