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1 Introduction 

1.1 Background to THERAMIN 

The Thermal treatment for radioactive waste minimisation and hazard reduction (THERAMIN) 
project is a European Commission (EC) programme of work jointly funded by the Horizon 2020 
Euratom research and innovation programme and European nuclear waste management 
organisations (WMOs). The THERAMIN project is running in the period June 2017 – May 2020. 
Twelve European WMOs and research and consultancy institutions from seven European 
countries are participating in THERAMIN.   

The overall objective of THERAMIN is to provide improved safe long-term storage and disposal 
of intermediate-level wastes (ILW) and low-level wastes (LLW) suitable for thermal processing. 
The work programme provides a vehicle for coordinated EU-wide research and technology 
demonstration. It is designed to provide improved understanding and optimisation of the 
application of thermal treatment in radioactive waste management programmes across 
Europe, and will move technologies higher up the Technology Readiness Level (TRL) scale. 
The THERAMIN project is being carried out in five work packages (WPs). WP1 includes project 
management and coordination and is being led by VTT. WP2 evaluates the potential for 
thermal treatment of particular waste streams across Europe; this WP is led by GSL. In WP3, 
the application of selected thermal treatment technologies to radioactive waste management 
is demonstrated and evaluated; this WP is led by NNL. In WP4, the disposability of thermally 
treated radioactive waste products is assessed; this WP is led by Andra. WP5 concerns 
synthesis of the project outcomes and their dissemination to other interested organisations; 
this WP is also led by GSL. 

WP2 aims to carry out a strategic review of radioactive waste streams for which thermal 
treatment could bring benefits to particular national waste management programmes. It is 
structured in five tasks: 

• Task 2.1: development of a European database of radioactive waste groups suitable 
for thermal treatment. 

• Task 2.2: carrying out a strategic analysis on the benefits of thermal treatment of the 
waste groups identified and the risks and barriers that exist to such treatment. 

• Task 2.3: summarising the availability and maturity of different thermal treatment 
technologies. 

• Task 2.4: constructing a summary matrix of waste groups and applicable thermal 
treatment technologies. 

• Task 2.5: undertaking a value assessment of the strengths and challenges of selected 
waste group / thermal treatment combinations.  

1.2 Introduction to Value Assessment 

The THERAMIN value assessment task is designed to provide a structured method to assess 
the ‘value’ of a chosen thermal treatment technology when used to treat a waste stream of 
interest.  
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Value, in this context, is defined as realisable benefit in safety, monetary and environmental 
outcomes from implementing an option at a specified time. This includes benefits and 
challenges across all stages of the waste management lifecycle. However, it should be 
recognised that value varies somewhat between stakeholders, with different people assigning 
greater or lesser importance to different attributes. Therefore, the approach to value 
assessment outlined in this report is a multi-attribute assessment that considers all of these 
different aspects of value across the whole lifecycle of the waste.  

Value assessment exercises are most useful when they are conducted as workshops, 
engaging with a wide range of stakeholder who can bring knowledge and expertise that is 
relevant across the whole waste lifecycle. Alternatively, targeted assessments could also be 
conducted to focus on only a few key aspects of the technology that are of importance to a 
specific waste holder, or needed to answer a given question. In this document, the participants 
in such workshop, who conduct the assessment are termed the assessors. 

1.3 Objectives and Scope of this Report 

The objective of this report is to provide guidance to support interested stakeholders in 
undertaking a value assessment exercise to assess the advantages and disadvantages of 
thermal treatment technologies.  

The report provides an overview of how to structure a value assessment and the attributes that 
could be considered. Guidance is provided on defining the scope and choosing technologies 
to assess. A detailed summary is then provided of the attributes that can be considered during 
the assessment. The value assessment methodology was developed over the course of the 
THERAMIN project, drawing on experience of project partners. It was subsequently refined at 
a workshop involving all partners in December 2019 (THERAMIN Milestone 4) and this report 
constitutes THERAMIN Deliverable 2.5.  

1.4 Report Structure 

This report is structured to guide the reader through the different stages of the value 
assessment process (shown in Figure 2.1). 

• This section (1) provides background to the THERAMIN project and an introduction to 
the value assessment process. 

• Section 2 introduces the structured valued assessment approach and provides 
guidance on defining the assessment scope.   

• Section 3 provides guidance on conducting the assessment, including assessment 
considerations for each attribute and guidance on scoring 

• Section 4 summarises the process and offers some general considerations to aid 
assessors. 

•  The Appendix provides a template for use when completing the value assessment. 
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2 Structure of the Value Assessment Process 

When conducting a value assessment, it is important to follow a structured approach that 
narrows the scope of the assessment before it is undertaken. As outlined in Figure 2.1, the 
first stage in this process is to choose the specific waste(s) and technologies that will be 
assessed. The choice of waste type can be defined by the needs of the stakeholders, while 
the choice of technology depends on whether it can viably treat the waste. Further guidance 
on choosing technologies is given in Section 2.1. Once the candidate waste(s) and 
technologies have been chosen, the assessment scope and approach can be clearly defined. 
This firstly involves deciding on the attributes that are to be considered and the lifecycle stages 
that are assessed. Details of the assessment attributes and lifecycle stages are given in 
Sections 2.2 and 2.3. A decision should also be made at this stage on whether the assessment 
will be conducted as a qualitative narrative (just summarising information and identifying the 
advantages and challenges of different waste treatment options) or whether scoring criteria 
will be applied to allow quantitative judgements to be made about the relative value of the 
different technologies being assessed. 

Once the scope of the assessment has been defined and the approach has been chosen, 
information should be gathered about both the nature of the waste and the characteristics of 
the technology. The amount of information required, depends on the level of detail needed for 
the assessment, and the number of assumptions that can be tolerated.  

   
Figure 2.1 Flow chart summary of the structured value assessment process 
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2.1 Selecting Technologies 

An important first step in the value assessment process is to decide on the technology or 
technologies that will be assessed. At the assessors’ discretion, the value assessment can be 
conducted of a single thermal technology in isolation, a single technology against one or more 
non-thermal baseline treatment options (such as grout encapsulation), or multiple treatment 
technologies against each other (with or without a baseline). Although each of these options 
has advantages and disadvantages, the use of a baseline comparator is recommended as this 
will allow the attributes of the thermal technology to be judged as better or worse than the 
baseline, and may allow quantitative comparison.  

