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EXECUTIVE SUMMARY 

Report Purpose 

Pager Power has been retained to assess the possible effects of glint and glare from glass 

windows associated with the proposed Broughton Mosque, to be located north of Preston, 

Lancashire, UK. This assessment pertains to the possible impact upon road users on the 

surrounding National Highways infrastructure (M55 and M6 slip road). 

Pager Power 

Pager Power has undertaken over 750 glint and glare assessments in the UK, Europe and 

internationally. The company’s own glint and glare guidance is based on industry experience and 

extensive consultation with industry stakeholders including airports and aviation regulators. 

Assessment Results 

Solar reflections are predicted to be mostly screened by the surrounding urban environment and 

many layers of existing vegetation. Where this vegetation is removed, effects requiring 

evaluation in context remain at a maximum of 10 receptors, based on appropriate mitigating 

factors. This evaluation is presented in Section 6.2.1 and has found that effects are not significant 

because: 

• Although solar reflections are predicted to occur for up to 15 minutes at any one 

location, the duration of the solar reflections would be limited by the speed of the road 

user passing through the solar reflection zones. 

• Considering the orientations of the glass windows and the fact that solar reflections can 

only originate from one window at a time towards a road user, any solar reflections 

would appear as a ‘twinkling’ effect as the road user passes the development rather than 

a sustained source of glare. This is in contrast to buildings like the Shard in London, which 

presents a sizeable flat external reflector that could lead to a sustained reflection for an 

extended period of time if approaching from a given orientation. 

• The façade composition of the proposed development is in keeping with the Ibis hotel 

which is located on the other side of the M55. The Ibis hotel also does not benefit from 

the non-reflective shrouding that the proposed development benefits from. 

• A solar reflection could only ever occur when the weather is clear and sunny on the 

specific dates and when the Sun has a clear view of the façade i.e. not obstructed by the 

urban environment, and a road user has a clear view of the reflecting façade. As solar 

reflections are primarily predicted at or near to sunrise/sunset, the sun will be at its 

lowest point in the sky. The sunlight is therefore likely to be obstructed by the urban 

environment and not reach the façade in practice.  

Overall, any solar reflections that are experienced from the proposed development by a road 

user on the M55 (including slip roads) and M6 slip road are not predicted to cause a significant 

safety concern. No mitigation is required.  
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ABOUT PAGER POWER 

Pager Power is a dedicated consultancy company based in Suffolk, UK. The company has 

undertaken projects in 51 countries within Europe, Africa, America, Asia and Australasia.  

The company comprises a team of experts to provide technical expertise and guidance on a range 

of planning issues for large and small developments. 

Pager Power was established in 1997. Initially the company focus was on modelling the impact 

of wind turbines on radar systems. Over the years, the company has expanded into numerous 

fields including: 

• Renewable energy projects. 

• Building developments. 

• Aviation and telecommunication systems. 

Pager Power prides itself on providing comprehensive, understandable and accurate 

assessments of complex issues in line with national and international standards. This is 

underpinned by its custom software, longstanding relationships with stakeholders and active role 

in conferences and research efforts around the world. 

Pager Power’s assessments withstand legal scrutiny and the company can provide support for a 

project at any stage.  
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1 INTRODUCTION 

1.1 Overview 

Pager Power has been retained to assess the possible effects of glint and glare from glass 

windows associated with the proposed Broughton Mosque, to be located north of Preston, 

Lancashire, UK. This assessment pertains to the possible impact upon road users on the 

surrounding National Highways infrastructure (M55 and M6 slip road). 

This report contains the following: 

• Solar development details. 

• Explanation of glint and glare. 

• Overview of relevant guidance. 

• Overview of relevant studies. 

• Overview of Sun movement. 

• Assessment methodology. 

• Identification of road receptors. 

• Glint and glare assessment for the identified receptors. 

• Results discussion. 

This assessment is desk based and no site survey has been completed. 

1.2 Pager Power’s Experience 

Pager Power has undertaken over 750 Glint and Glare assessments in the UK and internationally. 

The studies have included assessment of civil and military aerodromes, railway infrastructure and 

other ground-based receptors including roads and dwellings. 

1.3 Glint and Glare Definition 

The definition of glint and glare is as follows1: 

• Glint – a momentary flash of bright light typically received by moving receptors or from 

moving reflectors. 

• Glare – a continuous source of bright light typically received by static receptors or from 

large reflective surfaces. 

The term ‘solar reflection’ is used in this report to refer to both reflection types i.e. glint and 

glare. 

 

 
1 These definitions are aligned with those of the Federal Aviation Administration (FAA) in the United States of America.  
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2 DEVELOPMENT LOCATION AND DETAILS 

2.1 Site Plan 

The proposed development site plan is shown in Figure 12 below.  

 
Figure 1 Site plan 

 

 

 
2 BRICK VEIL_SITE PLAN_r03 [edited]. 
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2.2 Building Elevations 

The building elevations are shown in Figures 2 to 53,4,5,6 below and on the following pages. More 

information about the façades included in the assessment are presented in Section 6.  

