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A B S T R A C T   

As the use of solar systems as an alternate source of energy increases, so too does the volume of waste from 
decommissioned systems. While several options have been suggested as solutions for the end of life of solar 
systems in terms of their component elements in urban regions, there is little discussion of managing waste 
arising in regional areas where volumes are often below necessary thresholds. This paper discusses why solar 
energy systems in Australia’s Northern Territory are being removed and how they are disposed of. Results 
suggest that there are several social and economic reasons for their removal, as it is not just a matter of failure to 
generate electric power. Since solar energy generation waste is a new problem, there are few or no social 
mechanisms in place to manage this waste. The results of this study highlight the need for addressing this gap. 
This paper inquires into, and attempts to formulate an early definition of this newly emergent social problem, 
conceptualising it as a sociomaterial issue.   

1. Introduction 

Margaret is the regional waste coordinator of five regional councils 
in the Northern Territory. Her role is to assist the councils with their 
waste management and answer queries on accepting and disposing 
various materials. Margaret received a call from a contractor working in 
a regional town, asking if he could dispose 800 solar panels in the local 
landfill. Margaret had no idea since no one had ever asked this before. 
Solar panels were not listed on the Northern Territory’s list of hazardous 
waste, nor were they classified as electronic waste. Both these categories 
had protocols and manuals for disposal. She then contacted the regu-
lators who advised her against accepting the panels. 

The contractor proposed that the council accept the panels and use 
them as shade structures. Margaret thought this was good idea and was 
tempted to accept this offer of reusing solar panels. Margaret’s dilemma 
was however, if the panels had hazardous materials, then it would be 
expensive later for the council to dispose them. 

In the end Margaret told the contractor that the council could not 
accept the panels at this waste management facility, but he could 
possibly try disposing the panels at another facility. She wanted to find a 
better resolution but with no regulations to support any decision on solar 
panels, she had to turn the contractor away. “It’s up to the contractors 

what to do with them and considering there’s a lot of free space around 
towns, I think it’s very likely that they will end up in the environment,” 
she said. 

In Australia, the framework for supply side governance of solar en-
ergy systems is defined by The Renewable Energy (Electricity) Act 2000 
and administered through Clean Energy Regulator schemes [1]. What is 
fairly new to come to the foreground is, how should these solar systems 
be governed when they are removed from their primary setting. The 
supply side and its governance has been extensively written about but 
not so much the governance of waste from energy systems. The solar 
energy system in-place is composed of several parts, each of which has a 
further sub-system: solar panels, solar array mounting racks, inverter, 
battery pack, power meter, circuit breaker panels, charge controller and 
connecting wires. When the solar system breaks down, each of its sub 
system has a different waste trajectory. 

One of the most visible and unwieldy parts of the solar energy system 
is the solar panel array and this paper addresses the waste from this 
component of the solar energy system. Subsequently solar photovoltaic 
panels will be referred to as solar panels in this paper. As shown in 
Margaret’s story, the engagement of humans and solar panels becomes 
quite entangled. A similar intermingling of materiality and energy 
practice is also discussed by Balmaceda et al. [2] in their review of 
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energy materiality. The authors argue that discussions on locating en-
ergy materiality are useful to improve ‘our understanding of particular, 
real-life situations’. A real-life example of Dorothe Poggel is used to 
explain the entangled energy policies in Germany and the problems this 
creates in people’s lives [2]. Dorothe is forced to use showers at work 
because the hot water at her home has been turned off. There is to be a 
change in the gas provider in the region and retrofitting of devices is 
required for the new gas to be used. Since there was no fabrication detail 
on Dorothe’s gas devices, the authorities could not change the system 
and just turned the gas off, cutting off her means to hot water. This 
example from Germany resonates with Margaret’s example in the 
Northern Territory, showing the ‘messy complexity’ of materiality of 
energy systems. 

1.1. Solar panels as sociomaterial objects 

The socio-materiality of energy systems discussed in this paper are 
the intersections between the materials that constitute the energy sys-
tems, such as the solar panels and everyday practices of people who are 
part of their governance. The building contractor was knowledgeable 
with regulations of installing solar energy systems but had nothing to 
guide him once the solar panels were separated from the system. Waste 
managers such as Margaret, who work daily with waste materials, but 
have not encountered solar energy waste before, are confounded with 
what to do next. Leonardi [3,32] explains the use of term “socio-mate-
riality” to acknowledge “(a) that all materiality is social in that it was 
created through social processes and it is interpreted and used in social 
contexts and (b) that all social action is possible because of some ma-
teriality”. Solar panels were created through a social process and are 
part of a social context through their contribution to reducing energy 
from fossil fuel. The action required for their production and disposal is 
because of their inherent materiality. 

Orlikowski [4] challenges the distinctions between the material and 
the social when addressing technology adoption, diffusion and use. The 
tendency to focus either on technology effects or interactions with 
technologies are limiting and Orlikowski [5,6] refers to ideas of Latour’s 
actor-network theory and Barad’s agential realism, arguing for tran-
scending distinctions between the social and the material. Discussing the 
inseparability of the social and the material, Orlikowski states “A posi-
tion of constitutive entanglement does not privilege either humans or 
technology (in one-way interactions), nor does it link them through a 
form of mutual reciprocation (in two-way interactions). Instead the so-
cial and the material are considered to be inextricably related-there is no 
social that is not material and no material that is not also social” 
[4,1437]. Leonardi [3,38] further adds that sociomateriality is not the 
property of a technology but that materiality takes on meanings and has 
meanings as it enmeshes with social phenomenon. Therefore, focusing 
on the sociomateriality of the solar energy systems sensitizes this study 
to issues and influences that are different from the technological aspects 
that are most often discussed. Further sociomaterial aspects of everyday 
practices provides another lens for understanding the afterlife of 
removed solar energy systems. 

We specifically call to attention the analytical category of ‘mid-life 
crisis’ in the realm of solar waste research. We interrogate whether the 
panels the contractor removed were ready for their final disposal, which 
might be imagined as rendering them solely a material problem, or 
whether they were still working and hence still viable a truly socio-
material objects—as socially agential in some way. Have they been 
removed in their prime, midway through their socio-material life? 

In section one of this paper, we examine solar panels as objects of 
governance and interrogate this in terms of their end of life framing and 
waste mobilities. Section two is the empirical case study set in Aus-
tralia’s Northern Territory. Section three examines the everyday prac-
tices and other factors influencing the life of solar panels in the case 
study. Finally, Section four proposes the mid-life crisis as a new socio- 
material analytical concept to grasp the social and material aspects of 

the predicament solar energy systems are subject to and the subject of, 
and suggest ways for planning their governance and disposal. 

1.2. Photovoltaic panels in solar systems as objects of governance 

To conceive of photovoltaic panels as objects of governance is to 
construe them as socio-material entities. In Australia, there are no spe-
cific regulations at a national level for managing waste from solar sys-
tems. State and territory governments are responsible for drawing up 
regulations on waste through their Environmental Protection Author-
ities (EPA’s). As recently as 2018, the Environment ministers of states 
and territories decided to take action on solar waste. In the Meeting of 
Environment Ministers (MEM), it was suggested that a product stew-
ardship scheme, similar to the European approach, needed to be 
implemented for safely managing waste from batteries and PV panels 
[7]. It was also agreed that the state of Victoria would lead innovative 
programs seeking to reduce environmental impacts of solar panels 
through end-of life management. Victoria is the only state to have 
classified Solar PV as e-waste, and therefore solar panels are banned 
from landfill disposal [8]. Other states have an e-waste ban to landfill, 
which includes televisions and computers, but to date solar panels have 
not been included in the list. 