When choosing the technology (or technologies) to assess, it is first important to assess the 
compatibility of the technology with the chosen waste stream. The ability of a technology to 
treat a chosen waste is generally informed by the physicochemical and radiological properties 
of the waste under consideration. At minimum, it is necessary to know whether the waste is a 
solid, liquid, or gas, whether it contains any reactive constituents including organics, whether 
it is metallic, and whether it has low, intermediate or high levels of radioactivity. Some wastes, 
particularly decommissioning wastes, may be a mixture of materials, including metals solids 
and liquids.  

Some thermal technologies are able to process a diverse mix of waste types while others have 
strict limitations, for example being unable to accept metallic waste or only treating liquids. In 
the case of some technologies, pre-treatment processes may be used to make waste treatable 
(for example size reducing material so that it can be fed into the facility). Similarly, different 
technologies may be more or less restrictive on the levels of activity they can accept, though 
this consideration is often facility specific (determined by the licence and local laws) rather than 
being a technological limitation. In some cases, specific radionuclides may be excluded from 
the process.  

Once this information has been gathered it should be possible to assess each of the candidate 
technologies against the chosen waste stream to determine the compatibility and viability of 
the combination. This process was conducted in the THERAMIN project for generic waste 
types to produce a ‘viability matrix’, presented in draft in D2.3 of the project, and to be finalised 
as a separate deliverable, 2.4. In this case, technologies were assessed as either having 
proven compatibility (the waste type has been successfully treated at industrial or pilot scale), 
being compatible in principle (but unproven), having limited compatibility, or being 
incompatible. When assessing the compatibility, it should be considered whether a pre-
treatment step could be included to alter the physicochemical properties of the waste and make 
it compatible. 

2.2 Choosing the Assessment Attributes 

The value assessment is based around a series of attributes that are sub-divided into data 
categories. The full list of these is shown in Table 2.1. As part of defining the scope of the 
assessment, the assessors should decide on which of these attributes to include, and whether 
any are out of scope or otherwise not relevant to the assessment. This choice of category is 
likely to be informed by the priorities of the assessors. For example, a waste producer may 
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choose to focus on attributes related to the implementation and operation of the technology 
such as operational safety and technical readiness, while excluding disposability. By 
comparison a waste management organisation may focus primarily on disposability.  

Table 2.1 Summary of potential assessment attributes and data categories for value 
assessment of thermal treatment technologies. 

Attribute Data Category 

Operational and 
Transport Safety 

Facility construction and decommissioning 
Waste pre-treatment requirements (conventional and 

radiological safety implications) 
Waste post-treatment requirements (conventional and 

radiological safety implications) 
Waste operational safety issues (e.g., ease of providing 

shielding during operation) 
Transport safety issues 

Environmental 
Impact 

Material requirements 
Energy requirements 

Secondary waste and gaseous/liquid discharges generated 

Nuisance (visual and noise pollution or reduction in local 
air quality) 

Impact on 
disposability / 

long-term safety 

Ability to meet waste acceptance criteria 

Disposability of secondary waste 

Implementation 

Indicative lifetime feed 
Ease of achieving required throughput for process (full-

scale facility) (m3/year) 
Potential to treat a wide range of waste groups (flexibility) 

including problematic and orphan wastes 
Impact on waste management strategy 

Timescale 
Design, construction and active commissioning timescale 

Lifetime operating timescale 
Decommissioning timescale 

Technical 
Readiness Maturity of the technology 

Strategic Cost 
Impact 

Costs of construction, operation and decommissioning 
Impact on disposal costs (total packaged waste volume, 

disposal route, and required storage and disposal capacity) 
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2.3 Selecting Lifecycle Stages 

The second major consideration when establishing the scope of the assessment is the lifecycle 
stages over which the assessment is being conducted. These lifecycle stages relate both to 
the life of the treatment facility and management of the waste. Details of each lifecycle stage 
are outlined in Table 2.1. It may be that not all lifecycle stages are applicable in every 
assessment and it is left up to the assessors to eliminate those that are irrelevant (or in which 
they have no interest). 

Table 2.2 Assessment lifecycle stages 

Lifecycle stage Description 

Construction 
The construction stage includes all the activities that occur before 
treatment operations commence. These include, site selection, design 
and construction of the facility as well as inactive and active 
commissioning.   

Pre-treatment 

The pre-treatment step includes all the operations that must be 
undertaken to prepare the waste for treatment in the facility. This could 
include, for example characterisation (either invasive or non-invasive), 
size reduction, dewatering, etc. The exact pre-treatment requirements 
will depend on the nature of the waste and the limitations of the 
treatment technology.  

Treatment operations 

The treatment operations are all of those activities undertaken to treat 
the waste itself using the chosen technology. The treatment operations 
transform the raw untreated waste into a treated product. This product 
can either be directly disposable or require further post-treatment and 
conditioning. 

Post-treatment 

Post treatment operations are any additional activities that are 
necessary to make the waste product disposable. This stage commonly 
includes, conditioning or overpacking of the waste. If the product of the 
waste treatment process is considered directly disposable then this step 
would be unnecessary.  

Storage and Disposal 
The storage and disposal stages include both interim storage and final 
disposal of the treated product. The exact nature of the storage and 
disposal systems will depend on the properties of the waste (including 
activity) and national regulatory requirements. 

Decommissioning 
The decommissioning step considers end of life operations to 
decommission and demolish the treatment facility once operations have 
ceased. 
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3 Conducting an Assessment 

The value assessment involves summarising the key properties of the different treatment 
technologies, with regard to each attribute. To support this, the following sections provide 
detailed guidance on the different aspects of the technologies that should be considered under 
each attribute. This guidance is not provided as an exhaustive list, nor should it be treated as 
prescriptive. Rather it is designed to stimulate discussion amongst the assessors and offer 
suggestions on the sort of information that may be required. 