 
Figure 2 West elevation 

 
Figure 3 South elevation 

 

 
3 BRICK VEIL_ELEVATION_EAST [cropped]. 
4 BRICK VEIL_ELEVATION_NORTH [cropped]. 
5 BRICK VEIL_ELEVATION_SOUTH [cropped]. 
6 BRICK VEIL_ELEVATION_WEST [cropped]. 
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Figure 4 East elevation 

 
Figure 5 North elevation 
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3 GLINT AND GLARE ASSESSMENT METHODOLOGY 

3.1 Guidance and Studies 

Appendices A and B present a review of relevant guidance and independent studies with regard 

to glint and glare issues. Much of the information on this topic is in relation to solar photovoltaic 

developments, however many of the underlying technical principles are applicable to other 

smooth reflectors. This guidance has been considered for reference purposes. 

3.2 Background 

Details of the Sun’s movements and solar reflections are presented in Appendix C. 

3.3 Pager Power’s Methodology 

The glint and glare assessment methodology has been derived from the information provided to 

Pager Power through consultation with stakeholders and by reviewing the available guidance 

and studies. The methodology for a glint and glare assessments is as follows: 

• Identify receptors in the area surrounding the solar development. 

• Consider direct solar reflections from the development towards the identified receptors 

by undertaking geometric calculations. 

• Consider the visibility of the reflector area from the receptor’s location. If the area are 

not visible from the receptor then no reflection can occur. 

• Based on the results of the geometric calculations, determine whether a reflection can 

occur, and if so, at what time it will occur. 

• Consider both the solar reflection from the development and the location of the direct 

sunlight with respect to the receptor’s position. 

• Consider the solar reflection with respect to the published studies and guidance. 

• Determine whether a significant detrimental impact is expected in line with the process 

presented in Appendix D. 

Within the Pager Power model, the reflector area is defined, as well as the relevant receptor 

locations. The result is a chart that states whether a reflection can occur, the duration and the 

area that can produce the solar reflection towards the receptor. Further technical details relating 

to the methodology of the geometric calculations can be found in Appendix E. 

3.4 Assessment Methodology and Limitations 

Further technical details regarding the methodology of the geometric calculations and limitations 

are presented in Appendix E and Appendix F.  
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4 ROAD RECEPTORS 

4.1 Overview 

There is no formal guidance with regard to the maximum distance at which glint and glare should 

be assessed. From a technical perspective, there is no maximum distance for potential 

reflections. The significance of a reflection however decreases with distance because the 

proportion of an observer’s field of vision that is taken up by the reflecting area diminishes as 

the separation distance increases. Terrain and shielding by vegetation are also more likely to 

obstruct an observer’s view at longer distances.  

A 1km assessment area is considered appropriate for glint and glare effects upon ground-based 

receptors. Receptors within this assessment area are identified unless visibility of the proposed 

development can be reliably ruled out, based on an initial review of the available imagery. A more 

detailed assessment is made if the modelling reveals a reflection would be geometrically possible.  

Terrain elevation heights have been interpolated based on OSGB36 data. The coordinate and 

height data for each receptor is presented in Appendix G. 

4.2 Road Receptors 

The analysis has considered National Highways infrastructure that:  

• Are within the one-kilometre assessment area; 

• Have a potential view of the panels. 

A section of the M55 (including slip roads) and an M6 slip road have been identified that require 

assessment. The sections of M55 (including slip roads) [purple lines] and M6 slip road [light blue 

line] that are relevant to this assessment, based on the direction of travel of a road user, are 

shown in Figure 67 on the following page.  

The receptors representing these sections of road (white icons)8 and the approximate building 

footprint (blue) are also shown. 

A height of 1.5 metres above ground level has been taken as typical eye level of a road user.

 

 
7 Copyright © 2021 Google. 
8 One receptor point may represent multiple lanes of traffic. 
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Figure 6 Assessed road receptors 
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5 REFLECTOR DETAILS 

5.1 Reflecting Façades 

A number of representative reflector points are selected based on the external vertical walls of 

the development where the glass façade is present. The number of reflector points is determined 

by the size of the reflector area as well as the selected vertical and horizontal resolution. 

The reflector wall centre point co-ordinates have been extrapolated from site plans. All glass 

façades have been modelled for completeness. Individual reflector points have been taken every 

1m vertically by 1m horizontally between the assessed heights stated for each reflector wall9. 

The resolution is more than sufficient for accurate results. 

The model assumes that the entire exterior wall is smooth i.e. no exterior features that may alter 

the reflective surface, and perpendicular (90 degrees) to the horizontal (ground). 

Further assumptions are presented in Appendix E. 

5.2 Development Reflector Details 

The building’s façades comprise an outer surface made of brickwork, which extends out in a 

cylindrical shape, with small triangular glass windows that are set back from the outer surface (as 

shown in Section 2.1). The distance from the window to the furthest point of the outer brickwork 

(approx. 0.8m) is double the length of the widest point of the window (approx. 0.4m) – almost all 

of each glass window will be much narrower than this due to the tapering their shape. 

