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When the Inflation Reduction Act 
(IRA) was passed by the U.S. 
Congress in August 2022, the 

historic US$369 billion investment seemed 
poised to revolutionise the clean energy 
industry in the United States. New incen-
tives would accelerate the manufacturing 
of key solar and wind components domes-
tically, while additional tax credits stood 
to further increase project economics for 
wind and solar developers. 

Research firm Wood Mackenzie 
predicted that the U.S. solar market could 
triple over the next five years. Likewise, a 
team of researchers at Dartmouth College 
and Princeton University released a report 

noting that the bill would create 1.6 million 
additional renewable energy jobs. The 
same report found that the IRA would 
allow solar projects to cut the cost of 
producing electricity by up to 60%. 

The solar provisions of the IRA have 
two priorities: to increase domestic solar 
manufacturing, and to reduce depend-
ence on Chinese imports. The bill aims 
to encourage more manufacturing of 
key solar components, including cells, 
wafers, frames, glass, and backsheets in 
the United States – and the solar industry 
is responding. By April 2023, the American 
Clean Power Association noted that over 
US$150 billion in domestic utility-scale 

clean energy investments had already 
been announced, along with 47 new 
manufacturing facilities. According to 
the Solar Energy Industry Association 
(SEIA), the IRA is expected to lead to more 
than US$600 billion in new solar invest-
ments and 200,000 new jobs over the 
next decade. Some of the most exciting 
elements of the bill have expanded on the 
existing investment tax credit (the Quali-
fying Advanced Energy Project Credit or 
Section 48C), and created the Advanced 
Manufacturing Production Tax Credit 
(Section 45X). Both the investment tax 
credit and production tax credit include 
adders for projects meeting domestic 
content requirements.  However, there 
are lingering doubts about the industry’s 
ability to manufacture all the necessary 
components in the United States, and 
exactly what projects will qualify for the 
additional tax incentives. 

The recently released guidance on the 
domestic content adder states steel and 
iron products such as racking will need to 
be made 100% in the United States, while 
manufactured products such as trackers, 
photovoltaic (PV) modules, batteries, and 
inverters will need to be 40% made in the 
United States (for projects under construc-
tion before the end of 2025; 55% begin-
ning in 2026). In our latest Solar Technol-
ogy and Cost Forecast (STAC Report), PVEL 
and Exawatt conclude that that current 
domestic crystalline module manufactur-
ing is unlikely to allow developers to satisfy 
these requirements for at least the next 
couple of years. 

PV Modules |  Tristan Erion-Lorico, VP of Sales and Marketing at PV Evolution Labs (PVEL), on the 
Inflation Reduction Act and its implications for the selection of materials going into producing solar 
modules. 

New suppliers, new 
opportunities, and new risk: 
the IRA’s implications for PV 
module reliability 
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Confusion around which suppliers and 
what projects qualify for tax credits is 
only part of the headache. New factories 
and new raw materials inherently create 
new risks. Changing material suppliers 
or components during the procurement 
process can have impacts on both the 
immediate and the long-term perfor-
mance of modules in the field. For over 
a decade, PVEL’s lab data has shown that 
minor changes to a PV module’s unique 
bill of materials (BOM) can have major 
impacts on its reliability and performance. 
Along with following other procurement 
best practices, the risks associated with 
module procurement and changing supply 
can be mitigated through independent, 
third-party testing. While the IRA offers an 
exciting opportunity to rapidly advance 
the solar industry in the United States, 
understanding BOM-level performance 
and reliability is going to become even 
more important to maintain quality. 

Why BOMs matter: not all modules are 
created equal
Through our suite of extended reliability 
and performance tests, known as the 
Product Qualification Program (PQP), PVEL 
has tested over 500 unique BOM combina-
tions. The PQP tests all BOMs consistently, 
using world class equipment via testing at 
PVEL’s facilities in California, or overseen 
by PVEL’s experts at our partner lab within 
the Kiwa Group, PI China, in Suzhou, China. 
Every year, we publish the Top Performer 
modules in our PV Module Reliability 

Scorecard (available at scorecard.pvel.
com), with relevant case studies to support 
the methodology of our tests.

PV modules with the exact same 
model type can be manufactured from 
completely different BOMs. Suppliers are 
free to mix-and-match integral materi-
als – even the cells – as long as all the 
components are listed in the manufac-
turer’s IEC/UL certification report. Results 
from PVEL’s testing have repeatedly 
shown that changes to these individual 
module components can dramatically 
affect product quality, and therefore, 
relying on certification testing alone is 
not sufficient to determine long-term 
performance and reliability. 

