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Abstract

Wider society´s viewpoint is an important consideration to ensure the continued support of peaceful nuclear power generation (PNPG). History shows that lack of support and understanding has influenced decision-making and impeded projects. With that in mind the paper focuses on how the views of society could influence, and be implicated in, the decision-making process within the field of radioactive waste management (RWM). A recently published study on radioactive waste classification schemes in the European Union, that partly involved a public survey, found that 82% of respondents thought all radioactive waste was dangerous. It is significant considering many stakeholders are seeking public consultations as they aim to develop projects such as deep geological disposal facilities. Opposition to such projects could impact important decisions such as siting etc. This leading example provides a view on how interested parties interact with an array of factors that influence the implementation RWM solutions. 
1. INTRODUCTION
[image: ]
Fig 1. Sample of public opinion on whether or not all radioactive waste is dangerous [1]
There are different levels and expectations required for specific areas of RWM. Ranging from technical, socio-economic and environmental considerations as well as communication between interested parties. And while technical solutions are well documented and innovative solutions continue to be developed for what is an important aspect of the nuclear lifecycle, there is not an easily accessible resource base that covers the relationship between safety and sustainability that also connects with the United Nations Sustainable Development Goals (UN SDGs). 
RWM could be considered to be within the remit of the following UN SDGs: 7 (responsible and clean energy), 9 (industry, innovation and infrastructure), 12 (responsible consumption and production), 13 (climate action), 14 (life below water), 15 (life on land) and 17 (partnership for the goals), to varying degrees, based on the multi-faceted nature of RWM. An idea could also be advanced that the sustainable use of nuclear science and technology indirectly impacts most UN SDGs (shown in Fig 2.). 
And it could be inferred, through taking a holistic view, that any negative connotations associated with RWM could also negatively impact the implementation of PNPG, as has been observed in general discourse, and would detract from the positive work being undertaken to address the UN SDGs. These overarching concepts and principles are explored in the paper by a high-level analysis that covers interdependencies with various assessment categories through representing an overview followed by the challenges and opportunities identified in tandem to elaborating important factors in the context of safety and sustainability.
The paper addresses these concepts at a high-level with the aim to inspire rigorous deliberation and further collaboration in order to aid the optimization of anticipated future developments. The analysis presents some initial considerations that are further elucidated in the subsequent sections prior to presenting a conclusion and recommendations. Before exploring the analysis that has been undertaken it is worth noting what is meant by sustainability. Having been defined by the United Nations Brundtland Commission in 1987, sustainability is defined as meeting the needs of the present without compromising the ability of future generations to meet their own needs [2].
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Fig 2. United Nations Sustainable Development Goals (UN SDGs) [3]
2. OVERVIEW
It is generally understood that the safe management of radioactive waste contributes to responsible use of resources and protects life on land and below water. However, the interrelationship between safety and sustainability, as well as the associated challenges and opportunities, should be explored in order to maintain and optimize responsible long-term RWM. This overview explores, while not exhaustive, which areas of radioactive waste management:

—	Could benefit from greater engagement of interested parties;
—	May benefit from greater engagement of interested parties;
—	Would not clearly benefit from greater engagement of interested parties.
[bookmark: _Ref143942698]Could benefit from greater engagement of interested parties
The areas of RWM that could benefit from greater engagement of interested parties include: 

Waste disposal;
· Waste minimization;
Involvement of interested parties in regulatory decision-making.

The above points were determined through referring to studies, course proceedings, publicly available information and industry insights. The aforementioned parameters constitute the challenges and opportunities that are covered in the subsequent sections.
May benefit from greater engagement of interested parties
The areas of RWM that may benefit from greater engagement of interested parties include: 

Outreach, educational programmes and dialogue;
Waste classification;
Waste transport.

The first bullet point presents a stronger incentive than the following two bullet points, because in the main those entities involved in classification and transport could be considered content with current practices [1]. This is not to say that there is not scope to optimize said practices. However, in all cases, reactionary actions and haphazardly defined strategies to address the points could result in a rebound effect. A rebound effect, within the field of sustainability, could be described as an occurrence following the actioning of an idea that initially appeared well founded but resulted in unintended consequences, problems or undesirable affects [4]. Therefore, these areas have not been explored in detail but are nonetheless noted due to interdependencies within the overall system. 
Would not clearly benefit from greater engagement of interested parties
The areas of RWM that would not clearly benefit from greater engagement of interested parties include: 

Waste treatment;
Waste conditioning;
Waste packaging.

It is thought the above points do not necessitate a need for greater engagement due to the well-established solutions and collaborative approaches already undertaken, as well as being superseded by clearer opportunities identified within the scope of the paper. 
3. challenges
The challenges influencing the areas detailed in Section 2.1 are elucidated in the following sections to provide context to the opportunities and potential benefits that could be inferred through greater engagement of interested parties.
3.1. [bookmark: _Ref143942740]Waste disposal
Two challenges facing waste disposal include:

Opposition to / scepticism of disposal solutions;
Misunderstanding of disposal solutions.