The proposed development’s roof plan, indicating the relationship between the outer facades 

and windows, is shown in Figure 710 on the following page.  

 

 
9 The windows are less than 1m wide and therefore a single point in the centre of each window represents the horizontal 

extent of each window. 
10 BRICK VEIL_ROOF PLAN_r02 
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Figure 7 Glass windows relative to the outer brickwork 

Of these two materials, only the glass windows can produce specular reflections which would be 

considered significant in the context of glint and glare. Therefore, the capability of the proposed 

development’s façades to cause significant glint and glare impacts is dependent on the potential 

for incoming sunlight to reach the glass windows, and for this sunlight to be reflected onto a 

surrounding observer. 

Considering the setback of the windows relative to the outer brickwork and the sun path across 

the sky, the windows will be mostly shrouded from incoming light because they will be within 

the shadow of the brickwork. This means that the angle at which the sunlight can reach the 

windows and reflect onto a surrounding road user will be significantly reduced.  

Therefore, whilst the modelling output will not consider the effects of the outer brickwork, any 

reflections that are geometrically possible at a shallow angle relative to the window orientation 

will not be considered further because they will not reach the window in practice. 

5.3 Modelled Façade Details 

A total of 35 facades have been assessed. The modelled façades are shown as the white arrows 

in Figure 811 on the following page. The façade details are presented in Appendix G. 

 

 
11 Source: Copyright © 2021 Google. 

Brickwork 

Window 
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Figure 8 Assessed reflector façades 
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6 ASSESSMENT RESULTS AND DISCUSSION 

6.1 Overview 

The key considerations for quantifying impact significance for road users along a major national 

road are: 

• Whether a reflection is predicted to be experienced in practice; 

• The location of the reflecting panel relative to a road user’s direction of travel. 

Where reflections are not predicted to be experienced by a road user, no impacts are predicted, 

and no mitigation is required. 

Where reflections are predicted to be experienced from outside of a road user’s field of view (50 

degrees either side of the direction of travel) or originate from panels that are further than 1km 

from an observer, the impact significance is low, and mitigation is not required. 

Where reflections are predicted to be experienced from inside of a road user’s main field of view, 

the impact significance is moderate and expert assessment of the following mitigating factors is 

required to determine the mitigation requirement: 

• The level of screening – any restriction in potential views of a reflecting area will reduce 

the level of impact; 

• Whether the solar reflection originates from directly in front of a road user – a solar 

reflection that is directly in front of a road user is more hazardous than a solar reflection 

to one side; 

• The separation distance to the reflector area – larger separation distances reduce the 

proportion of an observer’s field of view that is affected by glare;  

• The level of screening – any restriction in potential views of a reflecting area will reduce 

the level of impact. 

Where reflections are predicted to be experienced originate from directly in front of a road user 

and there are no further mitigating circumstances, the impact significance is high, and mitigation 

is required. 

When evaluating visibility in the context of glint and glare, it is only the reflecting panel area that 

must be considered. For example, if the western half of the development is visible, but reflections 

would only be possible from the eastern half, it can be concluded that the reflecting area is not 

visible, and no impacts are predicted. Therefore, there can be instances where visibility of the 

development is predicted, but glint and glare issues are screened.  

The analysis has not considered intervening screening in the first instance. Screening has been 

considered where a significant impact is possible under baseline conditions and where any 

vegetation has many layers that cannot be easily removed. 

The modelling output showing the precise predicted times and the reflecting areas are shown in 

Appendix H. 
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6.2 Assessment Results 

The modelling has shown that solar reflections are geometrically possible towards all 36 assessed 

road receptors, along the entire 3.5km of road. Each road receptor for which solar reflections are 

geometrically possible have been considered in turn to evaluate the mitigation requirement.  

Table 1 on the following pages summarises the initial predicted impact significance under 

baseline conditions and considering the intervening screening, as well as the further evaluation 

requirement based on the relevant mitigating factors under baseline conditions.  

Cases where further evaluation is required are shown in red for ease of reference and are 

discussed further in Section 6.2.1.  
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Road 

Receptor(s) 

Visible 

Reflecting 

Areas 

Consideration 
Potential Impact 

Classification Further 

Evaluation 

Required? 
Visibility Glare Location Separation Distance 

With 

Screening 

Without 

Screening 

1 – 7 

33 – 35 

Many layers of existing 

vegetation on the roadside 

and along the slip road. 

Predicted to significantly 

obstruct views of the 

reflecting windows with 

low risk of removal. 

Glare is predicted to 

originate from 

directly in front of a 

road user. 

The visible reflecting 

areas are beyond 300 

metres from a road user 

at its closest point. 

No 

impact. 
Moderate. No. 

8 

Glare is not 

predicted to 

originate from 

directly in front of a 

road user. 

The visible reflecting 

areas are approx. 300 

metres from a road 

user. 

9 1, 33, 35 

One layer of existing 

vegetation on the roadside. 

Predicted to significantly 

obstruct views of the 

reflecting windows but 

higher risk of removal. 

Glare is not 

predicted to 

originate from 

directly in front of a 

road user. 