In a recent example from our damp 
heat (DH) test, PVEL received two BOMs 
produced by the same module manufac-
turer that used the same cells and same 
front encapsulants. The DH test simulates 
long-term degradation and failure modes 
that are typical in high temperatures and 
high humidity conditions where moisture 
and heat can weaken the materials binding 
the module together. One of the modules 
tested was glass//glass, while the other 
used a glass//backsheet design. The glass//
glass BOM was a Top Performer in DH 
testing, but the glass//backsheet BOM had 
more than 7% power loss after the same 
test. The backsheet had clearly allowed 
moisture to enter the laminate leading to 
cell corrosion. 

In another example from our 2023 
Scorecard, PVEL tested two almost 
identical glass//glass BOMs from the 
same manufacturer for potential-induced 
degradation (PID). PID is triggered by 
high PV system voltages on ungrounded 
installations. PID is more likely to occur in 
projects that use transformerless inverters, 
and is further accelerated by high-temper-
ature and high-humidity environments. 
While it is sometimes reversible, severe and 
permanent PID can lower energy yield by 
as much as 30%.

The cells, glass and almost all other 
materials tested for PID were identical; 
the only differences between the BOMs 
was that the encapsulants were from two 
different suppliers (although both were 
front side EVA + rear side POE), and differ-
ent frame and junction box sealants were 
used. After PID192(-) testing one BOM had 
1.1% power degradation, and the almost 
identical BOM had 4.5% power degrada-
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tion. What some may consider minor BOM 
changes resulted in one BOM having four 
times higher PID susceptibility.

During PVEL’s thermal cycling (TC), 
another sequence in the PQP test, modules 
are subjected to extreme temperature 
swings in an environmental chamber. They 
are first brought to a temperature of -40°C, 
after which the temperature increases to 
+85°C. While the temperature is increased, 
the modules are subjected to maximum 
power current providing additional 
field-relevant stress. The cycle repeats 600 
times in total, and characterisations are 
conducted every 200 cycles.

While most modules we test perform 
well for the IEC 61215 standard’s 200 
thermal cycle test duration, some of those 
same modules experience catastrophic 
defects during the PQP extended thermal 

cycling. In a recent TC example, the module 
performed well through TC200 and TC400. 
However, after TC600 the module had no 
power output and a black EL image. PVEL 
investigated the failure and discovered 
an open circuit inside one of the module’s 
junction boxes. Had this been installed in 
the field it would have caused the entire 
string to have no output.

 
Failures occur in the lab and the field
While our 2023 Scorecard showcases the 
ways that overall PV module reliability 
trends are improving, the above examples 
are not unusual. In fact, 54% of manufac-
turers eligible for the 2023 Scorecard 
experienced at least one failure during 
PQP testing.

There are various types of failures 
observed in PQP testing. Modules can 

fail during visual inspection, including 
modules breaking during mechani-
cal stress, junction box lids falling off, 
burn marks, melted/failing connectors, 
delamination, and power labels peeling 
off or becoming illegible. Safety failures 
are recorded when modules do not meet 
the minimum requirement for electrical 
resistance, something that is increasingly 
common during pre-stress testing. Power 
degradation failures happen when the 
power loss is beyond what the module 
manufacturer (or their customer) deems to 
be acceptable. And finally, diode failures 
are when the module’s bypass diode is no 
longer functional. Diode failures fall into 
a larger category of junction box failures 
which also include melted connectors, 
exposed wires, wet leakage failures traced 
to the junction box and failed junction 
box soldering. In the 2023 Scorecard, we 
reported that 29% of manufacturers and 
19% of BOMs had at least one junction box 
related failure. 

Failures observed in the lab can have 
real implications in the field. In a recent 
case, fellow Kiwa Group member Extel 
Energy was contracted to visit a 12 MW 
rooftop site in Taiwan. The project used 
340W half-cut 120-cell mono PERC 
modules and was commissioned in 2021. 
Routine drone infrared (IR) imaging 
revealed hot spots at the junction boxes for 
some modules, along with some activated 
bypass diodes. Upon further inspection 
of the site, Extel found some completely 
burnt junction boxes. Of the  around 
35,000 modules on site, 700 had hot spots 
at the junction boxes visible in IR images, 

This graph shows 
the percent-
age of BOMs 
experiencing a 
failure in each 
test sequence of 
the PQP by failure 
type
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70 had bypass diodes activated and 10 had 
extreme junction box burning. The module 
manufacturer investigated and determined 
that these were all due to a soldering issue 
within the junction box. They have since 
updated their quality and process control 
to implement pull testing on their junction 
box soldering.

