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ABSTRACT

Developing photovoltaic (PV) powerplants close to airports, major roads and residential areas
could pose potential challenges related to glint and glare. Glint and glare impact assessment
(GGIA) has subsequently become an important tool for assessing potential impacts. This study
analyses of a range of GGIAs, standards, and guidance to recognise and make recommenda-
tions for best practice. Twenty GGIAs are conducted by various consultants from diverse
countries, and seven standards and guidance are critically reviewed with respect to practice
for: methods; impact significance determination; mitigation; and stakeholder engagement. Key
recommendations for best practice are made, albeit recognising that they reflect the best of

ARTICLE HISTORY
Received 4 September 2024
Accepted 11 October 2024

KEYWORDS

Environmental impact
assessment; glint; glare; glint
and glare impact
assessment; best practice;
solar photovoltaic

existing practice which is not necessarily the best practice that might be aspired to. This study
serves as a first step toward improving GGIA practice, with the ultimate objective of supporting

the safe and sustainable development of solar PV projects.

1. Introduction

In recent years, there have been numerous calls for
countries to transition to renewable sources of energy
(Dincer 2000; Lund 2007; Gielen et al. 2019), with solar
and wind energy regarded to be the primary sources to
consider (Moriarty and Honnery 2016). According to
the ‘Renewables 2023 Global Status Report’ (2023), the
use of solar photovoltaic (PV) systems, specifically, has
increased from around 39 gigawatts in 2010 to close to
1,200 gigawatts in 2022. PV systems are used in various
sectors in multiple ways, including small-scale genera-
tion for powering individual residential homes and
industries, as well as large-scale generation on solar
farms (Chapman et al. 2016; Rai et al. 2016; Setiawan
and Yuliania 2018; Mousa and Taylor 2020). However,
the integration of PV systems near airports, major
roads, as well as residential areas, introduces the chal-
lenge of glint and glare. These phenomena, defined by
Ho et al. (2011) as momentary flashes of light (glint)
and continuous excessive brightness (glare), can pose
significant risks to both road users and airport opera-
tions, but also discomfort residents in their homes. The
potential hazards range from temporary distractions,
like flash blindness, to more severe impacts such as
permanent eye injury (Ho et al. 2009; Saraswat et al.
2020). In response, many governments now require
that glint and glare impact assessments (GGIAs) be
conducted for PV developments near airports or
major roads (e.g. SVDELWP 2019; SACAA 2020; FAA

2021). A GGIA aims to predict the manner and extent
to which glint and glare from a proposed PV system
will impact receptors such as aircraft pilots, traffic con-
trol officers, and road users. However, despite these
requirements from governments, GGIA remains
a relatively new practice in many jurisdictions. While
some countries have established at least some gui-
dance forglint and glare impact assessments
(Table 1), others have not yet initiated such processes
or are still in the process.

This can lead to significant variations and lack of
consistency in the quality of GGIAs across different
regions and jurisdictions. To address this potential
inconsistency, requires reflection on key considera-
tions for best practice thereby addressing potential
risks associated with glint and glare. In recent years,
GGIAs have been conducted in many different coun-
tries, offering a potentially rich source of information
and experience to learn from. This growing body of
work presents an opportunity to identify best practices
and establish a more uniform standard for future
assessments. By reviewing a sample of existing stan-
dards and/or guidance documents (Table 1), as well
examples of the assessments themselves, we can
obtain valuable insights which will start to indicate
key elements that need to be included in GGIAs as
well as highlighting the emerging inconsistencies in
practice. The aim of this study is to review a selection
of GGIAs and associated guidance and/or standards as
a first step towards recommendations for best practice.
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Table 1. Examples of standards, requirements, and guidance.

Standard/Guidance

Federal Aviation Administration (FAA) Guidelines United States of
America
South Africa

Country

South African Civil Aviation Authority (SACAA),
(2020)

Transport Canada, 2013/14 Canada

Ministry for Environment Health and Consumer ~ Germany
Protection, 2014

Zehndorfer Engineering Consulting, 2016 Austria

Civil Aviation Technical Service, (2013) France

Stickelberger & Moll, 2016 Switzerland

The next section sets out the method used to evaluate
a sample of existing practice. This is followed in section
3 by the results from the analysis of the existing gui-
dance and/or standards and the case studies which
sets out current practice. Section 4 sets out preliminary
recommendations for moving towards best practice
GGlAs, before concluding in section 5.