The European Union (EU) became the first jurisdiction worldwide in 
2012 to adopt a comprehensive regulatory framework to address solar 
energy systems waste with the Waste Electrical and Electronic Equip-
ment (WEEE) Directive [9]. Under the WEEE Directive, an ‘extended 
producer responsibility principle’ was proposed. This directive requires 
all producers supplying PV panels to the EU to pay for panel collection 
and end of life recycling. The producers have a responsibility of 
reporting on the number of panels sold, collected, sent for recycling and 
materials recovered. In addition, they must provide information to 
buyers regarding proper disposal procedures, and to recycling com-
panies on proper handling storing, dismantling and treatment [10]. 

Outside Europe, other nations treat solar system waste within a 
general regulatory framework for hazardous and nonhazardous solid 
waste or WEEE, and classify solar panels as general or industrial waste. 
In the United States, there is no specific law that regulates the collection 
and managing the end-of-life of solar systems, so the country’s general 
waste laws apply. This is similar to Australia’s approach to governing 
waste arising from solar panels. Some states such as California are 
developing legislation for classifying solar panel waste as hazardous, 
which will extend beyond the federal Resource Conservation and Re-
covery Act that regulates hazardous and non-hazardous waste man-
agement [11]. 

1.3. When does a solar system become waste? 

While there is extensive literature on processes for “end-of-life” 
processing of solar system components, there is lack of clarity as to what 
this term implies and what is the end-of-life of a working solar system 
[12–15]. The term end-of-life signals that the solar system has reached 
the end of working life at one installation and is now a waste product. 
However, it is not clear whether the system has stopped working, is just 
not performing as expected prior to reaching the warranty period, or has 
reached the end of the manufacturer’s warranty period but may still be 
functional. So, are the solar systems at their end-of-life when the 
building contractor removes them or when they are deposited in land-
fill? Gillian Pye [16], in her book Trash Culture places the generation of 
waste not as a by-product of manufacturing but more as an element in 
the cycle of production and consumption. According to Pye, an object 
turns into waste at the point at which the discarded thing has ‘zero point’ 
value or when it reaches the point where a shift occurs from the object 
being useful and visible to non-functioning and invisible. This view 
implies that the solar panels turn into waste when they have ‘zero value’ 
for the customer. 

The International Renewable Energy Agency, in their first 
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international report on end-of-life management of solar panels, assumes 
the average life of solar photovoltaic panels as 30 years [10–13]. 
However, the study also notes that there are a high number of panels 
that have reached waste streams much sooner. The failures of solar 
panels after installation are ascribed as failures at three stages; infant 
failures are faults occurring up to 4 years after installation, midlife 
failures are ones occurring between five and eleven years after instal-
lation, and wear out failures are those occurring about 12 years after 
installation until the assumed end of life at 30 years [17,18]. Collectively 
these failures are attributed to manufacturing defaults, transportation 
damages, j-box failure and cables, glass breakage, defective cell inter-
connect, loose frames and delamination [9,13,17]. Fig. 1 shows the 
common reasons for failure as reported in the IEA_PVPS [17] and IRENA 
report [12]. 

Information on solar panel failure is important, since it is used in 
predicting future waste trajectories for waste arising from solar energy 
systems. Therefore, a key consideration by the manufacturers for 
reducing waste from solar panels is finding ways of increasing reliability 
and service life of the solar panels to reduce early failures. However, it 
was not clear in Margaret’s case whether the panels had failed or there 
was another reason they were removed. 

1.4. Disposing solar energy systems 

Margaret’s conundrum regarding accepting the building contractor’s 
solar panels, highlights the socio-materiality of solar energy systems. 
Gregson and Crang [19, 1026] argue that “waste is intrinsically, pro-
foundly, a matter of materiality and yet-notwithstanding a sustained 
engagement with materiality in certain areas of social sciences of late- 

much of what is most readily identified as waste research remains 
staunchly immaterial”. When solar waste is identified in terms of ‘waste 
management’ it is separated into silos of disposal treatments and policy 
making for this disposal. On one hand, the disposal technologies tend to 
be technical solutions of recycling sitting within the purview of engi-
neering. On the other, the policy and planning approaches use resource 
recovery methods and convert the waste into metrics such as tonnes and 
targets [19]. It would be more useful to approach waste from solar 
systems through a socio-material lens, where the technological materi-
ality is melded with institutional structures, norms and discourses [3]. 

Further framing of waste is whether it pollutes and is hazardous or 
whether it is a commodity and therefore a potential economic resource. 
Margaret’s dilemma was in trying to determine which category the solar 
panels should be placed- were they ready to disappear in the landfill as 
waste or were the solar panels ready for being reused and what would 
the potential consequences be if they were hazardous or could they be 
revalued in a different configuration. Kumar and Turner [20] discuss 
these two aspects of solar waste as a pollutant and as a resource for off 
grid solar devices. They state that there is a need to identify who is at risk 
when solar systems are seen as pollutants and toxicity becomes a hazard. 
They further add that framing solar waste as a resource and recovery 
brings out a “different sets of concerns, ethics, and potential injustices” 
with global e-waste trade [20, 166]. 

So where do the solar systems go when they are no longer in use? 
Davies [21] discussing waste mobilities states that it “does not mean 
those things, commonly called waste, cease to exist, rather it often marks 
the beginning of relocation and rematerialization processes, which are 
conducted at varying scales, from the molecular to the international 
over different time periods, and with varying amounts of human 

Fig. 1. Technical failures of PV panels (based on IEA_PVPS and IRENA report).  
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intervention and environmental impact”. Solar systems rematerialize 
through a path that is both local and global in scale. Mobility of waste 
becomes important when tracing paths that solar panels take from the 
point where they are removed to their point of collection and further 
dematerialization of their sub systems into individual components [22]. 
The arguments promoting resource recovery from waste assume this to 
be a seamless task when advocating this approach. As Margaret’s story 
shows this is still a mysterious process for the Northern Territory and no 
one knows where the 800 panels went. Were they illegally dumped on an 
empty patch of land or were they deposited at a site where they were 
further processed, and materials recovered? 

An empirical study, set in Australia’s Northern Territory, is used to 
explore reasons for solar energy waste occurrence and the waste tra-
jectories it follows. 

2. Solar systems in the Northern Territory 

In Australia, waste policies for solar systems are at the state and 
territory levels and the local governments then form their own strategies 
that align with the overall state guidelines. It is important to understand 
the geography of the Northern Territory (NT) in order to recognise the 
part it plays in the governance of solar panels. The Australian Bureau of 
Statistics’ Remoteness Structure categorises Australia into five classes of 
remoteness on the basis of a measure of relative access to services: 
Metropolitan, Inner Regional, Outer Regional, Remote and Very 
Remote. Under this structure, vast majority of the NT is considered to be 
Very Remote (Fig. 2). The capital (Darwin) and it’s hinterland is 
considered to be an Outer Regional Area. Although the Northern Ter-
ritory comprises one-sixth of Australia’s landmass, it is home to less than 
2% of Australia’s population [23]. The economic geography of the NT is 
characterised by long distances between settlements, small dispersed 
industries, extreme climatic weather and seasonal constraints, and high 
transport costs [23]. As is the case elsewhere in Australia, local gov-
ernments are responsible for the collection and management of the 
majority of waste and, importantly, are the first point of contact for 
consumers with waste management queries [[24], 220]. Several local 
councils participate in various national stewardship programs as part of 
their efforts to minimise waste in landfill, facilitate collection of certain 
items such as tyres and electronic goods and encourage recycling. The 
Northern Territory has been selected for this study as it predominantly 
consists of Regional, Remote and very Remote towns and communities, 
thus addressing the dearth of literature on managing waste arising from 
solar panels in non-metropolitan settings. 

