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Abstract: The technology of Partitioning and Transmutation (P&T), which could be used 
to convert part of the long-lived high-level radioactive substances contained in spent fuel 
rods into shorter-lived fission products, is currently under research and development. It 
could provide one means of reducing the long-term hazard potential of heat-generating 
waste. 
     In an interdisciplinary project the technological and societal risks and opportunities of 
P&T have been discussed by means of four societal development scenarios, all of which 
presuppose that Germany opts out of the use of nuclear power. This risk appraisal with the 
combination of risk and concern assessment is one important aspect (besides risk 
management, communication etc.) for the risk governance of nuclear power. The objective 
was to work out a factual, balanced basis on which to decide Germany’s future position on 
matters of P&T research. 
     This contribution characterizes systemic risks and stresses of the political ambiguity 
associated with P&T. It discusses the societal methodology and the results of this project 
with regard to the situation in Germany and Europe in general. 
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1. Introduction 

In June 2011, the German Federal Government announced the “Energiewende”, thereby 
initiating the end to the use of nuclear power for electricity production. No German 
nuclear power plant is to produce electricity after 2022. However, no conclusive answer 
has yet been found to the problem of where and how high-level radioactive waste is to be 
stored in a repository. In particular, there is at present no repository for heat-generating 
high-level waste. Although this type of waste constitutes only a small fraction by volume, 
it produces 99% of the radioactivity of all nuclear waste. On July 26, 2013, the Site 
Selection Act entered into force: A repository site for heat-generating radioactive waste is 
to be looked for and selected in an unbiased procedure.  
     Site selection is influenced in particular by the type and volume of waste to be stored 
in a repository. The technology of Partitioning and Transmutation (P&T), which is to 
convert part of the long-lived high-level radioactive substances contained in the spent fuel 
rods into shorter-lived fission products, is currently under research and development; it 
could be one way of reducing the long-term hazard potential of heat-producing waste.  
     In the process of partitioning, the spent fuels from nuclear power plants are to be 
separated into uranium not split in the reactor, plutonium, and the minor actinides 
(neptunium, americium, and curium). This leaves the fission products and activation 
products for vitrification and disposal in the appropriate repository as heat-generating 
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waste. The partitioning process also gives rise to decontamination water and rinsing water 
as secondary waste. In countries continuing to use nuclear power, the uranium separated 
can be fed back into reactors while, in Germany, it must be stored in a repository as waste 
producing negligible amounts of heat.  
     At the present status of licensing, the secondary waste (decontamination water and 
rinsing water) requires a repository to be built for waste generating negligible amounts of 
heat. The transmutation process is only for plutonium and the minor actinides. They are 
bombarded with fast neutrons in a transmutation plant, which converts at least 90% of 
them into shorter-lived or stable atomic nuclei. Afterwards, the newly produced isotopes 
must be stored in a repository as heat-generating waste, but containing less long-term 
radioactivity. A transmutation plant is a nuclear plant (yet to be developed) whose safety 
requirements must correspond to those applicable to fourth-generation reactors.  

1.1   The Project 

In 2011, an interdisciplinary research project was launched. The aim of the project was to 
analyse the scientific-technical aspects of P&T as well as an evaluation of societal 
implications of these technologies in order to work out a factual and balanced basis on 
which to decide Germany’s future position on matters of P&T research1.  

2. Developing Scenarios for the Future of P&T 

The project is based on four societal development scenarios, all of which presuppose that 
Germany opts out of the use of nuclear power. Two scenarios envisage no technical-scale 
P&T application in Germany: In the “abstinence” scenario, P&T is not operated in or out 
of Germany. In the “research participation” scenario, Germany conducts research and 
development within a national, European, and international framework without building 
any P&T plants. On the other hand, the other two scenarios provide for technical-scale 
application of P&T in Europe with German participation (“European systems 
participation”) or in Germany with proper application (“Application in Germany”). The 
consequences of each of these scenarios were worked out on the basis of a broad mix of 
methods and compared with each other allowing the specific opportunities and risks to be 
estimated.   
     The construction of the four P&T-scenarios (“Abstinence”, “Research participation”, 
“European systems participation”, “Application in Germany”) encompassed three steps: 

- Literature study 
- Expert workshop 
- Group Delphi 
- Guideline oriented interviews with non-governmental organizations 

     The following section describes briefly these methods and their application in the case 
of looking into the future of P&T.  

