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Context to night time aviation lighting

= Civil aviation lighting — visible
= Military (MOD) aviation lighting — infrared and visible



International framework

= |CAO International Standards and Recommended Practices:
Aerodromes Annex 14 Volume 1, 8th Edition, July 2018



Table 6-3. Light distribution for medium- and high-intensity obstacle lights
according to benchmark intensities of Table 6-1

Benchmark Minimum requirements Recommendations
et Vertical elevation angle (b Vertical elevation angle (b)
ertical elevation angle (b) Vertical beam spread criica’ elcvalion ang'e Vertical beam spread
0° -1° (c) 0° -1° -10° (c)
0 Resnened Pracicns Minimum Minimum Maximum
average | Minimum | Minimum beam Maximum | Maximum | Maximum beam
intensity | intensity | intensity spread | Intensity | intensity | intensity | intensity spread | Intensity
Annex 14 (a) (a) (a) (a) (a) (a) (a) (a)
200 000 | 200000 | 150 000 75 000 3° 75000 | 250000 112 500 7500 7° 75 000
Aerodromes
100 000 | 100 000 75 000 37500 3° 37500 125 000 56 250 3750 7° 37 500
Votume | —
e 5. e el St Oucal ot 267000 | 20000 | 15000 7500 3 T9sa0 | 25000 | 11250 750 | N/A N/A
Eighth Edition, July 2018
2000 750 3° 3 2500 1125 75 N/A N/A

zontal beam spreads. 6.2.1.3 requires 360° coverage around an obstacle.
ent will depend on the horizontal beam spreads of each light as well as the

ofe.~Fhi 2 incl X
Therefore, the number of lights needed to meet this requirem
shape of the obstacle. Thus, with narrower beam spreads, more lights will be required.

INTERNATIONAL CIVIL AVIATION ORGANIZATION

Note:
There is no requirement for any specified minimum or maximum light intensity at elevation angles lower

than -1°, or above +2°. It is therefore open to lighting manufacturers to design lights that have intensities
as close as possible to zero at angles of elevation lower than -1°, and above +2°.
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Policy Statement DAP12

“Lighting of Onshore Wind Turbine
Generators in the United Kingdom with a
maximum blade tip height at or in excess
of 150m Above Ground Level”

Safety & Airspace Regulation Group

Civil Aviation
Authority

Policy Statement

Lighting of Onshore Wind Turbine Generators in the United Kingdom with a
maximum blade tip height at or in excess of 150m Above Ground Level

Scope and Definition

1. Inthe UK, the need for aviation warning lights on 'tall’ structures depends in the first instance
upon any particular structure's location in relationship to an aerodrome. If a structure
penetrates the obstacle limitation surfaces of an aerodrome, it is for the aerodrome operator to
assess the need for waming lights'.

2. The UK statutory requirements for the lighting of en-route obstacles (i.e. those away from the
vicinity of a licensed aerodrome) are set out in Article 222 of the UK Air Navigation Order
(ANO) 20162 This article requires medium intensity (2000 candela) steady red aviation
warning lights to be mounted as close as possible to the top of all structures at or above 150
meters above ground level (AGL). In terms of requirement for lighting wind turbines
generators in accordance with the ANO, the CAA considers the top of a wind turbine
generator to be the maximum blade tip height. In terms of positioning of aviation obstruction
lighting on wind turbine generators with a maximum height of 150m AGL or above onshore”’,
the CAA interprets* ‘as close as possible to the top of the obstacle’ as the fitting of lights on
the top of the supporting structure (the nacelle) rather than the blade tips.

3. Taking into account the Rsccmmsndatlon in ICAO Annex 14 Vol 1 (Seventh edition 2016),
this Policy provides as to the of Article 222 with relation to
onshore wind turbine generators with a maximum blade tip height at or above 150m AGL. It
should be noted that:

a. Other onshore structures, including meteorological masts, at or above 150m AGL are not
covered by this policy statement.

b. Individual wind turbine generators below 150m AGL are not routinely lit for civil aviation
purposes; however, it is possible that aviation stakeholders, including the CAA, may make
a case for aviation warning Ilghung wheve a structure is considered, by virtue of its
location and nature, a si hazard. Further i ion is available
within CAP 764.

