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For further information and latest insights visit: thinkrcg.com or 
connect with us @thinkrcg

Serving renewable energy markets worldwide About the Firm

• Founded in 2015, our goal is to create the most elite and 
respected renewables advisory firm, by providing the 
highest quality independent advice, globally.

• From strategy to implementation, we serve businesses, 
governments, and non-profits around the world with 
market research, management consulting and 
technical advisory services for both mainstream and 
emerging energy technologies.

• We are powered by exceptional people united in a 
relentless pursuit to elevate advisory services, and deliver 
new levels of value for our clients.

• Headquartered in London with offices in Glasgow, New 
York, Dublin, Taipei, Barcelona, and most recently Tokyo.

• We love the renewables business, and we believe in 
working side-by-side with our clients to deliver value and 
insights tuned to their requirements.

We are focused solely on the global renewable energy industry.
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Market 
Research

Management 
Consulting

Technical 
Advisory

1 2 3

We are proud to have a global framework agreement with AXIS as their Insurer’s Engineer, 
and have worked on more than 20 engagements for them since 2016

We are an integrated market research, management consulting and technical advisory firm
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Hurricanes in a global context

• Hurricanes, cyclones and typhoons are the same 
climatic phenomena, known as Tropical Storms.

• Driven by the same physical processes, given 
different names in different regions. 

Hurricanes

Typhoons

Cyclones

North Atlantic and Northeast Pacific
Typically occur from June to end of 
November

Northwest Pacific
Typically occur from May to November

South Pacific and Indian Ocean
Northern Hemisphere, typically May to Nov
Southern Hemisphere, typically Nov to Apr

Image: NOAA
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Technical Risks
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Hurricane Primary Damage

PV panels/modules may operate as “lifting surfaces” (with high lift and drag forces) during storm events.

Support Structure Solar PV Modules

Mechanical loading: 

• Micro-cracking can occur when 
subject to bending or vibrational 
forces, potentially due to high and 
turbulent wind loading.

• Vulnerable to falling objects, if carried 
by wind.

Mechanical loading: 

• Risk of failure due to wind loads 
above the design limit being 
experienced by PV panels.

• For tracking systems: failure of the 
actuation system, or lack of power 
from the grid, may result in being 
unable to “tilt” or control PV modules 
to go into stow/protection position.

• Soil liquefaction due to rain can lead 
to failure of the panel-foundation 
connection.

4.2 MW PV system on St. Thomas - after Hurricane Maria
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Case Study – Mexico

Hurricane Information 30 MW Solar Farm

Bracketing, fixing and actuation 
system heavily damaged.

Micro-cracking of PV modules 
consistent with the panels being 
subject to mechanical stress.

Support structure failures suggest 
that design load conditions 
were lower than for the extreme 
wind event.

Hurricane Odile struck the Baja 
California region of Mexico on 
September 14, 2014 - Category 
3 Hurricane.

The eye of Hurricane Odile 
passed approximately 40km 
from the site.

Site was subject to hurricane 
strength wind speeds.

As well as wind-related 
damage, the hurricane also 
caused devastating freshwater 
flooding and significant storm 
surge flooding.



Brackets (left), Transmission rod (centre) and 
Torque arm (right) were heavily damaged. 

At Between 95% and 100% failed testing.

Electro-Luminescence test (EL test) applies 
voltage across PV module to show micro-cracks. 

Modules passing (left), failing (right) the EL test.

Approximately 85% of PV modules failed.

c.37% of single-leg support structures (left) were 
damaged

c.13% of double leg support structure failed
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Typical Damage

Actuation 
system 

components

Solar PV 
module 
damage

Support 
structures
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Primary Risk (Wind loads) - Mitigations

Design

Operation

Construction

O&M plan should include:

• Cleaning of debris and vegetation.

• Structure bolt tightening and panel integrity checks.

Emergency Protection Plan (EPR) including:

• Continuous monitoring of storm events.

• Storm preparation: site lock-down securing all equipment and materials.

• Post-storm assessment of damage.

• Provision of back-up power system to keep the plant on standby mode.

