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1 Introduction 

This report is a final outcome of the work on design for repair and durability in the EU horizon project 
PROMPT and has been developed from research conducted in this project. Deliverables within this project 
(Specifically, D2.5, D4.4, D4.5) acts as strong foundation for this concluding report. This report is based on 
research conducted on vacuum cleaners, washing machines, smart phones, and smart TV’s. However, the 
guidelines and the testing program are formulated more generically in anticipation of use for a wider 
range of electronic and electrical household products (D4.3 provide more product specific guidelines).  

The guidelines discussed in this report focus on aspects related to the product architecture, i.e. the physical 
design of the product. Aspects related to user and market factors, such as trends, personal attachment, or 
company policies, are only considered when they have a direct impact on the physical design of the product. 
More information on user and market factors is provided in the WP5 deliverables.  

The report is divided into three sections. The first and second section provide general design principles and 
guidelines for product longevity (reparability, maintainability, diagnosability, and robustness) of household 
electrical and electronic appliances. The design guidelines for diagnosis, repair, and maintenance show large 
overlap, therefore are discussed together.  The guidelines are intended for use by designers, manufacturers 
and policy makers. 

In the third section, the testing procedures are outlined for testing on the most relevant aspects discussed in 
the first section. First, an overview of the testing program is presented, followed by product-specific elements. 
The chapter then discusses an evaluation of testing programs, beginning with the assessment of the current 
scoring system. It proceeds with eight case studies (two per product category), demonstrating the application 
of the PROMPT testing program and highlighting areas for further improvement. 

Finally, this report provides recommendations and opportunities for the testing program. This testing program 
is intended for use by independent testing organizations, market surveillance authorities, and policy makers 
to promote the longevity of products and is in addition useful to designers, manufacturers, and product 
engineers to evaluate the results of applying the design guidelines. 
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2 Terms and definitions 

For the purpose of this report, the following terms and definitions apply. Wherever possible, this report shares 
similar terms and definition as provided in the standard EN45554 (General method for the assessment of the 
ability to repair, reuse and upgrade energy-related products) [1]. Where relevant, the scope of the definition 
within this report is presented. 
 
Bundling: Creating a multi-functional module by connecting multiple components together using non 
removable fasteners (e.g., by soldering or welding). 
 
Clumping: Clustering non-priority parts in a sub-assembly that can be removed as an entity during 
disassembly process. 
 
Design Principle: Fundamental rule or process that informs designers on the design process and helps 
them make decisions when designing products or systems. They serve as a foundation for making design 
decisions that helps ensure that the product meets its specific goals such as repairability, maintainability and 
diagnosability. Examples of design principles for repairability includes modularity and ease of disassembly. 
 
Design Guideline: Set of recommendations or best practices that help designers create product or systems 
that are consistent with the intended goal.  
 
Design Feature: Specific attribute, characteristic, or element of a product or system that results from the 
application of design principles. Example of design feature include reversible snap fit connections and visible 
screwhead. 
 
Diagnosis: Action to Identify and characterize the fault [2]. The process of fault diagnosis determines the 
defective component of a malfunctioning product in three steps: (1) fault detection, identifies a functional 
malfunction in the product; (2) fault location, determines the possible causes of the failure; and (3) fault 
isolation, pinpoints the component at defect, thus diagnosing the product. 
 
Disassembly: Process whereby a product is taken apart in such a way that it could subsequently be 
reassembled and made operational [1]. Board level disassembly (e.g, desoldering and removal of capacitor) 
is not considered in this report. 
 
Disassembly Action: Refers to motion actions as represented in ease of disassembly metrics. These 
actions are represented by “blocks” in a disassembly map. (e.g., unscrew, remove, pry, de-glue). 
 
Disassembly depth: Number of steps required to remove a target part from a product [1]. 
 
Disassembly map: Visual map presenting the disassembly of a product, showing different design features 
as well as actions, tools, and force required to remove components in a product [3]. 
 
Disassembly step: Operation that finishes with the removal of a part or a component, and/or with a change 
of tool. Note: fasteners are not considered a part or a component, and manual operation is not considered 
as using a tool. 
 
Ease of Disassembly Metric (eDIM): Metric used to measure disassembly time using standardised time 
from Maynard Operation Sequence Technique (MOST). This method assumes the disassembly pathway is 
known and disassembly is done by professional repairers. For the context of this report, unless stated 
otherwise, ease of disassembly time refers to time from eDIM. 
 
Fault: The inability of an item to perform as required, due to an internal state[2]. 
 
Maintenance: Inspection and/or servicing tasks at regular intervals, to retain a product’s functional 
capabilities and/or cosmetic condition [4]. 
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Module: An independent, self-contained unit consisting of one or more components that performs a specific 
function within a larger system. Modules can be separated from the rest of the product as self-contained, 
semi-autonomous chunks; and they can be recombined with other components. 
 
Priority part: Part of high importance for repair, identified based on failure likelihood and functional relevance 
[1]. 
 
Reassembly: Process of assembling a disassembled product to its original configuration and made 
operational. 
 
Repair: Process of returning a faulty product to a condition where it can fulfil its intended use [1]. Note 1:  In 
this report, repair is considered at part level (i.e., replacement of faulty part). Other forms of repair such as 
board level repair and 3d printing for repair are out of scope. Note 2: EN45554 considers diagnosis a part of 
repair, however this report distinguishes diagnosis from repair in order to conform with the positioning of 
diagnosis within this project.  
 
Sub-assembly: Partially assembled section or entity of a larger product, consisting of multiple individual 
components or parts. In the context of reparability, if multiple individual components or parts can be removed 
together during disassembly, it is called a subassembly. Modules are a type of subassembly. 
 
Surfacing: Repositioning a priority component such that less components need to be removed before the 
priority part is reached 
 
Robustness: The ability of the product to withstand conditions beyond normal working conditions. These 
conditions include mechanical, thermal, chemical, electrical and radiation.  
 
Trimming: Decreasing the number and difficulty of actions required to reach a priority part without adapting 
the product architecture 
 
Variations: Conditions beyond normal working conditions. These conditions include mechanical, thermal, 
chemical, electrical and radiation. 
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3 Design principles and guidelines for repair, maintenance, and diagnosis  

This guideline presents five main principles for diagnosis, maintenance, and repair. For each principle, the 
relevance to diagnosis, maintenance, and repair is first presented.  This is followed by examples of design 
features and interventions adhering to the principle.  The following principles will be discussed: 

1. Disassembly and reassembly 
2. Information provision 
3. Accessibility of priority components 
4. Modularity 
5. Standardised components and interfaces 

3.1 Principle: Disassembly and Reassembly 

The principle of disassembly and reassembly is important for design interventions to improve the diagnosis, 
maintenance, as well as reparability of the products. Therefore, this principle is discussed more extensively.  
 
Relevance to diagnosis: In an Ideal scenario, the diagnosis should be facilitated without a need for 
disassembly.  However, disassembly is often required in diagnosis process. The disassembly process for 
diagnosis can be divided into three levels, with level one generally requiring the smallest number of 
disassembly steps and level 3 requiring the largest number of disassembly steps:  
- (Level 1) Disassemble until components are visible: Visual inspection is one of the most common ways 

of diagnosing a fault, and therefore, for inspection of internal components, disassembly until the internal 
components are fully visible could be required. 

- (Level 2) Disassembly until access to test points: Using a multi-metre or similar tool is a common 
diagnosis practice, this requires disassembly until dedicated test points are accessible. 

- (Level 3) Disassembly until components can be removed: A possible faulty component might be 
exchanged with working component for fault diagnosis process, in this case complete removal of the 
component is required and the disassembly process is then similar to disassembly for repair.  

