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Navigating hailstorms

Owners and insurers suffered
record hail losses in 2022. John
Sedgwick, president of engineering
advisory VDE Americas, provides
some pro tips for mitigating such
risks.

¢CFielding hail-
resistant modules
in more hail-
prone locations
requires better risk
mitigation ?’

H ail risk to solar projects is on the
increase due to a perfect storm of
market and technology changes. On the
technology front, PV modules are becom-
ing less hail-resistant over time as man-
ufacturers push the value-engineering
envelope with larger format products
and thinner front glass. Meanwhile, proj-
ect development in the United States is
increasing in states such as Texas and
other hail-prone regions.

Fielding hail-resistant modules in more
hail-prone locations requires better risk
mitigation practices. “To bridge the needs
of the insurance, project developer, and
finance communities, we need to promote
the deployment of more resilient systems,”
says Sara Kane, co-leader of the power and
renewables practice at insurance broker-
age CAC Specialty.

Large-diameter hail risk is inevitable in
some parts of the world, but large proj-
ect losses are not. Here are some lessons
learned about - and best practices for
identifying, quantifying, and mitigating
- severe hail risk in active solar assets.

Regional issue
Hail forms when convective storm updrafts
carry water droplets into extremely cold

“Hail Alley” in the continental US

areas of the atmosphere where they freeze
and grow via accretion. The National Oce-
anic and Atmospheric Administration
(NOAA) broadly characterizes hail threat
based on hailstone size. According to these
basic categories, “severe hail” has a diame-
ter greater than 19 mm and “significant hail”
has a diameter greater than 50.8 mm.

Though hail can form anywhere that
experiences thunderstorms, the NOAA’s
hail climatology maps of the continen-
tal US reveal a distinct “hail alley” that
extends from West Texas in the south up
through the Dakotas in the north. Viewed
from this regional perspective, severe hail
risk exists for most US project locations
east of the Rockies.

Local risk

The insurance industry has generally
thought about hail risk across relatively
large areas, such as one-degree longi-
tude by one-degree latitude, which is
roughly 10,000 km2. Unfortunately, this
perspective is not well suited to charac-
terizing hail risk at the scale of roof or
ground-mounted solar assets. “Hail per-
ils are much smaller in spatial scale rela-
tive to other hazards typically considered
by insurers,” explains John Allen, a climate
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scientist who specializes in forecasting
hail incidence and size at operational tim-
escales. “Examining long-term probabilis-
tic hail loss at a local level requires novel
approaches that combine the strengths of
multiple datasets.”

To support VDE Americas’ risk assess-
ments, Allen developed a tool that uses
big data analysis to blend ground observa-
tional information with radar-based data
points in a way that addresses the limi-
tations and biases of individual datasets.

Little protection

Core PV module safety and performance
standards are pass/fail in nature and do
not differentiate product designs based
on long-term, in-field durability. Inter-
national Electrotechnical Commission
(IEC) standards for flat-plate PV mod-
ules include ballistic-impact tests. How-
ever, the kinetic energies are modest and
inadequate to characterize resilience to
severe hail.

“The vast majority of modules are
unscathed by the impact tests required for
module certification,” says Cherif Kedir,
president and CEO of Renewable Energy
Test Center (RETC). “To understand hail
resilience, we need to investigate impact
resistance at the threshold of damage, just
over this threshold, and at material failure.
This requires kinetic energies in excess of
20 joules”

According to IEC 61215, product
designs must withstand 11 impacts of a 25
mm ball of ice traveling at terminal veloc-
ity, which results in an impact force 0f1.99
joules. In other words, the kinetic energy
is an order of magnitude less than that
required to characterize hail resistance
over the lifespan of a PV power plant.

Enhanced tests

Module manufacturers and testing labo-
ratories must subject product designs to
higher impact energies to better under-
stand severe hail effects in real-world
applications. Unlike certification tests,
enhanced stress tests are not pass/fail in
nature. Rather, beyond-certification tests
provide comparative data that differenti-
ates product designs.
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Defensive stow position optimized for hail

Small hail

Maximum Stow Angle
(facing away from wind)

In May 2019, hail damaged roughly
400,000 modules at the Midway Solar
farm in West Texas, resulting in a previ-
ously unimaginable $80 million of insured
losses. In response, RETC designed the
industry’s first enhanced testing program
for severe hail.