Two types of solar installations are categorised by the Clean Energy 
Regulators; the residential or the small-scale installations (SSIs) and 
large-scale installations. For the Territory as a whole, domestic PV in-
stallations are relatively low (6%) compared to the national average 
(14%). This is despite the fact that one of the NT towns, Alice Springs, 
participated in the Australian Government’s Solar Cities program, that 
aimed at encouraging residents of Alice Springs and 6 other Australian 
cities to adopt solar power through subsidies and information programs 
[25]. In Very Remote regions, 70% of the 20 remote Indigenous com-
munities in the Northern Territory are now powered either by hybrid 
(diesel-solar) power installations or large-scale installations (LSIs) of 
solar PV systems alone, thereby negating the need for individual 
household solar PV systems in these locations. As a result, the majority 
of LSIs the NT are situated in Very Remote communities (61.11%), with 
most of the remaining LSIs being commercial installations situated in 
Darwin or Alice Springs. 

Renewable energy is identified as a developing sector under the NT 
Government’s Economic Development Framework. The NT Government 
intends to achieve a target of 50% electricity from renewable sources by 
2030 through its Roadmap to Renewables Report. This goal includes 
aligning policy objectives and government programs to encourage in-
vestment and uptake of solar energy [26]. At the same time, there is an 
absence of policy measures to address solar waste that will be arising 

from the increased solar installations. In the Northern Territory, the 
Environment Protection Authority’s (NTEPA) Waste Management Strat-
egy for the Northern Territory 2015–2022 provides a basis for the man-
agement of waste across the NT [27]. This document identifies several 
challenges for waste management in the NT, such as limited waste 
infrastructure and access to markets for recyclables in Remote and Very 
Remote locations, costs of establishing standard resource recovery fa-
cilities in these locations; vast distances and poor road conditions be-
tween settlements limiting transport of waste, and high transport costs 
for freighting waste interstate for recycling and treatment [27,6]. While 
there are concerted efforts to increase penetration of solar energy into 
the Northern Territory, little has been done for managing the end-of-life 
of the components of the solar energy systems. 

2.1. Design of the inquiry 

Using a social constructivist approach, data was collected through 21 
semi-structured interviews. Interviewees included policy makers and 
regulators, engineers who design solar systems, installers, solar waste 
recyclers who collect and process different parts of the solar energy 
systems, energy providers, representatives from advocacy groups, and 
environmental officers or waste managers from local government asso-
ciations (LGAs). Owing to a lack of NT-based recyclers, the recyclers 

Fig. 2. Remoteness structure of Northern Territory (based on Australian Bureau 
of Statistics). 
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interviewed were from jurisdictions outside of the Territory, however 
their area of operations included the Northern Territory. Fig. 3 shows 
the representation of different stakeholders. 

The interviewees worked across the NT in regions that were Remote, 
Very Remote and Outer Regional. The responses to the survey questions 
therefore capture perspectives across a wide range of geographical lo-
cations in the NT. 

Since the stakeholders were located across the NT, 17 interviews 
were conducted over the phone, 3 face to face, and 1 interviewee sent 
the responses to the interview questions by email. The interviewees were 
first approached by phone to gauge their interest in participating. If they 
were interested, an interview time was fixed. They were also emailed the 
Plain Language Statement and Consent form. The interview questions 
and data collection process were approved by Charles Darwin Uni-
versity’s Ethics Committee. Data from the interviewees was deidentified 
and coded to include only the participant’s role in the life cycle of solar 
energy systems and their geographical location. 

Due to the exploratory nature of this research, sample sizes were not 
calculated using probability statistics. The selected interviewees were 
chosen through purposeful sampling (also known as purposive sam-
pling) based on their role in the management of PV panels [28]. The 
strategy of maximal variation sampling was also used to allow data 
collection from diverse individuals who hold different perspectives on 
the solar PV management. Creswell and Clark [[29], 176] point out that 
if participants with a different role are chosen “then their views will 
reflect this difference and provide a good qualitative study with a 
complex picture of the phenomenon”. 

The interview questions were aimed at generating insights into the 
current PV panel removal practices, challenges and potential solutions 
associated with managing PV panel waste. The same set of questions 
were prepared to be answered by all interviewees with the flexibility to 
ask additional questions during the interviews to clarify and further 
expand on certain issues. A trial of the survey questions was conducted 
with two stakeholder participants which resulted in further refinements 
to the questions. Questions were asked about the organization of the 
stakeholders and how the organization interacted with solar energy 
systems. The stakeholders were then asked for information on whether 
their organization had removed solar panels in the last five years, how 
they had disposed them and the reasons for the removals. Finally, they 
were asked about the challenges they faced in managing the removed 
panels and their opinion on managing this waste stream better. 

This study applied an inductive qualitative content analysis 
approach [30]. Data from the sector interviews and consultations was 
imported into the research analysis software program NVIVO. All in-
terviews were analysed and coded to identify emerging themes, and 
illustrative quotes were selected relating to key themes. The initial 
coding was process coding, which according to Saldana, is appropriate 
for researchers who examine the ‘routines and rituals of human life 
[[31], 111].’ As identified by Charmaz [[32], 114], the goal in the initial 
coding was to be open to all possible directions indicated by the data. 
For example, some of the themes from first cycle coding were “in-
terviewee’s work region”, “disposing polices of organization’s”, ‘varying 
types of panels”, handling of decommissioned panels”, “reasons for 
removing panels”, “costs of removing panels”, recycling challenges”, 
“reusing solar panels”, and “better managing solar panel waste”. The 
first cycle codes were examined and reinterpreted to develop groupings 
and higher-level interpretations. Implementing feedback loops when 
reviewing the data made certain that the emerging codes, categories, or 
themes were revised and if necessary amended. It also ensured accuracy 
and trustworthiness within the process [30]. Memo writing while coding 
and during analysis allowed the capture of certain codes and ideas as 
they stood out during data analysis. Subsequently pattern coding iden-
tified higher level categories aimed at answering the research questions. 

3. Sociomaterial influences in the life of photo voltaic panels in 
the Northern Territory 

As this study is concerned with how solar panels become waste, it 
was important to understand the circumstances in which solar panels in 
the NT transition from a functional object to zero value. Earlier litera-
ture on solar panel waste management examined the specific failures of 
panels, but in this study the aim was to explore the range of possible 
reasons that lead to their removal. 

3.1. Mid-life and end-of-life of solar panels 

Several reasons identified for removing of panels initially appeared 
to be technical but delving deeper revealed the underlying social in-
fluences. Fig. 4 illustrates the various reasons that participants identified 
for the removal of solar panels by their organisation. As shown in Fig. 4, 
weather played an important role in damaging panels from hail, water 
and wind. While this might impact a few panels in an array, a decision 
made by the manufacturer based on product warranty impacts the rest of 
working panels. An installer replacing a complete solar energy system 
where a few panels failed due to rusting mentioned, 

“Probably 15% of their panels failed due to water and rust and the 
manufacturer has just warrantied the full system and sent out a full 
complete system. The only problem is you’ve got panels, out of 75 panels, 
you’ve got 10 that are faulty and can’t be reused and then you’re stuck 
with an extra, you know, 65 panels that are perfectly fine but, you know, 
so it’s a bit difficult sometimes”. (Installer, Remote area) 

For the photovoltaic installations in remote communities, vandalism 
(arising from social issues) was cited as another common reason for the 
early death of solar panels. An interviewee from an organization 
providing energy services to Very Remote regions explained, “Panels 
were removed because some kids had thrown some stones.” In com-
parison, only one of the installers mentioned removing panels that were 
old and reaching the end of their working life, with others indicating 
that they had rarely removed panels that were at the end of their life. An 
installer working in the Outer Regional area stated, “We’ve removed 
some from cyclone or vandalism damage but not from end of life 
situations.” 