Relevance to maintenance: If disassembly is required for maintenance, aspects influencing ease of 
disassembly are relevant. Since, maintenance is conducted regularly, the number of disassembly steps 
should be small.  
 
Relevance to repair: Disassembly is generally required for repair. For repair, disassembly is conducted until 
targeted priority components are removed and replaced. 
 
The ease of disassembly can be improved following three different approaches: clumping, surfacing, and 
trimming. These approaches minimize the number of actions and/or decrease the time needed to reach a 
particlular prioirty part. In real case scenarios, these three approaches can be used in conjunction with each 
other depending on dimentional limiations and specific design requirements. The following sections provide 
more detailed information on these three approaches.  
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3.1.1 Clumping  

Clumping refers to designing products such that non-priority parts are clustered in a sub-assembly that can 
be removed as an entity during disassembly process (see Figure 1). Clumping falls under the principle of 
modularity, this is further discussed further in section 3.4. 
 

 

 
   

Figure 1: Partial disassembly map showing example of potential use of clumping. Priority parts are highlighted 
by red square. Area highlighted in red dashes represents the area where potential clumping can be done. 
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3.1.2 Surfacing  

Surfacing refers to repositioning a priority component such that less components need to be removed before 
the priority part is reached (see Figure 2) 

 

Figure 2: Partial disassembly map showing example of potential use of surfacing. Priority parts are 
highlighted by red square. Area highlighted in red dashes represents the area where potential surfacing can 
be done. 

3.1.3 Trimming  

Trimming refers to decreasing the number and difficulty of actions required to reach a priority part without 
adapting the product architecture, whereas surfacing and clumping change the overall product architecture 
at high level. Two methods for trimming are briefly discussed. 
 
Trimming method 1: Optimizing Fasteners 
 
Fasteners refers joints that mechanically or magnetically connect two or more objects, parts or pieces. 
Characteristics and type of fasteners are closely linked to required tools, their reusability, and ease of 
detachment. This section provides guidelines related to fasteners that facilitate the disassembly process.  
 
Minimize the diversity of fasteners along a disassembly pathway of a priority part. Using a low variation 
of fasteners minimizes the tool change and decreases the disassembly time. Additionally, minimizing the 
diversity of fasteners will help keep track of fasteners for reassembly. 
 
Simplify the design so that less fasteners are used. For example, by using single fasteners to hold up 
multiple parts together. (Note, this may negatively influence the reassembly time if used without reassembly 
cues, therefore this strategy may need to be used in conjunction with strategy guiding reassembly (see 
section on disassembly and reassembly cues). 
 
Use fasteners that require no tools or basic tools to disassemble. If the product is designed to be 
disassembled by common users, ideally no tools should be required to disassemble the product. If tools are 
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required, they should preferably be basic tools [1]. We can distinguish the following order in tool preference: 
No tools > Basic tools (e.g., screwdriver, Allen key, Wrench, Plier) > Advanced tools (e.g., soldering iron, 
heat gun) > Proprietary tools (e.g. pentalobe screwdriver). 
 
Avoid gluing components together. While gluing component could be a cheap and easy method to join 
components together and to provide ingress protection, the process of degluinig a component via heat and/or 
chemicals requires significantly long time, poses a safety hazard to the user, and risks chance to permanently 
damage the product being repaired. 
In cases where gluing is required, provide features facilitating its removal. E.g., by adding pull tabs or 
stretch tabs (See Figure 3) 

 
 

In cases where ingress protection is required, look for alternative design solutions, such as rubber or 
silicone gaskets, seals and lip and groove (Figure 4). 

 

Figure 4: Galaxy XCover Pro back cover with watertight seal without the use of adhesive 

Provide access to fasteners from same direction. Providing access to the fasteners from the same 
direction reduces product manipulation during disassembly and thereby decreases the disassembly time. 
For users without knowledge of the disassembly pathway, this also eases the search for fasteners and lowers 
the risk of missing a fastener during disassembly and accidentally damaging the product. 
 
Use connections that are visually accessible. Hidden fasteners require additional action of uncovering 
and/or proper positioning of the tools, therefore designing connections that are visually accessible decreases 
disassembly time. For users without knowledge of the disassembly pathway, this also eases the search for 
fasteners and lowers the risk of missing a fastener during disassembly and accidentally damaging the 
product. For example, using non-recessed screws or snap fit joints that have a cue (see trimming method 2 
on disassembly and reassembly guidance) 
 
Use fasteners allowing repeated use. Using reusable fastener such as screws and reversible snap fits 
eliminates the time of searching for fastener replacement and cleaning the old fasteners residue. Even within 
the reusable fastener category, breaking of snap fits, stripped screw head and threaded screw holes, could 

Figure 3: A smartphone battery joined with stretch release adhesive (left) and pull-tab adhesive (right). 
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render the fastener not reusable and risks damaging the product. In such cases, the following design 
interventions might be considered: 
 
To address breaking of snap-fits during disassembly: 
- Choose a more flexible material for the snap-fits, allowing for easier disassembly without breaking. 
- Use reversible snap fits instead of one-way snap-fits 

To address stripped screw head: 
- Use a screw head design that offers better torque distribution, such as a Torx or Robertson head, to 

minimize the risk of stripping. 
 

- Choose a screw material with higher hardness and better wear resistance to prevent screw head 
stripping. 

To address threaded screw holes: 
- Use thread inserts or helicoils to reinforce the screw holes and provide better resistance against stripping. 
- Choose a more robust material for the components with threaded holes to prevent thread deformation. 
- Choose coarser thread pitch and longer screw hole depth to provide better capacity to resist stripping. 

Avoid the use of high strength (>20N) press fits and snap fits. For users without knowledge of how to 
disassemble the product, high strength press fits and snap fits become a major barrier as users may not want 
to proceed further due to risk of breakage. Similarly, the strong prying action required to release such fastener 
has a high probability of damaging the product. If higher forces snap fits and press fit are regardless required, 
provide clear disassembly cues and assistance (e.g., a prying slot) to ease its removal.  
  
Trimming method 2: Providing disassembly and reassembly guidance 
 
Disassembly and reassembly cues guide the user to correct and safe disassembly and reassembly of the 
product. These cues can also motivate users to diagnose, repair and maintain the product. Additionally, 
reassembly cues promote post-repair safety of the product. These design features are particularly relevant 
in scenarios where the user lacks knowledge of how to disassemble and reassemble the product, such as in 
DIY and repair café settings. However, even professional repairers may find these cues helpful in providing 
assurance for the tasks at hand. Here we provide examples of disassembly and reassembly cues. 
 
Disassembly cues: 
- Visible fasteners: allows easy identification, and access to fasteners. e.g., figure 5 # 
- Fastener indication: Marking fasteners with labels, arrows, numbers, or other symbols provides users 

with clear guidance on how components should be disconnected during disassembly. E.g., figure 5#2 
(pry notch as well as arrow marking) 

- Seams: Allows for identification of detachment point and gives indication of how different parts are 
connected. E.g., figure 5#3 
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- Component marking: help user understands their function and on what should be disassembled. E.g., 
figure 5#4 

 

 
 
Reassembly cues:  
- Keying: Keyed components or connectors are designed with a specific shape or orientation that allows 

them to fit together in only one way 
- Marking connections: Marking connections with labels, arrows, numbers, or other symbols provides 

users with clear guidance on how components should be connected during reassembly. 
- Coloured wires: Makes it easier to identify and connect corresponding electrical connections during 

reassembly. 
- Auditory verification: An auditory “click” serves as feedback to users when components are correctly 

attached or connected during reassembly. This helps confirm that parts are properly seated or 
connected. 