“The HDT [Hail Durability Test] pro-
gram expands and improves upon UL and
IEC requirements,” explains Kedir, refer-
ring in the first instance to the safety body
formerly known as Underwriters’ Labora-
tories. “First, the program subjects mod-
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worth of damage was caused by hail at the

ules to higher kinetic impact energies to
better reflect the risk posed by hail over
a 25- or 30-year operating life. Second, it
thoroughly investigates a range of possi-
ble outcomes - from cell cracking to glass
breakage — which provides valuable data
for probabilistic analyses. Third, the HDT
program includes thermal cycle and hot-
spot tests to reveal potential long-term
module degradation modes.”
Stakeholders developing projects in
hail-prone regions should encourage or

Midway Solar farm in West Texas
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even require module suppliers to provide
these beyond-certification hail test data
and make system design and product pro-
curement decisions accordingly.

Front glass thickness

In the absence of product-specific data,
front glass thickness provides a general
indication of hail resilience. Anonymized
hail durability test data indicates that PV
modules with thinner front glass are less
resilient to large-diameter hail, as com-
pared to modules with thicker front glass.

20joules

the minimum ballistic-impact energy required to probe
and compare module hail resilience
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This is partly due to the fact that thin-
ner glass has less cross-sectional area to
absorb a shock without shattering. Addi-
tionally, thinner front glass materials
cannot be fully tempered via traditional
means and must be strengthened via alter-
native methods.

The impact energies of a hailstorm
vary based on the array-tilt angle and the
direction and speed of the wind. Although
array-tilt angles are generally fixed in roof-

mounted applications, tracker-mounted
systems are not static. This ability to
move out of harm’s way in advance of an
approaching storm is relatively unique
within the built environment.

Many large-scale PV systems integrate
intelligently controlled single-axis track-
ers that can execute peril-specific defen-
sive stow strategies. Leveraging these
capabilities, plant operators can manually
or automatically rotate a tracker-mounted
PV array to an optimal tilt angle for hail
risk mitigation. This defensive posture
will reduce hail-impact energies and the
exposed hail-field impact area, effec-
tively decreasing the number of direct
hail strikes and decreasing hail-impact
energies.

Hail mitigation

Generally speaking, tracker-mounted PV
modules are most vulnerable to hail in a
horizontal position, as is the case at solar
noon. Impact energies are greatest when
hail strikes are perpendicular to the plane
of the array. Moreover, the exposed impact
area is largest when an array is stowed at
zero degrees. Some trackers are also sus-
ceptible to wind-induced instability when
the modules are flat.

If plant operators want to move an array
through a horizontal position in advance
of a storm, they must factor in the time
required to safely complete this opera-
tion ahead of approaching winds. For
best results, work with the tracker pro-
vider to reduce latency and improve stow-
response speeds.
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Exercising caution can ensure that
the right steps are taken to mitigate hail
risk while not increasing risk of wind-
related damages. During severe convec-
tive storms, the direction of the wind is
uncertain and may even be variable and
swirling. Whether it is better to rotate into
or out of the dominant wind direction will
depend on hardware and storm-specific
variables.

All else being equal, maximum hail mit-
igation is accomplished by rotating the
array to the maximum tilt angle facing out
of the wind, as this results in the small-
est possible impact energies and exposed
area. Unfortunately, facing out of the wind
also results in a large sail effect, which may
induce wind-stability issues.

Successfully stowing modules ahead
of a severe hailstorm requires contract-
ing with a reputable early-alert weather
service. A sophisticated provider will be
able to send advanced warning regarding
expected storm-approach direction, max-
imum hail diameter, and lead time. Plant
operators can use this information to trig-
ger a situationally appropriate risk-mitiga-
tion response.

Large-scale projects fielded in hail-
prone regions should include hail sensors
as part of a plant monitoring system. Cat-
astrophic hail events are not only costly
and painful for all involved; they also pres-
ent a unique learning opportunity. Hail
sensor data are useful for forensic anal-
yses of both damaging and non-damag-
ing events, as well as to target remediation

efforts. These empirical data can also help
improve hail risk assessment models and
future mitigation strategies.

Knowledge is power

Informed by intelligently hybridized
weather data and product-specific hail
resiliency data, engineering reports can
characterize hail risk at the local scale of
a PV power plant. Insurance brokers such
as CAC Specialty are already using the
outputs from these science and engineer-
ing-based hail risk assessments to inform
stochastic simulations that examine long-
term probabilistic loss based on occur-
rence intervals and product and project-
specific vulnerabilities.

To better support a broader industry
ecosystem, VDE Americas is prioritizing
the development of a web-based software
platform based on the analytical engines
driving our hail risk assessments. The goal
of this initiative is to provide the solar
industry with a conduit to quality prob-
abilistic data related to hail risk and its
financial implications.

Empowered by hail risk assessment
data, project stakeholders will be able
to rapidly analyze, iterate, and optimize
plant designs based on site-specific and
product-specific characteristics. We fully
expect manufacturers, developers, engi-
neers, asset managers, and sponsors to use
this data in ways that we cannot imagine
today, creating additional mitigation ben-
efits and technology or business model

innovations. [ John Sedgwick
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