When performing an assessment, it is easiest to evaluate the chosen waste – technology 
combinations on a comparative basis, so that each thermal processing option may be 
compared against a non-thermal waste management baseline, such as grout encapsulation. 
Such a comparative evaluation allows the advantages and challenges of each waste – 
technology combination to be clearly identified across the full waste lifecycle (i.e., from retrieval 
of raw waste through pre-treatment, conditioning, packaging, storage and disposal). A 
comparative evaluation also allows exclusion of management steps for which there is no 
differentiation between thermal treatment and the non-thermal baseline, thus simplifying the 
value assessment. 

It should be noted that: 

• The baseline is typically chosen to be the current reference approach being considered 
for treatment of a waste stream in one or more country. 

• The baseline is not the same for each waste – technology combination being 
considered. 

Some thought may be needed where a particular waste stream does not have an alternative 
baseline non-thermal management route. In some cases, the baseline may simply be do 
nothing, or alternatively, a hypothetical baseline management route may need to be 
constructed. In fact, a do nothing approach may not be suitable for comparison because it does 
not represent a full lifecycle – no disposable product is produced. 

It is left up to the assessors whether they wish to quantitatively rank and score the different 
technologies being assessed. However, even if no scoring is applied, the assessment should 
still highlight the advantages and challenges of the combination being considered. The value 
assessment methodology proposed here considers the strengths of a waste stream/thermal 
technology combination versus the non-thermal baseline management route. The assessment 
is qualitative, but structured by attribute, so that it becomes clear what are the key differences, 
and what are the key strategic reasons why the use of thermal technology may be a more 
appropriate management strategy than the current baseline. Should the assessors wish to 
apply some quantitative scoring, this should be carefully calibrated so that no technology is 
unduly favoured. Some guidance on possible scoring criteria are provided for each attribute in 
their respective sections, below. 
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3.1 Operational and Transport Safety 

When conducting any waste treatment activity, it is important to consider the safety of the 
workers involved in the process and the hazards to which they might be exposed. This attribute 
should therefore assess the intrinsic hazards associated with each technology during 
treatment operations. Depending on the lifecycle stages chosen, consideration should be given 
to the hazards associated with the construction and decommissioning of the facility 
infrastructure, those hazards that occur during operations (including pre-and post-treatment, if 
required) and additional hazards associated with transport of the waste. Details of assessment 
considerations for the operational and transport safety attribute are outlined in Table 3.1. 

The safety attribute should consider both conventional and radiological hazards. As worker 
radiological doses will be limited by safety regulations, collective dose burden may be used to 
differentiate between different technologies. 

Table 3.1 Assessment considerations for the operational and transport safety attribute 

Attribute Data Category Assessment considerations and questions 

Operational and 
Transport Safety 

Facility construction 
and 

decommissioning 

This category should consider the hazards associated 
with the treatment facility infrastructure both at the 
beginning and end of its life, during its construction and 
decommissioning. Many hazards during these lifecycle 
stages are common to all large infrastructure projects. 
Therefore, the assessors should focus on points of 
differentiation between the technologies. Issues to think 
about include: 

• Complexity of the facility - facilities that are more 
technically complex may be more difficult or 
hazardous to construct or decommission. 

• Conventional hazards including working from 
height and exposure to hazardous (non-
radioactive) materials. 

• Radiological hazards, associated with exposure to 
contaminated materials. Some facilities may 
become more (or less) contaminated, impacting 
worker doses during decommissioning.   

Waste pre-treatment 
requirements 

(conventional and 
radiological safety 

implications) 

 
This category is only relevant if a pre-treatment step is 
required. If so, the nature of the pre-treatment should be 
summarised and safety hazards associated with it 
described, including: 

• Conventional hazards such as burns, mechanical 
injuries, etc. 

• Radiological exposure (and doses) during 
handling, especially if waste is contact-handled. 
 

Possible pre-treatment activities that could pose a safety 
hazard include characterisation (particularly involving 
invasive sampling), dewatering, size reduction, sorting 
and segregation.  
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Attribute Data Category Assessment considerations and questions 
 
 
Some questions to ask when assessing this attribute 
include: 

• Do containers need to be breached or size 
reduced (e.g. shredded) with attendant potential 
for particulate release?  

• Will the waste need de-watering? Conversely 
could it need wetting? 

• Do organics need to be removed or separated? 
• What type of pre-treatment waste handling is 

required (dose to operators)?  
• What characterisation is needed and how 

invasive does this need to be?  

Waste post-
treatment 

requirements 
(conventional and 
radiological safety 

implications) 

 
This category is only relevant if a post-treatment step is 
required. If so the nature of the post-treatment should be 
summarised and safety hazards associated with it 
described, including: 

• Conventional hazards such as burns, mechanical 
injuries, etc. 

• Non-radiological hazards presented by the treated 
waste, such as the presence of chemotoxics. 

• Radiological exposure (and doses) during 
handling, especially if waste is contact-handled. 

 
Post-treatment activities include encapsulation, 
overpacking, and characterisation (especially involving 
direct sampling). 
 
Some questions to ask when assessing this attribute 
include: 

• How directly does the waste product have to be 
handled following treatment?  

• Is further treatment necessary, such as 
encapsulation (e.g., is ash particulate produced)? 

• Are final waste packages filled as part of the 
treatment process (e.g., tapping off molten glass 
into a container), or does the product require 
further handling to containerise it for disposal? 

• What characterisation of the product is needed 
and how invasive does this need to be? 

  



 
 

 
 

 
THERAMIN Deliverable 2.5 16 March 2019 

 

Attribute Data Category Assessment considerations and questions 

Waste operational 
safety issues (e.g., 
ease of providing 
shielding during 

operation) 

 
This category considers the safety issues associated with 
operating the treatment facility. Both conventional hazards 
and radiological exposure should be assessed. Focus 
should be on the characteristics of the treatment process 
that may present a safety concern. For example, a 
thermal treatment technology by its nature involves high 
temperatures that may not be present in baseline (non-
thermal) techniques.  
 
Questions to consider in this category include: 

• What doses might workers be exposed to? 
• Can the waste be contact handed or must it be 

done remotely? 
• Is additional shielding required? For example, can 

(or must) the equipment be installed in a hot cell? 
• Does the treatment process alter the waste 

specific activity and dose rate to package 
handlers (for example increased due to 
concentration of activity following volume 
reduction)? 

