Figure 5.16: Screening for dwelling receptor 34

Figure 5.17: Screening for dwelling receptor 35

Views obstructed at ground level, with views
above ground level considered possible
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Guidance Material), in 2023. A summary of material relevant to aerodrome

safeguarding is presented below:

‘(a) The aerodrome operator should have procedures to monitor the changes in
the obstacle environment, marking and lighting, and in human activities or land
use on the aerodrome and the areas around the aerodrome, as defined in
coordination with the CAA. The scope, limits, tasks and responsibilities for the
monitoring should be defined in coordination with the relevant air traffic
services providers, and with the CAA and other relevant authorities.

(b) The limits of the aerodrome surroundings that should be monitored by the
aerodrome operator are defined in coordination with the CAA and should
include the areas that can be visually monitored during the inspections of the
manoeuvring area.

(c) The aerodrome operator should have procedures to mitigate the risks
associated with changes on the aerodrome and its surroundings identified with
the monitoring procedures. The scope, limits, tasks, and responsibilities for the
mitigation of risks associated to obstacles or hazards outside the perimeter
fence of the aerodrome should be defined in coordination with the relevant air
traffic services providers, and with the CAA and other relevant authorities.

(d) The risks caused by human activities and land use which should be assessed
and mitigated should include:

1. Obstacles and the possibility of induced turbulence;

2. The use of hazardous, confusing, and misleading lights;

3. The dazzling caused by large and highly reflective surfaces;
4

. Sources of non-visible radiation, or the presence of moving, or fixed objects
which may interfere with, or adversely affect, the performance of
aeronautical communications, navigation and surveillance systems; and

5. Non-aeronautical ground light near an aerodrome which may endanger the
safety of aircraft and which should be extinguished, screened, or otherwise
modified so as to eliminate the source of danger.’
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Appendix B Overview of Glint and Glare Studies

B.1.1 Studies have been undertaken assessing the type and intensity of solar
reflections from various surfaces including solar panels and glass. An

overview of these studies is presented below.

B.1.2 The guidelines presented are related to aviation safety. The results are

applicable for the purpose of this analysis.

Reflection type from solar panels

B.1.3 Based on the surface conditions reflections from light can be specular and
diffuse. A specular reflection has a reflection characteristic similar to that
of a mirror; a diffuse will reflect the incoming light and scatter it in many
directions. The figure below, taken from the FAA guidance?’, illustrates the
difference between the two types of reflections. Because solar panels are
flat and have a smooth surface most of the light reflected is specular,
which means that incident light from a specific direction is reradiated in a

specific direction.

————————————— T e e

Solar reflection studies

B.1.4 An overview of content from identified solar panel reflectivity studies is

presented in the subsections below.

2Technical Guidance for Evaluating Selected Solar Technologies on Airports, Federal Aviation Administration (FAA) (April
2018). Available at: https://www.faa.gov/sites/faa.gov/files/airports/environmental/FAA-Airport-Solar-Guide-2018.pdf Accessed
on: 20/03/2019.
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A Study of the Hazardous Glare Potential to Aviators from
Utility-Scale Flat-Plate Photovoltaic Systems

B.1.5 Evan Riley and Scott Olson published in 2011 their study titled: A Study of
the Hazardous Glare Potential to Aviators from Ultility-Scale Flat-Plate
Photovoltaic Systems??”. They researched the potential glare that a pilot
could experience from a 25 degree fixed tilt PV system located outside of
Las Vegas, Nevada. The theoretical glare was estimated using published
ocular safety metrics which quantify the potential for a postflash glare
after-image. This was then compared to the postflash glare after-image
caused by smooth water. The study demonstrated that the reflectance of
the solar cell varied with angle of incidence, with maximum values
occurring at angles close to 90 degrees. The reflectance values varied

from approximately 5% to 30%. This is shown on the figure below.