2.1  Literature Review 

     Scenarios2 consist of consistent configurations of the so called descriptors3. They are 
the key features of possible futures. In the case of P&T, the key features are opportunities 

                                                           
1 The position paper [1] was elaborated on the basis of an acatech study [2]. Scientific contributors 
were Michael Ruddat and Diana Gallego Carrera / University of Stuttgart. The project was 
coordinated by Marc Denis Weitze / acatech Head Office. 
2 A scenario is a potential picture of the future showing what society as a whole or a specific part of 
it can look like [3]. 
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and risks which can be linked to P&T. One important question in every scenario 
construction process is the selection of the descriptors. The researchers started with a 
comprehensive and detailed literature study4. The literature review yielded 302 scenario 
studies. 
     The next step was to document the scenario studies systematically in so called “fact 
sheets”. Fact sheets consist of a brief description of the background of the study and the 
study itself as well as the number and kind of scenarios and descriptors respectively. After 
doing so for 45 studies, only few new social descriptors were found. This was the stop 
sign in this step5.  
     In sum, 477 descriptors were on the list, before the research team started to reduce the 
complexity by selecting descriptors with very high relevance for the energy sector and 
society. The reduced list was part of step number two, the expert workshop. 

2.2    Expert Workshop 

The described pre-selection was discussed on an expert workshop in Berlin in November 
2012. An interdisciplinary expert team rated the descriptors according to their integrity, 
suitability and applicability. The result of this process was a list of 44 descriptors 
concerning the categories technology and competences, environment, health, safety, 
society and economy. Although the list was very short compared to the beginning of the 
process, it was still not short enough to be handled within the project duration. 
     Because of that, the researchers reduced the list after some discussions with their 
colleagues and finally came to 15 technical and 12 social, economic and ecological 
descriptors, respectively [2, pp. 275-278]. The next step for the construction of the 
scenarios was the Group Delphi. 

2.3   Group Delphi 

The Group Delphi [5] [6] is a special form of the classic Expert Delphi. In general, it is 
the aim of a Delphi process to come to sound conclusions in technology assessment by 
integrating as much diverse expertise as possible [7] [8] [9]. A Group Delphi consists of 
two distinctive steps. First, experts in the field are being asked to rate central attributes of 
the corresponding technology and also give an estimate of how certain they are in their 
rating. Every expert does this rating process alone and sends back his or her questionnaire 
to the research team. This is pretty much like in the classic Expert Delphi. 
     The second step is the Group Delphi itself. It consists of a workshop with the experts 
from the questionnaire round in step one. The results of the questionnaire round are being 
presented at the beginning of the workshop in a plenary session. After that, the 
participants are being divided into several groups. Each group discusses the questionnaire 
again and gives a group rating for every question. 
     The results of the group discussions are then being presented in a plenary session. 
Groups with extreme views are being asked to justify their judgments. Either they can 

                                                                                                                                                 
3 „Descriptors are trends, events, developments, variables, or attributes that serve to describe the 
topic, frequently as proxies for influencing factors.” [4]. 
4  Scientific articles, books, reports etc., concerning energy scenarios as well as possible 
developments in society were considered as well as an internet search by google scholar, lycos.com, 
etc., with key words like “energy scenarios” or “descriptors”. 
5  The list consisted of 462 descriptors in 25 categories (e.g., economic development, ecology, 
society)5. This list was further extended by 15 descriptors, which were proposed by the participants 
on the project kick-off meeting in October 2012. 
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give good reasons for their view or they can adapt to the majority vote. Another 
possibility is that the other groups are being convinced by the argumentation of the 
extreme groups and alter their ratings. Questions with dissent are often being modified to 
achieve a common understanding and then discussed in the next group phase which is 
followed by a plenary discussion and so on. 
     Theoretically, the process continues as long as there is either consent or consent over 
dissent. The great advantages of the Group Delphi are the integration of diverse expert 
knowledge and the justification of judgments. 
     Concerning the scenario construction within the project, 21 interdisciplinary experts 
attended the Delphi procedure to rate consequences of the 12 social, economic and 
ecological descriptors for the three selected scenarios “research participation”, “European 
systems participation” and “application in Germany” in comparison to the reference 
scenario “abstinence” (see chapter 3 for detailed scenario information). The Delphi 
procedure showed high uncertainties in regards to economic assumptions, juridical 
developments or attitudes of citizens. Therefore, in addition to the Group Delphi 
procedure, the researchers conducted phone interviews with non-governmental 
organizations and asked external experts to provide an opinion on juristically and 
economic and ecological aspects. The application of these complementary methods was 
necessary for the development of comprehensive and extended scenarios. 