Opposition to / scepticism of disposal solutions is more directed towards the final disposal solution than interim/intermediate solutions. Final disposal of which most commonly refers to the concept of deep geological disposal where HLW, and in many cases also intermediate level waste (ILW), shall reside permanently. 
Arguments against these solutions question the longevity of the solutions and whether or not they would remain secure from intentional or unintentional encroachment during the period of institutional control cited. Moreover, there are some that wonder why concepts such as rolling stewardship would not be used in the short to medium term with the hope that over time more advanced technological solutions shall be developed. 
	The misunderstanding of disposal solutions is that many consider all types of radioactive waste to be very dangerous, and also question the viability of waste disposal solutions whether it be for geological and temporal challenges at the specific sites, technical challenges to implement the solutions and possible impact on the environment due to perceived issues [5] [6]. These views challenge both the safety and long-term sustainability of the waste disposal solutions, which is why greater engagement to spread awareness and understanding of these solutions would be beneficial.
Waste minimization
The challenges facing waste minimization include:

Practical implementation;
Opposition to practical solutions.

Implementing waste minimization solutions poses practical challenges but paradoxically also presents environmental and economic benefits if implemented effectively in the pursuit of circular economies. Some areas currently being investigated include recycling and reuse of spent fuel as well as radioactive waste, and likewise for irradiated materials [1]. 
Opposition to practical solutions, such as the repurposing of irradiated materials, is often routed in misunderstanding. Additionally, in practice some materials are declared radioactive waste in some instances and exempt material in others. Misdiagnosing materials could increase the load on disposal solutions and increase associated costs.
Involvement of interested parties in regulatory decision-making
There are nuanced challenges to involving interested parties in regulatory decision-making with a focus on safety and sustainability. Dialogue is required between interested parties to identify the aspects of regulatory frameworks that would benefit from greater engagement and furthermore why and at what stages of the regulatory process this engagement could be implemented. 
Opportunities
Wider society, namely public citizens and industry outsiders, have a lack of knowledge about radioactive waste management in general [1]. Therefore, there are clear opportunities and benefits that could be inferred from greater engagement of interested parties. 
3. Waste disposal
Further and enhanced engagement with interested parties would not only increase trust and transparency but would potentially increase support for waste disposal initiatives. Greater communication in relation to the following subject areas could be beneficial: 

The fact that not all radioactive waste is dangerous;
How radioactive waste is regulated;
That waste disposal facilities can be permanently safe;
Where the responsibility for the safe management of radioactive waste lies. 

In addition to the above, greater engagement could act as a means to educate proponents of the challenging views to disposal solutions alluded to in Section 3.1. In particular, the safety, effectiveness and globally-accepted scientific and technological consensus on disposal solutions could be communicated to spread awareness and understanding [7]. It could also be conveyed, that in the case of PNPG, there are not any attributable serious health or environmental problems resulting from the safe management of radioactive waste, whereas alternative power sources are not without challenges and impactful by-products are not generally well controlled [8].
Waste minimization
There are instances that the waste from nuclear applications may have properties that make it suitable for further use. This applies, for example, to used radiation sources that can be reused after reprocessing. It can also apply, for example, to low-level materials that can be used as an additive for concrete to stabilize higher-level waste. In order to enable or simplify further use, it may be useful to investigate the concept further and consider the potential of designating corresponding materials as radioactive material and not as radioactive waste [1]. This outlook to waste minimization complements other recent innovative developments within the area. Greater engagement between interested parties would help to optimize the approach to waste minimization and could identify target areas for future development. 
Involvement of interested parties in regulatory decision-making
Greater engagement could help to develop mechanisms to involve interested parties in regulatory decision-making. Such as exploring the concept of how safe radioactive waste management features in national policies, including communicating how radioactive waste is regulated to interested parties. As well as how to balance safety and other aspects of sustainability in decision-making and when considering the processes used in taking account of economic, social and environmental factors when implementing RWM. 
Conclusion & Recommendations
There are clear opportunities and benefits that could be gained through greater engagement of interested parties in relation to waste disposal, waste minimization and the involvement of interested parties in regulatory decision making. It might even be possible to define higher-level safety and sustainability requirements on this basis, which would support a uniformed international approach. Although this further detail may become incomprehensible for the interested parties without professional collaboration to structure requirements. However, focused approaches are possible by linking the requirements to the challenges and opportunities identified, which could divulge information based on the overarching parameters in way that is appropriate for the interested parties. 
If a harmonised collaborative approach is to be pursued, it will be important to first establish a more robust understanding of the challenges and opportunities identified, as well as others that may result from dialogue, so that future developments can be advanced appropriately utilizing a system thinking approach. Gaining this understanding should not be limited to specific stakeholders, such as regulators, waste producers, and waste management organizations and other government departments, but should also consider the views of wider society. 
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