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Abstract 

The decision to phase out electric energy production in nuclear power plants in Germany has put 
some questions on the future of P&T research. The Federal Ministry for Economic Affairs and Energy and 
the Federal Ministry of Education and Research have launched a study managed by the National Academy 
of Science and Engineering to answer these questions on a broad scientific basis. The major mandate was 
to evaluate scientific and technological as well as socio-economic challenges and opportunities of the P&T 
technology in the view of the phase out decision, both in a national and an international context. The 
scientific and technological aspects of P&T are analysed with respect to a possible contribution to the 
management of nuclear waste, using the following structure: 

• Starting point and boundary conditions – waste amounts and final disposal strategies. 
• Definition and description of scenarios – possible ways for transmutation; European vs. national. 
• Technology challenges of P&T – description of the major challenges to be solved on the way to a 

possible industrial application. 
• Current status of R&D – discussion of possible transmutation systems, current R&D status of 

P&T, technology gaps and future research strategies. 
• Safety aspects – dedicated safety aspects including all steps of the P&T cycle. 
• International projects & competences in Germany – what is going on around the world and which 

support could come from the German industry? 

In parallel, the socio-scientific, the ecologic and the economic aspects have been analysed using 
expert interviews, group Delphi and independent expert opinions on economic, legal and environmental 
aspects. An overview of the study’s results will be given from the viewpoint of the contributing Helmholtz 
research centres at Jülich (FZJ), Dresden-Rossendorf (HZDR) and Karlsruhe (KIT), with a focus on the 
research-political recommendations and the developed research strategy proposed to the ministries. 

Introduction 

As a result of the Fukushima event, the German government has decided to shut down 8 nuclear 
power plants (NPPs) immediately. In June 2011, the German government announced the Energiewende. 
This decision prepared the way for the phase out of the electric energy production in nuclear power plants 
in Germany. The process was fixed in the 13th Amendment of the Atomgesetz in August 2011. It was 
decided that the remaining 9 German NPPs will be shut down by 2022 [1]. 

However, no decision has been made regarding the final disposal of highly radioactive (heat generating) 
nuclear waste in Germany. No site for the final disposal of this kind of waste is available and a previous site 
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selection process has been cancelled. Currently neither a site is selected nor has the site selection process 
been restarted. In June 2013, a law became operative to develop a procedure for selecting a site for a final 
disposal for heat generating nuclear waste [2]. A committee to prepare the site selection was appointed in the 
framework of this law. This committee addresses a question highly relevant to P&T, “Should deep geological 
disposal of highly radioactive waste be postponed by storing in surface disposals until the scientific 
investigation of other possibilities for a well-regulated disposal of waste have come to a conclusion?” [2]. 

The political decision to phase out electric energy production in nuclear power plants in Germany has 
put some important and urgent questions on the future of P&T research in Germany. To answer these 
questions on a broad scientific basis, the Federal Ministry for Economic Affairs and Energy and the Federal 
Ministry of Education and Research have launched a study managed by the National Academy of Science 
and Engineering (acatech). The major objective was to evaluate scientific and technological as well as socio-
economic challenges and opportunities of the P&T technology in the view of the phase out decision. The 
results are published as an acatech STUDIE, a 300-page report giving a comprehensive view on the situation 
of P&T in Germany [3]. Based on the STUDIE, an acatech POSITION [4] was prepared by acatech. The 
POSITION’s text was agreed upon by all participants to the STUDIE. The POSITION gives acatech’s 
conclusions and political recommendations regarding the future of P&T research in Germany. This 
manuscript summarises the major results of the POSITION. The POSITION should provide the scientific 
basis for the urgently required political decision on the future of P&T. This may have an important impact on 
the question of radioactive waste storage to be answered by the above-mentioned commission. 

The amount and properties of the nuclear waste to be disposed of is highly important for its 
management and for the decision on a possible final disposal site. The technology of P&T could provide an 
opportunity to reduce the long term risk potential of the heat generating nuclear waste by transmuting the 
long lived transuranium (TRU) isotopes (plutonium and the minor actinides, i.e. neptunium, americium and 
curium) into short lived ones. In the partitioning step uranium and the TRU are separated while the fission 
products remain in the waste stream to be vitrified. Thus, only the vitrified fission products as well as the 
activated structural materials would have to be disposed of as heat generating waste. Low activity liquid 
wastes such as decontamination and rinsing solutions accumulated as secondary waste streams must be 
sent to a low-level waste repository. The fission products generated by the transmutation of the actinides 
also have to be sent to the final repository for high level nuclear waste. 

Four possible social development scenarios have been designed as a reference for the STUDIE; they 
are based on the German nuclear phase out decision: 

• Abstinence 
Germany operates no transmutation facility; no research on P&T is institutionally funded. 

• Participation to research 
Germany carries out national research to maintain an influence on international bodies and 
participates to European and international research programmes. 

• Participation to European Systems: 
Germany carries out national research and actively participates to international research 
programmes and to European initiatives towards the construction of P&T facilities. 