The visible reflecting 

areas are approx. 200 

metres from a road 

user. 

No 

impact. 
Moderate. Yes. 

10 
1 – 3, 33, 

34 

Partial existing vegetation. 

Views of the reflecting 

windows considered 

possible. 

Glare is not 

predicted to 

originate from 

directly in front of a 

road user. 

The visible reflecting 

areas are approx. 110 

metres from a road 

user. 

Moderate. Yes. 
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Road 

Receptor(s) 

Visible 

Reflecting 

Areas 

Consideration 
Potential Impact 

Classification Further 

Evaluation 

Required? 
Visibility Glare Location Separation Distance 

With 

Screening 

Without 

Screening 

11 
4 – 7, 11, 

12 

One layer of existing 

vegetation to the south of 

the proposed 

development. 

Predicted to significantly 

obstruct views of the 

reflecting windows but 

higher risk of removal. 

Glare is predicted to 

originate from 

outside a road user’s 

main field of view. 

N/A Low. No impact. No. 

12 11, 14 – 16 
Many layers of existing 

vegetation on the roadside 

and along the slip road. 

Predicted to significantly 

obstruct views of the 

reflecting windows with 

low risk of removal. 

Glare is not 

predicted to 

originate from 

directly in front of a 

road user. 

The visible reflecting 

areas are approx. 110 

metres from a road 

user. 
No 

impact.  
Moderate. Yes. 

13 15 – 17 

The visible reflecting 

areas are approx. 180 

metres from a road 

user. 
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Road 

Receptor(s) 

Visible 

Reflecting 

Areas 

Consideration 
Potential Impact 

Classification Further 

Evaluation 

Required? 
Visibility Glare Location Separation Distance 

With 

Screening 

Without 

Screening 

14 15 – 18 

One layer of existing 

vegetation along the slip 

road. 

Predicted to significantly 

obstruct views of the 

reflecting windows but 

higher risk of removal. 

Glare is not 

predicted to 

originate from 

directly in front of a 

road user. 

The visible reflecting 

areas are approx. 270 

metres from a road 

user. 

No 

impact.  
Moderate. Yes. 

15 15 – 18 

Many layers of existing 

vegetation on the roadside. 

Predicted to significantly 

obstruct views of the 

reflecting windows with 

low risk of removal. 

Glare is not 

predicted to 

originate from 

directly in front of a 

road user. 

The visible reflecting 

areas are beyond 300 

metres from a road 

user. 

No 

impact.  
Moderate. No. 

16 – 21 16 – 19 
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Road 

Receptor(s) 

Visible 

Reflecting 

Areas 

Consideration 
Potential Impact 

Classification Further 

Evaluation 

Required? 
Visibility Glare Location Separation Distance 

With 

Screening 

Without 

Screening 

22 

33 – 35 

One layer of existing 

vegetation along the slip 

road. 

Predicted to significantly 

obstruct views of the 

reflecting windows but 

higher risk of removal. 

Glare is predicted to 

originate from 

directly in front of a 

road user. 

The visible reflecting 

areas are approx. 300 

metres from a road 

user. 

No 

impact. 
Moderate. Yes. 

23 

The visible reflecting 

areas are approx. 190 

metres from a road 

user. 

No 

impact. 
High. Yes. 

24 
1, 2, 33 – 

35 

No screening identified.  

Views of the reflecting 

windows predicted. 

Glare is predicted to 

originate from 

directly in front of a 

road user. 

The visible reflecting 

areas are approx. 100 

metres from a road 

user. 

No 

impact.  
High. Yes. 

25 2 – 13 

One layer of existing 

vegetation to the south of 

the proposed 

development. 

Predicted to significantly 

obstruct views of the 

reflecting windows but 

higher risk of removal. 

Glare is predicted to 

originate from 

outside a road user’s 

main field of view. 

N/A 
No 

impact.  
Low. No. 
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Road 

Receptor(s) 

Visible 

Reflecting 

Areas 

Consideration 
Potential Impact 

Classification Further 

Evaluation 

Required? 
Visibility Glare Location Separation Distance 

With 

Screening 

Without 

Screening 

26 
4 – 8, 17 – 

19 

Many layers of existing 

vegetation and intervening 

terrain. 

Predicted to significantly 

obstruct views of the 

reflecting windows with no 

risk of removal. 

N/A N/A No impact. No. 

27 11, 14 – 16 

Many layers of existing 

vegetation on the roadside 

and along the slip road. 

Predicted to significantly 

obstruct views of the 

reflecting windows with 

low risk of removal. 

Glare is predicted to 

originate from 

directly in front of a 

road user. 

The visible reflecting 

areas are approx. 150 

metres from a road 

user. 

No 

impact.  
Moderate. Yes. 
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Road 

Receptor(s) 

Visible 

Reflecting 

Areas 

Consideration 
Potential Impact 

Classification Further 

Evaluation 

Required? 
Visibility Glare Location Separation Distance 

With 

Screening 

Without 

Screening 

28 20 – 22 

One layer of existing 

vegetation along the slip 

road. 