2.4   Guideline Oriented Interviews with Non-governmental Organizations 

To receive information about the attitude of non-governmental organizations, the 
researchers conducted guideline-oriented interviews 6 . In sum, non-governmental 
organizations assume very high risks and nearly no changes with P&T. Mainly they are 
afraid of radiation exposure, emissions and radioactive waste. They also assume P&T as a 
technology that might supply the returning of the atomic energy in Germany. By mutual 
agreement, the non-governmental groups said that there is no need to reinforce scientific 
investigation within this topic. They preferred to talk about the topic of the storage of 
radioactive waste management, which seemed to be a more proper topic to them. 
     Based on the scenario-literature-study, the Expert-Group-Delphi-results, the interviews 
with the non-governmental organizations and under consideration of the external expert 
evidence on economic, ecological and juristically topics the scenarios were developed. 

3.  Scenarios: Assumptions, Consequences, Comparison 

3.1   The Four Basic Scenarios 

The four basic scenarios model the period between 2012 (starting year) and 2150 (target 
year), presupposing that Germany will opt out of the use of nuclear power. Two scenarios 
do not provide for a technical-scale application of P&T in Germany. In basic scenario 1 
(“abstinence”), P&T will not be operated in, and out of, Germany. This model of the 
future serves as a reference point (reference scenario) for comparison with the other 
scenarios. In basic scenario 2 (“research participation”), Germany conducts national 
research within the framework of European research initiatives, participating in European 
and international research programs. However, no P&T plants will be built in the country.  

                                                           
6 26 non-governmental organizations were asked to give their opinion about chances and risks they 
assume with P&T. For most of the non-governmental organizations, P&T was no issue at the 
moment and therefore they were not willing to give an interview. Because of that, only four 
interviews were conducted. 
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     The other two scenarios, however, foresee technical-scale use of P&T in Europe and 
Germany, respectively. In basic scenario 3 (“European systems participation”), Germany 
runs a national research program and participates actively in international research 
programs and in European initiatives about the construction of P&T facilities. However, 
no P&T plants will be built in the country, as in the “research participation” scenario. In 
basic scenario 4 (“application in Germany”), P&T in Germany will be operated actively as 
part of the final storage strategy. 