  

Transport safety 
issues 

This category should focus on the safety implications of 
transporting wastes during the treatment process. 
Specifically, the conventional safety implications such as 
rail or road accidents. 
 
The means of transport should be assessed as well as the 
likely number of transport packages. Fewer packages to 
transport (due to volume reduction in treatment) reduces 
the statistical likelihood of an accident occurring. 

 

Scoring 
When developing scoring criteria for the operational safety attribute, it is assumed that any 
treatment facility would be equally safe in the sense of reducing the hazard to workers to 
acceptable levels. Metrics that could be used to discriminate between technologies include: 

• The need (or not) for pre-treatment and the associated exposure of workers. 

• The need (or not) for post-treatment and the associated exposure of workers. 

• The technical complexity of the process with more complex facilities likely requiring 
increased maintenance, statistically increasing the risk of a safety incident.  

• The number of packages requiring transport, and the number of transport operations. 
Here, fewer packages would allow fewer loads with, again, a lower risk of an accident.  

• The inherent risks associated with operations, such as use of compressed gases and 
high temperatures. Although it is assumed that operations will be done safely, the 
number and size of the hazards may impact the severity of any accident. 
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3.2 Environmental impact 

Details of assessment considerations for the environmental impact attribute are outlined in 
Table 3.2. This attribute considers both the local and wider environmental impact of operating 
the chosen waste treatment technology. This includes both direct impacts of the facility, such 
as discharges, as well as indirect impacts associated with the use of materials and energy. 
Consideration should be given to all the (chosen) lifecycle stages including construction (and 
decommissioning) of the facility infrastructure, as well as operations. It is assumed that the 
environmental impacts of any authorised facility will fall within regulatory limits, however their 
impact should still be considered, as it may act as a differentiator between technologies.  

Table 3.2 Assessment considerations for the environmental impact attribute 

Attribute Data Category Assessment considerations 

Environmental 
Impact 

Material 
requirements 

 
This data category should assess the materials required 
by each technology during its entire lifecycle, including 
materials used in construction, those consumed during 
operations, and any material required for 
decommissioning.   
 
Both the volumes and nature of the materials should be 
assessed. 
 
The volumes of material used by each technology may 
be impacted by 

• The size and complexity of the facility. This will 
impact the volumes of material used during 
construction operations. 

• The volume of material needed in each treatment 
cycle. 

• The waste loading during treatment, or the ratio of 
waste to non-waste materials (e.g. glass frit) used 
in the process. 

• Whether materials can be recycled and reused in 
the process. 

 
The types of material used, both in construction and 
during operations, should also be considered. Different 
materials may have different environmental impacts, for 
example some materials may be toxic to wildlife if they 
are release into the environment. Possible materials that 
may be used include, but are not limited to: 

• Water (particularly fresh water). 
• Cement and concrete. 
• Steel. 
• Glass frit (and additives). 
• Compressed gases (such as Ar, He, N). 

 
Some questions to ask when assessing this attribute 
include: 
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Attribute Data Category Assessment considerations 
During construction: 

• How large is the facility? 
• Is the facility complex?  
• Does it require any non-standard materials for its 

construction (other than e.g. concrete and steel)? 

During pre-treatment and operations: 
• What are the expected volumes of material 

required during pre-treatment? 
• What types of materials are required and what is 

their environmental impact (e.g., what is the 
carbon footprint or CO2 equivalence of the 
material)? 

• What are the expected volumes of material 
required during treatment? 

• Will the properties of the waste impact the 
material requirements (e.g. more or less 
additives needed)? 

• What is the ratio of waste to non-waste materials 
(e.g. glass frit) used in the process, i.e. what is 
the waste loading? 

• What types of materials are required and what is 
their environmental impact? 

• Can materials be recycled and reused in the 
process, or are they fully consumed during the 
treatment cycle? 

In post-treatment: 
• Is any material required post-treatment, for 

example to condition or encapsulate the product? 
• What are the expected volumes of material 

required during post-treatment? 
• What types of materials are required and what is 

their environmental impact?  

Energy requirements 

 
This category assesses the energy required by the 
treatment process at all stages of its lifecycle. This 
includes energy used during construction and 
decommissioning (e.g. by machinery) as well as during 
pre-treatment and treatment operations. The energy used 
during transport (both short and long distances) should 
also be accounted for (e.g. to power trucks or trains).  
 
Some information should be provided on the use of the 
energy. For example: 

• Driving construction machinery. 
• Powering pumps, fans and other operational 

equipment. 
• Heating wastes (e.g. by joule heating or 

induction). 
 
If available, this category should include details of the 
amounts of energy used by the process (in kWh). To 
allow easier comparison between technologies the 
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Attribute Data Category Assessment considerations 
efficiency of the energy use in the process could also be 
considered by normalising energy use to volume of 
treated waste (kWh/m3). Alternatively, the energy usage 
could be normalised to treatment cycle or facility lifetime. 
 
As well as the total energy usage, this category should 
also consider the environmental impact and source of the 
energy used. For example, is the electricity derived from 
fossil fuels or renewable sources. 
 
Some questions to ask when assessing this attribute 
include: 
During construction: 

• How much energy is required for construction? 
• What is this likely to be used for, e.g. driving 

machinery? 
During pre-treatment and operations: 

• Are pre-treatment processes energy intensive, 
i.e. is powered machinery involved? 

• How much energy is required for each treatment 
cycle?  

• Will the properties of the waste impact the energy 
requirements? For example, wet waste may use 
more energy to boil off water before melting. 

• How efficiently is this energy used by the 
process?  

In post-treatment: 
• Are post-treatment processes energy intensive, 

i.e. is powered machinery involved? 
During decommissioning  

• How much energy is required for 
decommissioning operations? 

• What is this likely to be used for, e.g. driving 
machinery?  

Secondary waste and 
gaseous/liquid 

discharges generated 

 
This category considers whether any secondary wastes 
are generated by the process and what types of 
secondary waste are produced (solid, liquid, gas). 
Secondary wastes could arise at any lifecycle stage. 
 
