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Service Results Pilot 
installation System Modules

Detection Module. 

Dissuasion Module. 

Stop Control Module. 

Collision Control Module. 

Additionally, the analysis leads to the proposal of adjustments in the Pilot Installation of DTBird® 
System, and Software refinements. 
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B.2.Analysis 
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B.3. Results 
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C.2. Analysis 
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C.3. Results 
Study Period and hours of operation 

Study Period
System

Experimental Design
Warning/Dissuasion Sounds

System

Warning/Dissuasion Sounds
System

Warning/Dissuasion Sounds

Warning/Dissuasion Sounds ,
Sounds

Warning / 
Dissuasion 

Sounds

Days of 
operation Hours

Days of 
operation

(12 hours/day) 

% Hours of 
operation

Muted

Emitted

Total

Table 2. Days and hours of operation of DTBird  System with Warning/Dissuasion Sounds 
Emitted and Muted, along the Study Period (25/08/2014 to 31/10/2014). 

System
Experimental Design

Warning/Dissuasion Sounds
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Warning/Dissuasion 
Sounds Blades Hours % Hours of 

operation

Muted
Moving

Stop

Emitted
Moving

Stop

Total

Table 3. Days and hours of operation of DTBird System with Warning/Dissuasion Sounds
Emitted and Muted, along the Study Period (25/08/2014 to 31/10/2014). 

Bird activity (flights/hour) within Maximum Detection Distance 

Study Period
Warning/Dissuasion Sounds

Sounds

Total 
Nº 

Flights

Flights/hour of 
operationWarning/Dissuasion 

Sounds Blades

Muted
Moving

Stop

Emitted
Moving

Stop

Total

Table 4. Total Nº of flights, and flights/hour of operation, with Warning/Dissuasion Sounds 
Emitted/Muted and with blades Moving/Stop, along the Study Period (25/08/2014 to 
31/10/2014). 

Study Period Detection Module

RSA RSA
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Nº Flights

Minimum Distance to the Blades (m)

Flight Height <10 m 10-25 m 25-50 m 50-100 m >100 m Total %

211 77%

63 23%

Total 9 14 90 136 25 274 100%

% 3% 5% 33% 50% 9% 100% -

Table 5. Nº of flights detected with respect to the RSA height, and distance to the blades, 
along the Study Period (25/08/2014 to 31/10/2014). 

Number of bird flights and reactions observed in HCRA  

Study Period RSA Warning/Dissuasion Sounds

Nº flights (normalized to 30 days of operation)
at the RSA height & blades moving

Distance to the blades (m)

Warning/Dissuasion 
Sounds Reaction <10 10-

25
25-
50

50-
100 Total %

Reaction

%
Reaction, 
at <50 m

Muted
ND

Yes

Emitted
ND

Yes

Total 4 4 19 7 34

Table 6. Nº of flights with visible reaction, normalized to 30 days of operation, registered at 
the RSA height and with the blades moving, for every State of Warning/Dissuasion Sounds 
(Muted/Emitted), and distance to the blades, along the Study Period (25/08/2014 to 
31/10/2014).  

Study Period,
Warning/Dissuasion Sounds

Sound
Sound
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Warning/Dissuasion Sounds
Sound Sound

Sound
Sound Sound

% Flights (within brackets Nº flights)

Reaction with respect to 
Sound Trigger

Sound

Muted Emitted Total

Table 7. Flights with visible reaction with respect to the Sound trigger, for every State of 
Warning/Dissuasion Sounds (Muted/Emitted), along the Study Period (25/08/2014 to 
31/10/2014). To note that with the Sounds Muted, reactions are referred to a software trigger 
time marked in the video recordings and DTBird DAP, but no Sound was actually emitted. 

Warning/Dissuasion Sounds
RSA Sound

RSA

RSA
Warning/Dissuasion Sounds Sound

% Reaction, at <50 m to the blades
(within brackets, Nº flights in 30 days of operation)

Warning/Dissuasion 
Sounds

At the RSA height Below the RSA height

Blades 
moving Stop Blades 

moving
Stop

Muted

Emitted

Table 8. Visible Reactions at <50 m to the blades, with respect to the RSA height, for every 
State of Warning/Dissuasion Sounds (Muted/Emitted) and blades (Moving/Stop), along the 
Study Period (25/08/2014 to 31/10/2014). To note that with the Sounds Muted, reactions are 
referred to a software trigger time marked in the video recordings and DTBird DAP, but no 
Sound was actually emitted. 
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Duration of bird flights in collision risk areas 

Detection Module 

RSA
Warning/Dissuasion Sounds

Sounds 

Warning/Dissuasion Sounds

Flights that reach the RSA 
height 

Total flight duration (s) Nº Flights
Warning/Dissuasion 

Sounds Blades Mean value Maximum

Muted
Moving

Stop

Emitted
Moving

Stop

Table 9. Mean and Maximum Duration of flights that reach the RSA height, for every State 
of Warning/Dissuasion Sounds (Muted/Emitted) and blades (Moving/Stop), along the Study 
Period (25/08/2014 to 31/10/2014). 