3.2 Comparison of the Consequences of the Four Scenarios 

The technical basic scenarios outlined below were enriched by societal development paths 
on the basis of a broad mix of methods. Literature searches, expert workshops, telephone 
interviews with environmental protection groups and public action committees as well as 
Group Delphi processes were combined and supplemented by specific ecological, 
economic, and legal opinions (see chapter 2). However, this applies with the provision 
that, despite this systematic multi-method process, the long time horizon and the manifold 
possible developments harbor great uncertainties about assessing societal options.  
     All four scenarios assume that the decision by the German Federal Government about 
phasing out nuclear power by 2022 and about final storage of heat-generating high-level 
radioactive waste on a site on the territory of the Federal Republic of Germany will 
continue to be valid. This means that the scenarios do not foresee the use of uranium for 
energy production in Germany. However, it is assumed that other European countries will 
continue to employ nuclear power as a power source. Under these assumptions, the four 
scenarios can be sketched as follows. 
     As no P&T is carried out in the reference scenario “abstinence”, it has no impact on 
societally relevant aspects, such as the ecotoxicity potential, acceptance of P&T facilities, 
and legal aspects. However, economic factors play a particularly important role in this 
scenario. If Germany does not participate in research and development of P&T, the 
research funds earmarked for P&T saved in this way could be invested into other energy 
policy projects within the framework of the “Energiewende”, such as renewables or the 
expansion of the power grid (opportunity costs). On the other hand, it will no longer be 
possible then to acquire third-party funds for P&T, especially through the funding 
instruments of EURATOM. Moreover, it must be assumed that the loss of jobs and of 
competence in the nuclear field, especially in matters of reactor safety, will give rise to an 
indirect economic disadvantage. It is very likely that internationally recognized experts 
and scientists will go abroad. This reduces nuclear competence at home and, 
consequently, could imply a potential loss of possibilities to influence policy in 
international agencies, such as the International Atomic Energy Agency (IAEA) or the 
Nuclear Energy Agency (NEA). In addition, the abstinence strategy could make any 
future participation in a European solution of P&T facilities impossible. 
     In the “research participation” scenario, Germany will invest into research and 
development both nationally and within the European framework as long as no final 
decision has been taken about implementation or non-implementation of the P&T process. 
These activities are to help better understand the challenges to be faced and assess the 
benefits and risks of a potential further pursuit of P&T. Initially, this scenario has no 
impact on the waste volumes to be managed in Germany.  
     Societally, it probably offers most opportunities while, at the same time, minimizing 
the risks. Research and development basically are accepted in a positive way by the 
German public; hence, only opposition at specific points must be expected. In this respect, 
P&T would be assessed more positively by the media as Germany. In this scenario, P&T 
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would retain its competence in assessing individually the safety of P&T plants abroad and 
cooperate in international agencies, such as IAEA or OECD/NEA. The ecological and 
economic impacts on Germany could be neglected by and large. However, there are 
indirect positive economic effects: Competences and jobs are preserved, and Germany 
will remain capable of taking action also in the future.  
     In the “European systems participation” scenario, Germany takes part not only in 
European research projects but also in technical-scale P&T facilities on a European level. 
This approach requires close cooperation with other European countries within a clearly 
defined regulatory framework and allows joint development, construction and R&D use 
and operation of European facilities. Technical analyses show that the reduction in arising 
of heat-generating waste, in thermal power, and in total radioactivity on a European scale 
as a result of P&T can be significant at later points in time. The reduction in thermal 
power and in total radioactivity later is at least around one or two orders of magnitude, 
while the reduction in radiotoxicity is even more significant. However, because of the 
vitrified waste from reprocessing, which is not to be treated any further, the effect on a 
repository in Germany is limited.  
     Such a scenario, in which Europe makes joint use of the facilities and also shares its 
costs, shows some opportunities. Possible benefits to Germany, for example, exist in the 
lower investments, merely pro rata costs of decommissioning as well as research and 
development, and in not needing to build new facilities in the country. A problem could 
arise from the impression of Germany in this way indirectly participating in the nuclear 
objectives of the other European countries, such as the further expansion of nuclear power 
in Europe or using the nuclear fuels obtained in partitioning for new reactors. These 
objectives are incompatible with those of the German nuclear opt out. However, further 
detailed studies are required for a more precise description of expected pros and cons.  
     If one or more European facilities were built in which also German waste would be 
treated, transports of that waste to those facilities must be ensured. Transports always 
imply additional risks of accidents and emissions and, above all, public opposition. 
However, if those transports were to take a major burden off radioactive waste 
management in Germany, they could be explained to the public.     
     Unlike P&T application in Germany, the European scenario includes chances for 
public acceptance of the implementation of P&T. Depending on plant location(s) beyond 
German national borders; moderate acceptance in Germany may be assumed. On the one 
hand the German media most probably, if at all, will report negatively about planning, 
construction, and operation. On the other hand, an important factor with respect to the 
frequency and tendency of media coverage is the location of the plant(s) near or far from 
the German borders. Splitting the costs among various countries would mean that 
financial burdens could be shared and would thus be more tolerable. However, increased 
requirements of harmonization and coordination in awarding contracts could mean 
considerable extra costs of construction and commissioning of the P&T plant(s). The 
ecotoxicity potential affecting the German public will be lower for P&T plant(s) not built 
close to the national borders. Participation in European research activities allows 
competence in reactor physics and plant safety and also in technologies for high-
temperature applications to be preserved in Germany, thus securing for the country the 
competence for independent safety assessment of foreign P&T plants also in the future.  
     The “application in Germany” scenario provides for at least one P&T facility built and 
operated in Germany. This scenario implies that all necessary facilities (partitioning of 
spent fuel, fabrication and transmutation plants and so on) will be developed and built. 
There are various technical options to this end. As in the “European systems participation” 
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scenario, the arising of heat-generating waste, thermal power, and total radioactivity at 
later points in time can be reduced significantly as a result of P&T. However, the waste 
already vitrified, which is not to be treated any further again, limits this effect.  
     On the societal level, there is little to advocate P&T use in Germany only. Acceptance 
of new P&T plant construction by potential site municipalities and by the German public 
is low. Skeptical media coverage could enhance this negative opinion. People and the 
environment face additional risks from the radiological and non-radiological ecotoxicity 
potential of P&T facilities. As a consequence of the relatively small arising of waste, 
construction and operation of one or more P&T plants in Germany probably will not make 
sense economically. One positive connotation is that operation of a P&T plant in Germany 
would help preserve national competence in reactor physics and plant safety as a result of 
the development of specific P&T concepts compatible with the decision to opt out of the 
use of nuclear power. In principle, also various combinations of the “European systems 
participation” and “P&T application in Germany” scenarios can be imagined in which 
parts of the processes are combined in Europe while some plants are operated nationally. 
This type of approach has been used before. Reprocessing is an international project while 
reactor operation comes under national regulations. 