2. Methodology

A case study approach was used to review a selection
of glint and glare impact assessments (GGIAs). The
process of selecting cases and reviewing them is
detailed below.

2.1. Case study selection

According to Eisenhardt’s (2002) recommendation for
case study research, a sample of 4 to 10 cases is typi-
cally required to provide sufficient depth in under-
standing of the concept being studied. For this
research and to ensure a valid review sample, we
included a total of 20 assessments. The GGIA cases
were sourced online by entering the search phrases
‘glint and glare’, ‘glint and glare assessment’, and ‘glint
and glare impact assessment’ into Google, and select-
ing cases based on the following criteria:

Table 2. Summary of selected GGIA case studies.

o As far as possible, each GGIA had been conducted
by a different consultant to capture a variety of
professional practices and approaches.

o Asfar as possible, the GGIAs had to be carried out
in different countries to ensure geographical and
contextual diversity.

¢ The cases had to be relatively recent, completed
within the last 5 years, to guarantee relevance
and currency.

¢ The GGIAs had to encompass a range of project
types and scope, including small-, medium-, and
large-scale PV installations.

The selected GGIAs are listed in Table 2 and can be
accessed through the download links provided.'

2.2, Evaluation and analysis

Documentation for each of the twenty (20) GGIAs was
sourced and evaluated against five main review areas:

-Screening and scoping: A review of how the need
for and extent of the GGIA was determined.
-Methods: A review of the approaches and soft-
ware tools used to determine potential glint and
glare impacts.

-Impact significance determination: A review of
how the significance of glint and glare impacts was
determined.

-Evaluation of mitigation measures: A review of
the approach that was followed to determine miti-
gation options.

-Engagement with stakeholders: A review of the
stakeholder involvement process.

The five review areas are adapted from the established
international best practice operating principles of EIA
(IAIA 1999). We have assumed that GGIAs are typically

Case# Country Consultant Project Type Receptors Year Link

1 UK A Roofmounted PV Roads, dwellings, railway and airport 2021 Download
2 South Africa B PV Plant Airports 2023 Download
3 Australia C PV Plant Roads, dwellings, railway and airport 2021 Download
4 Namibia D PV Plant Aviation 2022 Download
5 Canada E PV Plant Residential and Roads 2020 Download
6 New Zealand F PV Plant Road and General Observation Points 2023 Download
7 Ireland H PV Plant Aviation 2023 Download
8 Ireland | PV Plant Residential, Roads and aviation 2024 Download
9 USA J PV Plant Residential and Aviation 2018 Download
10 New Zealand K PV Plant Residential and Roads 2023 Download
1 USA L PV Plant General observation points 2020 Link10

12 Australia M PV Plant Residential and Roads 2020 Link11

13 Australia N PV Plant Residential and airport 2021 Link12

14 UK 0 PV Plant Residential, Roads, Railways and Airports 2021 Link13

15 USA P PV Plant General observation points 2020 Link14

16 USA P PV Plant Residential and Roads 2021 Link15

17 UK Q PV Plant Residential, Roads and aviation 2022 Link16

18 UK R PV Plant Residential, Roads and aviation 2021 Link17

19 South Africa S PV Plant Aviation 2022 Link down
20 Ireland T Roof mounted PV Aviation 2022 Link18

The consultant column codes different consultants using different letters and serves to illustrate that there are only two cases where the same consultant