Consideration should be given to 

• The volumes of secondary waste. 
• Types of secondary waste that are produced 

(solid, liquid, gas). 
• How efficient the technology is, e.g. how much of 

the waste is converted to product. A process 
which simply transfers a large portion of the 
activity from the primary wasteform to the 
secondary wastes would be inefficient and have 
a poor environmental performance. 

• Whether any secondary wastes be cycled back 
into the process and treated. 
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Attribute Data Category Assessment considerations 
• How difficult the secondary wastes are to 

manage and whether they require substantial 
treatment/conditioning prior to disposal. 

• If secondary wastes can be treated at a pre-
existing facility (for example off-gases discharged 
through an existing stack), or whether new 
treatment infrastructure would be required. 

 
The levels and types of activity/contamination associated 
with the secondary waste should also be considered. 
This will impact whether secondary wastes require 
geological disposal or if their activity will be low enough 
for near-surface disposal. 
 
Some specific additional questions should be asked 
about decommissioning wastes: 

• What levels of activity/contamination are 
expected in these wastes?  

• Will the level of contamination present in 
decommissioning wastes be impacted by the 
material treated during operations? 

• Could the decommissioning waste be 
decontaminated before disposal?  

Nuisance 

This category addresses environmental impacts that may 
be of concern to local stakeholders. These include both 
intermittent and permanent impacts such as: 

• noise during operations. 
• visual impact of new construction (e.g. a new off-

gas stack). 
• local air quality impacts. 
• increases in traffic noise/volume. 

 
The importance of these impacts will vary depending on 
the location of the facility including whether it is 
constructed on a pre-existing nuclear/industrial site or as 
a new development. 

Scoring 
It is assumed that any operational facility would abide by the requirements of its environmental 
permit. Therefore, to score the environmental impact of different technologies, focus should be 
on where they can be easily differentiated. Possible metrics include: 

• Levels (and nature) of gaseous discharges. 

• Volumes of material used. 

• Amounts of energy used. 

• The efficiency of the process. The environmental impact of the technology could be 
measured by how much of the activity from the original waste is retained in the primary 
product, vs transferred to secondary waste (such as the off-gas).  
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If desired, the impacts can be quantified for comparison by converting material and energy 
usage to equivalent CO2 emissions. This would allow a comparison to be made between, for 
example, the impact of using cement in a grout plant vs electricity in a thermal facility (if both 
the material and energy are converted to CO2). Conversion to CO2 can be made using readily 
available conversion factors (e.g., those provided by the UK Government1). These factors 
capture the full lifecycle emissions from, for example, a kg of concrete or a kWh of electricity 
and express these as CO2 equivalents. 

 

3.3 Disposability 

This attribute assesses the final disposability of the treated waste product. These can be 
assessed either against country (and facility) specific waste acceptance criteria, where 
available, or done generically. A series of generic waste acceptance criteria have been 
provided for the assessors to choose from, either assessing against all attributes, or only those 
of relevance to their situation. Disposability assessment considerations are outlined in 
Table 3.3. 

Should the assessors wish, this disposability criteria could be replaced or amended to assess 
the storage of the waste product in addition to or in place of final disposal. This may be the 
preferred option if a final disposal facility is not available and interim storage of the product is 
required. 

Table 3.3 Assessment considerations for the disposability attribute 

Attribute Data Category Assessment considerations 

Impact on 
disposability / 

long-term safety 
Ability to meet waste 
acceptance criteria 

This is a generic criterion that should be tailored to the 
requirements of the assessors and their national context. 
If a national disposal facility is available, the waste product 
can be assessed against the specific waste acceptance 
criteria of that facility. However, in many circumstances it 
is likely that no facility will be available for the waste. 
Therefore, the waste could be assessed against generic 
disposability criteria.  

The generic criteria developed in the THERAMIN project 
were: 

• Dimensions / mass of packages 
• Provisions for handling, transport and 

emplacement 
• Package integrity and required lifetime 
• Activity content 
• Radionuclide inventory 
• Dose rate limits 
• Surface contamination 
• Nuclear criticality 
• Thermal output 

 
1 HM Government (2019) UK Government GHG Conversion Factors for Company Reporting, 
Department for Business, Energy and Industrial Strategy. 
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Attribute Data Category Assessment considerations 
• Gas generation 
• Chemical content 
• Chemical durability 
• Voids 
• Waste package stacking 
• Waste package impact performance 
• Waste package fire performance 
• Identification / labelling 
• Quality requirements 
• Data management 
• Secondary waste 

 
In addition to these generic criteria, one of the main 
considerations for the disposability of a treated product is 
whether it is monolithic and passively safe. Processes 
that produce monolithic passively safe waste forms 
should be able to meet many of the waste acceptance 
criteria. 
 
Some questions that should be asked about the nature of 
the wasteform are: 

• Is the treated wasteform monolithic with 
homogenous distribution of the radionuclides and 
other hazardous components? For example, are 
radionuclides wholly retained in the glass phase 
or do some crystalline phases remain in the 
product. 

• Are reactive constituents of the waste destroyed 
by the process? 

• If not, are the reactive species passivated? 
• Are any free-liquids or gases removed? 
• Could the final waste form produce particulates 

or colloids? 
• What is the potential for gas generation from the 

product? 

Disposability of 
secondary waste 

In addition to the disposability of the main waste 
product, disposal of the secondary wastes should also 
be assessed. Possible disposal routes include:  

• direct discharge 
• discharge after treatment 
• further treatment and conditioning prior to final 

disposal in a near surface or geological disposal 
facility 

Alternatively, it may be possible to feed many of the 
secondary wastes back into the treatment facility itself, 
removing the need to dispose of them directly.  
 
If the secondary wastes require disposal to a specialist 
facility, their disposability should be assessed against 
the same generic, or facility specific waste acceptance 
criteria as the main product 
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Scoring 

The main scoring criterion for the disposability attribute will be a simple question of whether 
the treated product can meet the waste acceptance criteria. Therefore, this attribute is most 
easily scored as a simple yes or no. Should the assessors wish to develop a more granular 
score then some differentiation could be made based on how well the criteria are met, and for 
example, whether post treatment is required to do so (e.g. further conditioning of the product).  