Total reflectance (%)
Ln

Angle of incidence

B.1.6 The conclusions of the research study were:

= The potential for hazardous glare from flat-plate PV systems is similar
to that of smooth water;

= Portland white cement concrete (which is a common concrete for
runways), snow, and structural glass all have a reflectivity greater than
water and flat plate PV modules.

22 Evan Riley and Scott Olson, “A Study of the Hazardous Glare Potential to Aviators from Utility-Scale Flat-Plate Photovoltaic
Systems,” ISRN Renewable Energy, vol. 2011, Article ID 651857, 6 pages, 2011. doi:10.5402/2011/651857
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B.1.7

Note that the data above does not appear to consider the reflection type (specular or

diffuse).

B.1.8

FAA Guidance — “Technical Guidance for Evaluating
Selected Solar Technologies on Airports”?3

The 2010 FAA Guidance included a diagram which illustrates the relative
reflectance of solar panels compared to other surfaces. The figure shows
the relative reflectance of solar panels compared to other surfaces.
Surfaces in this figure produce reflections which are specular and diffuse.
A specular reflection (those made by most solar panels) has a reflection
characteristic similar to that of a mirror. A diffuse reflection will reflect the
incoming light and scatter it in many directions. A table of reflectivity

values, sourced from the figure within the FAA guidance, is presented

below.
Surface Approximate Percentage
of Light Reflected
Snow 80
White Concrete 77
Bare Aluminium 74
Vegetation 50
Bare Soil 30
Wood Shingle 17
Water 5
Solar Panels 5
Black Asphalt 2

An important comparison in this table is the reflectivity compared to water
which will produce a reflection of very similar intensity when compared to
that from a solar panel. The study by Riley and Olsen study (2011) also
concludes that still water has a very similar reflectivity to solar panels.

2 Technical Guidance for Evaluating Selected Solar Technologies on Airports, Federal Aviation Administration (FAA), date:

04/2018, accessed on: 20/03/2019.
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SunPower Technical Notification (2009)

B.1.9 SunPower published a technical notification?* to ‘increase awareness
concerning the possible glare and reflectance impact of PV Systems on

their surrounding environment..

B.1.10 The figure presented below shows the relative reflectivity of solar panels
compared to other natural and manmade materials including smooth

water, standard glass and steel.

Common Reflective Surfaces
(in commercial & residential PV system environments)
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B.1.11 The results, similarly to those from Riley and Olsen study (2011) and the
FAA (2010), show that solar panels produce a reflection that is less
intense than those of ‘standard glass and other common reflective

surfaces’.

B.1.12 With respect to aviation and solar reflections observed from the air,
SunPower has developed several large installations near airports or on Air
Force bases. It is stated that these developments have all passed FAA or
Air Force standards with all developments considered “No Hazard to Air
Navigation”. The note suggests that developers discuss any possible

concerns with stakeholders near proposed solar farms.

24 Source: Technical Support, 2009. SunPower Technical Notification — Solar Module Glare and Reflectance.
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Appendix C  Overview of Sun Movements

C.11 The sun’s position in the sky can be accurately described by its azimuth
and elevation. Azimuth is a direction relative to true north (horizontal angle
i.e. from left to right) and elevation describes the sun’s angle relative to the

horizon (vertical angle i.e. up and down).

C1.2 The sun’s position can be accurately calculated for a specific location. The

following data being used for the calculation:

® Time;
= Date;
= | atitude;
= Longitude.
C1.3 The following is true at the location of the solar development:

= The sun is at its highest around midday and is to the south at this time;
= The sun rises highest on 21 June (longest day);

= On 21 December, the maximum elevation reached by the sun is at its
lowest (shortest day).

C14 The combination of the sun’s azimuth angle and vertical elevation will
affect the direction and angle of the reflection from a reflector. The figure
below shows terrain at the horizon as well as the sunrise and sunset
curves throughout the year from lon:-3.48075 lat:54.597577

90
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45

Elevation Angle

22.5

0 i 7 — - :
> & < & S & & & A3
B Terrain | Sun Mid Summer [ Sun Mid Winter
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Appendix D  Glint and Glare Impact Significance

D.1.1 The significance of glint and glare will vary for different receptors. The
following section presents a general overview of the significance criteria
with respect to experiencing a solar reflection.