- Cable guides: Helps organize and route wires or cables within a product during reassembly, ensuring 
that they are placed correctly and do not become tangled or pinched. 
 

3.2 Principle: Information provision  

This principle relates to informing users and repairers for diagnosing, repairing and maintaining the product.  
Table 1  gives an overview of the types of information that are desired and its relevance to diagnosis, repair, 
and maintenance of the product. This information can be made available via a physical or digital manual, 
online video, call service or attached to the product. Whenever possible, this information should be provided 
attached/engraved in relevant areas of the product for best results. 

Table 1: Information considered important for maintenance, diagnosis, and repair. 

Type of Information  Relevance  

Access to repair training to 3rd party repairers 
and repair cafés. 

Enables 3rd party repairers and repair cafes to repair products 

Clear explanation to error codes Guides diagnosis process 

Component identification Assists in acquiring repair instruction and spare parts 

Diagnosis information/ Troubleshooting chart Guides diagnosis 

Figure 5: Example of fairphone 4 with variety of disassembly clues to guide users. 

#3 

#4 

#1 

#2 
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Disassembly sequences via e.g. disassembly 
map, or exploded view.) 

Guides disassembly and diagnosis process 

Fault detection indication Guides diagnosis process 

Functional specification of parts (e.g., Resistor 
values) 

Guides diagnosis, repair 

Indication of tools required during the repair Assists disassembly and diagnosis 

Info on compatibility with 3rd party parts  Enables use of 3rd party spare parts 

Information on reassembly sequence Guides reassembly 

Information on repair service offered by the 
manufacturer 

Encourages the user to consider professional repair 

Information to reset to working condition Assists in diagnosis 

Maintenance instructions and schedule Guides maintenance process 

Maintenance and repair 
Instructions/manual/bulletin 

Guides maintenance and repair process 

PCB/Electronic board diagram Guides diagnosis process and identification of spare parts and board 
level repair 

Product identification Assists in acquiring repair instruction and spare parts 

Recommended torque for fasteners Guides proper disassembly and reassembly 

Reference values for measurements Guides diagnosis process 

Replacement supplier/supply information Assists in acquiring spare parts 

Safety measures during repair Promotes safe repair 

Service centre accessibility Promotes users to give for repair 

Transportation instructions guides proper transportation of products for repair 

 
Active Information provision to the user: Information is provided to the user via a visual or auditory signal 
to facilitate the process of diagnosis and maintenance. Examples include: 
- Sound or text signals that communicate the correct appliance usage and the process executed in the 

product.  
- Sound or text signals that communicate component failure or maintenance.  
- Change in colour indicating a maintenance or replacement requirement. For example, filter changing 

colour in vacuum cleaner when replacement is needed. 
 

3.3 Principle: Accessibility of priority components 

Accessibility refers to access to priority components without the need for complete product disassembly. Both 
visual and physical accessibility is considered in this principle. This principle promotes diagnosis and 
maintenance by users since it enables access the point to diagnose or maintain the product the product 
within a limited number of disassembly actions. Examples include: 
 
Lid/valve/door. Having a point of entry like a lid, valve or door provides easy access to the maintenance 
points (Figure 6) 

Figure 6: Valve to access filter in washing machine 
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Long cable length. This feature also reduces the chance of damaging fragile cables if disassembly is 
required. However, long cables may negative influences the ease of reassembly of the product, since these 
cables need to be carefully placed back, therefore cable guides should be used with this feature. 
 
Wide geometry opening. Wide enough opening allows manual inspection by finger or hand. 
 
Testing points. Using a multi-meter, oscilloscope or similar tool is a common diagnosis practice. Providing 
testing points at early disassembly stages promotes diagnosis (Figure 7). 

Clustering maintenance points: components that require a similar maintenance schedule can be clustered 
together. This promotes the ease and likelihood of maintenance of the product. 
 
Full view of the components. This allows for checking the interactions of different components together, 
making it easier to follow pathways (electric, mechanical, water or air) and identify potential problem areas.  
 
Material transparency. Transparent material allows diagnosis and checking of internal condition without 
disassembly. 
 
Symmetric positioning of components. This allows for quick comparison to check and diagnose 
components. Additionally, symmetric positioning of components also guides reassembly as positions of 
components and fasteners can be quickly checked. 
 

3.4 Principle: Modularity 

Products are usually composed of various modules, each of which contains one or more components. These 
modules can be separated from the rest of the product as self-contained, semi-autonomous units. Modularity 
can have a positive impact on diagnosis and product disassembly since these modules that usually consists 
of multiple components that can be removed together as an entity during disassembly process. However, 
this can also have a negative effect on spare part prices if a priority part is ‘bundled’ with other components. 
 
Bundling modules can provide benefits such as durability, improved performance, or security, such as 
bundling a battery with a tray or frame or encapsulating high-voltage systems (e.g., PSU in desktop PCs or 
smart TVs). Additionally, bundling components generally makes product manufacturing cheaper. However, 
the degree of modularity must be balanced to consider the trade-offs. 
 
In general, it is recommended to avoid bundling priority parts with other parts using non-removable fasteners. 
Bundling components into larger modules decreases disassembly time but makes spare parts more 
expensive. Priority parts should be individually removable to avoid significantly increasing their price and 
thus reducing the chance of repair. Careful consideration of modularity is crucial to achieving a balance 
between product design, manufacturing costs, and ease of repair and costs of repair. 
 

Figure 7: Using multimeter to diagnose a laptop is a common procedure. 
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3.5 Principle: Standardised components and interfaces 

Standardized components and interfaces adhere to a consistent set of specifications, guidelines, or criteria, 
which makes them readily available, and interchangeable and compatible across different products or 
brands. This could either occur within a brand (e.g., lighting port used by various apple products) or across 
multiple brands (e.g. USB-C connector). In this report, a part and/or its interfaces is considered standardized 
if it is used by multiple brands. 
 
Standardisation of parts and/or their interfaces improves the access to spare parts and thus enhances 
reparability. Additionally, standardised fasteners increase the likelihood that the fastener is removed 
correctly, and the tool to remove the fastener is readily available. Furthermore, when a part is standardized, 
the costs per part are likely to decrease through competition and economies of scale. 
 
In general, it is recommended to standardize parts which have the same function in a range of different 
products, but don’t have a significant distinguishing performance and don’t fulfil an aesthetic function. 
Examples of parts that could potentially be standardised include bolts, drainage pumps and motor for 
washing machines, and batteries for vacuum cleaner. 
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4 Design for robustness 

Robustness is defined as the ability of the product to withstand variations beyond normal operation 
conditions. Products that have a high level of robustness exhibit a high level of reliability since these products 
are designed with higher specifications than needed for operation under normal conditions. This section is a 
summary of results presented in D4.3 and presents the design principles and guidelines for robustness.  

Table 2: Design principles for robustness  

DESIGN PRINCIPLE EXPLANATION 

Design simplicity Selecting a basic conceptual operating principle for performing a specific function 
that reduces the number of (moving) parts required for performing that particular 
function, thereby maximizing the simplicity and the robustness of the operating 
principle. 

Material and component selection 
(interdependent with over-specifying) 
 

Careful matching of type and grade of components and materials with functional 
requirements and use environment can prevent degradation (of chemical, 
mechanical, radiation and/or thermal nature) during the performance of a 
particular function. 

Over-specifying  
(interdependent with material 
selection) 

Over-specifying parts so that the load (e.g., mechanical, thermal load) on the part 
during use will under normal conditions never exceed the load that the material 
can handle.  This helps withstand stress during use.  Furthermore, dimensioning 
interfaces of moving parts to provide smooth running without excess wear could 
also be considered. 