• Training of personnel in execution of EPR.

Use an experienced EPC Contractor.
Quality inspections, testing and hand-over as per the generic requirements.
Construction schedule to avoid tropical storm season. 

Structure system design which should include:
• Potential wind loadings in the region based on historical data.
• Ground investigation including effect of wet soil conditions.
• Appropriate structural calculation.
• Evaluation of all joints in the structure including module fasteners.
Preference of double pile mounting structure design.
Safe stowing system for the tracker should have suitable back-power
supplies available.

Tracker system in safe stow position

Module fastener
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Primary 
Risks

• Have known severe loss for the insurance industry.

• Are traditionally well monitored risks in developed (re)insurance markets.

• Perils include tropical storms and earthquakes.

Secondary  
Risks

• Are high frequency, low to medium severity loss events.

• Include hailstorms, flash floods, tornadoes, landslides and wildfires.

• Could also be effects of primary natural perils such as windstorm induced flooding.

• Are increasingly becoming primary drivers of lose. In 2018, 62% of natural catastrophic claims were 
caused by secondary perils.

• Can occur anywhere, unlike primary perils.

• Need the same level of attention and resources as primary perils.
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Secondary Risks: Flood Risks – Case Study: Hurricane Matthew

Tropical storm event

Hurricane Mathew struck Haiti, Cuba 
and the US (Florida, Georgia, South 
Carolina and North Carolina) in 
September 2016 - Category 5 
Hurricane.

Large volume of rainfall overwhelmed 
capacity of drainage channels.

Damage

Combiner boxes and string cables damaged 
due to water and mud. 

Electrical cabins infiltrated with water. 
Damage to inverters and UPS.

All electrical equipment submerged in water

Project was disconnected from grid

Site was in-accessible

Typical reasons for flooding

Frequency and severity of 
storm not properly considered 
in design of drainage systems, 
equipment heights, etc 

Under-sized drainage systems 
and no consideration of 
incoming waste-water from off-
site (eg farmland drains)

Inadequate maintenance of 
drainage systems to keep 
them clear of debris
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Secondary Risks: Flood Risks – Mitigations

Design

Operation

Construction

Maintenance of drainage system within the plant.

Maintenance of drainage system outside the plant:
• Engagement with third parties to ensure drainage system upstream 

and downstream is maintained regularly.

Quality inspections, testing and hand-over as per the generic 
requirements: Drainage is not always inspected!

Storage of electrical equipment during construction phase must be 
protected from the elements. 

Flood Risk Assessment conducted considering:
• Ground investigation.
• Storm events in the region (not just project area).
• Consideration of wider drainage basin.

Design considers the results of the FRA: drainage system and 
elevation of main equipment (modules, inverters, buildings/substation 
and combiner boxes) above flood plain and drainage channels. 

Elevated switchgear cabin

Elevated inverter substation
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Secondary Risks: Contingent Business Interruption – Puerto Rico, Hurricane Maria

Damage

3% of solar panels and one transformer 
destroyed by winds & debris.

Perimeter fencing blown down, 24/7 
security required post event.

The national electricity grid was knocked 
out by Maria, resulting in a loss of 
nighttime auxiliary power for the heating, 
ventilation and air conditioning (HVAC) 
systems, which resulted in corrosion of 
power conversion system (PCS) 
components.

Majority of damage caused by loss of 
grid, leading to need to replace majority 
of solar inverters. 

Reasons

The grid was unavailable for 
three months following the 
hurricane.

Delay to sourcing of back-up 
generators through extended 
grid outage, allowed extensive 
corrosion to occur in the 
inverters. 

Damage at the inverters caused 
major contingent business 
interruption. 

18 months following the 
hurricane the replacement of all 
failed components was ongoing,

Debates on liability under the 
warranty continue. 

Damage to 
PV modules

Maria’s damage in 
Puerto Rico
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OTHER NATURAL RISKS:
• Hail
• Lightning
• Wildfire
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Risk areas in United States

High risk areas to hail are located in the central/east regions of North America.

