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Executive Summary

Observations

1. Markets for using used solar panels exist Investigations of the reuse of solar panels
indicate the possible markets for their use are:

l. Off-grid situations including farms
1. Solar farms and other ground mounted situations

1. Caravans and domestic sheds

IV. Sending them overseas

2. There are legislative barriers to using used solar panels that are limiting the resuse of
used solar panels

The report indicates that the market for the reuse of second panels is restricted because
Clean Energy Council (CEC) accredited solar installers cannot fit panels that are not CEC
accredited. The accreditation of panels is normally a three-year period and after this
time the only solution is off-grid use. With the current legislative barriers and the lack of
financial incentives for their use there is a limited market for the re-use of solar panels.

Recommendations
1. E-waste is a growing problem which needs a solution

Challenge: The amount of waste generated by discarded solar panels continue to grow.
To better implement a circular economy model suitable to implement into our region,

this study was endorsed and commissioned by the Gippsland Smart Specialisations,
Community Energy Innovation Network . Its purpose was to determine if there are
competitive advantages in the collection, testing and reusing of the solar panel resource.
To understand the options and current barriers for the reuse of solar panels in Victoria and
to see whether there is a possible business case for collecting used panels in Gippsland.

Recommendation: There is recognition from both State and Federal Government about the
importance of reducing our e-waste and also utilising resources in more efficient ways. It
is also understood that some new circular economy-based policy may be needed to allow
for this to happen.

2. Supporting local recycling centres will assist product stewardship

Challenge: PV Panel Recycling has been rapidly developed by numerous companies and
research from several Universities. Locally, Australian owned company Elecsome is on
the way to establishing a facility within Gippsland to transform end of life solar panel
components into value-added products for use in the construction and manufacturing
sectors.

Recommendation: These recycling centres based at local transfer stations should be
supported and encouraged. Reuse and improving product design to decrease failures are
a higher priority in the circular economy framework.
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3. Old solar panels can be assessed for quality and the good ones reused

Challenge: A research report from Federation University details the performance
degradation expected and the process for checking a panel to determine if it is suitable
for reuse. The report indicates that many used panels are still very suitable for use. This
confirms significant wastage and underutilisation of this resource is happening.

Recommendation: That further research into establishing a suitable process that can be
implemented at collection points that can identify panels suitable for reuse and in what
contexts, as well as any other reclaimable components on the panels not suitable for reuse
that may be recycled. The overarching goal being limiting as much wastage as possible.

4. You cannot claim STC's for reused Solar Panels

Challenge: Currently, Small-scale Technology Certificates (STC’s) are not able to be
claimed on pre-used solar panels. It is not a CER call - this is underpinned by the
legislative framework. The barrier to being able to claim STC's on pre-used systems is
established by the Renewable Energy (Electricity) Act and Regulations and not CER policy
However, this means that there is no subsidy for using used panels in a sub-100kW system
and subsequently a disadvantage as they compete in price against subsidised new panels.

Recommendation: That potential changes to the current legislative framework be
explored and implemented so that there are less or no financial disincentives to reusing
solar panels.

5. You can claim LGC's for reused Solar Panels.

Challenge: The CER have suggested that panels that have previously claimed STC's can
still claim Large-scale Generation Certificates (LGC’s) even down to 10kW. However, there
are differences between claiming LGC's and STC’s — the main one is you must register as

a generator and report your meter data to CER regularly for LGC's but not STC's, so some
sort of ongoing administration will need to be in place. LGC’s are also received as “as you
go” while STC'’s are a “up front” payment.

Recommendation: That more community and stakeholder education happen around
potentially using LGC's.

6. Policies supporting limited accreditation leads to negative consequences for solar
leases

Challenge: There is a risk that solar panels are devalued once their accreditation with
the CEC lapses as they will no longer be deemed suitable for grid connection. Which
means that as panels with expired registration are unlikely to be reused or relocated.
This introduces a high level of risk to leasers of solar panels and may lead to accelerated
depreciation and thus increased early lease costs to users.

Recommendation: That further discussions be had with the CEC to better understand how
the accreditation time duration of solar panels lapses could be increased.
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1. Background and Context

The average lifespan of a solar panel is approximately 21-years; however many are being %
removed after 10-12 years. Responses from businesses have indicated that this is not

based on system failure but a trend to increase the energy density of the installation with

better quality panels after the completion of the depreciation period.. This is increasingly

resulting in the disposal of panels with years of life left.

A report to Sustainability Victoria (Equilibrium 2019 page 7) concluded:

In Victoria alone, it is estimated that by 2035 there will be 22,000 tonnes of PV
panel waste requiring disposal. On this basis, current estimates are that across
Australia during 2018 approximately 6,000 tonnes of PV panels will require
disposal, rising to about 100,000 tonnes in 2035.

Sustainability Victoria indicates that this has the potential to create a significant
hazardous waste management issue (SV 2021):

..materials contained within solar panels can leach into soil and
groundwater, causing environmental contamination and safety concerns

if managed poorly. Keeping these materials out of landfill prevents
environmental and human health problems and rescues valuable resources
for reuse.

Furthermore, older panels can have more significant environmental concerns (Equilibrium
2019 page 20):

Stakeholders reported that early generation PV panels contained potentially
hazardous materials such as cadmium and lead (with the level of potential

hazard dependent on volumes, location and materials handling and management
processes). However, it should be noted that these materials are contained in the
system (unless damaged) and are therefore not available to be leached unless poor
handling and disposal practices are employed.

The Federal Government also appears to be serious about the issue of solar panel waste
with the Environmental Minister, The Hon Sussan Ley MP addressing the National Press
Club on June 16™, 2021:

“I am announcing today that | am putting the solar panel industry on notice with
clear timelines for action. The uptake of millions of solar panels across the country
from roof tops to solar farms has been vital from an emissions perspective but

the explosion of retailers and importers in the area, and the lack of an industry
wide approach to collection and recycling, means that it also looms as a landfill
nightmare. We can'’t fix one environmental issue by creating another”.

Favourably, it would seem that State, Federal and both side of politics align to meet the
challenge.

In 2014, the Victorian State Govt committed to introduce a comprehensive e-waste landfill
disposal ban which includes solar panels.

This led to PV panels being added to the Federal Environment Minister’s annual priority
product list (under Section 108A of the Product Stewardship Act 2011) and the Victorian
Govt leading national product stewardship investigations on behalf of all Australian states
and territories. These investigations span across the entire product lifecycle, not just
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processing at end of life.

In May 2018, there was an assessment of options to progress a national approach for
PV systems in Australia which resulted in the report PV Systems Stewardship Options
Assessment (Equilibrium 2019).

The assessment report found that:

« Key stakeholders (including PV manufacturers, importers and industry associations)
supported a nationally coordinated approach for managing PV system waste.

+ Solar panel waste is the fastest growing e-waste stream in Australia, with only
limited recycling opportunities, and would benefit the most from a product
stewardship approach.

« Either a voluntary or co-regulatory approach for solar panels may be feasible and
are likely to achieve the environmental, health and safety objectives of the Product
Stewardship Act 2011, improve management of solar panels and increase the
opportunity to reuse valuable materials.

« Therecommended next step is to analyse the potential impacts of voluntary and
co-regulatory options.

The authors strongly recommend this Product Stewardship approach noting that local
intervention is necessary to create the necessary recycling and reuse infrastructure. As
explained within the findings within Equilibrium 2019 page 36 “the current absence

of natural or obvious industry leaders to drive development suggests that a voluntary
approach may not be achievable in a timely manner.”