 

3.4 Implementation 

This attribute focuses on the strategic implications of implementing the technology, including 
considerations on the ability of the treatment technology to meet the required need of the waste 
management programme. Particular relevance should be paid to whether the technology could 
provide sufficient lifetime capacity, and at an acceptable throughput rate to process the waste 
stream being assessed in a timely manner. Details of implementation assessment 
considerations are outlined in Table 3.4. 

Table 3.4 Assessment considerations for the implementation attribute 

Attribute Data Category Assessment considerations 

Implementation Indicative lifetime 
feed 

This category should assess whether the lifetime of the 
treatment process is sufficient to treat the entire waste stream 
being considered (including any future arisings). The lifetime 
should consider all the steps and facilities involved, including 
pre-treatment and post-treatment. The lifetime feed of the 
pre-treatment processes may be lower than the treatment 
technology itself, in which case this lifecycle stage would act 
as the limiter.  
 
Specific considerations in this regard include: 

• How the specific waste stream will impact the lifetime 
of the facility (i.e. corrosive wastes may wear out 
parts faster). 

• Whether any time for maintenance/replacement of 
parts is factored into the lifetime feed and what 
impact this has. 

• If the technology could be easily adapted to give it 
sufficient lifetime. 

 
Some questions that should be asked under this attribute are: 

• What is the expected lifetime feed for the 
technology? 

• Is the lifetime of the facility, or of process critical 
components, sufficient to process the entire waste 
inventory? 

• What are the main impacts on this, are there 
significant periods of downtime for maintenance? 

• Is the lifetime feed for the waste stream being 
assessed likely to be higher, lower, or the same as 
the average for the technology/facility?  
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Attribute Data Category Assessment considerations 

Ease of achieving 
required 

throughput for 
process (full-scale 
facility) (m3/year) 

It is assumed in this category that a full-scale treatment facility 
would be designed to treat the waste stream at the desired 
rate (regardless of the chosen technology). Therefore, rather 
than assessing the rate itself, this category relates to the 
flexibility of the technology and how easily it could be scaled 
to achieve the desired throughput rate. This category should 
consider the throughput of the treatment step itself, as well as 
pre-and post-treatment activities (and whether they would act 
as bottlenecks). 
 
Some additional considerations under this category include: 

• Whether the throughput is flexible to a change in 
demand. 

• If the throughput rate would be impacted by 
maintenance and routine downtime activities 
(between batches or campaigns). 

• If the process is batch or continuous. 
Alternatively, should the assessors wish, this category could 
be used to compare two existing facilities with fixed 
throughput rates. 
 
Some questions that should be asked under this attribute are: 
During pre-treatment and treatment operations: 

• How could you achieve the necessary throughput for 
the pre-treatment steps and do these differ from the 
treatment process itself? 

• Could the pre-treatment step act as a bottleneck, 
reducing the throughput rate of the whole treatment 
process? 

• How could you achieve the necessary throughput?  
• How is throughput affected by maintenance and 

routine downtime activities (between batches or 
campaigns)? 

• Is the throughput flexible to a change in demand? 
• Is it a batch or continuous process?  
• How sensitive is the process to variations in the 

waste feed?  
• Is the process scalable such that it can meet the 

demands of the waste production rate?  
In post-treatment: 

• Are final waste packages filled as part of the 
treatment process (e.g., tapping off molten glass into 
container) or does the product require further 
handling to containerise it for disposal? 

• How could you achieve the necessary throughput for 
the post-treatment steps and do these differ from the 
treatment process itself? 

• Could the post-treatment step act as a bottleneck, 
reducing the throughput rate of the whole treatment 
process? 

When storing and disposing of the product: 
• Are there any constraints on the storage or disposal 

systems? 
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Attribute Data Category Assessment considerations 
• Is treatment rate-limiting, slowing down the disposal 

process? 
• Is there capacity for the treated waste in existing 

stores, or do additional stores need to be built? Are 
these dependent on product activity and other waste 
characteristics, e.g. mass of metallic wastes? 

Potential to treat a 
wide range of 
waste groups 

(flexibility) 
including 

problematic and 
orphan wastes 

 
This category assesses the ability of the technology to treat 
waste streams other than the one being explicitly assessed. 
This category will be of most interest to those assessors who 
are seeking a flexible system that can treat a range of 
different wastes. 
 
Potential factors to consider include: 

• Whether the technology can accept a range of waste 
feeds. 

• If the technology is a bespoke process designed for 
a single waste type. 

 
Note this category is not intended to assess the overall 
capabilities of the plant to treat the waste stream of interest, 
that should be done prior to undertaking the assessment. 
Only viable technologies should be assessed. 
 
Some questions that should be asked under this attribute are: 

• Does the technology require knowledge of the waste 
before pre-treatment? 

• What level of characterisation is required; destructive 
sampling and (radio)chemical analysis or non-
destructive analysis (e.g. x-ray)? 

• Is it necessary to pre-treat the waste stream under 
consideration (e.g. sorting and segregation, 
shredding) to address challenges relating to the 
waste characteristics? How difficult would this be? 

• How flexible is the technology to treating different 
wastes? 

• Can the process accept a range of activities? 
• Can the process accept heterogenous feeds (of 

mixed materials)? 
• Are chemotoxic feeds accepted?  
• Are reactive or non-passive wastes able to be 

treated?  
• Are problematic and orphan wastes able to be 

treated? 
• Does the technology require knowledge of the waste 

before treatment? 
• Does volume reduction have implications for the 

storage and disposal route?  
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Attribute Data Category Assessment considerations 

Impact on waste 
management 

strategy 

 
This category considers the impact of implementing the 
chosen treatment technology on the wider waste 
management lifecycle. This includes impacts on both the 
waste production, storage and disposal. 
 
Factors to consider include: 

• Impact on decommissioning and disposal 
timeframes/processes. 

• Impact for disposal capacity and  
need for more or less storage capacity. 

• If changes in waste volume/properties would 
change the storage or disposal route and practices. 
  

 

Scoring 
The scoring criteria for these attributes vary based on the data category, and the level of 
information available. If the assessors have data for throughput and lifetime feeds then direct 
quantitative comparison can be made, otherwise some subjective judgement must be used. 
Impacts on the waste management lifecycle may be difficult to quantify but some subjective 
judgement could be made from knowledge of the wider national context. 