Shielding, i.e., protection from 
outside conditions 
(Interdependent with surface 
treatment) 

This principle reduces variation in the component by shielding the 
product/component from the cause of the environmental variation. (e.g,, 
protecting sensitive electronics from water by using a watertight cover, shielding 
against electric overcurrent by providing a circuit breaker, or surface treating the 
material to shield from UV). 

Surface treatment  
(Interdependent with shielding) 
 

Selection of the type of surface treatment to prevent degradation (of chemical, 
mechanical, radiation and/or thermal nature) during the performance of a 
particular function. It is also possible to choose a treatment where wear would be 
acceptable or even beneficial (e.g., patina on the copper roof, leather shoes fitting 
better by stretching, etc.). 

Redundancy  
(Interdependent with expendable 
parts) 

Redundancy is typically used where the functional variation can become so 
extensive that it turns into a failure with serious consequences. (e.g., coaxial pipe 
system that only becomes active when the inner pipe fails) 

Use of expendable parts 
(Interdependent with redundancy) 
 

Design of the weakest link; An inexpensive part that is designed to wear out during 
use, thereby protecting parts that are more expensive and difficult to replace (Eg. 
Brake pads in the disc brakes of a car wears out much faster than disc brakes, 
thereby protecting disc brakes).  

Component lifespan match 
 

Choosing components to match components with the longest lifespan in the 
product prevents the “weakest link” in the design and assures a component 
doesn’t fail until the rest of the product fails. 

Uncoupling/decoupling Components designed with parameters independent from each other could reduce 
performance variation since individual optimum design parameters could be 
specified. (E.g., positioning capacitors away from hot transistors ensures they do 
not need the same thermal resistance.) 

Self-reinforcement Functional performance improves certain design parameters deviating from 
nominal conditions. (E.g., Rubber lip ring sealing which becomes tighter as the 
pressure increases.) 

Flexibility  
(Interdependent with loose 
tolerances) 

Flexible parts can absorb parameter variation and therefore reduce the 
performance variation. It is worth noting that flexibility is a function of both 
material properties and geometry. 



 
PROMPT                               Deliverable 4.5 

 
 

   17 | 52 

 

Controlled tolerances Controlling tolerances based on the requirement reduces variation in the product. 
For instance, introducing looser tolerances essentially ‘delays’ how the variation of 
a design parameter influences the functional performance. If loose tolerances exist 
between two functional surfaces, variation of one surface can occur to some extent 
without affecting the interfacing surface. In contrast, Tightening the allowable 
parameter variation will inherently reduce the performance variation as it reduces 
wear. 

Proper use and maintenance 
encouragement 
 

Whist this principle also falls under repair and maintenance, encouraging product 
maintenance and proper use has shown to induce fewer failures over its lifetime 
(Eg. Indicator light in coffee maker when decalcification is required). 

Maintenance condition information Features that maintain the condition of the product actively or passively assure 
that any variation does not exceed the tolerances of a component and therefore 
reduce the failure chance. (e.g., cooling, and throttling system for IC chips to 
prevent overheating, automatic load balancing system in a washing machine). 

Design to avoid dropping   For products that can be easily moved by the user (under 10kg), having ergonomic 
handling features (e.g., handles for a vacuum cleaner, grips for phones), assure that 
the product is less likely to be dropped when transported during its use phase. 

 
These principles need to be carefully balanced and implemented to provide an optimal design for a durable 
product. As indicated in Table 2, a number of principles are interdependent, implying that they should be 
optimized in connection to each other. These principles if applied in isolation, might lead to products with 
high manufacturing and material costs, that are not viable for the market. Also, their effect might be 
counterbalanced by neglecting other design principles, resulting in a product that is robust in some respects, 
but weak in other. Based on the design principles for physical durability, guideline have been derived, that 
can be distinguished in five main categories: Prevent, Block, Distribute, Dissipate, and Endure. 
 
Prevent. Avoid excessive variation in conditions. Examples are: 
- Indicate proper use and maintenance of the product:  Make sure the product does not get exposed to 

extreme situations through care and maintenance.  
- Provide breakers, like circuit breakers, throttle valves and overheat shutdowns, to make ensure the 

conditions do not exceed potential for failure. 
- Use components that limit variations in internal condition (e.g., more efficient electronics to reduce heat 

dissipation). 
- Separating sensitive components from components that produce variations. 
- Provide ergonomic design to avoid drops. 

 
Block. Shield products and their components from condition variations. Examples are: 
- Provide a surface coating to materials to resist UV. 
- Provide thermal insulation to temperature-sensitive materials. 
- Shield against water through watertight seals. 

 
Distribute. Spread the effect of condition variations internally in the product to minimize local stress 
(thermal or mechanical) concentrations. Examples are: 
- Optimize geometry e.g., by creating smooth and gradual transitions between sections, and avoiding 

sharp corners, edges, and sudden changes in cross-section. 
- Design load path in a way that it avoids areas with high stress concentrations and follows the natural 

load follow through the component. 
- Add thermal mass, e.g., by using a large heat spreader. 

 
Dissipate. Spread the effect of condition variations externally to the environment. Examples are: 
- Provide active or passive cooling to products that produce heat. 

 
Endure. Resist the effect of the condition variation. Examples are: 
- Selecting proper materials and components. 
- Specifying/over-specifying dimensions. 
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As discussed in D4.3, and D4.4, since robustness of a design can be achieved by different combinations of 
design principles and can result in quite different use of various design features, it is not feasible to reliably 
assess the robustness of the product by assessing separate design features, as reliability is determined by 
the integral product architecture, including choices of materials, dimensioning construction, and connections. 
As a result, testing the robustness of a product through investigating its design is not feasible. Testing 
methods for reliability as studied in WP3, that induces a failure cause (e.g., through accelerated lifetime tests, 
or mechanical and thermal stress tests), are more fruitful. 
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5 Testing procedures for repair, maintenance, and diagnosis. 

This section reports on the step from design aspects that favour or hamper diagnosis, maintenance, and 
reparability to a testing program that establishes repairability. As explained in the previous section, 
robustness cannot be evaluated based on a straight-forward design analysis and needs experimental testing. 
Testing for robustness is therefore not part of the design related testing program. Table 3 presents how the 
design principles presented in previous section are incorporated in the testing program. 

Table 3: Overview of the design principles incorporated in the testing program. 

Design Principle Testing program (sub-)criteria 
covering the design principle 

Remarks 

Disassembly and reassembly 1. Disassembly time 
2. Safety risks 
3. Tools required 
4. Fastener types 
5. Ease of maintenance 

Methods for improving ease of 
disassembly are evaluated in the 
“Disassembly assessment” criterion. 
While reassembly is a recommended 
criterion, it is currently not included in 
the evaluation due to the need to 
balance ease of testing with accuracy. 
However, reassembly cues are 
included in the safety criteria 
framework to address post-repair 
risk. 

Information provision  1. Step by step repair guide 
2. Presence of part code 
3. Diagnosis troubleshooting 

manual 
4. Maintenance instructions 
5. Error message indication 
6. Maintenance indication 

The first four subcriteria cover the 
information deemed essential for 
repair. Subcriteria 5 and 6 assess the 
presence of active information 
provision to the user, facilitating 
diagnosis and maintenance. 

Accessibility of priority 
components 

1. Disassembly time 
2. Safety risks 
3. Tools required 
4. Fastener types 
5. Ease of maintenance 

The principle of accessibility reduces 
or eliminates the need for 
disassembling the product for repair, 
maintenance, and diagnosing actions. 
Therefore, criteria related to ease of 
disassembly also address the principle 
of Accessibility. 