Local Government authorities should be incentivised to form partnerships with suitably
qualified solar panel recycling companies that can be co-located at their transfer stations
providing consumers with easy options for low-cost recycling.

At these sites, the identification of old panels that are still viable and can be removed for
reuse can significantly decrease the need for expensive and unnecessary breakdown of
components which inevitably lead to some parts going to landfill.

The priority of this circular economy approach is better product design. There should

be ongoing consumer education about the differences in quality between panels and
subsequent lifetime energy savings. This project aims to review options capable of
reducing solar panels waste and develop a testing framework to identify the usefulness of
the discarded solar panels.

This study has been restricted to the Gippsland region of Victoria as through the
investigation it was discovered that different states have different legislation around the
use of reused panels.

To this aim it was decided to investigate three streams summarised below:

1. Reuse of panels

This is the process of selecting panels from the waste stream that remain viable and free
of defects. In theory these panels can then be sorted by type and issued or sold to those
who cannot afford new panels, operate off-grid or where they can provide community
benefit.
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2. Refurbishment of panels
These are panels that have a cosmetic or electronic fault. Many of these faults can be

rectified if it is cost effective. <~

3. Recycling of Panels.
This is the destruction of the panel for the recovery of its base materials.

Some types of solar panel faults include:

1. Confidentiality: Loss of identification such as removal of serial number, branding
or replacement of tags. For proper testing, old panels need complete Voc registers
and maximum current indicators.

Junction Box: Burned off, lost connection, malfunction, damaged cables.

3. Backsheet Crack: Becomes porous, cracked, or is missing pieces.

4. Hotspots: Any imperfection in solar cells, such as cracks, poorly soldered joints,
and mismatches can lead to higher electrical resistance becoming ‘hot spots’. Signs
include burn marks, degraded backsheets and fires. There are different levels of
severity depending on how many cells are affected.

5. Snail trail/ wheels: Discolouration of the panel which usually builds up over a
couple of years of use and could be a sign of micro cracks. Severity is determined by
how many cells are affected.

6. Delamination: The bond between the plastics and the glass separates allowing
moisture to get in causing corrosion and or failure. Bubbles, creases or
imperfections on the plastic rear surface can be an early sign as are low insulation
resistance errors.

7. lsolation Errors: If the wiring/ cable shielding is damaged a short circuit may occur
between the DC and the Earth. This can also be caused by moisture from high
humidity or a bad connection in the solar panel’s junction box. Significant isolation
errors can lead to fires and injury.

8. Broken Glass: Mostly a break of the toughened glass leads to complete shattering.
Small cracks can also impact light absorbed by the panel and allow foreign
elements such as water and dust to accumulate under the glass.

9. Other

N

2. Research Findings: Second Life of Solar Panels

As part of this investigation a series of panels were supplied to Federation University for
further investigation to test used panels and to develop a testing framework to identify the
usefulness of these panels.

Their findings captured in a “Second Life of Solar Panels” is to be used as a supporting
document to this report (see Appendix 1).

It covers the following major topics:

+ Failure and degradation modes and mechanisms of PV modules.

« Key attributes of accelerated comparative and lifetime testing programs.
« A possible approach for testing used PV panels.

+ Representation of test results.

A “Second Life of Solar Panels” did not attempt to develop a new testing methodology
but instead provided a literature review and analysis of field failures, degradation, and
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available testing methodologies. Based on this the research teams aimed to develop
protocols that could be converted into the standardized testing protocol for the used solar
panels and/or a lifetime testing protocol/standard. %

Solar cell assessments included:

« Visual inspections.

« Current-voltage measurements under various light conditions and a control
environment.

« Infrared scanning.

Considering the limited number of panels tested most did perform well indicating that
panels could be reused. However, considerable low performance might be expected from
some panels and a testing regime as described below should be developed to exclude these.

Stage 1: Initial Physical Assessment

v"If no substantial external damage is found, the panel can move to the second stage
for electrical testing.

x  |f substantial external damage such as cracks (covering more than 15 - 30 % of
the panel area), water damage or visible burning is found the panels should be
recycled not reused.

Stage 2:1-V Curve Testing

v"If the health indices vary within the 10 -12% with respect to the calculated health
indices identified move to the third stage of post-electrical testing.
% |f they vary more than this panels should be recycled not reused.

Stage 3: Post Electrical Testing

v"If a few hotspots (less than 3) and burn marks (less than two) are identified through
thermal image testing, then the panels can be deemed suitable for reuse. Any
burn marks can suggest failure of bypass diode(s) and it is recommended that this
also be checked.

% |f more hotspots and or burn marks are found the panels should be recycled not
reused.

There is a limitation to the testing regime as the expense of doing this can be greater than
the price advantage of using the panels.

Solar Installers using reused panels have commented that a simple method of testing
panels for reuse can be found if the appropriate identification classifications remain on
the panels.

The full report on the testing of the panels and the creation of a testing protocol is listed
in Appendix 1.

2.1 Future Research

There were not enough samples received to conduct a comprehensive statistical study and
develop a more robust health index which would need to be fully explored.

The next step of this work should involve testing the modules under different conditions
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and estimate the remaining life of the panels based on the standardized characteristics
developed in the research report.

It should also be noted that the testing has been conducted only on the DC side, and that
the performance and losses associated with the overall system are worth exploring.

3. Solar Panel Recyclers

Internationally, the global leader appears to be Rinovasol who is based in Germany. They
provide a repair, reuse and recycling system for solar panels and collect and process
panels from 39 countries to allow for economies of scale.

Discussions were held with Rinovasol early on in this project, but it became obvious that
Gippsland could not provide the volume of sorting and collection required to make this
partnership feasible.

Another possible international connection is Veolia based out of France. They claim to
separate each panel into its recyclable constituent parts within 60 — 90 seconds.

In Australia, the most widely known company is Reclaim PV which is based in Adelaide
and now looking to expand its reach into Queensland. In February 2021, the company
announced it was developing a solar panel recycling facility at Lonsdale, South Australia.
Reclaim PV is simultaneously securing environmental licenses to conduct full scale
recycling operations at an initial rate of 70,000 panels per year and is putting the call out
for end-of-life solar panels from anywhere in Australia.

This is funded by a cost per panel which is comparable to the expected landfill charge plus
the collection and transport costs. Whilst this will vary based on geographic locations, an
approximate value for calculation purposes is $35 per panel.

E3Sixty Solar based in NSW claim to be the “leading solar panel recycling in Australia with
over 25 years of recycling experience” and can also provide recycling solutions.

In Victoria, Solar Recovery Corporation (SRC) is an Australian owned Company
headquarters based in Melbourne with a network of local hubs serving as collection
agencies. Lotus Energy, in partnership with JR Hammer, have constructed Australia’s only
full life cycle recycling facility for solar modules in Thomastown, Victoria where they claim
100% of the materials separated from their process will be reused and given a second life.

In Gippsland, Elecsome has been in discussions with local Councils regarding a processing
site located at an existing transfer station. Elecsome is a 100% Australian entity working
with its technology and research partners RMIT and the University of Melbourne to deliver
a cost-effective solar panel upcycling solution. . The project is backed by The Department
of Industry, Innovation and Science’s CRC-P (Cooperative Research Centres Projects) grant
aimed at supporting innovative businesses focused on addressing gaps in Australia’s waste
and recycling capability.

Elecsome aims to collect old and damaged solar panels, process the panels into its
constituent parts and transform them onsite to other value-added products that can be
sold at a premium.

The company is on track to build and operate a local upcycling plant and expects large
solar panel feedstock to come in three to five years from now with large numbers of
panels expected to be decommissioned and replaced around that time. The company
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is currently developing an engagement strategy for including local communities in its
initiatives to make this facility operational and scaling it for growth.