was used (consultant P), albeit based in different offices.
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going to be incorporated into ElAs and so the prepara-
tion of EIA reports, review, and decision-making, as
well as the follow-up process, falls outside the scope
of this review as this is part of the overall EIA process.
As a single impact category, we take screening and
scoping together, as a determination that a GGIA is
needed essentially scopes in glint as glare to an EIA. In
cases where an EIA is not required, the GGIA can still
stand-alone as a separate assessment. That is, screen-
ing for a self-standing GGIA, or scoping for GGIA to be
included in an EIA, are essentially the same. That is,
screening for a stand-alone GGIA, or scoping for GGIA
to be included in an EIA, essentially leads to similar
glint and glare assessment requirements. Screening
generally refers to the decision of whether the project
requires an assessment to be conducted. However, in
the case of glint and glare it can also refer to measures
that are taken (such as planting hedges or erecting
walls), to obstruct the line of sight between a glare
source and a receptor, which can mitigate glint and
glare impacts. Strong methodologies are important for
accurate impact assessments and identification.
Assessing significance involves prioritising issues
deemed to be critical, and also evaluating the impor-
tance and acceptability of residual impacts. Effective
mitigation measures are essential for reducing adverse
effects posed by glint and glare, aligning with the goal
of avoiding or minimising predicted impacts. Finally,
stakeholder engagement is a standard part of any EIA
process and in our evaluation, we focus on the need to
recognise that stakeholders may hold different views.

3. Review results for selected GGIAs

The following sections discuss the review results for
the five review areas.

3.1. Screening and scoping

Screening and/or scoping are essential steps in the
assessment process, helping to determine both the
need for and the scope of the assessment. The analysis
of the cases reveals a range of approaches and regu-
latory standards applied for screening and scoping.
Despite this variability, recurring patterns were
observed, offering insights into best practices.

The screening process determines the need for
a GGIA while scoping integrates it into an EIA. The
analysis revealed that the proximity of PV develop-
ments to sensitive receptors, such as commercial air-
ports, airfields, air force bases, and major roads, often
triggers the requirement for an assessment, regardless
of whether an EIA is required. It was found that specific
distance thresholds, such as a defined radius around an
aerodrome or a specified distance along the extended
centerline of a runway, often guide this process. These
threshold distances did, however, show variation
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across cases. For example, one case required a GGIA
for PV systems developed within 3 km of an aero-
drome, while in another case, the threshold was set
at 15 km for developments near an airbase. Observed
differences in the existing guidance - such as different
distance thresholds - suggests a need for standardisa-
tion. Where available, screening requirements were
outlined by national aviation authorities (4 cases) or
through planning policies (4 cases). The absence of
such requirements in other regions (12 of the cases)
suggests a need for clearer, more uniform screening
criteria to ensure thorough assessments and more
consistent practice. In some cases, the GGIA was pre-
ceded by a visual impact assessment (VIA) in which
viewshed analysis was used to first assess the general
visibility of the proposed PV development. This helped
to determine the extent to which the PV development
would be visible to key receptors and subsequently
affected the GGIA scope, especially for roads and resi-
dential receptors. The duration of the assessments
varied depending on the scale and location of the
project, i.e. larger PV developments, or those affecting
more sensitive receptors such as airports, generally
required more detailed assessments.

3.2. Methods

Methodology is key to any assessment, especially
those based on information obtained through compu-
ter modelling and analysis. Four key themes were
identified through the review: the availability and
variability of technical guidance, the predominant use
of specific analysis tools, the consideration of screen-
ing effects, and the consideration of alternative
configurations.

3.2.1. Technical guidance for glint and glare
assessment

The availability of technical guidance for conducting
GGlAs varied widely across different jurisdictions. From
the review, it is apparent that many national govern-
ments lack formal technical guidance (12 cases repre-
senting seven countries). In the absence of local
guidelines, many assessments reference the United
States Federal Aviation Authority’s (FAA) Technical
Guidance (7 Cases) for Evaluating Selected Solar
Technologies on Airports, suggesting that it is cur-
rently viewed by many as a ‘best practice guideline’
even though it is primarily focused on aviation safety.
Additionally, some reports made reference to guidance
from the private sector such as Page Power’s ‘Solar
Photovoltaic Glint and Glare Guidance’. Several reports
did, however, mention conformity with interim policies
or technical guidance from aviation authorities, sug-
gesting that work is being done to improve on this lack
of guidance (8 Cases).
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3.2.2. Analysis approach

The GlareGauge toolset (see www.Forgesolar.com) was
used to model glint and glare in 18 of the 20 GGIA
cases. Of the remaining two cases, one mentioned the
use of an alternative, but less documented approach,
while the remaining case did not mention any specific
software used for modelling. Nonetheless, the exis-
tence of alternative models suggest the potential for
diverse modelling approaches, provided they are well-
documented. These models typically predict the glint
and glare that can be expected at specified receptor
points (e.g. along an aircraft landing approach or on
a road segment) over the course of a year. Therefore,
they are critical to any GGIA, and exploring alternative
modelling approaches is important to ensure the best
available methods are used.

