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 PHOTOVOLTAIC STEWARDSHIP:  
ACCESSING INTERNATIONAL EXPERIENCE 

 

In September 2017, ISF and ABRI attended the PV SEC conference in Amsterdam.   With support of the QLD 
government, ABRI and ISF used this opportunity to conduct a policy research project examining stakeholder 
perspectives on photovoltaic (PV) stewardship in Europe and internationally.  This work identifies important 
learnings and insight relevant to Australia as the sector navigates the potential introduction of a National PV 
Stewardship Scheme.     
 

This briefing note summarises: 
§ PV market & international recycling trends 
§ Key features of international PV stewardship schemes 
§ Reflections on key insights and implications directly 

relevant to the Australian context 
§ Emerging safety concerns  
 

KEY FINDINGS 
Scope, definitions and targets 
§ Question whether components (panels, batteries, 

inverters) should be included within a stewardship 
scheme or considered separately 
§ Australian Product Stewardship listing defines PV 

energy systems to include panels, batteries, inverters 
§ EU Directive includes inverters, but has separate 

Directive for batteries 
§ Washington does not exclude inverters or batteries 

but inclusion has yet to be tested  
§ The recycling supply chains, lifetimes and target 

materials are different for each component.  
 

Context 
§ Challenge to estimate when panels, batteries and 

inverters will reach end-of-life 
§ Australia has a unique context as most early PV systems 

are residential with relatively recent investment in large-
scale systems 

§ Emerging trend of panel refurbishment and reuse 
 

Challenges 
§ Emerging market with small quantities, limiting current 

investment  
§ Fragmented collection channels based on scale of 

installation  
§ Difficulty identifying and regulating liable parties 
§ Safety considerations during transport and storage 

 

PV systems will represent a major fraction of 
total e-waste in Australia in 
next decades  
Globally PV panel waste 
could total 78 million tonnes 
by 2050, representing more 
than 10 % of e-waste. The 
opportunity value of recovered 
material globally could exceed USD 
15 billion1.   
                                                        
1 Weckend, S., Wade, A. & Heath, G., 2016. End-of-Life Management: Solar 
Photovoltaic Panels, IEA-PVPS, IRENA June 2016 
2 Based on APVI data http://apvi.org.au/ 
3 This estimate is made based on a number of sources including Waste Lithium-
Ion Battery Projects from Randal Environmental Consulting (2016). PV panel 

In Australia, there has been a boom of PV panel installations, 
particularly for residential and more recently utility scale 
systems.   
§ Almost one-fifth of households have rooftop solar PV 

(around 1.7 million households), and this is more than 30% 
in the states of QLD and SA.  

§ Small-scale residential installations (under 10kw) make up 
97.5% of the number of installations, and 77% of the 
capacity2.   

§ Across the country there is more than 7 GW of capacity 
now installed, and this has the potential to grow rapidly as 
more large-scale projects are commissioned.  

 

A back-of-the-envelope estimate indicates that: 
§ Panel waste could increase to 130,000 tonnes/year by 

2035 when the ‘boom’ year panels reach their end of life 
(EoL), a significant increase from about 6,000 tonnes/year 
in 20173.   

§ A further 50,000 tonnes/year is estimated for EoL batteries 
(incl. Li-ion and LABs) by 2035, and 

§ About 15,000 tonnes/year for inverters.  
 
PV systems will represent a substantial fraction of the total e-
waste stream in the coming decades.  
 

Table 1. Australian PV system waste volume estimates 
 Panel waste (kt) ESS (kt) Inverters (kt) 
2017 6 6 2 
2035 130 50 15 

 

Progress towards product stewardship  
Currently there is no recycling or product stewardship 
requirements for PVs and peripherals (incl. batteries and 
inverters) in any State or Territory in Australia. However, ‘PV 
Systems’ are a ‘listed class of products’ to consider whether 
some form of accreditation or regulation is needed under the 
Product Stewardship Act 2011.4  
 

In late 2016, the Meeting of Environment Ministers (MEMs) 
endorsed the establishment of a Victorian-led jurisdictional 
working group to work with the PV sector to evaluate national 
stewardship approaches for PV systems.  
 