Predicted to significantly 

obstruct views of the 

reflecting windows but 

higher risk of removal. 

Glare is not 

predicted to 

originate from 

directly in front of a 

road user. 

The visible reflecting 

areas are approx. 220 

metres from a road user 

No 

impact.  
Moderate. Yes. 

29 20 – 23 

One layer of existing 

vegetation along the slip 

road. 

Predicted to significantly 

obstruct views of the 

reflecting windows but 

higher risk of removal. 

Glare is not 

predicted to 

originate from 

directly in front of a 

road user. 

The visible reflecting 

areas are beyond 300 

metres from a road 

user. 

No 

impact.  
Moderate. No. 
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Road 

Receptor(s) 

Visible 

Reflecting 

Areas 

Consideration 
Potential Impact 

Classification Further 

Evaluation 

Required? 
Visibility Glare Location Separation Distance 

With 

Screening 

Without 

Screening 

30 20 – 23 

Many layers of existing 

vegetation on the roadside. 

Predicted to significantly 

obstruct views of the 

reflecting windows with 

low risk of removal. 

Glare is not 

predicted to 

originate from 

directly in front of a 

road user. 

The visible reflecting 

areas are beyond 300 

metres from a road 

user. 

No 

impact.  
Moderate. No. 

31 – 36 21 – 24 

Table 1 Assessment of initial impact significance
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6.2.1 Further Evaluation of Effects in Context 

Considering the typical mitigating factors, effects that require further evaluation in context have 

been identified for sections of road represented by road receptors 9, 10, 12 – 14, 22 – 24, 27, 

and 28 in the absence of existing vegetation.  

The sections of road are shown in Figure 912 below. 

 
Figure 9 Sections of road with potentially significant impact 

Table 2 on the following page presents the key considerations regarding the proposed 

development and glare scenario for these receptors to ascertain the overall impact upon road 

safety. 

Consideration Yes/No Comment 

Does the façade capable of 

producing a solar reflection represent 

a significant proportion of the façade 

as a whole? 

No. 
Only a single glass window can reflect at any one 

moment towards a road user.  

Is the proposed development in 

keeping with those around it and 

near to the assessed to the major 

national road? 

Yes. 
The façade composition is similar to the Ibis hotel 

which is located on the other side of the M55.  

Will it be a sustained source of glare? No. 
The glass windows are separated by outer 

brickwork that will not produce specular reflections.  

 

 
12 Copyright © 2021 Google. 
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Consideration Yes/No Comment 

Does the solar reflection last for a 

significant period of time? 
No. 

Up to 15 minutes per day; however, it would be 

much less considering the time it would take 

for a road user to pass through the solar 

reflection zones. 

Are the reflections guaranteed to 

reach the façade and reflect towards 

a road user (in the absence of 

vegetation screening)?  

No. 

Almost all solar reflections are predicted at or near 

to sunrise/sunset. The incoming sunlight may be 

obstructed by the surrounding urban environment 

and not reach the facades in practice.  

Table 2 Assessment of glare in context 

The table above presents the key criteria in determining the overall significance. The following 

list presents further detail, where required: 

• Although solar reflections are predicted to occur for up to 15 minutes per day at any one 

location, the duration of the solar reflections would be limited by the speed of the road 

user passing through the solar reflection zones. 

• Considering the orientations of the glass windows and the fact that solar reflections can 

only originate from one window at a time towards a road user, any solar reflections 

would appear as a ‘twinkling’ effect as the road user passes the development rather than 

a sustained source of glare. This is in contrast to buildings like the Shard in London, which 

presents a sizeable flat external reflector that could lead to a sustained reflection for an 

extended period of time if approaching from a given orientation. 

• The façade composition of the proposed development is in keeping with the Ibis hotel 

which is located on the other side of the M55 (see Figure 1013 on the following page). 

The figure also shows that the windows of the Ibis hotel do not benefit from the non-

reflective shrouding that the proposed development benefits from. 

• A solar reflection could only ever occur when the weather is clear and sunny on the 

specific dates and when the Sun has a clear view of the façade i.e. not obstructed by the 

urban environment, and a road user has a clear view of the reflecting façade. As solar 

reflections are primarily predicted at or near to sunrise/sunset, the sun will be at its 

lowest point in the sky. The sunlight is therefore likely to be obstructed by the urban 

environment and not reach the façade in practice.  

 

 
13 Copyright © 2021 Google. 
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Figure 10 Ibis hotel near to the proposed development 

6.2.2 Assessment Conclusions 

Overall, under baseline conditions, solar reflections are predicted to be mostly screened by the 

surrounding urban environment and many layers of existing vegetation. Where surrounding 

existing vegetation is removed and views of the reflecting windows are possible, any potentially 

significant impacts are likely to be mitigated considering the glare scenario and therefore are not 

predicted to cause a significant safety concern in relation to road users on the M55 (including 

slip roads) and M6 slip road. No mitigation is required.  
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7 OVERALL CONCLUSIONS 

7.1 Assessment Results 

Solar reflections are predicted to be mostly screened by the surrounding urban environment and 

many layers of existing vegetation. Solar reflections are predicted to be mostly screened by the 

surrounding urban environment and many layers of existing vegetation. Where this vegetation 

is removed, effects requiring evaluation in context remain at a maximum of 10 receptors, based 

on appropriate mitigating factors. This evaluation is presented in Section 6.2.1 and has found 

that effects are not significant because: 

• Although solar reflections are predicted to occur for up to 15 minutes at any one 

location, the duration of the solar reflections would be limited by the speed of the road 

user passing through the solar reflection zones. 