It is recommended that local stakeholders engage with Elecsome during the community
consultation process to exchange information and understand how the company’s
initiatives in the plant can benefit local businesses and communities.

There have also been discussions with local solar farm proponents who are expecting
that 1% of the panels supplied to their farms will be defective. With millions of panels
being placed locally, this sizable proportion will need to be accommodated into the waste
stream.

4. Regulators and Key Stakeholders
4.1 The Clean Energy Regulator (CER)

The Clean Energy Regulator (CER) as an agency is governed by an independent statutory
authority, also known as the Clean Energy Regulator, but commonly referred to as ‘the
Regulator’.

The agency comprises two divisions: Scheme Operations and Scheme Support and is
supported by two branches: Corporate and Legal Services and Governance, and the Office
of the Chair.

Two of the schemes it administers are the Large-scale Generation Certificates (LGC's) and
the Small-scale Technology Certificates (STC's).

Large- scale Generation Certificates (LGC'’s)

The Large-scale Renewable Energy Target (LRET) incentivises the development of
renewable energy power stations in Australia through a market for the creation and sale
of certificates called large-scale generation certificates (LGC's).

Power stations accredited in the LRET can create LGC's for electricity generated from that
power station’s renewable energy sources. LGC's can then be sold to entities with liabilities
under the LRET, mainly electricity retailers, to meet their compliance obligations.

The Large-scale Renewable Energy Scheme also creates a financial incentive for the
establishment and growth of renewable energy power stations, such as wind and solar
farms, or hydro-electric power stations.

To participate under the Large-scale Renewable Energy Scheme, renewable energy power
stations must generate electricity from eligible natural resources such as the sun, wind,
ocean waves and the tide, geothermal-aquifers, wood waste, agricultural waste, bagasse
(sugar cane waste), black liquor (a by-product of the paper-making process), or landfill gas.
Renewable energy power stations that meet the eligibility criteria and become accredited
under the scheme are entitled to create large-scale generation certificates—which can be
sold and traded to off-set the cost of investment.

To become a renewable energy power station a producer must apply via the CER and

process whilst not expensive is slow and can take up to a year. The minimum size of a
power station is 10kW.
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Small-scale Technology Certificates (STC’s)

The Small-scale Renewable Energy Scheme creates a financial incentive for individuals %
and small businesses to install eligible small-scale renewable energy systems such as solar

panel systems, small-scale wind systems, small-scale hydro systems, solar water heaters

and air source heat pumps. It does this through the creation of small-scale technology

certificates (STC's) which Renewable Energy Target liable entities have a legal obligation

to buy and surrender to the Clean Energy Regulator on a quarterly basis.

STC's are provided ‘up front’ for the systems’ expected power generation over a 15-

year period or, from 2017, from the installation year until 2030 when the scheme ends.
This renewable electricity replaces electricity generated from non-renewable sources.
Generally, householders who purchase these systems assign the right to create their
certificates to an agent in return for a lower purchase price. The level of this benefit differs
across the country depending on the level of solar energy.

STC'scan also be created following the installation of an eligible system and are
calculated based on the amount of electricity a system produces or replaces (that is,
electricity from non-renewable sources).

The Small-scale Renewable Energy Scheme encourages investment in small-scale
renewable energy and creates a financial incentive for individuals and small businesses
to install systems which produce electricity and deliver hot water. A solar system installed
under this scheme cannot exceed 100kW.

To participate in the Small-scale Renewable Energy Scheme, individuals and small
businesses must choose and install a renewable energy system which meets the scheme’s
eligibility criteria. Currently reused solar panels are not eligible for STC credits.

STC's and LGC's will be phased out by 2030. Therefore, the financial viability of repairing
and reusing PV panels in Australia should not be underpinned by this system.

4.2 Creating STC'’s for a Reusable Solar System

An eligible solar system of less than 100kW can apply for STC's as an upfront payment for
the emission savings that will be achieved until 2030. This is often used as a discount to a
new installation. There is no doubt that this arrangement has led to an increase in solar
installations and as such represents sound public policy.

The CEC determines that if solar panels are removed from a rooftop before the end of
their useful life the owner is not expected to refund the money that was associated with
the emissions that the panels would have generated until 2030. This does not allow the
STC’s to move with the panels and provide incentives for reuse. Furthermore, the prices
for the reused panels are competing against new subsidised panels creating another
barrier for purchase.

4.3 Creating LGC'’s for a Reused Solar System

Whilst LGC's must be used for solar installations greater than 100kw there is no regulation
saying they must be at least this amount. Therefore, LGC's can theoretically be applied

to reuse panel installations of any size however the application must be made by a
registered power station owner or operator.
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There are differences between claiming LGC's and STC's — the main one is you must report
your meter data to CER regularly and claim them “as you go” rather than up front for
15-years as applied for STC's. Ongoing administration will need to be in place and whilst
this may be an onerous requirement for a small community facility looking to benefit from
a small ground mounted system using reused panels, an aggregation of community installs
could be governed by a local sustainability group with benefits flowing to both.

ANALYSIS: Applying LGC's to re-use panels on a Public Hall

Assuming all legislative conditions can be applied, the average solar output of a
dwelling is calculated to be 20kWh per day or 7.2mWh per year. A public hall with
average daytime use would have similar.

The February 2021 spot price of LGC’s was $34 and therefore the yearly amount
that could be claimed is:

7.2 x 34 =5244.80

4.4 The Clean Energy Council (CEC)

The CEC is a not-for-profit, membership-based organisation. They represent and work with
Australia’s leading renewable energy and energy storage businesses, as well as rooftop
solar installers, to further the development of clean energy in Australia.

They also have a strong focus on raising standards and maintaining integrity with the
industry. The CEC does this through several ways including the accreditation of solar
installers across Australia, maintaining lists of approved modules, inverters, and battery
energy storage products, running an ‘Approved Solar Retailer program’, developing
guidelines and having input into the development of Australian Standards.

The CEC Approved list

The CEC maintains a list of approved modules, inverters and batteries that meet Australian
Standards for use in the design and installation of solar and battery storage systems.

Accredited persons and retailers should always refer to the lists before performing an
installation. The lists are dynamic and products can be delisted at any given time if found
in breach of the CEC’s’s Product Listing Terms and Conditions or voluntarily removed at
the request of the manufacturer for products that are not actively imported.

Only systems with products from the approved lists are eligible to receive STC's under the
Small-scale Renewable Energy Scheme (SRES).

4.5 EnergySafe Victoria

Energy Safe Victoria (ESV) is Victoria’s independent government agency responsible for
the safe generation, supply and use of electricity, gas and pipelines.Energy Safe Victoria’s
role is to ensure Victorian gas and electricity industries are safe and meet community
expectations. Regarding reused solar panels they are responsible for licensing Victoria’s
solar installers and issuing and auditing Certificates of Electrical Safety (COES).

Solar panels connected to an inverter or greater than 500W in total must be signed off
by a certified electrical inspector for their COES. Panels that have current accreditation

Gippsland Climate Change Network 14



or have been previously on the accreditation list can be used however according to ESV
some older panels from redundant manufacturers can be difficult to assess. A further
complication is that some power conversion equipment (PCE) does not comply with the
required international standard (OCD 12609) but is being sold in Victoria.

According to ESV, ground mounted and off-grid situations using reused panels can be
easily compliant for a COES in Victoria and can be installed by a registered solar installer;
a crucial component in getting insurance certification.