One company, Reclaim PV Recycling in South Australia, has 
taken advantage of the commercial value of the materials 

waste data for Victoria provided to the ABRI Energy Storage Working Group 
(extrapolated for the rest of the country based on data for the relative number 
of installations in other jurisdictions available online from http://apvi.org.au/) 
4 See: http://www.environment.gov.au/protection/national-waste-
policy/product-stewardship/legislation/product-list-2016-17  
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and opportunity to repurpose photovoltaic cells5.  More are 
sure to follow.   
Perspectives on scope 
PV systems include not only the panels themselves, but 
inverters, and increasingly storage batteries. However, there 
are ongoing discussions in Australia and internationally as to 
whether these components should be considered together or 
individually within a stewardship scheme.  
 

The Australian government Product Stewardship listing defines 
PV systems as including all three components, however 
batteries are also listed separately as a stewardship category. 
In the EU, batteries are managed under separate legislation to 
PV panels. One of the challenges to managing the whole PV 
systems is the differing lifetimes of the components, shown in 
Table 2.  
 

Table 2. Expected average PV system lifetimes 
 PV Panels  ESS  Inverters  
Lifetime 30 10 10 

 

The recycling supply chains and target materials are also 
different for each component, as discussed below.  
 

Technical considerations 
PV panels (the dominant silicon-based technology) contain 
target materials for recycling including glass, aluminium, 
polymers, silicon and copper. There are also trace amounts of 
metals including tin, lead, indium and silver. Silver is the most 
valuable material for recovery, equivalent to nearly half of the 
material value of the panel, however the amount of silver used 
is decreasing with new technological developments6.   
 

Table 3. Relative material value (%) of a c-Si PV panel7 
 

Silver  47% 
Aluminium 26% 
Silicon 11% 
Copper 8% 
Glass  8% 

 

PV panel recycling involves a number of mechanical and 
chemical processes: 
 

§ Frames and junction boxes are removed manually 
§ The module is crushed and shredded 
§ Ethyl-vinyl acetate (EVA) and polymer backing film are 

thermally separated 
§ Silicon, glass cullet, ferrous metals and copper cables are 

isolated through an automated mechanical sorting 
process  

§ Silicon is purified through chemical treatment 
 

Inverters contain significant proportions of aluminium, copper 
and steel and can likely be recovered through current 
technology for e-waste and scrap metal recycling. The typical 

                                                        
5 See: http://reclaimpv.com/reclaimpv/ 
6 http://www.itrpv.net/Reports/Downloads/ 
7 Weckend, S., Wade, A. & Heath, G., 2016. End-of-Life Management: Solar 
Photovoltaic Panels, IEA-PVPS, IRENA June 2016 

processing approach after some manual pre-sorting would 
involve crushing and shredding, magnetic separation for 
ferrous metals and density or optical sorting for further isolation 
of metals.  
 

Batteries can contain valuable metals including cobalt, nickel, 
copper, manganese and lithium (that varies for different Li-ion 
chemistries). Lead recovery is also possible for the case of lead 
acid storage batteries (LAB) and profitable recycling is well 
established in Australia. However, in the case of lithium-ion 
batteries (expected to be the dominant technology for 
storage applications) the value of the recovered materials is 
less than the cost of the recycling process.  
 
The present capacity for recycling EoL Li-ion batteries is 
significantly lower than the anticipated volumes by 2035. The 
status of battery recycling is discussed in further detail in the 
briefing note “Battery Stewardship: Accessing International 
Experience”.  
 

 PV refurbishment and reuse 
There is an emerging trend for the refurbishment of PV panels. 
Panels are tested for quality and repairs are undertaken if 
feasible. Panels can then be resold with a new warranty, 
depending on dependent on national law. PV Cycle in the EU 
began refurbishment in September 2017.  Panels which are 
can also be sold as used panels at much lower than market 
price, and there is an established online market in the EU8.  
 

OVERVIEW OF THE INTERNATIONAL 
EXPERIENCE  
This section is focussed on PV panel recycling as learning from 
international experience in battery recycling is provided in a 
separate briefing note.  
 

PV Cycle  
There is much relevant experience in Europe regarding panel 
recycling with 10 years of experience. PV CYCLE was founded 
as a voluntary scheme by leading PV manufacturers in 2007, 
in partnership with European regulators and contracted 
service providers.  The initiative established 300 collection 
locations, waste transport and recycling services for PV 
panels. It has subsequently been restructured with emergence 
of new regulations under the EU WEEE directive with a focus 
on waste management and compliance advice.  
 

