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Abstract 
[bookmark: _Hlk141956420]Health, industry, and agriculture are three key areas of the Ghanaian economy where applications of nuclear/radiation technology have the potential to turn around the fortunes of the country. Effective applications reduce reliance on carbon-emitted technologies and thereby establish trajectory for sustainable development and greener environment.  Attainment of IAEA’s Milestone-1 of the nuclear power installation framework demonstrates Ghana’s commitment to the programme which promises to yield sustainable power, enhanced radioactive waste management facility, a robust gamma irradiation facility etc. In spite of these potential benefits, significant public acceptability of the programme is key to its success. As a result, the Ghana Nuclear Power Programme Organisation (GNPPO) is charged with the responsibility of engaging and taking the views and insights of the stakeholders of which, the public is an integral part for decision-making. Prevailing views and concerns of the Ghanaian society borders on waste management, safety, and sustainable environment which are being addressed and released to the public through the GNPPO’s Quarterly Newsletter. In this regard, the Radioactive Waste Management Centre is strategically enhancing its logistical and human resources to ensure the safe and secure management of radioactive waste generated in Ghana from all sources of radioactive/ nuclear applications.
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1. INTRODUCTION 
Sustainable development is certainly the needed effect to meet the growing demands for goods and services for the ever-surging global population. The depletion of the global natural resources, degradation of the ecosystem, and more importantly the changing global climate are attributable to the unsustainable mode of production and consumption of the world’s material needs. Extreme weather conditions as a result of climate change will further exacerbate severe food security challenges in Africa in particular. Currently, about 70% of Africa’s population are directly affected and making them food insecure [1]. 
Nuclear technologies have over the last six decades proven to be sustainable methods that can help restore our changing climate, depleting natural resources, and degrading environment. Whilst nuclear technologies promise clean, affordable, and efficient energy to drive our industrial processes for sustainable development, there is the need to develop a robust system to safely and securely manage the radioactive waste generated therefrom.  
The fundamental objective of radioactive waste management is to protect people and the environment from the harmful effects of ionizing radiation advertently or inadvertently [2]. Ghana is a nuclear power prospect, and one that explores radioactive sources in various sectors of its economy.  The country is strategically  placing itself in terms of human resources, logistics, and facilities to effectively and sustainably deal with all forms of radioactive waste generated in the country. Even though the country currently does not have  a category 1 source in its waste inventory, it is still important to establish a robust waste management system to manage and dispose its category 3 – 5 sources, and also to serve as a means to advance the waste management techniques beyond category 3 – 5 to include category 1 and 2 sources as well. 
The Ghana nuclear power programme is steadily progressing with series of programmes within the siting and environment thematic areas. Through the Ghana Nuclear Power Programme Organisation (GNPPO), stakeholders including experts, civil service organizations, and the general public are being engaged periodically on other themes of the programme. The purpose is to build public confidence, acceptability, and consensus among all stakeholders in decision-making. Furthermore, coordination and collaboration among state and private agencies involved in the programme will ensure smooth execution, and early identification and rectification of challenges at every stage of the project. Engagement of a cross-section of society has also increased awareness about hidden facts and figures on nuclear technology in general and Ghana’s nuclear power programme in particular. It has been found to be a significant factor for sustainability of every aspect of the programme.
Whilst we promote the exciting potential of nuclear power and related technologies, it is important to note the challenges relating to spent fuel management in the future. In this regard, the Centralized Radioactive Waste Management Facility (CRWMF) which is the only authorized facility to handle and undertake waste management activities in Ghana needs to be factored into the nuclear power programme and be given the needed capacity building to enable it function optimally across the full spectrum of radioactive waste management. Currently, the CRWMF undertakes only pre-disposal waste management activities. Plans are, however, advanced in building the IAEA’s approved borehole disposal system (BDS) earmarked for disposal of  all its conditioned sources. 
2. APPROACH 
Management of radioactive waste generated in Ghana is the responsibility of the Radioactive Waste Management Centre (RWMC). However, when the sources are in use, their security as well as the safety of the people and the environment lies primarily in the hands of the user/ operator of source facility, and the regulator who performs an oversight function over all nuclear/radioactive materials in the country. The law mandates users of nuclear/radioactive materials to put in place a temporary storage facility for disused sources until their repatriation to the county of origin or retrieval to the waste management facility at RWMC for further and proper management. 
The approach to radioactive waste management in Ghana complies with national and international regulatory requirements of safety of humans and the environment, security against theft, sabotage, unauthorize access and applications as well as inadvertent access [3]. It is important to note that, stakeholder engagement involving the general public and technical experts have influenced the management system relating to safety, security, and sustainability. Section 4 of this paper elaborates further on this.  
Waste management processes at the CRWMF are conducted based on the adopted IAEA’s waste acceptance criteria (WAC). The criteria enable the waste management facility to specify the radiological, mechanical, physical, chemical, and biological characteristics of the waste packages. Leak testing, source characterization, dismantling and conditioning, storage, and environmental radiation monitoring are some typical pre-disposal activities performed at the facility. The Centre possesses a secured and restricted electronic source inventory that is regularly updated to reflect its current custody. Fig. 1 illustrates some activities of the Centre.  