Nº Collisions and RSA crosses 

Study Period
Detection 

Module Collision Control Module)

Warning/Dissuasion Sounds
RSA

RSA

Warning/Dissuasion Sounds 
RSA
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Nº Flights with RSA Cross

Warning/Dissuasion 
Sounds Blades Yes ND

Muted
Moving

Stop

Emitted
Moving

Stop

Total

Table 10. Nº flights with RSA cross, for every State of Warning/Dissuasion Sounds 
(Muted/Emitted) and blades (Moving/Stop), along the Study Period (25/08/2014 to 
31/10/2014). 

Collision Avoidance flights

Study Period, 
Detection Module

Warning/Dissuasion Sounds Sounds

Warning/Dissuasion Sounds ,

Warning/Dissuasion 
Sounds NO YES

Muted
Moving

Stop

Emitted
Moving

Stop

Total 9 10

Table 11. Collisions flights and Avoidance behaviour for every State of Warning/Dissuasion 
Sounds (Muted/Emitted) and blades (Moving/Stop), along the Study Period (25/08/2014 to 
31/10/2014). 
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C.4. Conclusions 
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D.3. Results 
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E. COLLISION CONTROL MODULE 
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E.4. Conclusions 
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F. APPENDIX I. EXAMPLES OF BIRDS DETECTED  
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Fig. 1



Fig. 2: 



Fig. 3







Fig. 4

Table 1:

  Mar Apr May Jun Jul Aug Sep Oct 
mean 
BP/night 1.5 1.4 1.3 6.0 7.3 7.8 19.5 4.0 



Fig. 5: 



Table 2:

detector bat activity 

  wind speed < 3m/s wind speed ≥ 3m/s total 

  # %     

DTBat [119 m] 356 67.42% 172 528 

DTBat [30 m]  1587 58.37% 1132 2719 

DTBat [30m + 119m]  1943 59.84% 1304 3247 

SWILD [119m] 421 60.75% 272 693 

Detection range: SWILD Batcorder detection unit was at nacelle only and pointed downwards.  
DTBat was equipped with three Anabat SDII bat detectors, each one installed 
at different heights. The detectors at 5m and 31m height were pointing down 
with a reflector below to detect the bat activity above. The bat detector at 
nacelle 119m was pointing down. It is known that the Anabat microphones 
have a very central biased detection range in comparison to the Batcorder 
which have a detection range relatively equal over 180 degrees.  

Time stamp Batcorder: time stamp at the end of each bat sequence. Mean time length of 
sequence during assessment period 1.74s ± 1.5 (mean ± SD) 

Detection unit time Batcorder: manually adjusted at each control on site (we found an average 
time lag of 15s after the DTBat recordings, including the duration of the 
recordings). 
Anabat: Adjustment through time server over internet  (should be precise) 
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Fig. 7

Fig. 8:



Table 3

Mitigation performance 
2014 

number of bat passes [%] 

Total bat activity 1479 100% 

Bat activity, covered by stop algorithm  1353 91.48% 

Bat activity while power production (running blades) 88 5.95% 

Total bat activity without power production 1391 94.05% 



Table 4:



Fig. 9:
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Scenario: (Pass1); Delay = 15s seq. (wind speed ≥3 m/s) total seq. 

Stop Duration Time to Stop # bat seq. 
# bat seq. 
protected % protected # bat seq. 

# bat seq. 
protected % protected 

40 min 

0sec 272 178 65.44 693 599 86.44 

7sec 272 177 65.07 693 598 86.29 

14sec 272 177 65.07 693 598 86.29 

37sec 272 177 65.07 693 598 86.29 

52sec 272 176 64.71 693 597 86.15 

60 min 

0sec 272 192 70.59 693 613 88.46 

7sec 272 191 70.22 693 612 88.31 

14sec 272 191 70.22 693 612 88.31 

37sec 272 191 70.22 693 612 88.31 

52sec 272 190 69.85 693 611 88.17 

Scenario: (Pass1); Delay = 15s seq. (wind speed ≥3 m/s) total seq. 

Stop Duration Time to Stop # bat seq. 
# bat seq. 
protected % protected # bat seq. 