In terms of model parameters, a significant observa-
tion is the consistent use of the software’s default
parameters across all the cases that employed
GlareGauge. These parameters include viewing
angles,direct normal irradiance (DNI), slope error, ana-
lysis time interval, and glide angles, among others.
While the consistent use of default settings suggests
a standardised approach, it also raises questions
regarding the customisation and adaptability of the
assessments to site-specific conditions.

For receptor identification, airport receptors were
commonly identified based on the location of the air
traffic control tower and specific points along
approach lines calculated at 3° glider slopes.
However, the methods for selecting other receptors,
such as residential areas and roads, varied widely, from
using viewshed analysis (6 cases) and proximity-based
criteria (3 cases), to seemingly random selection (11
cases). The review suggests that while there is some
consistency in the use of tools, there is currently no
way of knowing whether these results reflect a lack of
proven alternatives. There is scope for GGIA practi-
tioners to collectively consider what is needed and
what works best as experience develops.

3.2.3. Consideration of screening effects

The screening effects of barriers, such as vegetation
and existing structures, were rarely considered in the
modelling process (only 5 cases). Although more
applicable to ground-level receptors, such as roads
and residences, these barriers can be important in
determining whether they affect the line of sight
between the source and the receptor. Of the 15 cases
that did not consider these barriers, 13 included
ground-based receptors as part of the assessment.

3.2.4. Consideration of alternative configurations

Alternative configurations were considered in only six
of the cases. These cases modelled alternative config-
uration to determine the extent to which they would
reduce glint and glare impacts. They tested different

orientations, backtracking strategies, tilt angles, mod-
ule surface types, and the effects of anti-reflective
coatings.

3.3. Impact significance determination

Considering the impact significance in GGIAs is crucial
for understanding the relative acceptability of pre-
dicted glint and glare effects. The review revealed
three themes to be discussed: the variability in defin-
ing significance, the methods used to assess impact
significance, and the consideration of cumulative
effects.

3.3.1. Defining significance

As with EIA, the concept of significance is fundamental
in any GGIA as it aids in understanding the importance
of potential glint and glare effects. However, there was
variability in how significance was defined and applied
across different cases. The majority of reports (12
cases) did not mention or define the concept of sig-
nificance. This indicates a weakness in the methodolo-
gical rigor of these assessments within the context of
EIA. Some reports (4 cases) provided basic definitions,
while others (4 cases) did not define significance but
did evaluate it during the impact assessment phase.

3.3.2. Determining significance of impact

In terms of impact assessment, the review found con-
siderable variation in how impact was assessed and
how significance was considered. In four of the cases
glint and glare effects were noted but their impacts
not assessed in any meaningful way, highlighting
a weakness in translating modelled effects into mean-
ingful impact assessment results. In eight of the cases
an ocular impact scale was used to determine impact.
However, in most of these cases, the duration and time
of day of the predicted glare were not considered,
leading to an oversimplified impact assessment
where glare duration is treated uniformly, potentially
resulting in inaccurate conclusions. Four of the assess-
ments did, however, categorise impacts using prede-
fined categories based on the duration and frequency
of glare, along with previously cited ocular impacts,
resulting in a more structured approach to evaluating
impact significance. Nevertheless, the analysis reveals
a lack of consistency and rigor in assessing impact
significance across GGIAs. Many reports stop at model-
ling potential effects without fully evaluating their
impact significance. In terms of best practice, two
cases stand out. Case 19 employed a detailed risk
assessment considering extent, duration, magnitude,
significance, and probability was used to evaluate
impacts. Meanwhile, Case 17 assessed significance
based on the magnitude of impact against receptor
sensitivity, demonstrating a more nuanced approach.
These cases highlight the value of detailed risk
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assessment and sensitivity analyses, suggesting that
more rigorous and standardised methods — which are
already available - are needed to accurately determine
the significance of glint and glare.