[image: ]
FIG. 1. Some activities of the Radioactive Waste Management Centre of Ghana
Public confidence and acceptability are deemed a major factor for a successful nuclear power programme. Public confidence in nuclear applications in Ghana is growing and gradually being consolidated through stakeholder engagements and sensitization outreach by the GNPPO which offers the platform for critical technical, legal, and socio-economic discourse relating to Ghana’s nuclear power programme and related applications. Aside the GNPPO, the Radiation Protection Institute (RPI) of the Ghana Atomic Energy Commission (GAEC) also engages industry players on safe applications, handling, and transport of radiation sources. 

3. OUTCOME 
[bookmark: _Hlk141952421]Isotope hydrology is a sustainable nuclear technique that helps to track water movement as well as to trace the origin of groundwater and water contaminants throughout the hydrological cycle. The IAEA is assisting Ghana and other countries in the African region to characterize shared water resources running through five river basins using isotope hydrology tools [4]. This technique is beneficial to Ghana as new knowledge and vital skills are acquired to help address the changes in precipitation patterns in the country. Furthermore, the acquired knowledge and skills will enable the country to address the reductions in both quality and quantity of surface and ground waters, and to form a network (with participating countries) to effectively solve water crises and quality problems in Africa. 
The agricultural sector in Ghana is bane with post-harvest loss due to food damage by pest and inefficient storage and processing mechanisms. Gamma irradiation technique has the potential to overturn this problem and restore food security in Ghana and Africa as a whole. 
The approach of waste management in Ghana particularly in respect of physical safety and security barriers has contributed to zero incidence of theft, sabotage, and unauthorized access leading to malicious application of radioactive sources and facilities. Nonetheless, there is a lot of room to improve the waste management system. Fig. 2 shows some of the benefits/ applications of nuclear techniques in Ghana. 
There is a growing interest in the application of radiation science and technology in the medical, agricultural, and industrial space due to the contributions of these sectors to sustainable development, job creation, and also, the confidence in the safety and security nature of the waste management  system.
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FIG. 2. Some benefits/applications of radioactive sources in Ghana

4. LESSONS LEARNED
Civil Service Organizations and mainly the middle and highly educated class of the society were found to be well-informed about the key issues due to their ability to access, read and comprehend the data/information on the nuclear power programme and waste management processes. The concerns of this group largely bordered on safety, security, and radioactive waste management capability. Traders, mainly women, craftsmen/artisans, and generally the lower income class expressed concerns ranging from safety to the impact of possible relocation on their economic activities. The environmental/green organization raised concerns about the consequences of radiation exposure on biodiversity and the entire ecosystem in the likelihood of nuclear accident. The legal fraternity and thinktanks on legal/regulatory matters shared their views on the existing regulatory framework and related matters. 
The opinions, concerns, and interests of the various groups greatly influenced the turn of events, decision-making, and strategies.  

4.1. Safe radioactive waste management
Views and opinions gathered from cross-section of the public and technical experts in particular helped in revising the strategies and mechanisms of the waste management processes so as to make the management system sustainable, environmentally friendly, safe, and secure from loss, theft, sabotage, and unauthorized applications. Expert engagement emphasized on physical protection involving high technology that monitors outsider as well as insider threats. 
4.2. Key sustainable issues
The discourse among stakeholders on sustainability centered on key issues including:
· Exploitation of home-made technologies and/or training of responsible staff to acquire the needed knowhow and who in turn will train others.
· Develop a workable quality management system for the centre responsible for radioactive waste management and environmental radiation monitoring.
· Establish a routine environmental radiation monitoring programme.
· Establish working groups/teams for different aspects of the radioactive waste management activities.
· Undertake periodic sensitization on radiation safety. Engage and inform local farmers and residents (1 km away from the facility) on radiation levels within and around the facility (up to 100 m) as well as the background radiation levels. This aims to educates as well as removes fears of exposure or contamination arising out of rumours.  

4.3. Ways to enhance communication
Although English is the official mode of communication in Ghana, it was found not to be effective across certain sections of the society. As a result, the English language as well as a local language widely spoken by identified  group/ section of the society has been adopted as the medium of communication during stakeholder engagement. In line with this, radio, television, social media, the print media (less extent), and the traditional townhall meeting have been identified as the channel of communication. The approach of engagement is by segmentation and general. Segmentation involves meeting specific groups separately while the general approach involves meeting everyone at one spot. 

CONCLUSION 
Nuclear technologies including nuclear power, gamma irradiation, isotope hydrology and non-destructive testing are deemed sustainable applications with the potential to cause a paradigm shift in the energy, agriculture, and the production sectors of the Ghanaian economy. In collaboration with the IAEA, Ghana is managing its water resources through the use of isotope hydrology techniques. The project aims to characterize shared water resources in five river basins in Africa. 
Radioactive waste generated from all nuclear applications in Ghana are safely and securely managed to support sustainable development. Frameworks that comply with international best practices including regulations and physical/engineered safety and security installations are essential components of the waste management system which serve as deterrent and/or preventive mechanisms against theft, sabotage, and unauthorized access and use of any radioactive material. The Centralized Radioactive Waste Management Facility in Ghana needs to be factored into the nuclear power programme of the country in order to benefit from capacity building that will make it capable of managing all forms of radioactive waste. 
Opinions, concerns, and interests of the public, civil service organizations, and technical experts greatly influenced the turn of events, decision-making, and strategies adduced for radioactive waste management and nuclear power installation programme. Key issues such as sustainability, safety, security, and livelihood were at the center of the public engagement discourse. Recommendations were made to exploit local technologies and/or put in place a mechanism to ensure the availability of highly skilled human resource at all times. 
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