CASE STUDY 1: Off-grid Specialist Engineering at Darnum

Jason Vandyke Specialist Engineering of Darnum near Warragul have an energy
load of 40/50kw per day. Installed 132 of used 250w Poly Solar Panels coupled
with 16X250v 60Amp MMPTs, 46 kWh of Battery Bank with 3 x15kw Victron 3 phase
inverters provided through lan and Chris Conibeer from Energy Connections in
Pakenham.

The panels are 250 w Canadian Panels that were only 5 years old and came
from ex solar farms in Qld and NSW that upgraded to 400w panels. The shed is
operating off-grid.

lan Conibeer outlined his testing regime for the used panels as:

1. A quick visual inspection of the front surface checking for any cracks, hot spots
or signs of damage

2 A quick check of the rear for any damage to the backing sheet or Cable terminal
box

3. Using a multimeter, testing the VOC of the panel against the name plate value.

Completing a short circuit test by connecting the two MC4 connectors together
and measuring with a DC clamp meter and compare to name plate. If they are
within 80% of the expected output the panel is deemed suitable.

Jason used the recycled panels due to the cost. New panels would have been
around $32k compared to these at $8k. They were quoted $70 - $80k to connect on
grid. The total install as described was $50k.

Jason said he did not have any difficulty with the install and was very pleased with
the standard of service from his installer.

During the hot summer months, the panels have been delivering “as new” with
the added benefit that the shed is cooler on the hotter day due the light/heat
reflecting value of the panels.

Jason commented that “This is a cost-effective way to build an off-grid system

and as an engineer | understand the complex nature of load management and
generation so if you don’t have that understanding and expertise then engage an
installer that is off-grid trained and CE accredited and work with them. You can
save a lot of money if you do not have to connect to the grid if your property is
more remotely placed by building an energy system to match the load you need. |
recommend you use repurposed panels that are tested and certified for reuse.”

Jason reports no problem in getting building insurance.
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5. Licencing Used Panels

In summary after numerous conversations with the CER and CEC current constraints on the %
reuse of used solar panels are as follows:

e They cannot be installed by a CEC approved installer.

¢ No STC's will be made available.

e They cannot be used on a habitable building (no CEC approval)
e They can be used in an off-grid situation.

e They can be used in a solar farm.

e LGC's can be obtained for the generation from used panels.

5.1 Used Panels in an Off-grid Environment

In an off-grid situation lower cost used panels are an obvious choice. Therefore, a prime
market for reused panels is for remote communities or in a farm situation to a remote

pump.

Installers indicate that a simple testing regime can be developed to choose the right
panels and results are comparative with new units. They also often use used inverters with
good success however it is recommended that a new inverter should be used as this allows
superior safety and connectivity to batteries than older units.

We had no reports of Insurance companies refusing to indemnify off-grid panels with a
COES certificate.

It has been suggested that Gippsland communities that are currently off-grid such as
Licola, Tidal River, Mt Baw Baw and even farms off-grid in Neerim South would benefit
from consideration of repurposed panels.

5.2 Used Panels in Agriculture

Discussions with the office of Industry and Agriculture at the Department of Jobs, Precincts
and Regions indicated that requirements for a Certificate of Electrical Safety (COES) for
insurance purposes are a key stumbling block for farm use of repurposed panels. Without
this, a farm would be liable for any incidences caused by the installation (electrocution,
fires etc). A COES can only be obtained from a licensed electrician.

In addition, to create Renewable Energy Certificates, currently the installation must be
performed by an electrician and a COES provided as evidence of the installation.

From that perspective, there is currently a proposal at COAG to make it mandatory
for all installations above about 24-30VDC (this figure has changed several times) to
be performed by a licensed electrician (i.e., non-EV cars and trucks will mostly still
be exempt). Some panels fall below but most panels are above the thresholds being
discussed.

It has been suggested that farmers could potentially benefit from using pre-used solar
panels to power remote off-grid electrical devices such as irrigation pumps, bore water
pumps and electric fences where 2 to 10 kW is required. Solar systems for these types of
installations are currently sold through farming shops and solar installers. However, most
farmers like the flexibility of having on grid power so they can run these operations at
night.
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5.3 Used Panels in a Solar Farm

It seems strange the CEC is the regulatory body for domestic and industrial solar
installation, but it carries no role in solar farms. However, for those keen to see a role for
used panels it provides an opportunity.

Under the ruling from the CER both used and new panels can claim the LGC’s associated
with a solar farm.

The major difference in a solar farm installation will relate to the energy density of the
panels. The more panels you need to have the more ground mounts will be needed. These
can attract a cost of $50/mount which will make low output panels less viable than those
of greater than 200W/panel.

A second consideration here is whether the solar farm is delivering either behind the
meter or in front of it.

An in front of the meter farm selling to the grid is likely to pay approximately 6c/KWhr. In
this situation all costs are critical and achieving a breakeven is difficult.

A behind the meter solar farm can expect a return of at least 15c KWhr. With this
additional margin it is highly likely that this system using repurposed panels can be made
economic.

A consideration that also be made is the make and model of panels. If these can be
matched, then the cost of installation is minimised however if a mix of panels is used it
may be necessary to include microinverters in the design which will add to the capital
cost.

5.4 Used panels for caravans, touring or in the garden

Currently in Victoria, under 120V DC power units do not need to be installed by an
accredited solar installer. This allows used panels to be easily connected to a caravan or
used in a simple domestic situation — for example powering a simple pump or a lightin a
shed.

A quick check of the market demonstrates that new panels of around the minimum
capacity of 160W retail for about $300. This makes reused panels particularly cost
effective for camping and these smaller installations.

5.5 Sending used panels overseas

Households in Timor-Leste are currently using single panels far smaller than the 200-
250W panels coming off Australian roofs. Discussions with local sustainability advocates
indicate there is a ready market for used panels in these countries which could be
explored.

However, care must be taken to avoid companies avoiding their liabilities by unscrupulous
dumping of e-waste. Careful controls would have to be included on any transfer.

17
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6. Discussion and Recommendations

Opportunities

» State and Federal Governments have put the Solar Industry on notice to develop
ways to reduce the tonnes of solar panel waste going into landfill.

* Potential markets are available for the reuse of used panels in ground mounted
solar farms, off-grid situations and for camping and small domestic use.

* It may be appropriate under controlled circumstances to export used panels to
other countries.

Recommendations

* Leadership from Government working with Industry and the community is required
to develop recycling centres to promote Product Stewardship objectives for used
panels.

* The recycling process needs to be adapted to scrap only panels that are damaged,
at their end of life or when they are of no economic benefit.

* Any used panels should be tested and certified, sorted and grouped with like
panels.

* Atesting regime was developed with Federation University to determine a protocol
for panel reuse. Further tests are recommended to inform this protocol and
provide greater confidence that reused panels can still perform effectively.

6.1 Limitations with Current STC Scope and CEC Approvals

As discussed despite the success of STC's, the lack of financial incentives for reused
panels and the reduced cost differential between new and reused panels because of the
application of the STC’s to new panels, is a significant disincentive to any reuse industry.

Conversely, there may be a way to aggregate LGC's for reused solar panels that provide
enough credits to make this solution viable.

The authors of this report also found upon further investigation that CEC approval is based
on the payment of a $5,000 dollar fee per model of panel registered and is consequently
maintained on the list of approved modules for a three-year period. At the end of that
period, it is likely that the module has been superseded and therefore registration by the
product manufacturer is often not renewed. If so, the CEC then removes the panel from the
list of approved panels.

Regulations require that CEC approved solar installers can only install approved panels.
Therefore, reused panels that have been removed from the approved list can no longer

be installed by a qualified solar installer. There appears to be no safety reason for the
removal, only the consideration that older panels are normally more prone to malfunction.