• Considering the orientations of the glass windows and the fact that solar reflections can 

only originate from one window at a time towards a road user, any solar reflections 

would appear as a ‘twinkling’ effect as the road user passes the development rather than 

a sustained source of glare. This is in contrast to buildings like the Shard in London, which 

presents a sizeable flat external reflector that could lead to a sustained reflection for an 

extended period of time if approaching from a given orientation. 

• The façade composition of the proposed development is in keeping with the Ibis hotel 

which is located on the other side of the M55. The Ibis hotel also does not benefit from 

the non-reflective shrouding that the proposed development benefits from. 

• A solar reflection could only ever occur when the weather is clear and sunny on the 

specific dates and when the Sun has a clear view of the façade i.e. not obstructed by the 

urban environment, and a road user has a clear view of the reflecting façade. As solar 

reflections are primarily predicted at or near to sunrise/sunset, the sun will be at its 

lowest point in the sky. The sunlight is therefore likely to be obstructed by the urban 

environment and not reach the façade in practice.  

Overall, any solar reflections that are experienced from the proposed development by a road 

user on the M55 (including slip roads) and M6 slip road are not predicted to cause a significant 

safety concern. No mitigation is required.  
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APPENDIX A – OVERVIEW OF GLINT AND GLARE GUIDANCE 

Overview 

This section presents details regarding the relevant guidance and studies with respect to the 

considerations and effects of solar reflections, known as ‘Glint and Glare’. This is not a 

comprehensive review of the data sources, rather it is intended to give an overview of the 

important parameters and considerations that have informed this assessment. 

The information pertains largely to effects from solar panels – however this is relevant from a 

technical perspective. The guidance should be considered for reference purposes. 

UK Planning Policy 

The National Planning Policy Framework under the planning practice guidance for Renewable 

and Low Carbon Energy14 (specifically regarding the consideration of solar farms, paragraph 013) 

states: 

‘What are the particular planning considerations that relate to large scale ground-mounted solar 

photovoltaic Farms? 

The deployment of large-scale solar farms can have a negative impact on the rural environment, 

particularly in undulating landscapes. However, the visual impact of a well-planned and well-screened 

solar farm can be properly addressed within the landscape if planned sensitively. 

Particular factors a local planning authority will need to consider include: 

… 

• the proposal’s visual impact, the effect on landscape of glint and glare (see guidance on 

landscape assessment) and on neighbouring uses and aircraft safety; 

• the extent to which there may be additional impacts if solar arrays follow the daily 

movement of the sun; 

… 

The approach to assessing cumulative landscape and visual impact of large scale solar farms is likely 

to be the same as assessing the impact of wind turbines. However, in the case of ground-mounted 

solar panels it should be noted that with effective screening and appropriate land topography the area 

of a zone of visual influence could be zero.’ 

Assessment Process – Ground-Based Receptors 

No process for determining and contextualising the effects of glint and glare are provided for 

assessing the impact of solar reflections upon surrounding observers. Therefore, the Pager 

Power approach is to determine whether a reflection from the proposed solar development is 

 

 
14 Renewable and low carbon energy, Ministry of Housing, Communities & Local Government, date: 18 June 2015, 
accessed on: 17/06/2020  

https://www.gov.uk/guidance/renewable-and-low-carbon-energy


 

Glint and Glare Study D’Urton Lane      32 

geometrically possible and then to compare the results against the relevant guidance/studies to 

determine whether the reflection is significant.  

The Pager Power approach has been informed by the policy presented above, current studies 

(presented in Appendix B) and stakeholder consultation. Further information can be found in 

Pager Power’s Glint and Glare Guidance document15 which was produced due to the absence of 

existing guidance and a specific standardised assessment methodology. 

  

 

 
15  Pager Power Glint and Glare Guidance, Third Edition (3.1), April 2021. 

https://www.pagerpower.com/news/glint-and-glare-guidance-third-edition-now-available/
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APPENDIX B – OVERVIEW OF GLINT AND GLARE STUDIES  

Overview 

Studies have been undertaken assessing the type and intensity of solar reflections from various 

surfaces including solar panels. An overview of these studies is presented below. 

There are no specific studies for determining the effect of reflections from solar panels with 

respect to dwellings. The guidelines presented are related to aviation safety. The results are 

applicable for the purpose of this analysis. 

Reflection Type from Solar Panels 

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 below16, 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. 

 
Specular and diffuse reflections  

  

 

 
16 http://www.faa.gov/airports/environmental/policy_guidance/media/airport_solar_guide_print.pdf 
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Solar Reflection Studies 

An overview of content from identified solar panel reflectivity studies is presented in the 

subsections below. 