As of December 2017, PV CYCLE have collected and treated 
17 000 tonnes of panels and is developing approaches for 
refurbishment. PV Cycle is currently working to establish 
activities outside of Europe with interests in USA, China, India 
and Australia.  
 

Inclusion of PV panels in WEEE Directive   
In 2012 the EU Waste Electrical & Electronic Equipment (WEEE) 
directive was revised to specifically include EoL management 
of PV panels. PV inverters are also covered under the WEEE 

8 Weckend, S., Wade, A. & Heath, G., 2016. End-of-Life Management: Solar 
Photovoltaic Panels, IEA-PVPS, IRENA June 2016 
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directive, whilst batteries are covered under the EU Battery 
directive. (It is noted that there are similar financial, reporting 
and information obligations for producers under the WEEE and 
Battery directives). 
 

This shift from voluntary (PV Cycle) to regulatory was 
rationalised on-the-basis of guaranteeing a long-term EoL 
management and equal playing field for all producers in the 
context of key market characteristics: 
 

§ Commodification of PV panels 
§ Rapid growth and flux within in the market such that key 

founding parties no longer exist 
§ Internationalisation of the supply chain 
 

The approach taken in the WEEE Directive is one based on the 
Extended Producer Responsibility (EPR) principle which in the 
context of PV panels means that producers are liable for the 
costs of collection, treatment and monitoring. The WEEE 
Directive sets minimum requirements that member states can 
adjust when they transpose into their own legislation. As well 
as financial responsibilities, producers have reporting and 
information responsibilities.  
 

Some aspects of the EU regulatory approach could translate 
well to a PV scheme, for example: 
 

§ Information responsibilities may be adapted to include:  
§ Informing the buyer of the PV panel of the appropriate 

EoL procedure such as that the panels have to be 
disposed in dedicated collection facilities;  

§ Informing treatment facilities on how to handle panels 
during collection, storage, dismantling and treatment.  

§ Staggered targets (with a transparent trajectory for 
ramping up), 

§ Technical treatment standards for specific equipment with 
the aim of promoting ‘high-value recycling’. focussed on:  
§ Potentially harmful substances, 
§ Rare materials (silver, tellurium, indium),  
§ Materials with high embedded energy,  
§ Quality of recycled material. It is noted that 

supplementary standard and technical specifications 
for PV panel collection and treatment are currently 
under development and not yet published9.  

 

The directive defines two broad funding approaches 
providing flexibility for different end users.  
 

Germany likely to be one of first and largest 
PV recycling markets 
The German PV market is one of the largest and most 
mature, beginning in the 1990s and expanding rapidly in the 
early 2000s with a rooftop PV support programme and feed-
in-tariff. With 40 GW installed as of 2015, Germany will be one 
of the largest PV recycling markets , and likely be the first 
market to deliver a profitable recycling sector due to 
economies of scale.  
 

                                                        
9 See: http://ec.europa.eu/environment/waste/weee/standards_en.htm 

Germany was the first EU member to establish legislation for 
PV panel recycling under the WEEE Directive, which was 
transposed into German law in 2015. The regulation of e-
waste, including PV panels, is done through the National 
Register for Waste Electrical Equipment (Stiftung EAR).  
This National Register identifies e-waste producers, 
coordinates e-waste take-back containers at public waste 
disposal authorities and reports data and compliance back 
to the Federal Environment Agency. E-waste producers are 
then responsible for e-waste collection and recycling.  
 
Each producer must provide a financial guarantee for each 
PV panel sold. These amounts are set by regulations, 
depending on whether B2C or B2B. Fees are structured to 
cover costs for historic installed capacity and future 
installations.  
 
Business-to-consumer (B2C):  
Producers who sell panels to the residential market are 
responsible for end-of-life management when products are 
placed on the market.   The joint liability scheme is based on 
two levels of funding: 
 

§ One to cover immediate collection and recycling costs 
(including panels already on the market) based on a 
PAYG system 

§ The second level was to ensure funding for future recycling 
and includes “last-man-standing” insurance to ensure 
funding is available if producers leave the market.  

 
The current presumed disposal cost for PV panels in private 
house-holds EUR 200/t.  
 

Business-to-business (B2B):  
Producers and owners agree to a contractual arrangement 
for responsibilities at end-of-life that fulfils the requirements of 
the Directive. This means that collection and recycling could 
be completed either by the producer or through a 
competitive tender.   Funding and finance mechanisms can 
be flexible. 
 