While replacements for the affected 
modules were provided by the manufac-
turer, the cost of labour to replace these 
modules and to diagnose the issue was 
not covered by the module manufacturer’s 
warranty. It is unclear if other modules 
will be affected by this failure mode in 
the future, given that they will experience 
natural temperature cycling in the field 
and its effects on soldering reliability.

PVEL has reported junction box related 
failure issues in every edition of the Score-
card since 2019. This problem remains 
persistent both in the failures identified by 
PQP testing and on modules in the field. As 
we diversify supply, and source compo-
nents from new market entrants or factory 
locations, buyers need to do their due 
diligence to avoid the risk of unforeseen 
replacement costs if issues occur.

Taking steps to mitigate risks 
during procurement
Specifying top performing PV modules is 
only one aspect of risk mitigation during 
PV module procurement. As part of the 
Kiwa Group, PVEL and other member 
companies support downstream project 
stakeholders at every step of project 
development, construction, and opera-
tion. Below, we outline some of the Kiwa 
recommended best practices for module 
procurement: 
• Specify Top Performing Bills of 

Materials. At PVEL’s labs, we test and 
report on the module’s unique bill of 
materials, providing this information to 
downstream partners so they can use 
this data to specify the BOM combina-
tions that meet project requirements in 
PV module supply agreements.

• Audit and Monitor Factories. Sophis-
ticated module purchasers require 
factory audits (independent inspec-
tions of a manufacturer’s production 
process) before PV module procure-
ment to ensure suppliers meet quality 
standards. Monitoring PV module 
production during the manufacturing 
process also helps prevent quality issues 
in the modules produced for a specific 
project and ensures that the PQP-tested 
BOM is being used. These services are 

performed by companies like PI Berlin 
and others in the Kiwa Group.

• Validate Quality. Testing statisti-
cally significant samples of PV modules 
during module production helps buyers 
identify and remedy quality issues in the 
modules being deployed to their sites. 
This process, known as batch testing, 
requires shipping a randomly selected 
subset of PV modules from the factory 
to PVEL or other Kiwa Group labs for 
assessment. This can also be performed 
via third party oversight in the manufac-
turer’s in-factory lab.

• Verify Performance. Kiwa recommends 
on-site testing for large and utility-scale 
solar projects. Testing PV modules upon 
delivery to the project site and prior to 
system commissioning helps identify 
damage that has occurred during 
transportation or installation. When 
performance or reliability issues arise 
in the field, PVEL and the Kiwa Group 
are available to diagnose problems and 
provide guidance for remediation.

Working together to ensure a 
strong solar future
The solar provisions in the IRA could bring 
massive benefits to the U.S. industry, 
transforming the manufacturing landscape 

in the country and rapidly creating new 
jobs. But as the industry moves to quickly 
expand and change the PV module supply 
chain in the United States, proper due 
diligence must be conducted to ensure 
that quality and reliability are maintained.  
Years of PVEL’s lab data show that small 
differences to materials and components 
could have huge impacts on project 
economics. Manufacturers have a remark-
able opportunity to expand production in 
the United States, and developers in the 
country can source domestic products. 
However, regardless of their source, 
buyers need to take caution that not all PV 
modules are the same.

Module buyers can help to mitigate 
overall project risks by following best 
practices during procurement, including 
reviewing third-party reports and specifying 
BOM combinations. For manufacturers in an 
increasingly competitive market, submitting 
modules for third-party testing can help 
differentiate products and increase custom-
er confidence. And when working together 
to continuously prepare for, review, and 
address issues in module performance 
both during production and operation, we 
can help ensure that the billions of dollars 
invested in our industry creates a strong 
solar future that benefits all.  