Evan Riley and Scott Olson, “A Study of the Hazardous Glare Potential to Aviators from Utility-

Scale Flat-Plate Photovoltaic Systems” 

Evan Riley and Scott Olson published in 2011 their study titled:  A Study of the Hazardous Glare 

Potential to Aviators from Utility-Scale Flat-Plate Photovoltaic Systems17”. 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 % when compared to angle of incidence  

  

 

 
17 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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FAA Guidance- “Technical Guidance for Evaluating Selected Solar Technologies on Airports”18 

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 figure19 within the FAA guidance, is 

presented below. 

Surface 
Approximate Percentage of Light 

Reflected20 

Snow 80 

White Concrete 77 

Bare Aluminium 74 

Vegetation 50 

Bare Soil 30 

Wood Shingle 17 

Water 5 

Solar Panels 5 

Black Asphalt 2 

Relative reflectivity of various surfaces 

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

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.  

  

 

 
18 FAA, November (2010): Technical Guidance for Evaluating Selected Solar Technologies on Airports. 
19 http://www.faa.gov/airports/environmental/policy_guidance/media/airport_solar_guide_print.pdf 
20 Extrapolated data, baseline of 1,000 W/m2 for incoming sunlight. 
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SunPower Technical Notification (2009) 

SunPower published a technical notification21 to ‘increase awareness concerning the possible glare 

and reflectance impact of PV Systems on their surrounding environment’. The study revealed that 

the reflectivity of a solar panel is considerably lower than that of ‘standard glass and other common 

reflective surfaces’. 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. 

Figures within the document show the relative reflectivity of solar panels compared to other 

natural and manmade materials including smooth water, standard glass and steel. 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 produced from these surfaces. 

  

 

 
21 Technical Support, 2009. SunPower Technical Notification- Solar Module Glare and Reflectance. 
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APPENDIX C – OVERVIEW OF SUN MOVEMENTS AND RELATIVE 

REFLECTIONS  

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). The Sun’s position can 

be accurately calculated for a specific location. The following data being used for the calculation: 

• Time. 

• Date. 

• Latitude. 

• Longitude. 

The following is true at the location of the 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). 

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 at the 

location of the proposed development as well as the sunrise and sunset curves throughout the 

year. 

 
Terrain elevation at the horizon 
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APPENDIX D – GLINT AND GLARE IMPACT SIGNIFICANCE 

Overview 

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 

The table below presents the recommended definition of ‘impact significance’ in glint and glare 

terms and the requirement for mitigation under each.   

Impact 

Significance 
Definition Mitigation Requirement 

No Impact 

A solar reflection is not geometrically 

possible or will not be visible from the 

assessed receptor. 

No mitigation required. 

Low 

A solar reflection is geometrically 

possible however any impact is 

considered to be small such that 

mitigation is not required e.g. 

intervening screening will limit the 

view of the reflecting solar panels. 

No mitigation required. 

Moderate 

A solar reflection is geometrically 

possible and visible however it occurs 

under conditions that do not represent 

a worst-case. 

Whilst the impact may be 

acceptable, consultation 

and/or further analysis should 

be undertaken to determine 

the requirement for mitigation. 

Major 

A solar reflection is geometrically 

possible and visible under conditions 

that will produce a significant impact. 

Mitigation and consultation is 

recommended. 

Mitigation will be required if 

the proposed solar 

development is to proceed. 

Impact significance definition 
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APPENDIX E – PAGER POWER’S REFLECTION CALCULATIONS 

METHODOLOGY 

The calculations are three dimensional and complex, accounting for: 

• The Earth’s orbit around the Sun; 

• The Earth’s rotation; 

• The Earth’s orientation; 

• The reflector’s location; 

• The reflector’s 3D Orientation. 

Reflections from a flat reflector are calculated by considering the normal which is an imaginary 

line that is perpendicular to the reflective surface and originates from it. The diagram below may 

be used to aid understanding of the reflection calculation process. 

 
Reflection calculation process 
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The following process is used to determine the 3D Azimuth and Elevation of a reflection: 

• Use the Latitude and Longitude of reflector as the reference for calculation purposes; 

• Calculate the Azimuth and Elevation of the normal to the reflector; 

• Calculate the 3D angle between the source and the normal; 

• If this angle is less than 90 degrees a reflection will occur. If it is greater than 90 degrees 

no reflection will occur because the source is behind the reflector; 

• Calculate the Azimuth and Elevation of the reflection in accordance with the following: 

o The angle between source and normal is equal to angle between normal and 

reflection; 

o Source, Normal and Reflection are in the same plane.  
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APPENDIX F – ASSESSMENT LIMITATIONS AND ASSUMPTIONS 

Pager Power’s Model 

Bounding coordinates, elevation angles and azimuth angles have been extrapolated from site 

drawings provided by the developer. 

The model assumes that a receptor can view the face of every defined reflector area whilst in 

reality this may not be the case. 