Recommendations

* Further investigations need to be carried out to see whether the mandatory
removal of a previously approved panel after a set period means that good panels
cannot be reused due to not making the list and not because of any product defect.
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6.2 A legal question of forced obsolescence

It has been suggested that the process of approval by continual registration raises a %
question whether the CEC is actively promoting new panels by deregistering those that are
no longer paying.

For example, if a homeowner installed a new system on the day after registration, they
could remove those panels at any time during the next three years and expect to sell
those panels at a moderate price to another homeowner to install. However, if a customer
installed the same system on the day prior to lapse of registration their panels if sold
would be almost worthless.

This also raises significant questions in the treatment of depreciation of a system.
Normally a system is depreciated at a linear rate over a ten-year period. However, as the
previous example shows the maximum depreciation period will be once the registration
lapses which can often be less than 5 years. This would then result in a significant front
loading of the depreciation curve which will have impacts on many financing models.

Secondly, there is a question of legality. The actions of the CEC result in significant loss of
value to owners of solar systems and indirectly forces the scrapping of used panels and
prevents their re-use on homes.

This prevents the opportunity to donate panels to community groups or to groups in a low
socio-economic area.

It also is contrary to the aims to maintain a circular economy. Instead, panels are removed
at half-life, scrapped and new ones installed.

This is an obvious waste of a potential power generation source and legal opinion should
be sought as to whether this meets the expectations of trade practices.

R mmendation

* Legal opinion should be sought as to whether the currently policy that indirectly
forces the scrapping of used panels and preventing their re-use meets the
expectations of trade practices.

6.3 The consequences of the policy when leasing solar panels.

An increasingly popular way to obtain a Solar Installation is to loan the money to purchase
and then pay off the loan using the cost of energy saved. Through this process the Solar
Installation is effectively “owned” by a third party as repayments are made. However,

if the Solar Installation loses accreditation and cannot therefore be used in habitable
buildings, its value is severely decreased. This has consequences with the depreciation of
the asset and the length of the lease the owner might be willing to enter as a default on
the loan might leave the owner with a worthless asset.

Recommendation

* Further investigation is required into the leasing consequences of solar panels
under the current policy.
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6.4 Other issues involving accreditation of panels

It has been suggested to us that the CEC’s reluctance to accredit pre-used panels is related ~
to genuine concerns following the lack of control over the home installation packages

—the “Pink Batts” Royal Commission. These conditions are likely connected to National

frameworks decided by the States and the Commonwealth which are almost impossible to

get changed.

Further restrictions on reuse of panels may come in with a push for a National standard for
DC installation including the consideration of removing the exemption for in vehicle use
not required to use an accredited electrician.

It was also raised in private discussions regarding increasing concerns by regulators about
residential owners not being aware of the liabilities and limitations of solar systems
installed before they purchased the property. Solar cells on average have a 20-year life
span with most inverters expecting a ten-year life with batteries about the same, however
the average time for home ownership is four years. There are increasing examples of
homeowners, two generations removed from the installation, who are unaware of what
they have on their roof, how they should safely maintain the panels and when they are
likely to fail.
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Figure 1:
CER Flow chart re
STC and LGC

The Clean Energy Regulatory
(CER) is the body that
administers the issuing of
Short Term Certificates (STC)
and Large Scale Certificates
(LGC)

When a new solar installation
(<100kw) is installed the
roof owner can claim the
STC’s associated with this
installation from the CER.
These are assigned to that

address.

If the panels are removed
from the roof within the term
of STC's no attempt is made to

reclaim the payment for the
greenhouse gas reductions

The panels removed remain
registered with the CER and as
such are unable to claim any
further STC’s despite the fact
that they have not fulfilled the
agreement for the payment for
their STC's.

Result. These panels have no
incentive for reuse on another
rooftop. They remain eligible
for LGC'’s if used in a solar
farm.
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Figure 2:
CEC Flow chart re approvals and consequences

Clean Energy Council
receives $5,000 payment for
registration of panel for 3
years.

If approved it is added to
database of panels for use by
CEC installers and for approval
by Ausnet

After 3 years if no continuing
payment is made panel is
dropped from approved list.

A CEC approved installer
cannot install this panel on any
roof as it is no longer approved.
Ausnet will not approve panel
without its own physical testing
(expensive).
Thus the panel can only be
used off-grid or in a solar farm,

What does this affect?

For the general public the

value of your solar system is

reduced to near zero once the
3 years expire.

This results in many being
moves to recycling.
Reuse is rarely considered due
to CEC restrictions.
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Glossary

Term Explanation

GCCN Gippsland Climate Change Network
IEA International Energy Agency
NREL National Renewable Energy Laboratory
PV Photovoltaic
[ Current at maximum power point of I-V curve
Ve Voltage at maximum power point of I-V curve
Isc Short circuit current of PV panel/module
Voc Open circuit voltage of PV panel/module
R; Series resistance of the PV panel
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1. Preamble

Less than a decade ago, the quantities of residential PV in Australia were so low as insignificant for the
industries. With virtually no grid-connected battery energy storage (BES) systems, the residential load controls
were largely limited to the selected load (i.e., pool pump and hot water system). The wider electricity industry
could easily ignore all these low penetrations. However, the penetration of PV Australia is rapidly increasing
with over 100 MW per month [1]. Approximately 20% of standalone dwellings now have solar installation. High
electricity prices and declining costs of PV have created strong initiatives for residential consumers to install
the PV system.

Between 2004 and 2007, Australia's residential electricity prices went from amongst the cheapest in the IEA
countries to the most expensive. The high electricity prices and declining cost of PV and battery storage
systems have created strong incentives for the household consumers (20 to 30% of total electricity demand
across the regions of the NEM) to install the PV+BES. The PV+BES system can support the integration of
local renewable energy generation by maximizing self-consumption.

The estimated life of the PV module varies between 10 to 25 years. Generally, the PV panels are changed
after 10 to 12 years of use due to the lack of a proper framework to measure the actual end-of-life for those
panels. International Renewable Energy Agency (IRENA) claimed that the cumulative PV module waste
amounts to 0.7 million tonnes in Australia by 2030, which could overwhelm the sustainable e-waste
management system [2]. The total environmental impact of the use of PV systems must take into account the
lifecycle of the product. Per research by Rong Deng et. al., “Global PV module waste was projected to reach
1.7-8 million tonnes by 2030 and 60—78 million tonnes by 2050 which will likely reach the same order of
magnitude as global electronic waste”.

Estimating the end-of-life of the discarded PV modules could reduce pressure from the e-waste management
by repurposing those modules. It could be cost-effective for some communities with a tight budget and create
jobs.

This project aims to conduct a feasibility study in the Gippsland region on regional Victoria to establish the
framework of reusing discarded PV modules (otherwise put into dumping yards.

The specific project objectives of this project are —

1. Develop a testing framework to identify the usefulness of the discarded PV Panel.
2. Testing of up to 100 old solar PV panels.

This report does not attempt to develop a new testing methodology but instead provides a literature review
and analysis of field failures, degradation, and available testing methodologies. Based on this review report
and the other published literature, research teams can develop protocols that could be converted into the
standardized testing protocol for the used PV panels or and/or lifetime testing protocol/standard.

To generate this report, the author collected and systematically analyzed a large number of published papers
and industry reports on PV module reliability and testing standards including the laboratory tests of the 25 used
PV panels.

This report covers the following major topics:

Failure and degradation modes and mechanisms of PV modules;

Key attributes of accelerated comparative and lifetime testing programs;
A possible approach for testing used PV panels; and

Representation of test results.