Tristan Erion-Lorico has over 15 years of solar and electrical industry experi-
ence that spans manufacturing, testing, project development and opera-
tions and maintenance. As vice president of sales and marketing at PV 
Evolution Labs (PVEL), Tristan oversees PVEL’s commercial activities includ-
ing collaborating with PV module buyers, investors and manufacturers to 
develop innovative test programmes for product qualification.
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One of the key issues around 
deploying solar technologies is 
the way they operate in extreme 

conditions, or in the case of this article, hot 
areas. It is crucial the technology adapts to 
the gradual heating of the Earth’s surface 
especially with the latest heatwaves 
witnessed in Southern Europe.

It is important to dispel myths surround-
ing the technology, especially those that 
were coming out of the UK in both the 
summer of 2022 and 2023 in which many 
publications and politicians speculated 
that solar technology does not perform 
well enough or generates power efficiently 
in higher temperatures. 

In fact, the Telegraph recently claimed 
that “solar panels are tested at a bench-
mark of 25C. For every degree rise in 
temperature above this level, the efficiency 
is reduced by 0.5 percentage points”. 

Although this can be said for older PV 
modules, many of the newer editions 
do not display such drops in efficiency. 
And any drops in efficiency that occur do 
not warrant dispelling solar as a proven, 
capable technology that could spearhead 
the energy transition and support net 
zero targets.

To support this argument, it is impor-
tant to note just how much solar has 
been developed in regions with higher 
average temperatures than prevalent in 
the UK. Australia has been boosting its 
solar PV generation capacity, as have the 
US, nations in the Middle East and Africa, 
and in many other arid regions. In fact, 
harnessing hot areas of land for large-
scale solar farms could benefit society 
by providing an area to develop solar 
farms without taking land up for vital 
infrastructure. 

But how effective has solar been in these 
heightened conditions? And what are some 
of the challenges and key considerations 
when developing solar projects in regions 
with consistently high temperatures?

Slovakia’s Solargis has since 2010 been 
developing and operating software and 
data sets enabling fast access to historical, 
recent, and forecast data for almost any 
location on Earth. The following is Solargis’ 
article on the topic, kindly provided to PV 
Tech Power for this issue of our magazine.

How to Maximise Solar Tech in Hot 
Locations
The growing potential of solar energy 
across the globe is persistently challenged 
by a plethora of uncertainty surrounding 
module inefficiency. An increasing preva-
lence of extreme heat has changed the 
risk profile for solar energy, as tempera-
ture variability becomes a key challenge 

for solar investors and operators. To 
validate the capability of PV technol-
ogy, and therefore ways of mitigating 
the impact of hot conditions, we must 
use reliable and accurate data to inform 
decision-making and maintain system 
reliability as energy demand continues 
to rise.  

The solar outlook for 2023 has, so far, 
displayed a trajectory towards increas-
ing temperatures across Canada, North 
America, and Europe as imminent 
heatwaves loom. Throughout June 2023 
we saw Belgium, Germany, and France 
experience up to a 4oC increase above 
long-term average temperatures, whilst 
wildfires raged across Canada and south-
ern Europe. The shift in global tempera-
tures has placed the potential of solar 
energy and the subsequent relationship 
between heat and solar irradiance under 
increased scrutiny.

Solar Tech in Hot Conditions | PVTech Power reporter George Heyes got in touch with Solargis, a 
Slovakia-based weather data and software provider for solar power investors and operators, for a 
deep dive into maximising solar technologies in hot locations. 

Turning up the heat on PV: 
How to maximise solar tech 
in hot locations

Graph showing 
difference in 
average air 
temperature 
for June 2023 in 
comparison with 
the long-term 
monthly average. 
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The relationship between heat and 
solar irradiance
There is no consistently defined correlation 
between heat and higher solar irradiance. 
Instead, solar resource output hinges on 
project design informed by geographi-
cal location, climate, and topography. 
Depending on these variables, hot condi-
tions can create different risk profiles that 
increase uncertainty for solar investors and 
operators.

For example, in June 2023, the MENA 
region, which has an arid and hot 
climate, produced up to 280 kWh/m2 of 
Global Horizontal Irradiance (GHI). The 
by-product of this intense solar irradiance 
is heat, which increases the overall air 
temperature. Solar cells are temperature 
sensitive, which in extreme heat can 
cause issues relating to overheating of 
PV components, causing disruption to 
project output. 

In tropical climates, solar irradiance 
increases the air temperature and therefore 
the rate of ground water evaporation. As 
a result, it can produce scattered clouds 
which increase solar irradiance variabil-
ity. Solar projects in these regions often 
require bespoke strategies and additional 
storage to manage variability.