A CoreLogic map illustrates US hail risk across almost every state east 
of Rocky Mountains

Top five states experiencing hail:

1. Texas 

2. Colorado 

3. Nebraska 

4. Missouri 

5. Kansas 

Top five cities experiencing hail:

1. San Antonio, TX

2. Colorado Springs, CO 

3. Omaha, NE

4. Denver, CO

5. Plano, TX 
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Damage

Example in West Texas:

• 28 MW ground mounted plant operational since 2014.

• Hail storm hit it in April 2016.

• Modules damaged by hail: 100% modules replaced.

• Installed modules were certified to 25 mm diameter hailstones 
(size of a quarter).

• Based on history reports, area sustained hailstones of 42 mm 
(golf ball).

Hail Claims

• Texas topped the ranking of US states for hail claims from 
2016 through 2018, more than double the claims seen in 
second-ranking Colorado.

• Texas has accounted for more than 20% of all hail claims 
losses since 2000.

• Severity and number of hail claims has increased during the 
past six years (based on Verisk Analytics report).
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Possible mitigations

Certification

Certifications for quality of solar modules:

• IEC 61215 (for crystalline modules)  /IEC 
61646 (thin film modules): Certified to 
withstand 25 mm (1-inch) diameter 
hailstones.

• Manufacturers can certify modules to 
increased diameter hailstones: 35 mm and 
45 mm.

Glass-glass modules 
have better resistance 
to hail than glass-foil 
ones

Jinko and JA Solar provide 
standard certifications: 25 mm.

Trina provides increased 
diameter certifications: 35 mm.

SolarWatt provides maximum 
certification: 45mm.

Examples
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Risk areas in United States

High risk areas to lightning are located in the central/east regions of  North America. Maps for 
previous periods show higher risk for south Arizona area.
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Damage

Damage to modules.

Damage to string cables.

Damage to electrical equipment:

• Combiner boxes

• Inverters

• Transformers

• Switchgears

Example in Georgia:

• 6 MW ground mounted operational plant.

• Thunderstorm caused the entire plant to stop generating.

• 15 inverters damaged from a total of 20 inverters.

• Inverter manufacturer had filed for bankruptcy.

• Four weeks delay to find replacement components caused high loss of revenue.
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Possible mitigations

Standard lightning protection – minimizes damage when lightning 
hits the solar plant: 

• Earthing of module mounting structure, inverters, transformers.

• Surge arresters installed at the combiner boxes.

Protection

Improved protection system – prevents lightning from hitting the 
solar plant:

• Use of air-termination rods.

• Not commonly used in large-scale plants as uneconomic.

Surge arrester Combiner box Air –termination rod Air –termination rod
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Risk areas in United States

High risk areas to wildfire are most commonly distributed towards the western and southern regions of 
North America where temperatures are on average higher than the rest of the country. Increased 
temperatures through climate change are likely to exacerbate the risk of wildfire in these areas.

Classified 
wildfire hazard 
potential map
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Damage

Fire damage leading to total or partial loss of assets.

Performance reduction through smoke coverage on 
modules / reduction in irradiance levels.

For example – June 2016 within Kern County (Southern 
California), monthly average irradiance fell by between 1 
and 4%.

Losses

With two consecutive years of record wildfire losses in 
2017 and 2018, wildfires have emerged as a first-tier 
catastrophe peril for US property/casualty insurers 
(based on a Moody’s Investors Service report).

2017 and 2018 included six of the 10 most destructive 
wildfires in California history and generated nearly USD 
25bn in losses for the industry

90% of wildfires are caused by people.  

More than 4.5 million U.S. homes were identified as high 
or extreme risk of wildfire exposure.  Of the 4.5 million, 2 
million homes are in California.  That’s about 15% of all 
homes in the state.  

Climate change is contributing to the increased intensity 
and destructiveness of wildfires 



Wildfire Risk

24
AXIS Renewables 
In partnership with

Possible mitigations

Suppression

Fire suppression techniques based on 
the design, construction and installation 
of plant:

• Design of access for fire fighting 
teams.