Modularity 1. Disassembly time 
2. Safety risks 
3. Tools required 
4. Fastener types 
5. Ease of maintenance 
6. Spare parts cost 

The first five subcriteria assess 
positive aspects of modularity 
(improving ease of disassembly and 
maintenance). The last subcriterion 
addresses a potential negative aspect 
of modularity (bundling). 
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Standardised components 
and interfaces 

1. Disassembly time 
2. Safety risk 
3. Tools required 
4. Fastener types 
5. Parts cost 
6. Part period of availability 

While the use of standardized 
components is not a direct criterion, 
the benefits of standardization are 
assessed via various (sub) criteria, 
especially spare part cost and period 
of availability. 

 
Deliverable 4.4 provided an overview of the testing program, the rationale for the criteria, and the testing 
method (including a detailed testing methodology for eDiM). This report builds on D4.4 and presents an 
updated overview. Additionally, the determination disassembly scores, and the limiting factors are presented. 
This chapter then discusses an evaluation of testing programs, beginning with the assessment of the current 
scoring systems. It proceeds with eight case studies (two per product category), demonstrating the 
application of the PROMPT reparability testing program and highlighting areas for further improvement. 
Within the insights of the case study, update on aspects of eDiM methodology (including research on glued 
components) are also presented. 

5.1 Overall Testing program 

Table 4 and Table 5 present the proposed updated overall criteria for the testing program and their weight 
per product category. The assessment addresses six types of criteria: repair information, diagnosis, 
disassembly assessment, spare part and repair cost, software aspects, and maintenance. The overall criteria 
and weights were updated based on further workshops and collaboration with WP6 partners, considering 
simplification for testing and balancing the overall tensions between reliability, reparability, and user and 
market aspects. Further details can be found in the deliverables of WP6. 

5.1.1 Weight of scoring aspects in overall repairability score 

Table 4: Overview and weightage of the reparability and diagnosis scoring system. The criteria are applied 
per priority part. (WM= Washing machine, VC= Vacuum cleaner, TV = Television, SP = Smartphones). 
Subcriteria that need to exceed a threshold are indicated in red. 
 

Criteria Weight 
(WM) 

Weight 
(VC) 

Weight 
(TV) 

Weight 
(SP) 

Sub criteria Weight 
(WM) 

Weight 
(VC) 

Weight 
(TV) 

Weight 
(SP) 

Repair 
information  

10% 10% 10% 10% Step by step repair guide (including 
disassembly) (Manual or Video) 
 

80% 80% 80% 80% 

Presence of part code 20% 20% 20% 20% 
Diagnosis 10% 10% 10% 10% Error message indication 64% 64% 64% 64% 

Diagnosis troubleshooting manual 18% 18% 18% 18% 
Additional diagnosis tools/software 18% 18% 18% 18% 

Disassembly 
Assessment 

65% 65% 65% 65% Disassembly time 85% 85% 85% 85% 

Safety Risk 5% 5% 5% 5% 
Tool Required 5% 5% 5% 5% 

Fastener type 5% 5% 5% 5% 

Spare part and 
repair cost (LF) 

15% 15% 15% 15% Spare parts costs 50% 50% 50% 50% 

OEM repair cost 20% 20% 20% 20% 

Period of availability 30% 30% 30% 30% 
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Table 5: Overview and weight of software and maintenance aspect in the scoring system. These are part of 
reliability section on the overall scoring system. Note: security and functionality update are not separated in 
WP6. 

Criteria Weight 
(WM) 

Weight 
(VC) 

Weight 
(TV) 

Weight 
(SP) 

Sub criteria Weight 
(WM) 

Weight 
(VC) 

Weight 
(TV) 

Weight 
(SP) 

Software 
aspects 

Reliability 
3% 

Reliability 
0% 

Reliability 
14% 

Reliability 
7%  

Security and Functionality updates 100% 0% 100% 65% 

Software-based prevention of repair 0% 0% 0% 25% 

Reset to factory settings 0% 0% 0% 10% 

Maintenance Reliability  
(27%) 

Reliability  
(20%) 

Reliability 
6% 

Reliability 
3% 

Maintenance Indication 20% 20% 5% 60% 
Maintenance instructions 60% 60% 5% 20% 

Ease of maintenance 20% 20% 15% 20% 

 

5.1.2 Limiting factors, scoring thresholds 

Testing programs that consider many different aspects run the risk of undervaluing aspects that are 
considered of crucial importance if just a single score is calculated, as many other effects also need to be 
accounted for. On the one hand, the overall score should strike the right balance between the constituting 
parts, while on the other hand design features that make repair impossible should determine the overall score 
to a large extent. However, simply putting a high weight on such design features would lead to 
underestimation of other aspects if such detrimental features are not present. We therefore introduce limiting 
factor for critical criteria. If the threshold is not passed, the score will be largely determined by the score for 
these features. If the threshold score is passed, the weight of the particular criterion is as indicated in Table 
4 and 5. 

The following four (sub) criteria have a limiting factor [5]:  
- Safety risk 
- Spare part cost 
- Spare part period of availability 
- Security and Functionality updates 

These criteria severely hinder the reparability of the product if they are below the threshold. Consequently, 
in the testing program, these factors should then significantly impact the overall score. Table 6 indicates how 
the thresholds for these subcriteria affect the resulting score. The ‘low performance weighting’ indicates the 
extent to which the subcriterion contributes to the overall score if the threshold is not passed. A low 
performance weight of 70% thus means the limiting factor's weight becomes 70% if the criterion score falls 
below the minimum threshold value. 

Table 6: Minimum threshold, low performance weighting, its influence, and details on the limiting factor 
criteria. 

(Sub-)criteria Minimum 
threshold 

Low 
performance 
weighting  

Criteria, the 
limiting factor 
influences 

Details 

Safety Class D 70% Overall 
disassembly 
score 

Covers safety risk of medium to high 
severity and medium to high likely 
hood as according to PROMPT safety 
framework. See D4.3 for further info. 

Spare part cost 30% price of a 
new product 

70%  Overall repair 
score 

Price at the time of assessment 

Spare part 
period of 
availability 

Expected 
lifetime 

70%  Overall repair 
score 

expected lifetime (years): SP = 4, VC = 
7, TV= 9, WM = 9. (Based on survey 
data within PROMPT [6]). 
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Software Expected 
lifetime 

100% Overall 
reliability 
score 

Only applicable to smartphones (4 
years). 

 

Figure 8 provides an example: if the availability period falls below the threshold value of 4 years, this criterion 
begins to severely affect the overall score. In the case of Product 3, if the spare part is not available (0 years 
of availability), the reparability score would be approximately 3 with a limiting factor, rather than over 7 without 
the limiting factor. 

 

Figure 8: Example showing the influence of limiting factor towards overall score. ti = threshold line, Blue 
line= influence of spare part period of availability on the overall score without limiting factor, Red solid line = 
influence spare part period of availability on the overall score with limiting factor. 
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5.2 Determining disassembly score 

The disassembly score for each product category is related to the minimum and maximum disassembly time 
based on analysis of 10 products within each category (see deliverable 4.3 for more details). The Score 
ranges from 0.5 (lowest) to 5.5 (highest). The 75th percentile of disassembly time was used for the lowest 
score per component. This implies that the 25% of the priority parts with the longest disassembly time 
receives the lowest (0.5) score. Table 7,8,9 and 10 presents the disassembly time score for each product 
category. 

Table 7: Disassembly time score determination for the priority parts in washing machines. 