These examples capture two different 
risk profiles relating to hot conditions 
that solar investors and operators need to 
navigate. Integrating this understanding 
into the design phase of a PV project can 
help to ensure that PV plants maintain 
system reliability and avoid costly 
downtime.  

Navigating the impact of hot condi-
tions on PV technology
For traditional crystalline modules, every 
1oC above 25oC loses approximately 0.4% 
efficiency, reducing the maximum power 
output for the PV module. Therefore, the 
higher the temperature, the less power 
generated. 

Direct causes: increased degradation, 
failure risks, soiling, corrosion, reduced 
output
In a hot climate PV technology will be 
subjected to more extreme tempera-
ture ranges between day and night. 
Each material has its own expansion 
coefficient and with higher temperature 
changes, higher dimension changes 
can occur. These additional movements 
result in a faster rate of mechanical 
degradation of materials since they are 
put under greater strain.

Additionally, sudden temperature 
shifts from morning to afternoon may 
increase the accumulation of dew on cold 
surfaces. As a result, PV modules get sticky 
and accumulate more dust, causing steel 
parts to become more corrosive. Also, any 
wet surfaces that come into contact with 
electronic components are more likely to 
fail through problems such as an increased 
risk of short circuiting. 

Hot conditions can also impact the 
efficiency of the inverters. Inverters contain 
a temperature overloading protection 
system, whereby if the internal tempera-
ture rises above a given level, typically 
between 40-50oC, depending on the 
model, the inverter will reduce its output to 
protect itself from overheating. Therefore, 
the overall expected power output will be 
lower than in the original design.  

Indirect causes: surface albedo, cooling 
effect of vegetation
As the climate changes, an increase in heat 
can alter the landscape surrounding the 
PV power plant. This can impact power 
generation through a change in surface 
albedo, especially in bifacial PV module 
installations. The increased heat can reduce 
the growth of vegetation and therefore 
modify the rate of diffuse reflection of solar 
radiation from the ground back to space. 

For example, green grass has a diffuse 
reflection value of 0.20-0.25 which means 
that the surface reflects 20-25% of the 
received radiation, whereas bare soil 
only reflects around 17%. Additionally, 
the cooling effect of the environment 
surrounding a PV power plant is reduced, 
causing further temperature increases at 
the site.

As a result, the alteration of the 
landscape can result in a generated power 
output that significantly diverges from the 
expected power output set by solar project 
operators. An understanding of the impact 
of hot conditions is frequently absent from 
PV project design. The variability between 
projects can make financing problematic 
due to high uncertainty regarding future 
production.

Improving PV design to customise 
for hot conditions
To mitigate this, solar operators and 
investors require accurate data to inform 
better decision-making. Understanding 
the spatial and temporal variability of GHI 
provides a necessary insight for assess-
ing the efficiency of a given solar project. 
However, there is a lack of reliable and 
accurate data available that captures a true 
representation of temperature variability.

To improve the efficiency and resilience 
of solar projects in hot conditions it is vital 
to leverage accurate and meaningful data, 
most importantly throughout the early 
design phase. Having access to precise 
historical temperature and current irradia-
tion values is highly valuable in analysing 
trends and predicting future scenarios. 
Using this in the design phase, where 
estimation of power output is considered 
together with technology, is central to 
informing best practice and intelligent 
decision-making. 

Time series data – for example, at a 
resolution of 15-minute intervals – uses 
high frequency collection to pinpoint 
temperature variability and improve 
the resultant accuracy of modelling. For 
simulation and future estimation, it can 
provide a dramatically clearer picture of 
the existing and anticipated behaviour of a 
PV power plant. 

Moving beyond typical meteorologi-
cal year (TMY) datasets, that only show 
long-term annual averages, allows solar 
operators and investors to monitor and 
analyse multiple parameters to elevate the 
operation and output of their PV technol-
ogy. These include wind speed, direction, 
relative humidity, and rainfall.

Solar investors and operators need 
to optimise their project using accurate 
and granular data. Doing so will improve 
confidence and strengthen future decision 
making to unlock the full potential of 
PV projects. As temperature variability 
becomes more frequent, never before has 
there been a greater need to understand 
how hot conditions can affect solar energy 
management.

Comparison of 
temperature 
information in 
TMY (left) and 
time series (right) 
Note: observe 
time series 
temperatures 
outside TMY 
range (min and 
max). 
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