# bat seq. 
protected % protected 

40 min 

0sec 272 183 67.28 693 604 87.16 
7sec 272 173 63.6 693 594 85.71 
14sec 272 166 61.03 693 587 84.7 
37sec 272 132 48.53 693 553 79.8 

52sec 272 122 44.85 693 543 78.35 

60 min 

0sec 272 186 68.38 693 607 87.59 

7sec 272 180 66.18 693 601 86.72 

14sec 272 170 62.5 693 591 85.28 

37sec 272 143 52.57 693 564 81.39 

52sec 272 129 47.43 693 550 79.37 

Scenario: (Pass1); Delay = 15s (seq. wind speed ≥3 m/s) total seq. 

Stop Duration Time to Stop # bat seq. 
# bat seq. 
protected % protected # bat seq. 

# bat seq. 
protected % protected 

40 min 

0sec 272 219 80.51 693 640 92.35 
7sec 272 215 79.04 693 636 91.77 
14sec 272 212 77.94 693 633 91.34 
37sec 272 186 68.38 693 607 87.59 

52sec 272 182 66.91 693 603 87.01 

60 min 

0sec 272 219 80.51 693 640 92.35 

7sec 272 217 79.78 693 638 92.06 

14sec 272 217 79.78 693 638 92.06 

37sec 272 201 73.9 693 622 89.75 

52sec 272 197 72.43 693 618 89.18 



Table 5:

Scenario / months Mar Apr May Jun Jul Aug Sep Oct Total 
Energy production [MWh] 
without stop program 153.2 210.1 225.7 150.2 169.6 142.0 114.2 165.6 1330.6 

Energy with ideal env. stop 
program 152.9 209.8 225.5 149.0 164.3 138.7 110.1 164.6 1314.9 
Loss by ideal env. stop program 0.2 0.4 0.2 1.1 5.2 3.4 4.1 1.1 15.7 
Loss by "ideal program" [%] 0.14% 0.18% 0.07% 0.73% 3.08% 2.38% 3.61% 0.64% 1.18% 
    
Energy with fixed env. stop 
program 148.3 201.1 217.9 131.6 150.8 122.2 86.7 130.1 1188.6 
Loss by fixed env. stop 
program 4.8 9.0 7.8 18.6 18.8 19.9 27.5 35.6 141.9 
Loss by "fixed program" [%] 3.16% 4.30% 3.45% 12.37% 11.08% 13.99% 24.05% 21.48% 10.67% 

Fig. 10



Fig. 11.



Fig. 12



Table 6:

Time period 

Potential Energy 
Production 

Fixed Environmental Stop 
Program (stops 17h-7h) Loss  

24 h [MWh] 24 h [MWh] total [MWh] 24 h [%] 

Assessement period 569 514.7 54.3 9.5% 

Full season  3051 2907.1 143.9 4.7% 

Year 2014 4500 143.9 3.2% 



Scenario: (Pass1); Delay = 15s 
Total activity 

Potential Energy 
Production 

DTBat(r) 
Stop 
Program Loss  

Stop Duration Time to Stop protected [%] 24 h [kWh] 
18h-8h 
[kWh] 24 h [kWh] 

total 
[kWh] 

24 h 
[%] 18h-8h [%] 

40 min 

0s 86.44 

568975 211281 

525373 43602 7.66% 20.64% 

7s 86.29 

14s 86.29 

37s 86.29 

52s 86.15 

60 min 

0s 88.46 

516960 52015 9.14% 24.62% 

7s 88.31 

14s 88.31 

37s 88.31 

52s 88.17 

Scenario: (Pass1); Delay = 15s 
Total activity 

Potential Energy 
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Fig. A1

Table A1
    #bat passes #bat passes  #bat passes 

season date 2014 2013 2010 

spring 
15. Mar 14 

123 147 690 - 
31. May 14 

summer 

01. Jun 14 

534 827 2522 - 

15. Aug 14 

autumn 

16. Aug 14 

822 4324 1694 - 

31.Oct 14 

total 

15. Mar 14 

1479 5298 4906 - 

31.Oct 14 



Table A2: Number of bat passes found for species / species groups at WT Oldis of Calandawind in 
2014
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B.3. Results 
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Figure 1. BA per night (as mean BP/hour registered every night) along the monitoring 
period, 01/07/2014 to 31/10/2014, at the 3 heights of the WTG Calandawind.
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Bat detector 
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Figure 2. Mean values of BA registered daily (n=117 night) at the 3 heights monitored in                  
the WTG Calanda (01/07/2014 to 31/10/2014). In the Y axis, BA has been centered 10 m                 
above the location of every Bat detector located in the tower, and 10 m below the Bat 
detector located in the nacelle.
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Fixed Environmental Stop program

Table 1.  Theoretical % of Nights hours, from 10/08/2014   to 31/10/2014, that the WTG 
Calandawind has been in every state of operation: Running, Stop due to lack of wind 
spped (<= 3m/S), Stop due to the Fixed Environmental Stop Program.