Another reason listed by the installers for removing panels was 
component failure. The failures were identified as wiring or inverter 
failure and delamination. Installers also commented on the quality of 
solar panels and its impact on panel failure. An installer mentioned the 
impact of poor quality of PV panels, 

The only way out of that is finding decent products that actually last, you 
know, if you put in decent products that last a long time, you’re going to 
have stuff lasting 20, 25 years and then you’re going to limit the amount 
of, you know, faulty stock. (Installer, Remote area) 

Interviewees also said that solar panels were often removed during 
refurbishments. But it was unclear from these responses whether the 
solar panels were the target of the refurbishments or whether their 
removal was necessary to facilitate other works such as replacing roof 
sheeting. A representative from one of the advocacy groups was con-
cerned that government funded building upgrades in remote commu-
nities do not appear to include provisions for “proper disposal” of solar 
systems in the contracts. They expressed concern that large volumes of 
solar panels might end up in landfills as the contracts for demolition 
works do not specify whether the existing panels should be carefully 
removed and reinstalled or where and how they should be disposed of. 

More importantly, responses to this question revealed that changing 
consumer attitudes or behaviour towards solar panels played a critical 
role in their removal. Some interviewees suggested that solar panels 
were becoming consumer items, with old panels being prematurely 
removed and replaced with new ones even though the original panels 
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were still performing after the warranty period. They indicated that, as 
with mobile phones, consumers have brand preferences, and may choose 
to upgrade to larger systems with the latest technology. This trend is 
made easier owing to the constantly reducing cost of solar PV panels. As 

one interviewee remarked on this phenomenon: 

It’s become a consumer item where just like if you move into a new house 
and the fridge doesn’t fit into the fridge space, most of the time you don’t 

Fig. 3. Survey participants by stakeholder category.  

Fig. 4. Reasons for the removal of solar PV panels in the NT.  
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pull the kitchen apart, you just go and buy a new fridge, and so solar PV is 
becoming a bit like that in the consumer items sense where people have 
their preferences on brands. (Installer, Outer Regional area) 

Often the damage from technological failure, weather, vandalism or 
might impact only a few panels, yet the whole solar system is removed 
and replaced. Some of the respondents mentioned that it is not very easy 
to replace older models of panels with new, if they are not of the same 
electrical properties. An installer explained that: 

Generally, if you’re trying to replace a system, two panels from a system 
from ten years ago, those panels will probably be 190 W and the smallest 
panels you can buy nowadays are probably 270 W. Those 270-watt 
panels won’t work with the 190-watt panels. They’re not allowed to be 
installed because they’re electrically too far apart in difference. (Installer, 
Outer Regional area) 

As a result, the working as well as faulty panels were removed 
because of existing regulations. 

A recycler raised the issue of the mismatch between the life span of 
inverters and the life of a solar panel. Most often, the performance 
warranty for the solar panels and the inverter are different1. This implies 
that inverters need to be replaced one or more times in the course of 
photovoltaic systems’ service life. The interviewee pointed out that 
when the inverters are replaced, consumers take advantage of this to 
upgrade to a whole new system. In doing so the consumers receive 
government rebates, a fresh warranty and a newer, cheaper system. 

Several interviewees commented on the role of government rebates 
as an incentive to prematurely remove solar panels before they had 
reached the end of the predicted 30-year warrantied period (i.e. reached 
regular EOL). Consumers do not get any rebates through Renewable 
Energy Certificate Registry (REC Registry) for replacing a few panels, yet 
they receive rebates if they are installing a completely new system. The 
interviewed installers and recyclers indicated that consumers were 
replacing a whole system after only 10 to 12 years. 

Solar panels installed somewhere between 2007 and 2011. We see those 
panels coming off most recently and particularly like with schools and 
councils, they are now starting to replace those early installations that 
they are doing just purely because there might be better, stronger panels; 
they want to upgrade those and they’re just getting a little old and they can 
spend money. If they’ve already got their payback on it, they can spend 
some more money and get double the capacity on their roof. (Recycler) 

Since there is no readily available single database which tracks all 
solar system installations and removals, it is difficult to corroborate this 
information. Nevertheless, this finding has significance for solar panel 
waste trajectories since current calculations are based on the life span of 
30 years and assume that early and mid-life failures only occur as a 
result of technical issues. 

From the responses to this question, it is apparent that solar panels in 
the NT are not just simply removed because they have reached the end of 
their performance warranty period (i.e. reached regular EOL) or because 
of component failures. They are removed due to decisions made by 
owners, installers, regulators or manufacturers. 

3.2. Disposal problems 

Since the stakeholders held various roles in the life cycle of the solar 
panels, not all of them were directly involved with removal and disposal. 
Table 1 summarises the role of those interviewed. 

Local governments in the Northern Territory are responsible for 
managing solar panels brought to the waste management facilities 

(WMF). The waste management facilities are licensed to accept certain 
types of waste. The range of materials accepted will differ for facilities in 
a Remote town such as Alice Springs to Very Remote communities such 
as East Arnhem Land. The recyclable materials and hazardous wastes are 
separated from the waste streams at these facilities. Currently, solar 
panels are not categorised as hazardous or electronic waste (under the 
electronic waste recycling schemes) although certain elements in solar 
panels are individually listed as hazardous materials (e.g. Cadmium, 
Lead). Owing to a lack of state level policy, the local governments are 
making independent decisions on whether or not to accept the removed 
solar panels. From the interviewed LGAs, 50% said they were accepting 
and stockpiling, 37.5% mentioned they were not accepting, and another 
12.5% responded that no solar panels had been brought to their landfill 
yet. It was also mentioned by one interviewee that a lack of options for 
disposing panels is also resulting in illegal dumping since individual 
consumers and installers often do not know where to take them. 

The installers interviewed were all accredited by the Clean Energy 
Council (CEC) and Clean Energy regulator (CER) therefore had the re-
sponsibility of installing, removing and disposing of solar panels in 
accordance with Australian Standards, as well as guidelines and criteria 
established by CEC and CER. Fig. 5 shows the disposal practices 
described by these installers. 

Faulty panels still under warranty were returned to the manufacturer 
by installers and a replacement set of panels from the manufacturer 
installed. Some manufacturers like LG, pay for the faulty panels to be 
shipped back. Several manufacturers only pay for a new set to replace 
faulty panels, but the installer must find ways of disposing them. In such 
cases, where only a few solar panels are faulty but the whole system is 
replaced, the installer has to find ways of disposing both working and 
faulty panels. The installers send the panels to waste management fa-
cility (WMF) where permitted. In towns where the local WMF is not 
accepting solar panels, the installers either stockpile the panels or pass 
working panels to Indigenous communities, hobby farmers, or owners of 
mobile homes. Some parts of the stockpiled panels, such as cabling, are 
occasionally reused. 