Impact significance definition

D.1.2 The table below presents the recommended definition of ‘impact
significance’ in glint and glare terms and the requirement for mitigation
under each.

Impact Definition Mitigation
Significance Requirement
No Impact A solar reflection is not geometrically No mitigation required.
possible or will not be visible from the
assessed receptor.
Low A solar reflection is geometrically possible No mitigation
however any impact is considered to be recommended.
small such that mitigation is not required
e.g. intervening screening will limit the view
of the reflecting solar panels significantly.
Moderate A solar reflection is geometrically possible Mitigation
and visible however it occurs under recommended.
conditions that do not represent a worst-
case given individual receptor criteria.
High A solar reflection is geometrically possible Mitigation will be
and visible under worst-case conditions that | required if the
will produce a significant impact given Proposed Development
individual receptor criteria is to proceed.

Impact significance determination for approaching aircraft

D.1.3

impact significance for approaching aircraft.

The flow chart presented below has been followed when determining the
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Flow chart is indicative only and
shows the general approach
followed. Consultation with the
. 8 solar reflectian aerodrome is recommended
Solar Reflection

geometrically alongside any technical analysis.
Significance Flow possible toward

. the 2-mile . Mitigation not
((:hal't — P||I:; approach path? No impact required
Aircraft)

. Mitigation not
The following flow chart Doesthe solar g\ Fowimpact o
should be used to reflection have a i
maximum intensity !
St st of ‘low potential for o
requirement for mitigation temporary after- Low impact Mitigation not
p
regarding solar reflections image'? recommended
towards pilots.

No Yes

Does the solar
reflection have a Does the solar
maximum intensity reflection occur
of ‘potential for with significant
temporary after- mitigating factors?
Mitigation image'?
required

No No

The solar reflection has an Moderate impact
High impact intensity greater than ‘potential

for temporary after-image’.

Mitigation
recommended

D.1.4

Impact significance determination for road receptors

The flow chart presented below has been followed when determining the
impact significance for road receptors.
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Is a solar
reflection
geometrically
possible and
visible?

Is the solar
reflection
towards a
Major National,
National or
Regional road?

*50 degrees either
side of the
direction of travel.

2 Mitigation not
No impact required

A solar reflection is
» 2 Mitigation not
predI:L.ledl tuw;lrd a Low impact e
ocal roa A

Does the visible
solar reflection

originate within
a driver’s field of

Does the solar
reflection
originate in front
Ll of a driver with
mitigating
factors?

Mitigation required

view™?

Considering
the mitigating
factors, will the Moderate impact
solar reflection

remain
significant? Mitigation
recommended

Impact significance determination for dwelling receptors

D.1.5

The flow chart presented below has been followed when determining the

impact significance for dwelling receptors.
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Solar Reflection
Significance Flow
Chart — Dwellings
The fol Iow;r-r-g flow chart

should be used to
determine the
requirement for mitigation

regarding solar reflections
towards local residents.

Key Criteria

1) The solar reflection
lasts for more than 3

months per year.
2) The solar reflection
lasts for more than 60
minutes per day.

Is a solar
reflection
geometrically
possible and
visible?

Is the
assessment
scenario* such
that key criteria
1 and 2 are not
possible**?

Does the
assessment
scenario**
satisfy one or
two criteria?

Are there
mitigating
factors?

High impact

One criterion

Two criteria Yes

*a solar reflection will be at least
partially screened in practice thus
not meeting either of the two
conditions.
**assessment scenario may
include determination of significant
screening. This may require further
modellingand a site survey.

Mitigation not

No impact required

Mitigation not

e DS recommended

Considering
the mitigating
factors, will the
solar reflection
remain
significant?

Moderate impact

Mitigation
recommended

Mitigation required
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