Policy

4. Under Article 222 (5), the CAA may direct that an en-route obstacle must be fitted with and
must display such additional lights in such positions and at such times as it may specify. In
addition, under Article 222 (6) a permission may be granted for the purposes of this article for
a particular case or class of cases or generally. Accordingly, the following policy shall apply to
all UK land based wind turbine generators which have a maximum blade tip height at or above
150m AGL:

! Commission Regulation EC No 13912014 (8.080) and associated AMC/GM (Aercdrome Regulation)
2 CAP 393 - Air Navigation: The Order and Requiations
? Requirements for offshore wind turbine generators differ from those onshore and are covered by ANO 2016 Article 223
* CAP 764 - CAA Policy and Guidelines on Wind Turbines — Chapter 3, Page 39, Footnote 26

Issue Date 01/06/2017 Page 10f2

Safety & Airspace Regulation Group

Civil Aviation
Authority

a. The person in charge of the wind turbine generator must ensure that it is fitted with a
medium intensity (2000 candela) red light positioned as close as practicable to the top of
the fixed structure. A second light serving as an alternative should be provided in case of
failure of the operating light.

b. The lights required by paragraph (a) must be so fitted to show when displayed in all
directions without interruption®.

c.  Additionally, at least three (to provide 360 degree coverage) low-intensity Type B lights
(32 candela) lights should be provided at an intermediate level of half the nacelle height.

d. Subject to sub-paragraphs (e) and (f), the person in charge of a wind turbine generator
must ensure that any light required to be fitted by this article is displayed.

e. Lights should be operated by an acceptable control device (e.g., photocell, timer, etc.)
adjusted so the lights will be turned on whenever illuminance reaching a vertical surface
falls below 500 LUX. The control device should turn the lights off when the illuminance
rises to a level of 500 LUX or more.

. In the event of the failure of any light which is required by this policy statement to be
displayed, the person in charge of a wind turbine generator must repair or replace the
light as soon as practicable. For any outage that is expected to be or is greater than 12
hours, the operator shall request a NOTAM to be issued by informing the NOTAM section

+44

(operating 24 hours) of the UK ion Service (AIS) by
(0) 1489 612488 / 2489 as soon as possible. This NOTAM is to specifically state (with
if the of the light will exceed 72 hours. AIS will copy the

details of the NOTAM to the operator and to the CAA.

g. If the hori: gical visibility in all from every wind turbine generator
in a group is more than 5 km, the intensity for the light positioned as close as practicable
to the top of the fixed structure required to be fitted to any generator in the windfarm and
displayed may be reduced to not less than 10% of the minimum peak intensity specified
for a light of this type.

SARG Point of Contact

CAA Windfarms

Safety and Airspace Regulation Group
CAA House

45-59 Kingsway

London

WC2B 6TE

Telephone: 0207 453 6534

windfarms@caa.co.uk

9 The term ‘without interruption’, does not take into account blade flicker.
* s specified in ICAO Annex 14 Aerodromes Vol | - Aerodrome Design and Operations, Chapter 6 Paragraph 6.2

Issue Date 01/06/2017 Page 2 of 2



Summary of standard lighting
requirements




In practice...



In practice...
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In practice...

2,000 candela (cd)

200 candela (cd)
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Lighting mitigation options




In practice...

POOR VISIBILITY

MINIMUM LIGHTING REQUIREMENTS.

DIAGRAMMATIC INTERPRETATION
OF ICAO TABLE 6-3

GOOD VISIBILITY

Intensity of Turbine Light shown in Candelas (cd)

Vertical angle

Turbine Lighting Intensity

)

2000cd scenario 200cd scenario
Above 4° <236 cd <24cd
464 to 236 cd 46 to 24 cd
1113 to 464 cd 111 to 46 cd
1°102° 2054 to 1113 cd 205 to 111 cd
2028 to 2054 cd 203 to 205 cd
0°to-1 2028 to 1055 cd 203 to 106 cd
1°to 2° 1055 to 409 cd 106 to 41 cd
-2°to -3° 409 to 206 cd 41t021cd
206 to 133 cd 21t013 cd
- <133 cd <13 cd

~ = =



In practice...