When the removed panels are old and working but not under war-
ranty, the installers again have the option of either sending them to 
WMF, if accepting, stockpiling them or reusing them in ways shown in 
Fig. 5. If the removed panels are damaged and not under warranty, the 
installer either sends them to WMF where permitted, or stockpiles them 
for lack of options. Occasionally the delaminated solar panels are fixed 
and reused. 

The recyclers interviewed mentioned they are dismantling (or dis-
assembling) the panels by separating the glass cover and the Aluminium 

Table 1 
Summary of the role(s) of participants in managing the solar PV panel waste.  

Participant 
category 

Role(s) in the PV panel lifecycle Direct involvement in 
removal and/or 
disposal 

Local 
Governments 

Contributing to policy 
development; running waste 
management facilities; managing 
removed panels 

Yes 

Installers Installing and removing panels; 
managing removed panels 
(Stockpiling) 

Yes 

Recyclers Recycling PV panels Yes 
Advocacy 

groups 
Lobbying policy and decision 
makers regarding PV panels and/or 
solar waste 

No 

System 
Engineers 

Specifying and designing PV 
systems 

No 

Energy 
providers 

Commissioning Contractors 
(installers) for installing/removing 
PV panels 

No 

Policy makers Developing policies regarding waste 
management 

No  

1 According to Ristow et al (2008) an inverter might have a 10-year warranty, 
but this falls short of the performance warranty of the PV panels which can be 
between 25 and 30 years. 
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frame. One recycler crushes the wafer before sending it overseas for 
further processing and material recovery. The other recycler is stock-
piling and waiting for processing technology to develop in Australia. 

The varying disposal practices which are occurring in the Territory 
highlight that there is no single, obvious, solar panel ‘waste flow’; 
instead there are varying waste mobility flows including ‘after-lives’ for 
those solar panels which retain their functionality. 

Various stakeholder groups identified different sets of challenges for 
managing removed solar panels which are summarised in Table 2a and 
2b. For example, local councils do not want to put solar panels in landfill 
and they find lack of policy direction a considerable barrier. Further 
they do not know where to send the solar panel waste but want to inform 
the consumers about proper disposal of solar panels. The installers need 
a local place where they can dispose of the panels and want to inform 
consumers that they do not need to upgrade their solar systems unless 
required. The advocacy groups are aiming to change the NT Govern-
ment’s tendering process so that PV panel disposal is included in the 
costs of refurbishment. They are also pushing for new recycling busi-
nesses in the NT. 

The greatest challenge for the recyclers is diverting panels from the 
landfill towards their collection points. The system engineers, as well as 
the energy suppliers are concerned about the costs of transporting small 
quantities of solar panels from Very Remote regions, and thereby the 
economic feasibility of any recycling option. On the other hand, the 
challenge for the policy makers is to form appropriate waste polices 
which include recycling policies, with limited information available on 
further reprocessing options for solar panels. 

The three primary barriers for solar waste management identified in 
the data were related to costs, not knowing what to do with the solar 
panel waste, lack of policy direction. These barriers are discussed in 
further detail below. 

3.2.1. Costs associated with managing PV waste 
The interviewees cited the costs of disposing panels as the largest 

challenge. Given that much of the NT is considered to be Remote and 
Very Remote, this is not surprising. These costs related to removing and 
transporting the decommissioned PV panels, their disposal, licensing 
landfill sites to accept e-waste, as well as the environmental cost. The 
largest cost was identified as removing and transporting solar panels 
from remote communities. Several participants broke down this cost, 
distinguishing between travel costs, labour costs and the actual cost of 
the system, thus reflecting their familiarity with working in remote areas 
where travel costs comprise a significant part of any job cost. Transport 
is frequently a separate line item in tenders or quotes to undertake work 
outside of the major towns. 

Based on the information provided from the interviewees, Fig. 6 
shows the cost comparison between removing and replacing PV panels 
in Very Remote regions as compared to major towns. For example, the 
cost breakdown for removing and replacing solar panels in a remote 
community will include travel cost to the community, compensation for 
time spent in travelling or the “sitting costs”, labour costs for removing 
and replacing panels, overnight stay costs if the distance is too far for a 
day return trip and disposal cost at the local WMF. As seen in Fig. 6, 
remote costs can be in the range of $4000 dollars without including the 
cost of new panels. On the other hand, when a similar job is carried out 
in town, where the electrical contractor is located, the cost is only $1050 
for labour and disposal. 

It was clear from the responses to this question on the cost of waste 
that in Remote regions a significant proportion of the costs relate to 
travel, rather than the labour cost for the actual removal. 

Given these high costs, it was not surprising that the issue of re-
sponsibility for payment for disposal costs was a concern highlighted by 
installers. Although the cost of replacing panels under product warranty 
is born by the manufacturer, this cost does not extend to covering the 

Fig. 5. Current practices of disposing PV panels in the NT.  
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Table 2a 
Challenges faced by stakeholders in disposing PV panels (cont’d).  

Stakeholder Information dissemination Lack of policies Reusing Recycling 

Local 
Governments 

Increasing awareness in the community 
regarding proper disposal 
Need for informing public about proper 
disposal in different languages 
Unsure of reliability/ longevity of various 
brands 

Need for careful demolition of buildings with panels so that 
they are not broken 
Emphasis on renewables uptake but should be on the end of 
useful life too 
Very little regulation regarding disposal 

Finding the market for old panels Difficulty in finding recyclers for the solar panels  
Finding the market for recycling 
Need for separating recyclable materials in panels 
Challenge of knowing what market, what material, 
what commodity is useful and then direct waste 
streams  
Will be a challenge to recycle the large numbers of 
PV panels decommissioned in the future 
Currently low volumes of PV panels in the NT not 
economically viable to establish a recycling industry 

Installers Educating consumers that panels are good 
for 30 years, don’t need to be changed after 
10    

Advocacy 
Groups 

Need for educating the manufacturer, 
supplier, end user about EOL 
Lack of information about how to recycle 
With 25 years performance warranty, 
people see it as a less urgent issue 

End of life to be considered in tendering process as well 
Govt. to get policy right-not just driving renewables uptake 
but ensuring correct disposal through tendering process 
Conflicting policies-solar renewable energy to help with 
greenhouse gases and dumping PV panel toxins into the 
environment 

Business plan around reusing and recycling panels 
Need for finding ways for reusing 

No economics in any kind for recycling in remote 
communities 
Setting up a system to do recycling properly 
Regions forgotten in recycling programs 

Recyclers  To divert panels from landfill that are accepting solar panels 
A network of drop off points for collection to be established 
and legislative support for recycling is required   

System 
Designers   

Not made to be unmade 
Panels not usually repairable, so just whole array 
replaced 
Panels are not compatible-different cells have 
different efficiencies, different terminals for 
connecting-not standard  

Policy Makers  Need for understanding the logistics of transporting, further 
processing of PV panels and public consultation before 
policy is formed   

Supplier    Finding ways to make recycling of panels from 
remote communities viable  
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Table 2b 
Challenges faced by stakeholders in disposing PV panels.  