Washing machines 

Score 

Disassembly time range (in seconds) 
Door 
seal 

Drum 
bearings 

Shock 
absorbers Pumps Electronics Heater 

5.5 0-180 0 – 300 0-180 0-180 0-180 0-180 
4.5 181-240 301 – 600 181-240 181-240 181-240 181-240 
3.5 241-300 601 - 900 241-300 241-300 241-300 241-300 
2.5 301-360 901 – 1200 301-360 301-360 301-360 301-360 
1.5 361-420 1201 – 1800 361-420 361-420 361-420 361-420 
0.5 420+ 1800 + 420+ 420+ 420+ 420+ 

 

Table 8: Disassembly time score determination for the priority parts in Vacuum cleaners. 

Vacuum cleaners 

 
Score 

Disassembly time range (in seconds) 
Motor Battery Nozzle Filter 

5.5 0 – 120 0 – 30 0 – 10 0 – 10 
4.5 120 -180 31 – 60 11 – 20 11 – 20 
3.5 180 -240 61 – 90 21- 30 21- 30 
2.5 240 - 360 91 - 120 31 – 40 31 – 40 
1.5 360 - 480 121 - 150 41 – 50 41 – 50 
0.5 480+ 150+ 60 + 60 + 

 

Table 9: Disassembly time score determination for the priority parts in TVs. 

TV's 

Score 
Disassembly time range (in seconds) 

Mainboard TConBoard Backlight PSU 
5.5 0 - 120 0 - 120 0 - 120 0 - 120 
4.5 121 - 180 121 - 180 121 - 180 121 - 180 
3.5 181 - 240 181 - 240 181 - 240 181 - 240 
2.5 241 - 300 241 - 300 241 - 300 241 - 300 
1.5 301 - 360 301 - 360 301 - 360 301 - 360 
0.5 360+ 360+ 360+ 360+ 
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Table 10: Disassembly time score determination for the priority parts in smart phones. 

Smart Phones 

Score 
Disassembly time range (in seconds) 

Battery Screen 
5.5 0-60 0-120 
4.5 61-120 121-300 
3.5 121 - 240 301-420 
2.5 241 - 360 421-600 
1.5 361 - 600 601-900 
0.5 600+ 900+ 
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6 Evaluation of the testing program. 

The testing program must be both valid (ensuring the scoring system measures what it is intended to 
measure) and reliable (providing consistent scores upon re-evaluation and maintaining objectivity) [7], [8]. 
In addition, these two aspects should be carefully balanced with testability (ensuring the testing program 
can be done within reasonable time and budget). This will enable its effective use in policymaking and 
assessment by consumer organizations, Market Surveillance Authorities (MSAs), and other stakeholders. 

To ensure the validity and reliability of the testing program, whist keeping in mind its testability. The 
following two steps was taken. 

1. First, potential gaps that could occur related to validity and reliability in a testing program were 
identified through a study evaluating four current reparability testing programs (i.e., scoring 
systems). These gaps were taken into account during the development of PROMPT reparability 
testing program. 
 

2. The PROMPT testing program was then studied using eight cases, two from each product 
category. 

6.1 Evaluation of current scoring systems 

A study was conducted evaluating the validity and objectivity of the four current reparability scoring 
systems (1) Joint Research Centre (JRC) Scoring system [9], French Reparability index (FRI) [10], iFixit 
scoring System (iFixit) [11], and ONR 192102 (ONR) [12]. (See appendix IV for the preliminary draft of the 
research paper). This chapter presents the overview of the validity and reliability evaluation study, and the 
takeaways for PROMPT testing program. 

Method overview 
 
In this study, 16 products (10 smartphones and 6 vacuum cleaners) were scored and analysed using the 
four-scoring system. The reliability of the scoring system was then determined by scoring best and worst-
case interpretations per criterion and identifying the cause and the extent of differences in interpretations. 
The validity of the scoring system is determined by evaluating how the scoring system handles scenarios 
where repair is not possible. 
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6.1.1 Reliability 

The potential for varying interpretations (unclear aspects) when scoring criteria in each scoring system was 
investigated to determine the reliability of different scoring systems. Table 11 presents an overview of the 
results. Multiple interpretations were possible in the following aspects: bundling, breakable fasteners, spare 
part costs and availability, and repair information. Based on these results, the considerations for the 
PROMPT testing program related to reliability are also shown in this table. The decisions for these 
considerations are largely based on workshops held with PROMPT consortium partners (see D4.4, 
Appendix 4). 

Table 11: Main reason in subjectivity in the scoring system, its explanation, and considerations for PROMPT 
testing program. 

Topic Unclarity 
Possible scoring 
decisions 

Advantage  Disadvantage Consideration for 
PROMPT reparability 
testing program 

Bundling 
Unclarity on how 
bundling should 
be addressed. 

Destructive 
disassembly and 
desoldering can be 
conducted until priority 
part is removed 

- Could promote 
designs that require 
destructive 
disassembly Bundled components are 

considered not 
removable if price of 
spare part is above 30% 
of the product.  

Bundled components 
are Consider not 
removable 

Bundling is 
penalised 

Does not consider 
small elements 
bundled together 

Consider the entire 
bundle removable 

Considers small 
elements 
bundled together 

Could promote 
bundling of large 
modules 

Breakable 
fasteners 

Fasteners (e.g., 
snap fits) that may 
break during 
disassembly/reass
embly is difficult to 
consider.  

Consider not 
removable 

Promotes 
fastener that do 
not break during 
disassembly 

Products may be 
harshly scored 
since it’s only a 
chance. 

Consider removable only 
if ~10% breaks without 
any damage to the 
component. Consider removable 

Conforms to 
what is currently 
done in general 
for FRI 

Promotes fastener 
that break during 
disassembly 

Spare part 
price and 
availability 

Unclarity on how 
fluctuating prices 
of spare parts 
over time should 
be factored in 

check current local 
price during 
assessment. 

Easier to test Do not account for 
fluctuating price 

Current price is checked, 
further research may be 
required. 

Update assessment 
periodically 

Accounts for 
fluctuating pricing 

More difficult to test 

Unclear how "out 
of stock" spare 
parts should be 
handled 

consider not available 
Easier to test Do not account for 

temporary out of 
stock prices Manufacturer is 

contacted. If no answer 
is received, it is 
considered not available. Contact manufacturer 

when it will be in stock 

More 
representative of 
real case 

difficult to get 
answers from 
Manufacturer 

Repair 
information 

Unclear the extent 
of information 
required for a 
"pass" criterion. 

Thorough step by step 
information for 
diagnosis and repair 
on each failure mode 
is required 

More accurate 
representation of 
information 
availability 

Maybe too strict 
and currently none 
of the products will 
pass. Do not 
consider partial 
information 

Step by step information 
is required for 
disassembly, repair, and 
diagnosis of the product.  Partial guidance on 

general failure mode 
may suffice 

Points are 
provided  

Less strict and can 
be easily bypassed 
without giving clear 
guidance to user  
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6.1.2 Validity 

In situations where it is evident that repair is not viable, a valid scoring system should reflect this by assigning 
a very low score. Consequently, two hypothetical scenarios were examined: In the first scenario, a 
hypothetical product was assessed where the spare part price of one of its components (motor for a vacuum 
cleaner and screen for a smartphone) exceeded 50% of the price of a new product, while all other criteria of 
the scoring system were met. Likewise, in the second scenario, a hypothetical product was evaluated where 
a priority part (motor for a vacuum cleaner or screen for a smartphone) was attached using a permanent 
fixture, rendering disassembly impossible, while still meeting all other criteria. 
 