A finite number of points within each solar panel area defined is chosen based on an assessment 

resolution so that a comprehensive understanding of the entire development can be formed. 

This determines whether a solar reflection could ever occur at a chosen receptor.  

A single reflection point is chosen for the geometric calculations. This suitably determines 

whether a solar reflection can be experienced at a receptor location and the time of year and 

duration of the solar reflection. Increased accuracy could be achieved by increasing the number 

of heights assessed however this would only marginally change the results and is not considered 

significant. 

The available street view imagery, satellite mapping, terrain and any site imagery provided by the 

developer has been used to assess line of sight from the assessed receptors to the modelled solar 

panel area, unless stated otherwise. In some cases, this imagery may not be up to date and may 

not give the full perspective of the installation from the location of the assessed receptor.  

Any screening in the form of trees, buildings etc. that may obstruct the Sun from view of the 

solar panels is not within the modelling unless stated otherwise. The terrain profile at the 

horizon is considered if stated. 
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APPENDIX G – REFLECTOR AREA AND RECEPTOR DETAILS 

Façade Details 

Area ID Longitude (°) Latitude (°) Azimuth Angle (°) Assessed Heights (m amsl) 

1 -2.716281 53.801636 230 

From 40 to 52 at one-

metre intervals 

2 -2.716250 53.801614 225 

3 -2.716215 53.801596 217 

4 -2.716176 53.801579 212 

5 -2.716134 53.801566 206 

6 -2.716089 53.801556 198 

7 -2.716044 53.801549 188 

8 -2.715997 53.801546 180 

9 -2.715949 53.801545 180 

10 -2.715902 53.801549 173 

11 -2.715856 53.801555 164 

12 -2.715817 53.801565 147 

13 -2.715783 53.801582 133 

14 -2.715758 53.801602 120 

15 -2.715743 53.801626 102 

16 -2.715739 53.801652 89 

17 -2.715746 53.801677 77 

18 -2.715762 53.801703 69 

19 -2.715784 53.801728 60 

20 -2.715810 53.801751 50 

21 -2.715841 53.801773 44 

22 -2.715877 53.801792 38 
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23 -2.715915 53.801808 30 

From 40 to 52 at one-

metre intervals 

24 -2.715957 53.801821 24 

25 -2.716094 53.801842 2 

26 -2.716142 53.801842 360 

27 -2.716189 53.801839 355 

28 -2.716236 53.801833 344 

29 -2.716275 53.801822 328 

30 -2.716309 53.801806 315 

31 -2.716334 53.801785 298 

32 -2.716349 53.801761 285 

33 -2.716353 53.801736 270 

34 -2.716346 53.801711 255 

35 -2.716330 53.801684 245 

Façade Details 

Road Receptor Data 

Location Longitude (°) Latitude (°) Location Longitude (°) Latitude (°) 

1 -2.730615 53.798994 19 -2.706139 53.805084 

2 -2.729167 53.799188 20 -2.704802 53.805539 

3 -2.727695 53.799386 21 -2.703417 53.805900 

4 -2.726201 53.799586 22 -2.720512 53.800542 

5 -2.724753 53.799780 23 -2.718979 53.800819 

6 -2.723233 53.799981 24 -2.717616 53.801065 

7 -2.721784 53.800173 25 -2.716050 53.801288 

8 -2.720288 53.800371 26 -2.715156 53.800822 

9 -2.718800 53.800579 27 -2.713751 53.801179 

10 -2.717319 53.800780 28 -2.712408 53.801569 
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Location Longitude (°) Latitude (°) Location Longitude (°) Latitude (°) 

11 -2.715837 53.800980 29 -2.711139 53.802072 

12 -2.714395 53.801262 30 -2.710033 53.802664 

13 -2.713016 53.801635 31 -2.708990 53.803326 

14 -2.711725 53.802110 32 -2.707961 53.803965 

15 -2.710572 53.802637 33 -2.706753 53.804519 

16 -2.709501 53.803266 34 -2.705430 53.804950 

17 -2.708475 53.803947 35 -2.703998 53.805265 

18 -2.707351 53.804547 36 -2.702585 53.805551 

Road receptor data 
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APPENDIX H – DETAILLED MODELLING RESULTS 

Overview 

The charts for the road receptors where potentially significant impacts were predicted are shown 

on the following pages. Each chart shows: 

• The receptor (observer) location – top right image. This also shows the azimuth range of 

the Sun itself at times when reflections are possible. If sunlight is experienced from the 

same direction as the reflecting areas, the overall impact of the reflection is reduced as 

discussed within the body of the report; 

• The reflecting areas – bottom right image. The reflecting area is shown in yellow. If the 

yellow panels are not visible from the observer location, no issues will occur in practice. 

Additional obstructions which may obscure the panels from view (including the outer 

brickwork facades) are considered separately within the analysis; 

• The reflection date/time graph – left hand side of the page. The blue line indicates the 

dates and times at which geometric reflections are possible. This relates to reflections 

from the yellow areas. 

• The sunrise and sunset curves throughout the year (red and yellow lines). 

Road Receptors 
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