3.3.3. Consideration of cumulative effects

Only one GGIA report (see Table 2, Case 17) addressed
cumulative impacts by considering the combined
effects of a nearby existing solar facility. The concept
was absent from the other 19 assessments.
Considering cumulative effects is important, as they
influence the understanding and interpretation of
overall impact on receptors in an area.

3.4. Mitigation measures

The review revealed different approaches for dealing
with mitigation measures in GGIAs, although some
reports (9 cases) did not mention any mitigation mea-
sures at all. Potential mitigation methods such as tex-
tured glass and Anti-Reflective Coatings (ARC) were
noted in three of the assessments but lacked detailed
information on their application or testing of their
effectiveness. This highlights a general lack of thor-
ough evaluation of mitigation measures. Only a few
studies (6 cases) explored mitigation through alterna-
tive configurations or screening mechanisms and
tested their effectiveness through modelling. These
more comprehensive approaches not only propose
solutions but also validate their effectiveness, ensuring
that the recommended measures are likely to reduce
impacts. Common mitigation measures to address
glint and glare concerns include adjusting the angle
of solar panels, utilising ARCs, planting hedges, or
installing barriers as obstructions, and reorienting
solar arrays to minimise reflection towards affected
areas.

3.5. Engagement with stakeholders

Stakeholder engagement details were often scant, but
where mentioned, consultations with relevant autho-
rities were noted, e.g. aviation authorities for airports
and local authorities for roads. Engagement with avia-
tion authorities was mentioned in 10 of the cases,
while local planning authorities were reported as
being consulted in only eight of the «cases.
Engagement with the public was limited with only
four of the cases reporting any form of engagement;
however, this might have been dealt with in the
broader EIA process. Finally, engagement with relevant
authorities are essential as it ensures that specific con-
ditions, contexts, or requirements are understood as
well as potential impacts considered and measures for
mitigation included. Moreover, transparency and trust
in the assessment process is thereby facilitated
between the developer and authorities.
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4. Recommendations for best practice

Some variability in current practices are revealed
through the review of GGIA cases. However, several
best practices are also highlighted that, if adopted, can
potentially improve GGIA practice. This section pre-
sents recommendations for best practices based on
results from the reviewed GGIA reports.

4.1. Screening and scoping

The variability in screening requirements and scoping
processes highlights the need to identify key aspects
that should form the foundation of effective screening
and scoping practice. The following recommendations
are made:

¢ Establish clear distance thresholds for airport
receptors: The distance thresholds used to deter-
mine the necessity of a GGIA near airports must
be clearly specified. Existing thresholds seem to
vary between 3 km and 15 km. Adopting a higher
threshold may be more sensible to ensure that
potential impacts are not overlooked, following
a precautionary approach, but could also result in
unnecessary assessments. The most appropriate
distance can be determined through the applica-
tion of the concept of atmospheric attenuation,
which suggests that around 80% of radiation is
likely to be lost at approximately 15 km.

¢ Incorporate viewshed analysis for other recep-
tors: Screening GGIA against road and residential
receptors would be more accurate and pragmatic
if based on the outputs from a simple viewshed
analysis. This approach will highlight the extent to
which these receptors might be affected and bet-
ter inform the subsequent need for a GGIA.

¢ Contextualise screening/scoping criteria: Since
aviation-related receptors and receptors such as
roads and residential areas differ significantly in
their sensitivity to glint and glare, the screening
criteria should reflect these differences. The cri-
teria should be contextualised to address the
specific sensitivities of each type of receptor.

4.2. Methods

The use of established guidelines and specialised soft-
ware tools is common, which guarantees a basic level
of thoroughness and consistency. There are, however,
key considerations that underpin effective assessment
methodologies as reflected in the following
recommendations:

e Review of available software: A critical review of
available software should be undertaken by the
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GGIA practitioner community with a view to spe-
cifying a design brief for future software versions.

e Consider default parameters: Default para-
meters of software tools should not be used with-
out careful consideration of the specific
characteristics of the site. Properly adjusting
these parameters ensures a more realistic and
accurate assessment.

¢ Systematically identified receptors: Given that
GGIA relies heavily on computer modelling, care-
ful consideration should be given to the selection
of receptors. For example, glide angles vary sig-
nificantly between passenger airplanes and mili-
tary aircraft, which will influence the placement of
receptor points. For ground-level receptors,
viewshed analysis should be employed to ensure
that all relevant receptors are accurately identi-
fied and included in the assessment.