The study demonstrated that the current scoring systems could be further refined for validity. In the 
hypothetical scenario of an ideally repairable product with one expensive spare part, all scoring systems 
resulted in scores above 80%. Similarly, for the hypothetical scenario where a single priority part cannot be 
disassembled, FRI and JRC scored above 80%, while iFixit scored 68%. These outcomes indicate that for 
cases where repair of a specific priority part is unfeasible, the product still receives a relatively high score. 
Regrettably, in these kinds of extreme situations where repair is impractical, none of the evaluated scoring 
systems accurately portray the product's actual reparability. Although these scenarios are extreme, they are 
still reasonably likely to occur. 
 
The PROMPT reparability testing program has addressed this issue by introducing limiting factors (e.g., for 
spare parts availability and price) (see Section 5.1.2) or by assigning high weightage (e.g., for ease of 
disassembly) on important criteria. 

6.2 Evaluation of PROMPT testing program  

This chapter presents the primary findings and potential areas for improvement concerning the validity and 
reliability of the PROMPT reparability testing program while taking its testability into account. The evaluation 
of the PROMPT testing program was conducted using eight cases, selecting two cases from each product 
category (See Appendix III for the raw results). The methodology used is similar to the one outlined in Chapter 
6.1. In terms of reliability, the chapter discusses aspects that could introduce ambiguity in the testing program. 
As for validity, the handling of hypothetical scenarios, the assessment of model time versus actual time, the 
degluing process, and safety aspects within the PROMPT testing program are discussed. 

6.2.1 Reliability 

Time-dependent criteria, such as spare part price, spare part availability, and software updates, are currently 
only assessed at the time of testing. The scores for these criteria may change over time, which is not 
addressed in the current scoring system. Possible solutions include obtaining statements from manufacturers 
regarding maximum spare part prices or evaluating the criteria annually, further investigation may be needed 
on how this is best addressed. 
 
The current protocol does not provide information on how to assess software-based prevention to repair 
(e.g., part pairing). One potential solution involves using two identical devices, switching their priority parts, 
and testing the product's functionality. Another option is to determine if genuine third-party priority parts can 
be installed, although this would require significant resources to maintain a database of such parts. 
Additionally, software-based prevention to repair can occur at various levels, and further study is needed to 
determine how this can be fully incorporated into a scoring system. 
 
It remains unclear whether the level of detail provided by the manufacturer is sufficient for a scoring in 
diagnosis criterion. Most devices offered device-level diagnosis for instance, a manufacturer could provide 
generic information for a single failure and still achieve a full score in diagnosis. Other scoring systems also 
currently consider diagnosis and maintenance information at the device level, but the required level of detail 
is not specified in any of the systems. While inducing each priority fault and checking for error indications 
would be a more comprehensive approach, such an approach would be too resource consuming. Whether 
more detailed diagnostic assessment is required should be further investigated.  



 
PROMPT                               Deliverable 4.5 

 
 

   28 | 52 

 

6.2.2 Validity 

Hypothetical scenarios 
 
Figure 9 presents score of hypothetical scenarios of 3 current reparability scoring system and PROMPT 
scoring system. In the hypothetical scenario where, spare part is not available whilst all other criteria are 
fulfilled, the PROMPT testing program scores 35%. Similarly, for the hypothetical scenario where a single 
priority part cannot be disassembled, the PROMPT reparability scores 58%. While the score when a priority 
part cannot be disassembled is still relatively high, these results indicate a better representation of extreme 
scenarios than the current available scoring systems. To further represent the non-disassembly of a priority 
part in the scoring system, a further increase in weightage, or a limiting factor in “Disassembly Assessment” 
criteria may be needed in PROMPT testing program. 
 

 

Figure 9: Score of hypothetical scenarios of 3 current reparability scoring system compared to PROMPT 
scoring system (For smartphones). 
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Overall Disassembly time 
 
Table 12 presents a comparison between modelled eDiM disassembly time and actual required time during 
the testing procedure. The initial results indicate that, for phones, washing machines, and vacuum cleaners, 
eDiM times are comparable to actual times (within 70% accuracy). However, the model does not accurately 
represent TVs, where the actual time deviates from modelled time by factor of 2. 
 
Further analysis reveals that this large deviation results from how the “pry circumference” action (prying entire 
circumference of a cover or assembly held on by (e.g.) adhesive, snap fit or friction fit) is modelled in eDiM 
(see Table 13Table 11). In current eDiM testing program, for simplification of eDiM, a generalization is made 
for pry actions with and without adhesives. However, this decision led to significant discrepancies in the 
model time, with the actual time for pry actions without glue being significantly overestimated (approximately 
by factor of 3.5) and underestimated (by factor of 2) for pry actions with adhesives. Based on these findings, 
an additional pry action for adhesives will be incorporated into the eDiM of the testing program (see 
deliverable 4.3 Appendix 5 for further details). 

Table 12: Overall model and actual disassembly time of the analysed product, cells highlighted in orange 
shows significant difference between actual and modelled time. 

Overall disassembly time (seconds) 
 

  Modelled Actual % Difference 
Ratio 

(modelled/actual) 
Phone 1 125 103 21% 1.21 
Phone 2 656 794 -17% 0.83 
TV1 1014 406 150% 2.50 
TV2 367 187 96% 1.96 
WM1 1083 1132 -4% 0.96 
WM2 1512 1630 -7% 0.93 
VC1 230 183 30% 1.30 
VC2 164 125 29% 1.29 

 

Table 13: Average modelled vs actual time of pry actions. 

Pry 
circumference  Modelled time Actual time %Difference 

Ratio 
(modelled/actual) 

Mid force 210 64 228% 3.28 

High force 817 217 276% 3.76 
Mid force 
(with glue) 52.8 99 

-47% 0.53 

 
Degluing process 
 
It was difficult to apply the current model of eDiM to glued connections since repetitive prying is required and 
these motions cannot be easily described. To address this issue, further tests were conducted to explore 
alternative approaches to assessing the degluing process: 1) modelling physical fastener characteristics, 2) 
measuring the bond strength of glued connections, and 3) extending eDiM for glued connections (see 
Appendix I for more details). Based on this analysis, an updated version of eDiM was chosen, wherein the 
sequence of movements expected from a particular degluing process is modelled (refer to D4.4 Appendix 5 
for more information). 
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Safety 
 
The current safety model does not provide a comprehensive assessment; a safety score based on an 
incomplete evaluation may result in misleading conclusions regarding actual repair safety risks. Therefore, 
while we acknowledge the importance of including a safety criterion with limiting factor, we recommend 
including safety criterion in the testing program only after the safety framework is fully developed and 
encompasses the majority of probable safety risk factors. These factors include chemical hazards, 
mechanical hazards related to handling heavy objects, and additional post-repair safety hazards. 
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7 Recommendations on testing 

There are several opportunities for improvements in the testing program and for further investigation related 
to diagnosis, maintenance and repairability of the product:  

• The validity of disassembly time has currently been conducted with a small sample. This should be 
further strengthened by including a greater number of products and product categories, examining 
the extent to which calculated model times reflect actual times across different product categories. 
 

• The relationship between disassembly and reassembly should be further investigated to determine 
whether reassembly assessment should be explicitly part of the evaluation criteria or whether this 
is already sufficiently covered by the disassembly time. 
 

• A more comprehensive assessment of safety is desirable, expanding the safety framework to 
include chemical hazards, mechanical hazards related to handling heavy objects, and additional 
post-repair safety hazards. 
 

• The current reparability assessment does not address board-level repair. However, board-level 
repair is a common practice among highly skilled third-party professional repairers. Further 
investigation may be needed to incorporate features influencing board-level repair into the testing 
program. 
 

• The testing program does not consider software aspects for washing machines and vacuum 
cleaners. However, there are instances where software aspects play a role (e.g., resetting to 
factory settings), and with the rise of smart vacuum cleaners and smart washing machines, this 
may become more relevant in the future. 
 