Washington State Renewable Energy Cost-
Recovery Incentive Program 
In July 2017, Washington State passed legislation to promote a 
sustainable, local renewable energy industry through 
modifying renewable energy system tax incentives and 
guidance for renewable energy system component recycling. 
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Importantly, it requires manufacturers to prepare, implement, 
and update a takeback and recycling system for 
photovoltaic (PV) modules. 
Requirements for manufacturers 
Manufacturers are required to implement a self-directed 
stewardship program to ensure convenient, safe, and 
environmentally sound takeback & recycling of PV modules 
and their components and materials. 
§ Each manufacturer must prepare and submit a 

stewardship plan to the department which describes how 
manufacturers will finance the takeback program:  
collection, management, and recycling of PV modules 
and residuals sold in or into the state by the manufacturer 
at no cost to the last owner or holder. 

§ Stewardship plans are to be based on guidance from 
Washington State.  In general, the plans must: 
§ Identify how manufacturers will finance the takeback 

and recycling system 
§ Accept all PV modules sold in or into the state 
§ Describe how the program will: 

§ Minimize release of hazardous substances and  
§ Maximize recovery of components, including rare 

earth elements and commercially valuable 
materials. 

§ Provide for takeback at locations in the region where 
the modules were used that are as convenient as 
reasonably practicable, and if no such location exists, 
include an explanation for the lack of such. 

§ Identify how relevant stakeholders, (consumers, 
installers, building demolition firms, and recycling and 
treatment facilities), will receive information required to 
properly dismantle, transport, and treat the end-of-life 
photovoltaic modules. 

§ Establish performance goals, including for a rate of 
combined reuse and recycling of collected PV modules 
as a % of the total weight of PV modules collected, 
which rate no less than 85 %.  

§ Plans must be implemented, periodically updated and 
approved by the Department of Ecology. 

§ Manufacturers must submit annual reports documenting 
implementation of the plan and performance of 
established goals. 

 

Key definitions 
PV modules:  
§ The smallest non-divisible, environmentally protected 

assembly of PV cells or other PV collector technology 
and ancillary parts intended to generate electrical 
power under sunlight.  The definition excludes those 
that are part of a consumer electronic device. 

§ The scope of ancillary parts is yet to be determined, 
however according to Sego Jackson: Strategic Advisor, 
Prevention and Product Stewardship at Seattle Public 
Utilities, there may be interest in including battery 
storage systems, or if that does not eventuate, it will 
likely be pursued in a similar separate Bill in the future. 

Manufacturer: 

§ The definition is detailed, however in essence it uses a 
tiered approach to include manufacturers, assemblers, 
brand owners, importers and in some cases retailers. 

National Vs state approach 
Preparers of the Bill recognised that many stake-holders 
including ‘manufacturers’ prefer a national approach.  This 
was accommodated by a provision that states that in lieu of 
preparing a stewardship plan, a manufacturer may 
participate in a national program if it is substantially equivalent 
to the intent of the state program.  
 

It is important to note that while this national program is option, 
the criteria for it is quite strict and includes that the national 
program must have an enforcement mechanism. This means 
that a national regulated stewardship program could meet 
the criteria, a voluntary scheme would not. 
 

Financial arrangements 
§ Manufacturers are required to finance implementation 

of their stewardship plan. 

§ The department may collect a flat fee from 
participating manufacturers to recover costs 
associated with plan guidance, review, and approval. 

 

Enforcement 
Beginning 1/1/2021, no manufacturer may sell or offer for sale 
a PV module in or into the state unless the manufacturer has 
submitted to its a stewardship plan and received plan 
approval.  Enforcement mechanisms include: 
§ Manufacturers that sell or offer for sale a PV module in or 

into the state after 1/1/2021 will receive a written warning 
informing it that it must submit a plan or participate in a 
plan within 30 days. 

§ Penalties for non-compliance may be subject to a penalty 
of up to $10,0000 for each sale of a PV module in or into 
the state after the initial warning.  

§ A manufacturer may appeal a penalty issued within 180 
days of receipt of the notice. 
 

CHALLENGES IN ESTABLISHING A PV 
STEWARDSHIP SYSTEM 
With the rapid evolution of the PV industry itself, a number of 
challenges were identified for successful implementation of a 
PV stewardship scheme. These challenges are drawn from 
experiences in the EU and USA.  
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Emerging market with small quantities 
The PV waste stream is currently very small and investment in 
innovation is low, due to the large number of players that are 
active in the market. This early lack of consolidation means 
that no one has sufficient market share to invest, leading to a 
market failure in the PV recycling arena.  
 