Stakeholder Costs Environmental Impact Not knowing next step 

Local 
Governments 

Long distances, high costs for sending materials 
interstate for recycling 
High travel costs to remote communities for 
replacing PV panels 
Cost of licensing landfills if PV panels are listed 
waste  

Proper disposal of hazardous materials in PV panels 
No re-processing in the NT, all has to go interstate/ overseas which adds to the carbon 
footprint and potentially negates the value of recycling  
Good to track panels to understand their impact from the time it leaves the community 
to when it finishes recycling is recycled 

No idea of disposing solar panels 
Not knowing how to divert panels from landfill 
Not knowing where to send the stockpiled PV panels  
Managing PV waste a new concern 
Lack of existing infrastructure to manage collection, storing PV panels 
Hard to predict future technology and therefore management of PV panels 
Not knowing whether landfill licensing is required for proper disposal 

Installers Labour costs or replacing panels, rewiring, 
complying to standards 
Location, distance, transport costs a barrier 
Responsibility of paying for disposal    

Just somewhere to take the decommissioned panels 
Storing PV panels is an issue 
Not knowing where PV panels are recycled in Australia 
Concern that large number of panels that will be coming off in the future 
with no measures for managing waste in place 

Advocacy 
Groups 

Costly to transport 
Licensing is costly  

Need for properly disposing panels with Cadmium Telluride 
Need for can industry to work towards improving technology to remove the 
contaminant and toxins 
Ethical issues with overseas recycling because some of the chemicals in the PV modules 
can be harmful. 
Need for systems, processes and technology to ensure development is not at the expense 
of the environment   

Recyclers Logistics of collection from distant places, in the NT 
Cheaper for consumers to dispose at RWMF than to 
send to recyclers 
Not economical to buy recycling machinery 
without enough PV panel volumes   

System 
Designers 

Cost of disposal an issue Main structures are glass, silicon and aluminium, with very little toxins  Managing PV panel waste will be an issue in the future when the current 
panels are decommissioned 

Policy Makers Travel time to communities is the main cost when 
replacing PV panels 

Clean energy at front end should not result in the back end clogging up landfills  

Supplier Challenge to recycle since economics is not there  Not managing PV waste would be an antithesis to the actual green image of the 
technology 
Even if panel is damaged, any heavy metals are still bound in the laminates and not a 
risk to the environment   
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disposal costs. Rather than absorb this cost or pass it onto the customer, 
installers either stockpile the panels or dispose of them in WMF, where 
this is permitted. As one installer explained: 

A lot of the time the end customer doesn’t want to pay for the disposal, so 
then it comes down to the installers and we’ve got tight margins in the 
industry. The cheapest guy usually wins, and the cheapest guy usually 
takes it to landfill. (Installer, Outer Regional area) 

At the same time, recyclers charge more for accepting solar panels 
than the WMF. For example, the recyclers charge between $10 to $25 
(per panel) for accepting panels for recycling, whereas the landfill 
charges per tonne of waste. The waste managers expressed concern that 
if solar panels are listed as e-waste in the Northern Territory then the 
landfill would require a license to stockpile them. This licensing would 
have a cost implication for the LGAs. 

In addition to economic costs, respondents were concerned about the 
environmental costs associated with managing solar PV panel waste. 
Whilst respondents were keen on maintaining the green image of re-
newables, there was some angst that the environmental costs of disposal 
such as transport emissions and managing toxic constituents would be 
“an antithesis to the actual green image of the technology,” if systems 
are not put in place to manage the waste. Some participants indicated 
that a lack of knowledge regarding the toxic constituents of solar panels 
presented a challenge that impacted upon their ability to make informed 
decisions about how to manage solar waste. 

The available evidence suggests different costs play an important 
role in influencing the waste management/disposal choices made by 
different stakeholders. 

3.2.2. Not knowing what to do 
“Not knowing what to do” was the next largest barrier to managing 

solar PV waste, cited by the interviewees. Disposal of solar PV panels 
was identified as a “new issue” by some local government participants 
with responses indicating uncertainty about how to manage this waste 
stream. WMFs accepting solar PV panels have the additional burden of 
stockpiling them and then identifying where they can be sent for further 

processing. As the waste manager from a Very Remote region asked, 
“You can collect the panels, but then where do you send them? “ 

Installers too, are faced by the same dilemma of what to do with the 
panels after they have been removed. They currently stockpile or pass 
them on for reuse, since there are no facilities for solar PV panel disposal 
or collection points in remote communities or towns. The system engi-
neers foresee waste management of PV panels as an issue in the future. 

The disposal of solar resources or infrastructure, it’s not something we’ve 
actually had to deal with to a large degree yet because the industry is quite 
young but obviously it will become an issue in ten to fifteen to twenty 
years’ time when a lot of the systems we’re currently deploying come to 
their end of life. (System engineer, NT) 

These responses are consistent with the situation at the national level 
whereby much of the current debate about managing solar PV panel 
waste is set against a context of uncertainty where stakeholders are at a 
loss about the next step. 

The view was “government has got to play a heavier role in the 
tender process” and that “there should be some sort of policy around 
disposal once it does come to the end of life.” With no specific guidelines 
on solar waste management, operators of WMFs are left to make a call on 
whether they accept solar panels or not. In localities where neither fa-
cilities nor recyclers are accepting the panels, it falls by default to the 
installers to manage this waste, either by stockpiling or to dispose of 
them in other unregulated ways. One respondent also felt that it was the 
role of government to identify markets for recycling. 

Conflicting policies were identified as a challenge as well. As previ-
ously noted, the NT Government is promoting the use of renewable 
energy and encouraging greater uptake, including by various govern-
ment agencies. However as one respondent pointed out: 

They’re [the NT Government] really driving renewable energies and 
promoting the interest around solar with their grants and their policy 
development to decrease their greenhouse gas reductions and that, but 
their solution is actually creating another significant environmental risk 

Fig. 6. Cost comparisons for replacing panels in Very Remote regions as opposed to in towns.  
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for the community in the waste management, particularly through local 
government (Advocacy group, Outer Regional area) 

Recyclers trying to divert solar PV panels from landfill are also 
looking for policy support and cited the example of e-waste policy in 
other states. In Victoria, landfills are not permitted to accept e-waste, 
which includes PV panels, thus consumers are forced to use alternative 
methods of disposal, such as recycling. 

The above data clearly indicates that lack of specific policies on 
disposal guidelines is impacting various stakeholder categories. With the 
NT Government’s focus on increasing renewable energy in the territory, 
there is a gap in waste policy on managing waste arising from PV panels. 
In this policy vacuum, it is clear that decisions regarding disposal are 
being made not solely by those agencies with primary responsibility for 
waste management, but also by other stakeholders in the supply chain. 

Participants referred to several other challenges. These included the 
small volumes of waste generated in Remote areas, the apparent lack of 
repair and re-use options, lack of a mechanism to track solar panel 
movements, and the need for waste management information across the 
solar energy system supply chain from the manufacturer through to the 
end user, amongst others. 

3.2.3. Stakeholder preferences 
Interviewees were asked about their organisation’s preferred op-

tions, ideas or solutions for the future management of old panels. Their 
suggestions were broadly grouped as follows into policy and regulatory 
reform (i.e. the establishment of regulations regarding the disposal of 
solar panels); collection points and stockpiling solar panels; recycling 
solar panels; education regarding solar panel waste; product steward-
ship; life extension and finding solutions by working in partnerships. 

Table 3 indicates solutions proposed by different stakeholder cate-
gories. In considering the solutions preferred by the different stake-
holder groups, it became apparent that some solutions were more 
important to particular groups than others, which broadly corresponded 
to that stakeholder’s position or role in the life cycle of a solar PV panel. 
For example, solutions preferred by local government participants ten-
ded to be concerned with the aspects of waste disposal they were 
responsible for, namely providing collection services, regulations 
around collection, sending collected panels for recycling, educating 
consumers about proper disposal, connecting to product stewardship 
schemes and extending landfill life by diverting PV panels. Similarly, the 
solutions suggested by recyclers were related to the need for collection 
points, regulations, recycling, education, extending life but not product 
stewardship or backloading. Solutions preferred by policy maker rep-
resentatives centred on regulatory reform, product stewardship and 
recycling. 