4. Opportunities and Risks of P&T 

4.1   Opportunities of P&T 

- Provided it can be successfully applied on an industrial scale, P&T will be able 
to clearly reduce to one third (from 28,000 to 9500 m³) the volume of heat-
generating waste scheduled for repository storage. This is helped, in particular, 
by the dissolution of uranium in the first partitioning step. At the same time, the 
volume of waste generating negligible amounts of heat would rise by about one 
third (from approx. 300,000 to approx. 400,000 m³).  

- Several centuries after waste emplacement in a repository, the use of P&T 
reduces the bulk radioactivity in a repository for heat-generating waste, and thus 
the hazard potential. After 1000 years, the repository for heat-generating high-
level radioactive waste contains roughly the same radioactivity (or, as a weighted 
quantity, radiotoxicity) (aside from the heat-generating waste already vitrified) as 
after one million years without the application of P&T. In this way, P&T is able 
to reduce the hazard potential of the waste emplaced, while the risk of a release 
from the repository is hardly influenced in the light of the present status of safety 
analyses.  

- The danger of plutonium being stolen from the repository and misused is 
diminished.  

- After partitioning, the mobile fission products and activation products separated 
from the spent fuel and in need of repository storage can be conditioned more 
effectively (e.g., by incorporation in a matrix to immobilize the residual 
materials). This reduces the risk of early release from the spent fuel, thus also 
decreasing the long-term risk of contamination of the biosphere.  

- As a consequence of americium separation, P&T reduces heat production in the 
repository for heat-generating waste after 70 to 100 years.  

4.2    Risks of P&T 

- The P&T plants to be built can be a hazard to persons and to the environment. 
The risk is comparable to that associated with the operation of plants for 
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reprocessing or conditioning spent fuel elements and of fourth-generation nuclear 
reactors. 

- For a period of approx. 150 years of P&T use, there is an increased risk of 
misuse of radioactive materials by third parties. Depending on the process 
employed, both plutonium and the minor actinides may be present in a pure or 
mixed form after partitioning. They might be stolen in transit to the 
transmutation plants or into an interim store. This hazard exists also because of 
the need to keep the repository open for a longer period of time.  

- As the waste volumes to be partitioned and transmuted in Germany are relatively 
small, unit costs per ton of waste are high. Building and running P&T plants will 
not be viable economically, at least in Germany, compared to final storage 
without P&T.  

- Any plant associated with nuclear technology is rejected by the overwhelming 
part of the German public. Construction and operation of P&T plants most 
probably would give rise to public opposition.  

- As nuclear power regularly used to be in the focus of media interest in the past, 
media reporting about planning, construction, and operation of P&T plants could 
mainly be negative. 

5.0    Conclusions 

What are the conclusions of these results? On the one hand, it is not advisable, for 
economic, ecotoxicological and societal reasons, for Germany to build and operate P&T 
plants on its own. On the other hand, it seems to be premature now to discontinue research 
and abandon all P&T options, as those include opportunities as well. Both fundamental 
research and technical development research ought to be continued within a European 
integrated research effort. This would leave all options for action open while answering 
the questions as yet unsolved in connection with this technology. It would also preserve 
competences and jobs in nuclear research and grant possibilities of co-determination in 
international bodies. 
     One of the biggest challenges for politics when dealing with the issue of P&T will be 
to keep the balance between connectivity to technical progress and responsible politics 
that might find an appropriate handling of risks. This balance between technology and 
society as well as good risk communication is extremely important for the whole process 
of risk governance as is, for example, shown in the IRGC Risk Governance Framework 
[11, 12]. A risk communication that conveys the rationale behind decisions, so that people 
may arrive at a balanced judgement, that reflects the factual evidence about P&T at hand, 
in relation to their own interests and values, will be consequently necessary. This kind of 
communication of risks that might occur when using (or not using) P&T appropriately to 
the public is a very challenging task. 
     The interviews with non-governmental organizations and the results of the Group 
Delphi procedure showed, that the public is not familiar with the approaches used to 
assess the risk posed by P&T. Limited knowledge of risk management processes and 
unfamiliarity with regulatory and non-regulatory tools for managing the risks posed by 
P&T can lead to high mistrust in political references and decisions. Therefore, we highly 
recommend to focus on risk communication when talking about P&T. Risk 
communication within this issue has to address public expectations and public knowledge 
on P&T. Risk communicators have to ask the public for preferences when dealing with 
P&T and clearly demonstrate that concerns are being adequately addressed [13].  
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