 

3.5 Timescale 

The timescale attribute assesses the time required to implement the technology and how long 
it would operate for. This attribute should be used as a basis for assessing whether the chosen 
technology could fit into wider strategic timelines.  Further details of assessment 
considerations for the timescale attribute are outlined in Table 3.5. 
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Table 3.5 Assessment considerations for the timescale attribute 

Attribute Data Category Assessment considerations 

Timescale 

Design, construction 
and active 

commissioning 
timescale 

This data category considers how long it would take to 
design construct and commission the chosen treatment 
facility, at full industrial scale. 
 
Potential factors that may impact these time scales 
include: 

• Whether the technology is an off-the-shelf design, 
would need some small modification, or is 
bespoke. 

• Whether the facility is already available or whether 
it would need to be constructed. 

• How complex (and therefore time consuming) 
construction is likely to be.  

• Whether the facility is being constructed on a pre-
existing nuclear licensed site. The timescale will 
be significantly extended if not. 

• Whether similar facilities have already been 
commissioned. 

• Whether long periods of inactive and active 
commissioning are required. 

• How easy it would be to obtain a licence to 
operate, including getting safety cases approved. 

  

Lifetime operating 
timescale 

This category considers the total expected lifetime of the 
facility. Consideration should also be given to the annual 
up-time of the facility; i.e. how many days is it operational 
and treating waste vs offline for maintenance. 
 
The total (and operating) lifetime may be impacted by the 
nature of the waste, with the chance that more challenging 
wastes may lead to increased maintenance downtime.  
 
Consideration could also be given to whether the lifetime 
could be extended by, for example, changing the treatment 
vessel.  

Decommissioning 
timescale 

Here some consideration should be given to the 
decommissioning operation, and the expected complexity 
and timescales. 
 
The decommissioning timescale could be impacted by: 

• The activity of the facility/level of contamination. 
• Facility complexity. 
• Whether there is existing experience of 

decommissioning a similar type of facility. 

 

 

Scoring 
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If sufficient information is available, it may be quite simple to score this attribute using a simple 
temporal metric (e.g. construction time). However, if less detail is available (for example if no 
similar facility has been constructed) then more subjective judgements could be made about 
the expected time scales. For example, a larger more complex facility is likely to take longer 
to construct than a simple one. Similarly, complex technological processes that use and put 
stress on a large number of facility components may require more maintenance to replace 
worn out parts.  

 

3.6 Technical Readiness 

The technical readiness of a technique is a measure of how readily it could be implemented at 
the full industrial scale. As such it is related to timescales, but also to cost. For example, a less 
mature technology could require additional R&D or testing to allow it to treat the chosen waste 
stream. This would necessitate an investment of time and money prior to implementation. 
Conversely, a fully proven industrial technique could be implemented immediately. Detailed 
considerations for assessing the technical readiness are outlined in Table 3.6. 

Table 3.6 Assessment considerations for the technical readiness attribute 

Attribute Data Category Assessment considerations 

Technical 
Readiness 

Maturity of 
technology 

This attribute should assess how mature the technology is 
and the level of R&D required to implement it as a full-
scale treatment facility. The assessment should be based 
on the treatment of the chosen waste stream, not the 
technology in isolation. Consideration should also be given 
to the whole lifecycle and whether different parts of the 
process (for example post-treatment operations) are less 
mature than the treatment step itself. 

The maturity of a technology can be broadly defined by 
whether it is: 

• A prototype still undergoing active research. 
• Deployed at the pilot scale. 
• Deployed at the full industrial scale. 

 

Scoring 
To assess the technical readiness of each technology, a simple TRL (technology readiness 
level) scale could be used. This can be broken down simply to classify the technologies into 
three categories: undergoing research, in development, or deployed at full scale. Alternatively, 
a more granular scale could be employed, such as the TRL scale developed in the United 
States in the 1970s, subsequently adopted by the European Space Agency, and currently used 
in the UK by the Nuclear Decommissioning Authority (NDA). This ranks technologies on a 
scale of 1-9; the classifications of these different stages are outlined in Table 3.7. 

If the whole lifecycle is being assessed together then the least technologically mature (and 
therefore limiting) step should be taken as the average for the whole process. 
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Table 3.7 The TRL scale  

Technology 
Readiness Level Description 

TRL 9 Industrial application in an active facility. 
TRL 8 Active commissioning of a full-scale industrially proven technology. 
TRL 7 Inactive commissioning of a full-scale industrially proven technology. 

TRL 6 
A large-scale pilot of the technology is being tested on the full range of 
intended applications. Operations not yet at an industrial throughput and 
likely only with inactive analogues. 

TRL 5 Technology is being tested at the pilot scale to refine the design. Operations 
likely to be inactive and at low throughput. 

TRL 4 Technology is being fully developed and widely tested at the laboratory scale. 

TRL 3 Application is tested and refined. Method is further developed at the 
laboratory scale. 

TRL 2 Initial application of the theory is postulated and tested. 
TRL 1 Basic principles established in theory 

 

3.7 Cost Impact 

This category considers the overall cost of constructing and operating the facility, over its full 
lifetime. Additionally, the cost impact of treating the waste on the wider waste management 
programme could also be assessed. Specifically, the change in volume or activity of the 
product may impact the required storage and disposal capacity, and potentially the nature (and 
cost) of the stores or disposal facilities. Further considerations for assessing the cost impact 
are outlined in Table 3.8. 

Table 3.8 Assessment considerations for the cost attribute 

Attribute Data Category Assessment considerations 

Strategic Cost 
Impact 

Costs of construction, 
operation and 

decommissioning 

This data category considers the capital costs associated 
with constructing a new treatment facility, as well as 
operational costs for processing the relevant waste 
inventory (lifetime costs), and decommissioning the facility 
at the end of its life. 
 