The call for the establishment of polices as a solution was not sur-
prising. Participants identified the need for regulatory reform at 
different levels. For example, nationally, via changes to CER regulations 
to allow for “mix and match” (i.e. cobbling together a ‘new’ system from 
components salvaged from different old systems/installations). How-
ever, this regulation stems from national electrical standards, rather 

than originating in CER. At the Territory level, need was identified for 
creating regulations by the EPA for the disposal of solar panels, and 
through the inclusion of solar panel disposal costs in government con-
tracts for infrastructure projects. While identifying the necessity for 
clear regulations for accepting and stockpiling solar panels, WMFs in-
terviewees highlighted the need for a clear policy on whether solar 
panels can or should be considered e-waste and combined with existing 
e-waste recycling practices. The need for public consultations before 
rolling out a policy was also identified. Perhaps most importantly, they 
recognised the need to align policies that encourage the use of solar 
panels as a renewable energy source with end-of-life management. 

Participants from local government, the energy supplier, installers 
and recyclers all favoured the establishment of collection points and 
stockpiling of PV panels (Table 3). Key features of this solution are the 
establishment of collection points within communities, major towns 
and/or at regional waste management facilities. Panels may then be 
stockpiled either at the collection point to obtain greater volumes before 
being sent to major centres or stockpiled at a major town or RWMF. One 
participant suggested that shipping containers should be used for panel 
storage which can then be shipped directly to recycling centres. Another 
suggested that partial dismantling (removal of the aluminium frame and 
glass covers) would facilitate easier stockpiling. Backloading was iden-
tified as a mechanism to transport solar panels from remote areas to 
collection points with one participant specifying that backloading 
should occur via non-food product carrying trucks. The need for good 
signage at stockpiles in Remote regions was also identified along with 
the need for the EPA to direct stockpiling regulations. 

When discussing recycling as a potential solution for managing solar 
PV waste, interviewee responses included a range of options. Responses 
relating to the actual practice of recycling included establishing a local 
recycling option in the NT which would also lead to reduced transport 
emissions; recycling to occur at the point of removal rather than at some 
more distant location; partial dismantling – removal of aluminium 
frames and glass – prior to sending to recyclers to reduce the volume of 
panels transported, and presumably, the cost. Interviewees were also 
expressing concerns associated with recycling, such as ensuring that 
recycling is not a cost to the installer or consumer; finding a low carbon 
solution for transport when sending the panels to the recycler; recov-
ering little value in recycling but potential in material. They also iden-
tified outstanding issues associated with recycling more broadly 
including encouraging research into reuse and recycling panels; 
considering product stewardship programs; designing products to be 
‘made to be unmade’, and the need for solar PV design to allow for easy 
disassembly for recycling. The use of landfill fees as a mechanism to 
encourage recycling and discourage consumers from disposing of panels 
in landfill was identified, as was the need for demolition permits to 
clearly state whether panels are to be recycled or sent to RWMF. 

The need for more information was identified as a solution by local 
government participants, installers, recyclers, policy makers and advo-
cacy groups. Informing consumers about disposal costs at the time of 
installation; informing installers what disposal options are available and 
disposing PV panels at specified locations were identified by participants 

Table 3 
EOL management solutions proposed by different stakeholder groups.  

Stakeholder 
Category 

Solutions 

Policy and Regulatory 
reform 

Collection points for stockpiling PV 
panels 

Recycling Education Product 
stewardship 

Extending 
life 

Working in 
partnerships 

Local 
Governments 

✓ ✓ ✓ ✓ ✓ ✓  

Installers ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
Recyclers ✓ ✓ ✓ ✓  ✓  
Advocacy groups ✓  ✓ ✓ ✓ ✓ ✓ 
Systems engineer   ✓   ✓  
Energy supplier  ✓ ✓   ✓  
Policy makers ✓  ✓  ✓  ✓  
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as areas for attention. The installers indicated that a goal of any infor-
mation campaign or program should be to discourage the premature 
replacement of solar panels. 

Several local governments, policy maker, installer and advocacy 
group participants identified product stewardship as their preferred 
solution. Under the model of product stewardship suggested by in-
terviewees, responsibility for managing solar PV waste would ultimately 
fall back onto, and be paid for by, the manufacturer. One interviewee 
pointed out the need for existing product stewardship schemes to 
consider specific options for Remote and Very Remote areas. This 
highlights our earlier observations from the literature review that many 
potential solutions to address solar PV panel waste are developed within 
and for densely populated metropolitan areas, but have not been subject 
to evaluation in more sparsely populated settings. 

Most participants identified the need for extending the functional life 
of solar panels. More research was called for regarding panel perfor-
mance and repairs prior to failure, and into strategies for increasing the 
longevity of panels. Some strategies suggested by other participants 
included using solar PV panels from reliable manufacturers, as they are 
more likely to last longer; establishing test centres (i.e. a place for 
testing, repairing and re-packaging used solar panels prior to re-use); 
donating used panels for re-use; repair and re-sale (i.e. re-laminating 
delaminated panels and offering them with replacement warranties); 
and discouraging the premature removal of functional panels. As noted 
earlier in this section, regulatory reform to allow for the mix and match 
of components from different systems, was also identified as a way to 
encourage greater re-use of parts. It is important to note that several of 
these mechanisms will be required in order to extend solar panel life. 

The need for a collaborative approach by industry and government in 
managing solar PV waste was highlighted by some participants. For 
example, co-funding research into re-use options and effective disposal 
of solar panels; designing panels for disassembly, and manufacturing 
panels with less contaminants were all ways that respondents felt would 
contribute towards reducing future solar panel waste. It is worth 
pointing out that key stakeholders should be collaborating, that is the 
recyclers, local governments, systems designers and energy supplier, did 
not suggest this as a solution. 

Collectively, these results highlight the need for a wide-ranging set of 
solutions and interventions at different levels so that removed solar 
panels are a resource and not waste. They reinforce the need to adopt an 
approach to managing solar panel waste that is cognisant of the ‘com-
plex system’ of this particular waste stream and the varied waste 
mobility flows/after-lives that occur whilst understanding the particular 
behavioural drivers underpinning consumption (installation) of ever- 
increasing volumes of solar panels. 

3.3. Sociomaterial aspects of managing components of decommissioned 
solar systems in a remote region 

Focussing on the sociomateriality allowed new understandings of 
practices that led to solar panel turning into waste. Interviews with a 
variety of stakeholders revealed a range of reasons for solar panel re-
movals that were not limited to just technical failures. Not all panels 
removed had reached the end of their working life. This premature 
removal implies that the problem of solar panel waste needs to be 
framed differently. The findings showed that it is important to 
acknowledge the entanglement of the social and material in order to 
understand why the panels are being removed and their trajectories, 
before recommending action on waste management. 

Exercising the choice to remove panels early is a decision made by 
consumers, and we found that they chose to remove panels after 10 to 
12 years. This choice was a recurring theme in the interviews. Such 
decision making and strategy formulation seem at first to be purely social 
phenomena: the agency important in solar panel removal appears as 
purely human choice. But when we look more closely at this choice, we 
see it is shaped by the product warranty, government policies supporting 

the installation of new systems and regulations on mixing and matching 
old and new components of solar energy systems. The decisions are 
actually inseparably technological and social. A more complex analytic 
category is required; we need to be able to think through the category of 
socio-materiality if we are to reliably predict how situations will play- 
out. 