O O O O
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2. PV Module Aging Mechanisms

The aging and failure mechanisms of PV modules have been reported over a wide range of PV plant locations
and physical sets. Field failures of PV equipment varies from component issues, design flaws, or failures in
quality control during the manufacturing process.

Figure 2.1 specifies top PV module aging and failure mechanisms that arise as infant mortalities, mid-life
failures, and wear out.
Power [%)]

EVA discoloring
A

LID0.5-5% Glass ARdeg. / /Delamination, cracked cell isolation

<3%
<10%

P

nominal

PID

Diode failure |
\ Cell interconnect breakage Corrosion of
, ) : cell & interconnect
Contact failure j-box/ =
string interconnect =
Glass breakage §
\ Loose frame <
. : . 11 . J —> Time
Infant-failure Midlife-failure Wear-out-failure

Figure 2.1: Aging mechanisms leading to PV module degradation [2],[3].

The solar PV industry mostly lacks an inclusive public dataset of equipment performance in the field.
Nevertheless, recently several studies have been performed in this domain. The NREL has performed a holistic
literature survey on PV module and system degradation rates. Almost 10,000 PV module degradation rates
from 200 studies in 40 countries have been reported [3]. However, the accurate measurement of field
performance is very sensitive to several sources of error e. g. soiling, maintaining calibration and cleanliness
of irradiance sensors, module baseline data (nameplate vs. flash test).

The most accurate way to determine if a product can last 20~25 years in the field is to instrument it and deploy
it for 20~25 years. However, this level of testing is obviously exorbitant. The laboratory testing should be
conducted to understand PV equipment aging behaviour in a commercially reasonable timeframe. The
accelerated tests available nowadays are very effective at screening for PV module defects that cause severe
degradation or safety issues such as bad solder joints or a poorly adhered junction box.

Table 2.1 outlines the failure modes targeted by each laboratory stress test reported by NREL. The table shows
that the laboratory stress test can determine several failures associated with the DC side of the PV module. A
good number of samples and time are required to carry such a test. For the used PV system, we need a quick
testing index to determine whether or not further testing is required or dump the PV system for recycling.
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Table 2.1: PV module failure modes per laboratory test [4]

Accelerated Stress Failure Mode

Thermal Cycling Broken interconnect;

Broken cell and solar bond failure;
Open circuit leading arching;
Junction box adhesion;

Module connection open circuit.

Damp Heat Corrosion;
Delamination;
Encapsulant loss of elasticity;

Inadequate edge deletion.

Humidity Freeze Delamination of Encapsulant;
e Inadequate edge deletion;

e Junction box adhesion.

UV Exposure e Delamination of Encapsulant;
e Encapsulant Discoloration;
e Ground Fault due to backsheet
degradation;
e Encapsulant loss of elasticity.

One of the most important properties of PV systems is the |-V characteristic curve of the PV module/array [5],
[6]. The I-V curve provides important performance information about PV modules such as open-circuit voltage,
short circuit current, maximum rated power, maximum current, maximum voltage, and module efficiency.
Therefore, the simplest way to determine the worthiness of the used PV system is to measure the I-V curve.
The simplest way to measure the |-V curve of a PV module is to use a variable resistor. Theoretically, the
current and the voltage values will be varied in progressive steps from zero to infinite resistance. By monitoring
these values, the |-V curve features can be extracted. However, this method can only be applied to PV modules
with low power capacity due to a lack of resistors with high power capacity. In this work, an efficient testing
system for measuring a PV module’s |-V curve is used including the physical inspection and the thermal
imaging to determine the worthiness of the used PV panels.

Figure 2.2 specifies the testing framework of the used PV panels. It is always good to test the PV panels under
sunlight. But, maintaining similar testing conditions for all solar panels considered for testing is difficult.
Therefore, the solar simulator has been used. Measuring solar cells requires a stable light source that closely
matches the conditions of sunlight. Not only the intensity but also the spectrum must be matched to a standard.
Solar simulators that obtain near real sunlight spectrum values. The most common light source is a Xenon arc
lamp with filters installed to approximate the AM1.5G spectrum [7]. Simple testers often use a halogen lamp
with a dichroic filter similar to the sun’s 6000 K light (See Figure 2.3). So, the halogen lamp has been used for
this testing. The testing rig (Figure 2.4), equipment, specification, and mathematical theory behind the
measurement are given next.
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Q Panel wash: ]
Pre electrical testing O Inspect the physical damage; !
O Check the connection. }

O Measure the short circuit current and open circuit voltage;
O Measure the voltage and current for different resistances;

Electrical testing O Obtainthe PV panel parameters. -

O Thermal imaging to determine mechanical failure and hotspot.

Post electrical testing -

Figure 2.2: A conceptual presentation of used PV module testing.
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Figure 2.3: Different light temperature with sun’s light [7].

The principle of measurement of the PV panel characteristic is based on the collecting voltage and current
values at different load resistance values (Figure 2.5). Fluke meters are used to obtain voltage and current
data. Finally, these measurements are used to obtain thermal PV panel parameters such as thermal voltage,
fill factor and equivalent series resistance.

We investigated and proposed a diagnostic method for detecting increased series-resistance losses from the
I-V curve. The equivalent series resistance parameter, estimated from the slope of the I-V curve in the vicinity
of the MPP as given in (1), can be used to detect increased series-resistance losses accurately. However, the
low sensitivity to irradiance variations of series resistance makes it suitable for use [8]-[12].

av
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Figure 2.4: Testing rig for PV systems used in the lab.

;

Figure 2.5: The principal of |-V curve measurement [8].

The fill factor (FF) as calculated by (2) is a generic indicator of real power loss and fault event and a false
detection. Moreover, the FF is sufficiently robust to irradiance and temperature variations.
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FF = mmeime 2)
IscVoc
The equivalent thermal voltage (V,) can be estimated as in (3). It is sensitive to the presence of a large
heterogenous/partial impact of light I-V curve [12]. Therefore, the diagnostic role of V, is related to estimate
degradation of the diode ideality factor of PV panel (see Figure 2.6: PV equivalent circuit).

Vt — (ZVmp_VOC)(ISC_Imp) (3)

Isc—Imp
Imp—(sc—1 In (—)
mp Usc mp) Isc

Table 2.1: Specification of equipment used for testing

Equipment Specification

Fluke meters 0-5 A (Ammeter)
0- 120 V (Voltmeter)

Fluke thermal image camera -20 Cto +250 C 9 Hz
Halogen lamp 4000- 7000 °K
Connecting wires -

Resistor 77.9-ohm, 3 A

O

Figure 2.6: Single diode equivalent model of PV panel [8].
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3. Test Results

The School of Engineering, IT, and Physical Sciences receive 25 used PV panels from GCCN in August 2020.
Due to the COVID-19 restriction, the researcher had to wait till November 2020 to start the testing.

The power rating of these panels is in the range of 190 to 250 W. Out of 25 used panels. There are six Trina
solar panels; six Canadian Solar, six Suntech, and two EC panels. GCCN has also supplied Hangzhou, Best
0z, BLD solar, and Znshine solar panels (one each). Before performing the electrical performance testing of
these panels, the physical inspection was made including the collection of nameplate data. The nameplate
data of these PV panels are given in Table 3.1. These parameters are later used to obtained fill factor,
equivalent series resistance, the thermal voltage of the panels under benchmark condition.

Among the studied used panels, the Trina PV panels are 6-8 years old, recently decommissioned from the
field. No information was provided regarding the age of the other panels. Therefore, we assumed them in the
range of 10-12 years. From the initial physical inspection, it is evident that some physical damage is on the
panels (See Figure 3.1). The encapsulant damage, starch is observed in all panels. Moreover, significant water
ingress is also observed for Suntech panels.