If numerical costs are available then a direct quantitative 
comparison can be made. However, if there is a lack of 
detailed information, a more general assessment may be 
appropriate. In that case this category could consider 
factors that are likely to impact the facility costs including: 

• Expected energy and material costs. 
• How labour intensive the process is (staff costs). 
• How complex the facility is to construct, operate 

and maintain. 
• Whether there is a proven track record of 

constructing, operating and decommissioning 
similar facilities. 
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Attribute Data Category Assessment considerations 

Impact on disposal 
costs (total packaged 

waste volume, 
disposal route, and 

required storage and 
disposal capacity) 

This category is focused on the impact of waste volume 
reduction. This is expected to have a large impact on the 
storage and disposal costs, and treatment that reduces the 
waste volume will reduce the number of waste packages, 
and the associated cost of these packages. 
 
The volume is impacted by: 

• The expected waste loading in the packages. 
• The expected volume change (increase or 

decrease) as a consequence of the treatment. 
• Any post-treatment activities that may increase 

the waste volume (e.g. overpacking). 
 
In addition to the waste volume, the disposal costs can be 
impacted by the disposal route (geological or surface 
disposal) so the impact of treatment on the activity and 
other characteristics of the waste that could affect its 
disposability via a particular route should also be 
considered. 

 

Scoring 
When scoring the cost impacts of the different treatment technologies, the most important 
attribute is the volume reduction, as this will have a significant impact on lifecycle storage and 
disposal costs. The two most commonly used metrics to judge this are volume reduction factor 
(VRF) and waste loading (%).  

The volume reduction factor is a measure of the change in volume of the final product with 
respect to the original waste. It can be calculated as shown below and when VRF > 1, the 
waste volume was reduced by the process, whereas if VRF < 1, the waste volume was 
increased by the process. 

𝑉𝑉𝑉𝑉𝑉𝑉 =
𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑣𝑣𝑣𝑣𝑂𝑂𝑣𝑣𝑣𝑣𝑣𝑣 𝑣𝑣𝑜𝑜 𝑤𝑤𝑂𝑂𝑤𝑤𝑤𝑤𝑣𝑣 (𝑣𝑣3)

𝑉𝑉𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑣𝑣𝑣𝑣𝑂𝑂𝑣𝑣𝑣𝑣𝑣𝑣 𝑣𝑣𝑜𝑜 𝑤𝑤𝑂𝑂𝑣𝑣𝑂𝑂𝑤𝑤𝑣𝑣𝑡𝑡 𝑤𝑤𝑂𝑂𝑤𝑤𝑤𝑤𝑣𝑣 (𝑣𝑣3)
 

Alternatively, the efficiency of the treatment process can be assessed using the waste loading, 
representing the mass of the final product that is waste (rather than additives). Here a higher 
% waste loading indicates a more efficient process (and a lower total number of final waste 
packages).  

𝐿𝐿𝑣𝑣𝑂𝑂𝑡𝑡𝑂𝑂𝑂𝑂𝑂𝑂(%) =
𝑣𝑣𝑂𝑂𝑤𝑤𝑤𝑤 𝑣𝑣𝑜𝑜 𝑤𝑤𝑂𝑂𝑤𝑤𝑤𝑤𝑣𝑣 (𝑘𝑘𝑂𝑂)

𝑤𝑤𝑣𝑣𝑤𝑤𝑂𝑂𝑂𝑂 𝑣𝑣𝑂𝑂𝑤𝑤𝑤𝑤 𝑣𝑣𝑜𝑜 𝑝𝑝𝑂𝑂𝑣𝑣𝑡𝑡𝑣𝑣𝑝𝑝𝑤𝑤 (𝑘𝑘𝑂𝑂)
× 100 

Once these values have been estimated, it may be possible to translate the reduction in volume 
(and waste packages) into an overall cost reduction, but this is reliant on the availability of 
information and cost may only be approximate.  
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4 Summary 

This report provides guidance for stakeholders and a methodology to assess the value of a 
thermal treatment technology used to treat specific radioactive wastes. Guidance is provided 
on the design of a value assessment process that may be customised to user objectives, 
including choice of wastes and technologies to assess, selection of attributes, and structuring 
the assessment into lifecycle stage. The scope of the assessment may be adapted to meet the 
needs of the assessors, and of the specific waste management context under consideration.  

The bulk of this document summarises the assessment attributes agreed by the THERAMIN 
project partners as being of relevance for assessing thermal treatment technologies. The 
attributes were: 

• Operational and Transport Safety 

• Environmental Impacts 

• Impact on disposability / long-term safety 

• Implementation 

• Timescale 

• Technical Readiness 

• Cost Impact 
Each of these attributes is expanded into data categories and a detailed list is given on the 
sort of considerations that should be made by the assessors when assessing the chosen 
technology.  
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Appendix – Value Assessment Template 
This appendix contains an example template to be completed during a value assessment. In 
this template separate cells are provided for each lifecycle stage. However, at the discretion 
of the assessors these may be condensed to provide a short summary for the whole 
lifecycle.  

This template is simply provided as a starting point for assessment and it can be adapted at 
the user’s discretion, either adding country (or stakeholder) specific categories or removing 
those that are superfluous.
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Attribute Data Category 
Assessment considerations 

Construction Pre-treatment Treatment 
operations Post-treatment Storage and 

Disposal Decommissioning  

Operational and 
Transport Safety 

Facility construction and decommissioning             
Waste pre-treatment requirements (conventional and 

radiological safety implications)             
Waste post-treatment requirements (conventional and 

radiological safety implications)             
Waste operational safety issues (e.g., ease of providing 

shielding during operation)             

Transport safety issues             

Environmental 
Impact 

Material requirements             

Energy requirements             

Secondary waste and gaseous/liquid discharges generated 
            

Nuisance             

Impact on 
disposability / 

long-term safety 

Ability to meet waste acceptance criteria             

Disposability of secondary waste             

Implementation 

Indicative lifetime feed             
Ease of achieving required throughput for process (full-scale 

facility) (m3/year)             
Potential to treat a wide range of waste groups (flexibility) 

including problematic and orphan wastes             

Impact on waste management strategy             

Timescale 

Design, construction and active commissioning timescale             

Lifetime operating timescale             

Decommissioning timescale             
Technical 
Readiness Maturity of technology 

            

Strategic Cost 
Impact 

Costs of construction, operation and decommissioning             
Impact on disposal costs (total packaged waste volume, 

disposal route, and required storage and disposal capacity)             
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