Recycling companies have reported difficulty in securing 
consistent supply and adequate volumes of panels, as well as 
inconsistent quality of supply due to cherry picking of valuable 
components by metal scavengers. 
 
In the EU, there is ongoing debate about how to ensure that 
secondary materials remain in the EU for reprocessing and 
value adding, as currently recycling flows are largely being 
directed to Asia as it is more cost effective.   
 

Fragmented collection channels 
Currently collection of PV panels is fragmented with the core 
problem being the lack of volumes and the cost of transport.  
Logistics costs dominate EoL treatment costs, but the impact 
of this is minimised if the collector is the re-installer, particularly 
so for large utility scale power plants.   
The collection channels for PV panels are likely to be different 
based on the scale of installation, with three main scenarios:10   
 

1. Utility scale power plants: Recovery for recycling or reuse 
is most viable in this scenario and is a business decision 
based on the need to decommission. There will usually 
be a tender and a specialised company will be 
contracted to dismantle the system.  

 

2. Industrial scale (10-100kw): Collection is much more 
expensive because of the bigger distribution. Local 
collection centres can minimize the distances and 
transport costs. The best option may be to have a mixed 
drop-off or pick up service with different cost structures.   

 

3. Household systems (<10kw): Household collection is likely 
most challenging. The system needs strong branding and 
marketing providing simple messaging. A single provider 
of information and contact point ensures households 
can get consistent advice on what to do with their EoL 
panels. Monetary incentives for return might also be 
considered  

 

Identifying and regulating liable parties 
The current lack of reliable information on PV market share 
coupled with uncertainty about the impact of free riders 
arising from private online sales and imports provides a grey 
area that is yet to be fully understood or managed.  
Regulating private transactions is difficult, with the key 
challenge being that there is no process for identifying the 
liable party.  

                                                        
10 Likely collection channels for installation scale according to Karsten 
Wambach, of BIFA Environmental Institute in Augsburg, Germany 

Safety during transport and recycling 
Safety considerations for the collection and recycling of PV 
systems include: 
§ Electrical risk if the electrical isolation is damaged, and low 

but possible risk of fire.    
§ Broken modules may lead to leaching of heavy metals 

and contamination of the environment/ soils.    
§ Broken glass presents a risk in transport and storage. 
 

IMPLICATIONS FOR AUSTRALIA 
The establishment of a PV stewardship scheme in Australia 
will face many of the same challenges experienced in the EU 
and US, but Australia also has a unique context. There will be 
large volumes of end-of-life PV systems which will support a 
recycling industry, however transport costs are likely to be 
high due to large distances between urban centres.  More 
than 97% of PV installations in Australia are small-scale 
household systems (equivalent to 77% of capacity), which 
face the greatest challenges for recovery.   
 

Creating solutions to PV recovery and 
recycling in an emerging market 
Reflections on international experiences and existing 
Australian product stewardship schemes highlight suitable 
policy approaches for establishing a PV stewardship scheme.  
 

Stakeholder cooperation & collaboration 
It is essential in the early stages of establishing a scheme to 
have cooperation between government, the recycling 
sector, and the producers. To promote innovation in recycling, 
initially the focus on competition should be softened in order 
to allow for investment in innovation by early adopters 
(according to Karsten Wambach, of BIFA Environmental 
Institute in Augsburg, Germany – pers. comms.).  
 

Avoid lowest cost recycling race 
Australian recyclers have noted similar experiences with the 
set-up of the co-regulatory arrangements under the National 
TV and Computer Recycling Scheme (NTCRS); if there is an 
initial race to recycle at the lowest cost, it may limit innovation 
in recycling. In the long term, once viable recycling options 
have been established, then competition will be essential.  This 
approach may mean higher costs in the short term, but with a 
better outcome in the long term. 
 

Flexible and adaptable stewardship framework 
A flexible policy framework that establishes goals and targets 
but allows industry flexibility in how to reach them and to work 
on their own solutions, can be both effective (in terms of 
environmental outcomes) and cost efficient. The policy 
framework would include establishing the goals such as a 
recycling quota, indication of acceptable costs, and time 
frames. Once that is established, it is essential that monitoring 
and enforcement are applied. 