• Application in Germany 
Both P&T research and the construction of P&T facilities are actively carried out as part of a 
national waste management strategy. 

The consequences of these scenarios have been evaluated and compared based on a broad choice of 
methods, providing a specific chances-to-risk estimation. 
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Chances of P&T (compare [4]) 

• If successfully applied on industrial level, P&T offers the benefit of significantly reducing the 
volume of the highly radioactive heat generating waste. The volume required for storage is 
expected to be reduced to approximately one third, mainly due to the separation of uranium. 
Simultaneously, the volume of low-level waste would increase by one third. 

• P&T reduces the long-term radioactivity and radiotoxicity after several hundred years and thus the 
hazard potential. After 1 000 years, the radioactivity level would be comparable to the level after 
one million years without P&T. However, based on the currently available experience and the 
results of the preliminary safety analysis for the Gorleben final disposal site, the release potential 
would not be reduced. 

• The threat of diversion and misuse of plutonium from a final disposal is eliminated. Separated 
plutonium will be transmuted, thus only marginal amounts (i.e. processing losses) will go to the 
final disposal.  

• Partitioning opens the way for improved conditioning of mobile fission and activation products. 
This eliminates the instant release from directly disposed fuel assemblies, thus reducing the long 
term risk of a release into the biosphere. 

• P&T reduces the heat generation after 70 to 100 years due to the separation of plutonium and 
americium. Placing the waste into the final disposal after this time period offers the possibility of 
reducing the spacing between disposal drifts. 

Risks of P&T (compare [4]) 

• P&T facilities carry a potential environmental risk. This risk is comparable to be one arising from 
the operation of future facilities for reprocessing and conditioning and of nuclear reactors of the 
4th generation. 

• The risk of misuse of radioactive materials is increased during the period of the operation of the 
P&T facilities (approx. 150 years). Depending on the separation processes, plutonium and minor 
actinides may be present in pure or in mixed form. These materials could be diverted during 
transport or storage. The same can be claimed for other radioactive materials due to the required 
prolonged opening period of the final disposal sites. 

• The cost of P&T per ton of waste will be high due to the limited waste amounts in Germany. 
Construction and operation of P&T facilities is not expected to be efficient from an economic 
point of view, compared to direct disposal. 

• The majority of the German public is opposed to any kind of nuclear facility. Construction and 
operation of P&T facilities is expected to lead to public protests. 

• Negative media coverage may be expected on planning, construction, and operation of P&T 
facilities, as has been the case with other nuclear facilities in the past. 

Limitations 

Some benefits of P&T will have small or no effect due to the specific situation in Germany. This 
situation is defined by the fact that part of the German spent fuel has already been reprocessed and the 
waste has been vitrified, and by the phase out decision. Furthermore, the amount of secondary low and 
intermediate level waste will increase by approx. 30%. Additional storage and disposal capacity has to be 
created for this waste. 
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Some recommendations as given by acatech (compare [4]) 

On the one hand, constructing and operating P&T facilities in Germany – independently of other 
countries – is not advisable from an economic, ecotoxicologic and societal point of view. On the other 
hand, stopping the R&D activities and disembarking from all P&T options seems premature from the 
current point of view. Both fundamental and applied research should be continued in a European 
framework. This will keep open all options for a period of time required to answer the open questions on 
P&T technology. Furthermore, competence and jobs in nuclear research as well as participation in 
international committees and panels can be maintained. 

1. P&T research in a European context as well as the evaluation of a future German contribution to 
P&T in Europe is recommended. 

2. The participation to research should not lead to any dependency regarding investments into future 
application of P&T. 

3. An interdisciplinary, comprehensive study should be worked out as basis for a decision on a 
possible contribution to P&T in Europe. Processes involving the general public should be planned 
in time for a decision to be expected in 10 to 15 years. 

4. Germany should follow the European perspective as well as national research activities related to 
the phase out decision. 

5. The German industry should consider a possible implementation of P&T as a chance. 

6. Research should focus on key topics: 
• Efficient partitioning. 
• Efficient transmutation of the TRUs. 
• Safety evaluation of the facilities. 
• Societal implications of all options. 

7. An interdisciplinary approach must be followed to evaluate and communicate scientific and 
technological development to the public. 

8. A research alliance should be established. 

Recommendations regarding science (compare [4]) 

R&D should focus on essential topics. Further to scientific and engineering challenges, societal, 
environmental and economical implications need to be addressed within the P&T context. Safety research, 
influencing all areas of P&T, is of utmost importance. acatech recommends focusing on the following 
major R&D topics:  

• Efficient partitioning of the long-lived, highly radioactive and heat generating TRUs from the 
waste stream. The challenges are: minimising the TRU losses and the secondary waste streams; 
developing safe, environmentally acceptable and proliferation resistant processes; improving the 
conditioning of the waste streams. 