Moreover, foreign particles are embedded in some of the Trina and Suntech panels. No discolour is observed.
Moreover, the front panel frames are intact, with no visible damage on the frame. The panels' junction box wire
is in workable order; no junction box adhesive is observed for the given panels.

I
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Table 3.1: PV panel parameters as per manufacture sheet

Sample Specification Vmp (V) Imp (A) Voc (V) Isc (A)
1 Trina Solar 29 7.6 36.8 8.15
2 Trina Solar 29 7.6 36.8 8.15
3 Trina Solar 29 7.6 36.8 8.15
4 Trina Solar 29 7.6 36.8 8.15
5 Trina Solar 29 7.6 36.8 8.15
6 Trina Solar 29 7.6 36.8 8.15
7 Trina Solar 29 7.6 36.8 8.15
8 Hangzhou 30.96 8.08 37.92 8.62

Solar
9 Best Oz 30.7 8.3 38.1 8.88
10 BLD Solar 30.96 8.07 37.92 8.62
11 Canadian Solar 30.1 8.3 37.2 8.87
12 Canadian Solar 30.1 8.3 37.2 8.87
13 Canadian Solar 30.1 8.3 37.2 8.87
14 Canadian Solar 30.1 8.3 37.2 8.87
15 Canadian Solar 30.1 8.3 37.2 8.87
16 Canadian Solar 30.1 8.3 37.2 8.87
17 Suntech 36.6 5.33 454 5.69
18 Suntech 36.6 5.33 454 5.69
19 Suntech 36.6 5.33 454 5.69
20 Suntech 36.6 5.33 454 5.69
21 Suntech 36.6 5.33 454 5.69
22 Suntech 36.6 5.33 454 5.69
23 Znshine 371 5.15 44.85 5.54
24 Ecsolar 37.1 5.39 44 .8 5.83
25 Ecsolar 37.1 5.39 44 .8 5.83

At first, the short circuit and open circuit voltages of all panels are measured using Fluke meters. Figure 3.2
shows the comparative results of the open circuit voltages for all panels. From the results given in Figure 3.2,
it is evident that all panels experienced open-circuit voltage reduction compared to the datasheet for the panel.
However, the reduction of open-circuit voltage for sample 1-15 and 23-25 is within the range of 12-18%.
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However, samples 16-22 experienced a significant reduction of open-circuit voltage, translating the panels'
damage.
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Figure 3.2: Open circuit voltage of PV panels (comparison).

Fill factor of the given PV panels based on the dataset and the measurements are given in Figure 3.3. Module
degradation manifested by decrease in FF. From the figure it is evident that almost 80-90% FF reduction is
observed for samples 16-22. Moreover, samples 23 to 25 observed 50% reduction of FF. Furthermore, it is
worth noting that the sample 7 experienced the lowest reduction of the FF.
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Figure 3.3: FF of PV panels (comparison).
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By measuring the equivalent series resistance of the panel, one can determine the losses inside the module.
Figure 3.4 shows the equivalent series resistance of the given panels based on the dataset and the
measurements. From the results depicted in the figure, it is worth noting that the Suntech solar panels are
experienced higher losses due to the high value of series resistance. Series resistance for these modules is
almost increased 2-8 times more than the actual value indicating the given module's internal faults. It should
be worth noting that the equivalent series resistance for other samples also increased from the values obtained
based on the dataset. This happened due to the aged panel and exposure of the panels to the external
environment.

~N
-,

() Series Resstance

o))
-,

Series Resistance (Measurement)

N W S U
©c o o O

f—
-

OO0 OOOOEOOPOSIOOOEOO

Series Resistance (Ohm)

........T

o

0 10 20

Sample

Figure 3.4: Equivalent series resistance of PV panels (comparison).

In physical inspection, we have noticed that there are some foreign particles embedded into the panels. These
embedded foreign particles may create partial shading or shading effect on the panels. We can identify the
shading effect by measuring the equivalent thermal voltage due to the embedded foreign particles. Generally,
the equivalent thermal resistance is increased with the shading effect. The results in Table 3.2 gives the
equivalent thermal voltage based on dataset and measurements.

From the given results in Table 3.2, it can be concluded that the embedded particles may create a shading
effect on the panel. The significance of the effect is low for samples 1-15. However, these embedded foreign
particles' noteworthy negative effect on the panel performance could be observed for samples 16-25 (e.g., a
high Vi value).
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Table 3.2: Equivalent thermal voltage of sample PV panels

Sample Specification Vi (Dataset) Vi (Measurement)
1 Trina Solar 1.41 1.52
2 Trina Solar 1.41 1.53
3 Trina Solar 1.41 1.64
4 Trina Solar 1.41 1.62
5 Trina Solar 1.41 1.58
6 Trina Solar 1.41 1.59
7 Trina Solar 1.41 1.76
8 Hangzhou Solar 1.48 1.89
9 Best Oz 1.50 2.00
10 BLD Solar 1.51 1.94
11 Canadian Solar 1.45 1.77
12 Canadian Solar 1.45 1.67
13 Canadian Solar 1.45 1.57
14 Canadian Solar 1.45 1.64
15 Canadian Solar 1.45 1.65
16 Canadian Solar 1.45 1.69
17 Suntech 1.74 2.34
18 Suntech 1.74 3.34
19 Suntech 1.74 3.21
20 Suntech 1.74 2.54
21 Suntech 1.74 2.34
22 Suntech 1.74 2.21
23 Znshine 2.04 3.32
24 Ecsolar 2.20 3.10
25 Ecsolar 2.20 3.43

This study conducts a performance assessment of twenty-five 6-12-year-old solar panels using |-V curve
measurements, simultaneously inspecting various degradations in the panel using a thermal imager. Thermal
images were captured using FLUKE Ti450 Thermal imager with a spatial resolution of 1.25mRad and a
spectral band of 8um to 14 um. All the 25 panels were examined for thermal anomalies and typical thermal
anomalies are tabulated in Table 3.3. Single and multiple heated cells were noticeable in nearly all the panels.
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Table 3.3: Anomalies observed in PV panels by thermal imager

Sample

Specification

Anomalies
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21

22
23

24
25
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Trina Solar
Trina Solar
Trina Solar
Trina Solar
Trina Solar
Trina Solar
Trina Solar
Hangzhou Solar
Best Oz
BLD Solar
Canadian Solar
Canadian Solar
Canadian Solar
Canadian Solar
Canadian Solar
Canadian Solar
Suntech
Suntech
Suntech

Suntech

Suntech

Suntech

Znshine

Ecsolar

Ecsolar

Heated cell
Heated cell
Heated cell
Heated cell
Heated cell
Heated cell
Heated cell
Hot spot and heated cell
Hot spot and heated cell
Cell/ Encapsulant crack
Heated cell
Heated cell
Burn marks
Heated cell
Burn marks
Burn marks
Multiple heated cells
Multiple heated cells
Multiple heated cells

Multiple heated cells and burning
marks

Multiple heated cells and bubble
formation

Multiple heated cells

Burning marks and Encapsulant
crack

Hotspot and heated cell

Heated cell
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4. Conclusions: Interpretation of Results

There is no authentic test of a used PV module’s reliability and performance. Accelerated testing is a way to
assess the reliability and durability of PV products by inducing failures and degradation in a short period.
Laboratory testing is well controlled and typically limited to a single stress type at a time. Laboratory
observations should be utilized to accurately assess how a specific set of aging mechanisms impact module
output throughout the test.