Turbines with 2000/200cd ANO Visible Red Lights: T1, T4, T7 and T9

@ CAA ANO Visible 2000cd Red
Lighting In accordance with
the latest CAA CAP and
expected CAA dispensations |
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Figure 4 Lighting Layout with CAA Dispensations

Reduced lighting scheme



OPFICIAL < Reanved Far o Oly; T Iniimiaslots 1 datiiciod fcr WiR Powsr- Autaicn Caniutants LAd. ety OFFICIAL - Namad Parties Ony. This information is itended for Wind Power Awiaton Consulants Ltd, only

« the lights on these turbines to be capable of being dimmed to 10% of peak
intensity when the lowest visibility as measured at suitable points around the wind
Strategy and Policy Group farm by visibility measuring devices exceeds S5km;
Windfarm Policy « infra-red lights to MoD specification installed on the nacelles of turbines T01, T02,
T03, T04, TO5, TO6, TO7, T08 and T09 (note that dimming permission is applicable
only to visible lights, not infra-red lighting)

6 Intermediate level 32 candela lights are not required to be fitted on the turbine
Mike Hale towers.
Aviation Consultant
Wind Power Aviation Consultants Ltd 7 If the proposed design of the wind farm changes (other than s due o
38 Hadrian Way micrositing etc.) this is likely to require a revision to this aviation ubstaclc lighting variation
Chilworth
Southampton
S016 7HX Yours sincerely,

. . 2 January 2025
Reduced nghtlng Scheme Ref Windfarms / Carn Feama Andy Wells
Manager Aviation and Wind Turbine Policy

CAA approval Dear Mike,
Proposed Obstacle Lighting Scheme for Carn Fearna Wind Farm

Reference: Carn Feamna Wind Farm Lighting report dated 2 October 2024

1 Thank you for the lighting brief at reference. The report discusses the proposed
obstacle lighting plan for the Carn Fearna Wind Farm, located approximately 12km WNW of
Dingwall.

2. The proposed Carn Fearna Wind Farm consists of 9 turbines, with heights over
150m ground to tip. This brings the turbines within scope of the Air Navigation Order (ANO)
Article 222 obstacle lighting requirements.

3 We have considered the report carefully and take note of the intent to address
concerns relating to adverse visual impacts of aviation lighting on non-aviation receptors
while ensuring that the lighting installed on the turbines meets air safety requirements.

4, We note the proposed lighting scheme identifies the perimeter outline and that some
mitigation is proposed to be provided by the provision of infra-red lighting for those
operators who carry Night Vision Device capability.

5. Under provisions given in the Air Navigation Order (ANO) Article 222 section 6, the
CAA provides for the following variation:

« medium intensity steady red (2000 candela) lights on the nacelles of turbines T01,
T04, T07 and TO9;

« a second 2000 candela light on the nacelles of the above turbines to act as
alternates in the event of a failure of the main light (note that both lights should not
be lit at the same time);

Civil Aviation Authority
26 Aviation House Beehive Ring Road Cradey West Sussex RHG OYR  woww.ca co.uk

Tedephone 0330 138 3166 andy wells@caa co.uk Cantinued (2 of 2 pages)

OFFICIAL - Named Parties Only OFFICIAL - Named Parties Only
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Figure 7.9a

Baseline Light Pollution
with Viewpoints (20km Radius)

Carn Fearna Wind Farm

Environmental Impact Assessment Report
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Figure 7.9b

Turbine Lighting ZTV

E | Impact

Carn Fearna Wind Farm
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View flat at a comfortable arm's length
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Guidance on Aviation Lighting Impact Assessment

Published: November 2024
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