• Efficient transmutation of the separated TRUs in tailored systems. The requirements are: safe 
operation of facilities, high transmutation rate to minimise the number of recycling steps and 
transports, and consequently reduced environmental impact. Additionally, economic analysis and 
optimisation of the proposed concepts should be provided. 
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• Enhancing methods for evaluating the safety of P&T facilities. The safety assessment of all 
P&T process steps (partitioning, fuel fabrication, transmutation, transport) requires developing 
and providing an adequate safety approach. This has to be backed with models and the required 
software tools. 

• Determination and evaluation of the social implications of all possible options. Technical 
solutions have to be implemented in an economic, politic and societal environment. This is not only 
a matter of acceptance, but also a matter of integration into the democratically authorised energy 
policy and the increasingly democratic culture of planning large infrastructural investments. 

A more detailed view on the key technologies identifies the following central challenges for the 
technological research on P&T: 

• Partitioning 

The research topics range from basic research in radiochemistry (development of highly efficient 
extraction processes) to scale-up studies towards an industrial facility. The objective is the 
separation of TRU from irradiated LWR fuel and the production of dedicated transmutation fuel. 
An optimised conditioning of the partitioning waste streams is a further issue. 

• Transmutation systems 
System dependent research has to be based on the evaluation of the strengths and weaknesses of 
different transmutation systems (critical vs. sub-critical systems, solid vs. liquid fuelled systems) 
to fulfil the objectives of the phase out decision and the strategy given by politics. Following the 
evaluation, dedicated R&D has to be promoted, e. g. 

– ADS: development of the fast neutron source (proton accelerator and spallation neutron source) 
Development of a super conducting linear accelerator is an important goal. The objective is a 
significant improvement in continuous operation mode reliability, combined with an 
economic optimisation. Another aim is the improvement of the classical external spallation 
target. The expected result is a high power external neutron source located in the centre of the 
reactor core: design, coupling to the accelerator, safety, structural materials, thermodynamics, 
neutronics and nuclear data. The fertile free fuel option should be further developed; this 
avoids additional TRU built up, resulting in a highly efficient transmutation. 

– Liquid fuelled reactors: safety approach and fuel cycle 
A safety approach for the evaluation of the design of a reactor system with liquid fuel and 
integrated fuel processing (salt cleaning) is to be developed. The continuous removal of 
fission products from the fuel and the handling of the fission products need to be improved 
and optimised. 

• Nuclear data and reactor physics 
Uncertainty in the nuclear database – both in general and with respect to the minor actinides – 
has to be reduced by suitable experiments and improved modelling. Zero power experiments in a 
fast reactor environment have to be performed for ADS to study the safety parameters both 
experimentally and on the basis of validated simulations. Simulation tools for the modelling of 
the moving fuel, the continuous feeding of fuel and the fission product removal and release are 
required for liquid fuelled reactors. 

• Transmutation 
Research is focused on all aspects relevant to safety and to the optimisation of transmutation 
efficiency. Thermodynamics, fuel behaviour, material research and technological development 
(models, laboratory scale experiments and full scale component tests) are required for the safe 
operation of the coolant/fuel of a transmutation facility. Extensive R&D is required and has to be 
backed with irradiation tests of both fuel and structural materials. 
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Conclusions from the contributing Helmholtz centres’ point of view 

The centres of the Helmholtz Association expect that the ministries consider the recommendations 
given by acatech in order to scientifically contribute to the decision on how to proceed with the national 
P&T research in Germany. 

The transformation of the recommendations given by acatech shall be realised with the budgets for 
the third programme oriented research period, starting in January 2015. This also includes the global 
budget for the programme “Nuclear Waste Management and Safety as well as Radiation Research” 
(NUSAFE) and the institutionally funded part of the P&T research. 

Based on the expected budget, the continuation of the research cooperation within both European and 
international networks is planned to be continued as previously has been the case within several European 
framework programmes. A focus will remain on major challenges to be solved for a safe and reliable 
operation of P&T facilities such as advanced separation technologies, liquid metal technologies, advanced 
components and structural materials and development and application of simulation tools. 

Acatech concludes that additional funding may be required to contribute to European initiatives or 
investigations in line with German phase out decision [4]. European initiatives are mainly driven by the 
MYRRHA project; however, the scope could be broadened. acatech recommends additional funding for 
creating dedicated European infrastructures for P&T. 

This is well recognised by the Helmholtz centres, which are highly interested and willing to 
participate to European initiatives. The Helmholtz centres are willing to continue their work in the 
European and international context as recommended by acatech (Recommendation 1). Additional funding 
would allow work with focus on the specific situation given by the phase out decision. The work should be 
started on a comparison of different P&T systems and how they comply with the phase out decision, i.e. 
using as few facilities as possible for an operating period as possible, generating as little TRU losses as 
possible. Based on the results, a system should be selected and developed to demonstrate the feasibility of 
P&T under the objectives of the phase out decision. Finally, a system optimised for TRU burning could be 
an attractive option for many countries operating a fleet of LWR only, not willing to switch to a fast 
reactor fleet of significant size. 
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