For a more comprehensive understanding of the early removals of 
solar panels we turn to the mid-life crisis in human bodies. The term was 
coined in 1957 by Elliot Jaques when he presented this phenomenon in a 
meeting of the British Psycho Analytical Society [33]. Jaques claimed 
that “people in their mid-30’s typically experience a depressive period 
lasting several years”. Before the onset of this period, life was described 
by a depressed patient as on “an upward slope” but at the onset of the 
phenomenon end of life seemed imminent with life stretching ahead 
with “downward slope with the end of road in sight” [34,12]. Jaques 
initial idea caught the public imagination and it appeared that the crises 
was inevitable and any number of life events could trigger it. From 
Jaques initial definition, the range of crisis that were now considered as 
this crisis expanded considerably. Any inner strife was now seen as the 
trigger for a mid-life crisis. The extension of life because of modernity 
allowed one to live longer and a change in life in 30’s and 40’s could be 
accommodated as a career or a life change. With the management the-
orists warning about this crisis in midlife workers, a study reported, “A 
general feeling of obsolescence appears to overtake middle managers 
when they reach their late thirties. Their career appear to have reached a 
plateau, and they realize that life from here on will be long and inevi-
table decline.” [35]. This understanding of human bodies as material 
and the mid-life crisis as a sociomaterial construction adds subtlety and 
gives us an analytical tool to interpret the lives of solar panels suffering a 
similar phenomenon. 

Using the mid-life crisis as an analogy firstly allows us to recognize 
that like human bodies, solar energy systems are also undergoing mid- 
life crisis that needs addressing and not just their end-of-life. Secondly 
it allows us to explore the causes leading to this crisis and finally helps us 
look for ways of facilitating the life change in mid-life that leads to better 
outcomes and not just death. 

As the results show, not all removed panels had stopped working or 
had reached the end of their working life. The mid-life crisis for them 
occurs when they are perceived to have reached the crest of their per-
formance and the consumers make the decision of replacing them, 
seeing that it is all downhill from there. After having recovered their 
initial investment costs, used up their warranty, it is time for a change - 
time for a new set of panels. This change is made easier with techno-
logical advances in photovoltaic technology. As Strasser points out 
giving the example from early twentieth century America of people 
replacing goods “Major consumption decisions almost always involved 
technological improvement” [[36], 191]. Everyday practices of solar 
panel consumers are enmeshed with technological improvements and 
marketing strategies of the manufacturers, with falling costs of newer 
solar systems it makes economic sense to replace older versions with 
larger systems and a new warranty. 

Acknowledging the mid-life crisis of solar panels opens up possibil-
ities for better planning and good governance for solar energy systems. 
As this study has shown, although aiming towards better environment 
outcomes, different government policies often have unintended conse-
quences. Promoting renewables through targeted policies did not take 
into account the impact on waste generation through increased solar 
energy system installations and eventually, their removal and disposal. 
In addition, housing polices aiming to improve public housing infra-
structure through renovation, do not specify action for managing 
removed solar systems. In government tenders specifying the nature of 
the refurbishments, there are no measures in place that directly state 
what actions need to be taken with the removed solar panels. 

In order to perceive the solar panels as objects of governance, they 
need to be construed as sociomaterial entities that require governance at 
both ends. This view resonates with other research that identify other 
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challenges for transitioning to sustainable solar energy systems [37]. 
Some of the challenges identified are considering polices for the health 
of workers and communities near solar manufacturing plants, land use 
conflicts in regions with rich solar resources and social justice di-
mensions of marginalisation, exclusion and unfair decision-making 
processes [18,38]. Since renewable energy is positioned as an environ-
mental solution, it is important to have the green credentials throughout 
the life cycle of the solar energy systems and not just during its 
operation. 

The technical manifestation of the mid-life crisis -at once social and 
material, creates new problem of waste. With contractors reluctant to 
mix and match and regulations not supporting this, the whole arrays of 
solar panels are removed when only a few panels are damaged and need 
replacement. Along with non-functioning panels, the working panels 
also achieve ‘zero value’ for the contractors replacing the panels. This 
can have significant impact on the waste volumes that are currently 
modelled with incorrect parameters assuming a life span of 25 years 
modified by a certain percentage for early attritions. There is little 
awareness of the techniques by which the mid-life crisis is generated and 
managed, or rather not managed. This contributes to increased waste 
production and local authorities not knowing ‘what to do’ with the 
panels, as was seen in the story Margaret’s experience. 

This highlights the need for clear policies, not only on disposal of 
failed panels but also on how the working panels should be dealt with. 
The waste hierarchy, established as the dominant mode in thinking 
about waste, advocates for reducing, reusing, recycling, and in the 
worst-case scenario landfilling waste. Despite that recycling appearing 
to be an expensive and difficult solution for solar waste management 
(considering the long distances and low volumes in the region), this 
option was most often discussed as a way of managing waste. This was 
despite the barriers identified by the participants for managing solar 
waste mostly relating to recycling logistics, such as collecting, stock-
piling and transporting to recycling centres. Further, there was little 
recognition that there could be more than one single waste trajectory or 
flow. As Davies identifies, there little recognition of the waste trajec-
tories that begin once an object is categorised as “waste”. It is the 
beginning of a relocation and rematerialization process that is little 
acknowledged and perceived as seamless and self-evident. Removing 
and transporting solar panels from remote regions results in high relo-
cation costs as well as high environmental impact of carbon emissions. 
The hypothetical assumption, when advocating for recycling, is that all 
solar energy components are easy to collect, transport and recycle, 
regardless of location. 

It is important to recognise the “career change” that working but 
removed solar panels follow. The findings clearly show that there is a 
growing informal market for reuse, since not all the panels removed are 
faulty. Installers look for options of reusing them by passing them on to 
customers who require small quantities. In such cases, what might be 
underperformance for one customer, might satisfy the needs of another. 
In the USA and Europe, increasing numbers of working PV panels that 
were removed are being repurposed through online reselling markets 
[39]. Websites not only resell panels, they also connect sellers with 
buyers interested in replacement components for solar arrays [40,41]. 
Exploring informal markets in regional areas would be a useful future 
research area. This strategy is particularly useful when the arrays have 
to be replaced since they were older models and similar components 
could not be bought anymore. In this instance, the installers looking for 
older replacement models to match the model in existing solar arrays. 
Further, if the panels are to be repaired and reused, they need to be 
designed for dismantling. This feature would also allow for disassembly 
for panels that have reached their end of working life and are ready for 
recycling. 

One of the limitations of this study was that the research conducted 
was limited to the Northern Territory in Australia. Future research could 
help identify how sociomaterial aspects play out in other regions as well. 
Other regional and remote towns within Australia and internationally 

might have different reasons for removing panels and other challenges 
in disposing them. Another limitation is that consumers were not 
interviewed as a stakeholder group. The importance of consumer deci-
sion making came to the forefront as one of the findings of the study and 
it will be helpful to include them in future studies. 

This study began exploring the reasons for removing solar panels and 
current practices of disposal. It aims to fill the gap created by this newly 
emergent problem so that people such as Margaret and the contractor 
will know what to do next. The results revealed a range of social, eco-
nomic and policy related reasons for solar panels becoming waste and 
requiring planning for better governance. Rather than treating solar 
energy systems only as technical objects, a socio-material approach 
using mid-life crisis as a conceptual tool allowed a more nuanced way of 
grounding this newly emergent problem of waste. 
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