• Solar farm siting – Isolation of solar 
farm from local bush or vegetation

• Conducting an initial wildfire risk 
analysis to evaluate the potential fire 
behaviour. Analysis based on:

• Climatic conditions: 
temperature, relative humidity 
and wind

• Fuel type (vegetation).

• Fuel moisture.

Prevention

Preventative measures:

• Vegetation management and 
landscaping (distance from modules / 
height of shrubs etc. on site).

Reactive

Reactive measures:

• Adequate fire fighting / emergency 
response arrangements in place.

• Access to water supply to aid fire 
fighting.

Fire department water tanks
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Tropical Storms

The five most costly storm events (based on estimated damages in USD) to have made landfall in the 
US have all occurred in the last 30 years, four of which occurred in the last 15 years. 

High risk areas to wildfire are most commonly distributed towards the 
western and southern regions of North America where temperatures are on 
average higher than the rest of the country. Increased temperatures through 
climate change are likely to exacerbate the risk of wildfire in these areas.

Tropical Storm
and year

Landfall 
(storm centre)

Landfall 
Maximum Wind 

Speed [m/s]

Storm Lifecycle 
Maximum Wind 

Speed [m/s]

Damage
[$ Bn]

Maria (2017) Puerto Rico 69 (Cat 4) 77 (Cat 5) $ 91.6 Bn

Katrina (2005)
Florida 36 (Cat 1)

77 (Cat 5) $ 49.8 Bn
Louisiana 56 (Cat 3)

Andrew (1992)
Florida 75 (Cat 5)

77 (Cat 5) $ 24.5 Bn
Louisiana 62 (Cat 4)

Sandy (2012) New Jersey 48 (Cat 2) 56 (Cat 4) $ 19.9 Bn

Harvey (2017) Texas 59 (Cat 4) 59 (Cat 4) $ 17.1 Bn

Ike (2008) Texas 48 (Cat 2) 59 (Cat 4) $ 14.0 Bn

Wilma (2005) Florida 54 (Cat 3) 85 (Cat 5) $ 12.5 Bn

Hurricane Maria 
(2017, Puerto 
Rica) caused so 
much damage to 
renewable energy 
projects that 
developers 
claimed in excess 
of $10m, despite 
paying less than 
$400k-500k in 
premiums



Climate Change

28
AXIS Renewables 
In partnership with

Increase of extreme events

Increased 
storm intensity

Global warming could lead to 2-5% increase in 
hurricane peak wind speeds over the next 20 years 
(based on Hurricane modelling consultancy firm 
Karen Clark & Co).

Ratio of the 
annual number 
of category 4–5 
typhoons to 
that of all 
typhoons

This could lead to a 30-40% 
increase in property insurance 
losses.

Increased 
wildfires

Climate change caused the number of wildfires to increase 8x and the areal extent to increase 5x since 1972.

In the last two years, California has seen six of its ten largest wildfires on record.

Causes of wildfire in California:

• Hot dry weather in the summer, which makes the vegetation much more susceptible to ignition. 

• Low moisture Santa Ana winds in the fall, which has a desiccating effect on the vegetation.

Wildfires in California are predicted to get exponentially worse over the next 40 years.

Precipitation patterns are also changing, contributing to 
increased tropical storms-induced precipitation and 
severe storm surges due to rising sea level.
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Ambient Temperature Increase – Case Study Middle East

Design maximum ambient 
temperature is 50ºC (122ºF).

Maximum average temperature 
(20 years) is 40ºC.

Inverter 
working close 
to design limit

Failure of 
ventilation 

system

Fire at 
inverter 
station

Inverter 
replacement
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Approximately 50% of the solar PV claims are caused by weather related events.

Catastrophes are becoming more intense, frequent and destructive due to climate change:

• Increased frequency and severity of storm events.

• Increased number and areal extent of wildfires.

• Increased maximum ambient temperatures (heatwaves).

High risk CAT areas should be avoided if possible. 

When high risk areas cannot be avoided, adequate mitigations should be applied to 

reduce possible damage.

Mitigations
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