The detailed literature review and analysis in this report resulted in a number of observations for the used PV
modules. As a minimum, the PV cell/module characterizations should include:

o Visual inspection;
o Current-voltage measurements under various light conditions and control environment;
o Infrared scanning.

A framework for testing the used sample modules has been developed in this work based on the literature
review. This framework should be used as a mechanism to Qualify PV modules for the second-time use, should
not be used as a direct forecast of yearly degradation rates for fielded modules. The tests are conducted under
the controller environment.

We find three key takeaways from the test:

o Overall, many module vendors performed well, panels could be reused. However, considerable low
performance could be expected.

o Two manufacturers performed in the top: Trina, Canadian Solar

o Physical damage is noticed in some of the panels. Significant water ingress.

Based on the limited testing and available sample, the following protocol has been proposed to reuse/recycle
PV panels (See Figure 4.1).
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» Check for physical damage. If no substantial external
damages are found - move to the second stage for
electrical testing.

» Substantial external damage such as the cracks (more
than 15-30% area of the panel), water damage, visible
burning located - send the panel to the recycling.

Intial physical
assessment

« If the health indices vary within the 10-12% with respect
to the calculated health indices based on the datasheet
- move to the third stage for the post electrical testing.

SACERER | Otherwise, send the panel for the recycling.

testing

« If few hotspots (less than 2-3) and burning marks (<2)
are identified through thermal imaging testing, the panel
should be judged ok for reuse.

=izl Eleifle=ll * Otherwise, the panel should be transferred to the

testing recycling.

Figure 4.1: PV panel reuse/recycling protocol.

Future Direction:

Not enough samples received to conduct a comprehensive statistical study and develop the health index. The
next step of this work would involve testing the modules under different conditions and estimate the remaining
life of the panels based on the standardized characteristics. It should be worth noting that the testing has been
conducted only on the DC side. The performance and losses associated with the overall system should worth
exploring.
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6. Appendix

Sample 1:

Voc: 31.76 V

lsc: 4.21 A
4.20 0.001
4.18 3.69
4.05 10.70
4.00 13.65
3.95 16.69
3.90 19.35
3.70 22.83
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Sample 2:

Voc: 32.34 V

lsc: 4.47 A
4.46 0.006
4.40 7.36
4.34 11.84
4.25 15.03
4.19 17.66
4.12 20.64
3.78 24.58
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Sample 3:

Voc: 32.12V

lsc: 4.33 A
4.35 0.005
4.31 4.44
4.30 7.13
4.24 10.94
4.16 14.85
4.11 17.45
3.79 24.14
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Sample 4:

Voc: 32.81V

lsc: 4.39 A
4.40 0.002
4.34 3.92
4.27 9.35
4.19 14.12
413 17.50
4.05 20.36
3.95 22.33
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Sample 5:

Voc: 32.55V

lsc: 4.72 A
4.71 0.0062
4.54 4.00
4.44 9.74
4.35 13.59
4.29 17.81
417 21.70
3.76 25.39
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Sample 6:

Voc: 32.31V

lsc: 4.55 A
4.55 0.0076
453 2.59
4.51 5.24
4.48 8.42
4.44 11.73
4.38 15.19
4.30 19.30
410 23.46
3.49 26.93
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Sample 7:

Voc: 32.09V

lsc: 4.57 A
457 0.006
453 4.97
4.48 9.72
4.40 14.36
4.32 18.38
4.09 23.28
3.57 26.44
3.49 27.82
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Sample 8:

Voc: 3317V

lsc: 4.66 A
4.74 0.0061
4.62 3.80
4.48 8.35
4.43 11.08
4.35 14.87
4.24 19.12
4.00 23.44
3.64 26.26
3.50 27.09
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Sample 9:

Voc: 3413V

lsc: 4.29 A
4.27 0.005
4.25 3.093
4.20 7.53
413 12.72
3.96 18.25
3.83 23.62
3.55 26.43
3.49 26.84
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Sample 10:

Voc: 33.16 V

lsc: 4.39 A
4.38 0.0058
4.35 3.44
4.36 5.64
4.28 8.75
4.23 11.03
410 15.84
4.02 19.28
3.93 2261
3.61 25.57
3.47 26.51
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Sample 11:

Voc: 32.52 V

lsc: 4.20 A
4.20 0.005
413 3.50
4.09 7.53
4.04 10.69
3.98 14.75
3.92 17.24
3.79 21.09
3.68 23.36
3.46 25.33
3.36 26.02
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Sample 12:

Voc: 31.86 V

lsc: 4.34 A
4.35 0.0056
4.26 6.24
4.23 10.58
415 14.42
410 17.58
4.02 20.74
3.88 22.77
3.62 24.70
3.40 26.01
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Sample 13:

Voc: 33.08 V

lsc: 4.32 A
4.31 0.0056
4.27 4.04
4.25 7.90
4.21 12.32
413 15.63
4.08 18.21
4.02 22.02
3.81 26.60
3.47 26.88
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Sample 14:

Voc: 32.90 V

lsc: 4.42 A
4.44 0.0063
4.36 5.57
4.33 9.65
4.30 12.82
4.22 14.93
410 19.69
4.07 21.46
3.89 24.04
3.62 25.95
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Sample 15:

Voc: 33.01V

lsc: 4.445 A
4.45 0.005
443 5.26
4.38 9.96
4.34 13.02
4.28 15.49
4.19 19.93
4.03 23.49
3.80 25.49
3.54 27.09
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Sample 16:

Voc: 32.40 V

lsc: 4.24 A
4.23 0.0055
4.18 2.13
4.17 3.54
4.13 6.89
4.10 9.39
4.07 11.84
4.05 13.96
3.95 18.90
3.84 22.53
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Sample 17:

Voc: 6.75V

lsc: 0.390 A
0.389 0.0051
0.363 2.45
0.300 4.00
0.253 4.65
0.210 5.12
0.186 5.37
0.165 5.56
0.137 5.79
0.121 5.92
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Sample 18:

Voc: 3.86 V

lsc: 0.400 A
0.400 0.0054
0.261 2.26
0.186 2.28
0.152 3.04
0.127 3.20
0.105 3.32
0.090 3.40
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Sample 19:

Voc: 15.14 V

lsc: 0.378 A
0.378 0.0042
0.365 3.52
0.341 6.06
0.326 8.28
0.310 9.74
0.284 10.98
0.259 11.86
0.225 12.76
0.197 13.28
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Sample 20:

Voc: 13.34V

lsc: 0.402 A
0.399 0.0051
0.342 4.51
0.295 8.53
0.261 9.63
0.211 10.72
0.187 11.13
0.158 11.53
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Sample 21:

Voc: 8.35V

lsc: 0.395 A
0.396 0.005
0.371 4.05
0.300 5.68
0.233 6.54
0.182 7.05
0.137 7.43
0.113 7.61
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Sample 22:

Voc: 16.01V

lsc: 0.410 A
0.409 0.0053
0.35 5.91
0.304 9.80
0.266 11.37
0.228 12.47
0.192 13.28
0.178 13.55
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Sample 23:

Voc: 39.6 V

lsc: 2.83 A
2.83 0.0091
2.74 3.77
2.68 7.25
2.64 10.99
2.62 13.75
2.59 18.43
2.49 19.80
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Sample 24:

Voc: 40.7V

lsc: 3.34 A
3.34 0.0043
3.10 6.99
3.05 11.61
2,97 16.71
2.91 20.33
2.88 22.30
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Sample 25:

Voc: 40.5V

lse: 3.21 A
3.20 0.0043
3.15 3.50
3.11 7.58
3.05 11.71
2.99 16.26
2.91 20.61
2.88 22.08
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