Fixed Environmental Stop 
Program

Fixed Environmental Stop Program

Detection Module BP

BP BP Fixed
Environmental Stop Program, BP

BP BP BP
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BP

Fixed Environmental Stop Program Stop 
Program BP

BP .

Stop Program BA

Bat Detectors BP BA
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Program BP

BA
BP

Figure 3. Cumulative %BP with wind speed >3m/s detected from 31 m and 119 m 
heights, with respect to BA (BP/hour), for the period 10/08/2014 to 31/10/2014.
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BA
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BP
BP BP

BP

Figure 4. Cumulative %BP with wind speed >3m/s, detected from 31 m and 119 m 
heights, with respect to the elapsed time between 2 consecutive BP, for the period 
10/08/2014 to 31/10/2014.
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Stop Program Pilot 
Study Period

BA
BP

Table 2.  Combination of DTBat Stop Program Settings evaluated. BA corresponds to BP
registered in a time period equal to the Stop duration.

BP Stop Program

Fixed 
Environmental 
Stop Program

BA 
Setting
BP

Table 3.  Nº Hours Stop/Night of every combination of DTBat® Stop Program Settings 
evaluated, for the Pilot Study Period 10/08/2014 to 31/10/2014. BA corresponds to BP
registered in a time period equal to the Stop duration.
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Fixed 
Environmental 
Stop Program

BA Setting
BP

Table 4.  Nº Stops/Night of every combination of DTBat® Stop Program Settings 
evaluated, for the Pilot Study Period 10/08/2014 to 31/10/2014. BA corresponds to BP
registered in a time period equal to the Stop duration.

BA in collision risk (wind speed > 3m/s) Total BA

BP
Stop Program BP

Fixed 
Environment

al Stop 
Program

BP

Stop Program BP
Fixed 

Environmental 
Stop Program

BA Setting
BP

Table 5.  %BP within every combination of DTBat® Stop Program Settings evaluated, for 
the Pilot Study Period 10/08/2014 to 31/10/2014. The calculation of the %BP within 
DTBat® Stop Program includes the BP that triggers the Stop. BA corresponds to BP
registered in a time period equal to the Stop duration, and Total BA includes all BP
registered, independently of the wind speed and theoretical collision risk.
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BP Stop Program Fixed
Environmental Stop Program BA BP

BP   Stop Program

BA BP
BP

Stop Program

BP BP
Stop Program

BP BP 
Stop Program

BP BP
BP Stop Program BA

BP BP
 Stop Program BP BA BP

BA BP

BA in collision risk (wind speed > 3m/s) Total BA

BP
Fixed

Environment
al Stop 

Program

BP
Fixed 

Environmental 
Stop ProgramBA Setting

BP

Table 6. %BP detected from 119 m height in the Pilot Study Period 10/08/2014 to 
31/10/2014, within 4 combinations of DTBat® Stop Programs Settings evaluated: BA
threshold set to 1 or 2 BP/Time, and Stop duration to 40 or 60 minutes. The calculation of 
the % BP within DTBat® Stop Program includes the BP that triggers the Stop. BA
corresponds to BP registered in a time period equal to the Stop duration, and Total BA
includes all BP registered, independently of the wind speed and theoretical collision risk.
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BP

BP

BP

BP
Stop Program

BA
BP BP BP

BA BP
BA BP

BA in collision risk (wind speed > 3m/s) Total BA

BP
Fixed 

Environment
al Stop 

Program

BP
Fixed 

Environmental 
Stop Program

BA Setting
BP

82% 95%

* Not possible to subtracts the % BP within the 45 s Stopping time of the WTG, therefore probably very slight 
overestimation.

Table 7. % BP detected from 119 m height in the Pilot Study Period 10/08/2014 to 31/10/2014, 
within 4 combinations of DTBat Stop Programs Settings evaluated, and with blades 
completely Stop: BA threshold set to 1 or 2 BP/Time, and Stop duration to 40 or 60 minutes. 
The % BP with blades completely Stop, exclude all the BP that trigger a Stop and all the BP
within 52 s from the Stop trigger (7 s to trigger the Stop from BP time + 45 s to Stop 
completely the blades). BA corresponds to BP registered in a time period equal to the Stop 
duration, and Total BA includes all BP registered, independently of the wind speed and 
theoretical collision risk. 
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BA
DTBat® Stop Programs should be set 

with a BA threshold of 1 BP/Hour, and a Stop duration of 60 minutes. With these 
Settings, it has been estimated that 95% of the BP detected from 119 m height, will not 
have any collision risk, because the WTG Calandawind will not run due to lack of wind 
speed (<3 m/s), or the blades will be completely Stop after a Stop triggered by DTBat®

Stop Control Module.

BA
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