¢ Incorporate screening effects: The screening
effect of existing landscape features, such as
buildings and vegetation, must be considered in
the assessment (especially for ground-level recep-
tors), as these elements can significantly influence
the results of the glint and glare analysis.

e Consider alternatives: Given that the impact
assessment process relies on computer model-
ling, alternatives can be tested with relative
ease. Various configurations, orientations, back-
tracking strategies, tilt angles, module surface
types, and more could be tested to ensure that
scenarios with the lowest impact are identified
and proposed. This approach facilitates and justi-
fies the selection of the most preferred
alternative.

4.3. Determining significance of impacts

The variation in approaches used to assess glint and
glare impacts and to deal with significance highlights
the need for clarity in the process. The following
recommendations can be made:

¢ Define and consider significance in the context
of glint and glare: The concept of significance
should be understood as the probability and
severity of predicted glint and glare impacts on
specific receptors. Impacts should be assessed
with this understanding in mind.

¢ Enhance the impact assessment process: Glint
and glare modelling results should be interpreted
and evaluated in terms of their significance to
ensure a comprehensive impact assessment. Key
considerations that must form part of this process
include the sensitivity and risk to the receptor, the
extent of the impact, the expected duration of the
impact, the expected magnitude of the impact,
and the probability of the impact. This

standardised approach ensures that the signifi-
cance of predicted impacts is accurately assessed.
e Consider cumulative impacts: The concept of
cumulative impacts must be acknowledged and
considered in glint and glare impact assessment.
This is because increasing the footprint of PV
facilities around possible receptors adds to the
overall glint and glare risk that will be experi-
enced, effectively resulting in a cumulative effect.

4.4. Mitigation

Mitigation measures were generally not adequately
dealt with. The following recommendations are
made:

¢ Contextualise mitigation measures: Receptor
types differ in terms of sensitivity to glint and
glare effects, e.g. an air traffic control tower is
more sensitive than a residential dwelling.
Mitigation measures should, therefore, be consid-
ered within the context of the receptors for which
they are being proposed.

¢ Evaluate mitigation measures: Proposed miti-
gation measures should be evaluated through
further modelling, such as, including screening
features and different surface types (smooth
glass vs. textured glass) in model runs. This is to
ensure that appropriate mitigation measures are
proposed and to ensure their effectiveness.

4.5. Stakeholder involvement

Stakeholder involvement is an important component
of any impact assessment process. Given the poten-
tial effect of glint and glare on communities, it is
essential to engage key stakeholders during the
GGIA process. The learning from the reviewed
cases is that there is a lack of stakeholder involve-
ment and so the following recommendation is
made:

¢ GGIA practitioners should establish a list of key
stakeholder groups: It is possible to identify stake-
holder groups that are important for GGIA depend-
ing on the project type. For example, aviation
authorities should be engaged for projects near air-
ports, road transport, and automobile associations
for projects near roads, and housing associations
and residents for projects adjacent to residential
developments. The list of key stakeholders should
form the basis for stakeholder engagement.

5. Conclusion

The transition towards renewable energy sources, spe-
cifically large-scale photovoltaic (PV) systems, is



a global priority. Consequently, the increase in such
developments will lead to more frequent glint and
glare impacts on sensitive receptors such as roads
and airports. As glint and glare impacts are increasingly
being assessed, this study reviewed 20 GGIA cases to
serve as an initial step towards developing best prac-
tices for GGIA. Applying the recommendations out-
lined can contribute to improved practice and more
effective GGIAs, opening the dialogue for further
enhancements in the field.

A limitation of this approach is that recommenda-
tions are largely derived from existing practice. So,
whilst we can identify what stands out as being the
best example of current practice, it is not necessarily
the same as being the best way of conducting GGIAs,
that is, it might not represent an aspiration for
a thorough and credible assessment that is fit for
purpose. As suggested in some of the recommenda-
tions, existing practitioners are perhaps best placed to
take the lead on pushing forward expectation for GGIA
practice by opening dialogue and sharing experiences
with each other and key stakeholders.

Note

1. Alllinks were active at the time of submission but may
stop working depending on the service providers.
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