• Time-dependent criteria, such as spare part price, spare part availability, and software updates, are 
currently only assessed at the time of testing. Further investigation may be needed to determine 
how scores from these types of criteria can accurately reflect the dynamic reality. 
 

• While this research establishes the importance of addressing software-based obsolescence (e.g., 
part pairing), a robust protocol for testing these factors has not been fully developed. Therefore, 
this area requires further development. 
 

• The testing program highlights areas where regulations may have the largest impact. Criteria with 
limiting factors or relatively high weight could considered for potential legislation. Instances of such 
regulations are already evident. For example, since March 1, 2021, the Regulation on eco-design 
requirements for household washing machines and washer-dryers (EU) 2019/2023 mandates 
manufacturers to supply spare parts, such as door hinges and seals, for a period of 10 years to all 
professional repairers. It is recommended to implement similar legislation based on the criteria 
from this testing program. 
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APPENDIX I 
 

1) Modeling physical fastener characteristics 

Using fastener characteristics and available measured disassembly times, models can be built that predict 
the disassembly time. Disassembly times of glued batteries and screens were modeled as a linear model 
estimated by maximum likelihood.  
 
As variables in the model, a variety of physical characteristics were selected, including part dimensions, 
number of battery packs, and adhesive surface area. The positioning of the adhesive on the part influences 
the use of lever force and was characterized by the percentage of the adhesive area in the center of the 
component and the percentage of the adhesive area within 15 mm of the edge of the component. Factors 
influencing the accessibility of the part were the percentage of fastener circumference obstructed by other 
components, and the percentage of the fastener circumference that is recessed. The advantages of a linear 
model with self-picked physical properties are that it is easy to interpret and unlikely to overfit the variability. 
 
The resulting models performed unreliably on untrained data. Challenges to this approach are finding the 
characteristics that influence the disassembly time and measuring them. A potential missing characteristic in 
the model is the adhesive strength or glue tackiness. The tackiness varies between models but may also 
differ from sample to sample due to aging of the glue, different use scenario, or different production scenario. 
In addition, quite some data is needed to build the models and this data would be needed to model new 
evolutions in the market, making the approach difficult to scale. 
 

2) Measurement of bond strength of glued connections 

We investigated whether measuring the bond strength of glued connections would result in more reproducible 
results compared to manual disassembly. We found that the yield strength tests provide quite repeatable 
results, and that the yield strength tests provide very granular results, allowing to pick up fairly small variations 
from one product to the next. For more information see the Appendix II on bond strength measurement. 
 

3) eDIM extension for glued connections in smartphones and smartTVs  

To obtain a practical, reproducible solution to assess adhesive connections, we propose to base the proxy 
time for adhesive connections on the sequence of movements needed to disassemble a generic version of 
that fastener. The actual movement needed to disassemble a specific fastener is not described, instead the 
sequence of movements expected from that kind of fastener are modeled. This evaluates the connector 
selected in the product design process rather than the actual implementation of the fastener. Detailed 
information is published in PROMPT deliverable D4.4 appendix 5. 
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APPENDIX II 
 
Assessing the Ease of Disassembly of Glued Connections  
through Measurement of Bond Strength 
 
 
Ease of disassembly (EoD) proves hard to determine for glued connections, as on the one hand, actual 
disassembly times may vary wildly across samples and operators, and on the other hand, the actions needed 
to reverse the adhesive bond are hard to define purely based on product design in terms of precise 
movements, force, and number of attempts required. More background to this question is provided in 
PROMPT deliverable D4.4 Appendix 5. 
  
From October 2021 to january 2022, as part of its research in the PROMPT project,1 iFixit conducted a series 
of tests at the KULeuven Demanufacturing lab2 in order to investigate if a test rig could reliably measure the 
mechanical resistance of glued connections in smartphones, as a proxy for ease of disassembly that would 
be both granular and reproducible. We performed tests on back covers, screens and batteries of two current 
models of smartphones, Samsung Galaxy A32 and Motorola Moto G30.3 After several iterations of the setup, 
we were able to achieve fairly consistent results across a batch of devices of the same make and model. 
 
 

1. Test Setup 
 
We used a Thümler Z3 universal tensile testing machine to apply a measured pulling force to back covers, 
screens, batteries and battery pull tabs. For battery pull tabs, we used Grip Engineering THS470 pincers. 
The flat surfaces of back covers, screens and batteries were gripped with Schmalz SAOF oval-shaped nitrile 
rubber suction cups (Shore hardness 45°) actuated with a -0,8 bar vacuum. We settled on vacuum clamping 
after previous tests with a metal pull plate glued to the screen with MS polymer glue had failed, breaking the 
screen and letting go before overcoming the adhesive bond of the screen to the frame.  
We verified the efficiency of the vacuum clamping setup by testing the holding force of various suction cup 
sizes on a smooth metal plate clamped with suction cups on both sides, and found that the force exerted by 
round and oval suction cups was proportional to their surface area as expected, and equal to ca 87% of the 
theoretical maximum holding force. A square suction cup proved to be less efficient. 
 

 
1 See www prompt-project.eu. 
2 We would like to thank Ellen Bracquené and Tine van Moeseke for their help with the tests. 
3 We chose those models based on the presence of adhesive for 3 components (back cover, battery and  screen) in order to maximize 
the number of test per sample, and beyond that on their prevalence in terms of market share and on retail price. 
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Fig. 1: Pull force vs suction cup area 

 
As far as holding the devices is concerned, for the initial tests on back cover and battery removal, the 
smartphones were held in a simple clamp intended to hold smartphones on a bicycle. This setup was 
adequate for back covers, which have a large surface area and limited adhesive. Battery removal proved 
more challenging in this setup, and the holding force was found to be totally insufficient for the disassembly 
of screens, which have the strongest adhesive bond - causing the devices to slip out of the clamp. For screen 
removal, holding the smartphones from below with a second suction cup also proved unsatisfactory. In the 
final iteration of display removal tests, the smartphones were held by in a Power Plus 0246 cast iron clamp 
intended for holding workpieces during drilling, equipped with serrated jaws for better grip on the smartphone 
frames (with the regular jaws, the smartphones would still slip out of the clamp). This was tightened with a 
controlled force of 10Nm using a Würth 0714 71 30 torque wrench, resulting in a clamping force of 
approximately 4900N. This provided adequate clamping without distorting or damaging the frame of the 
devices, which is a delicate balance.  
The samples were repeatably placed in the same position using a support plate that registered on the outer 
rim of the frame as well as an adjustable stop, ensuring that the gripping device (suction cup or pincers) was 
precisely located over the object (centre of screen or battery, or pull tab). On batteries, the suction cup was 
positioned diagonally in order to fit the largest possible size of suction cup. 
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Fig. 2: test setup 

 
2. Procedure 

 
The force registered by the tensile tester was zeroed under no load with the suction cup and vacuum hose 
attached. 
 
Before testing, the smartphones were heated in an Excalibur 4926T drying oven for a minimum of 40 minutes 
at a temperature of 80°C4. The actual temperature of the samples was checked before and after testing with 
a Flir Thermovision A20 thermal camera; the starting temperature was within a range of 68-77°C for all tests 
and the temperature after completion of the procedure was within a range of 38-52°C. 
 
The samples were subsequently mounted in the test rig and loaded with a small (3 to 5 N) downward pressure 
from the suction cup in order to ensure that the cup seal mated well with the surface of the target component 
(back cover, screen or battery), and that any slight bending or buckling of the frame due to clamping force 
would oppose the pulling force instead of pulling the sample out of the rig. After this, the clamp was tightened 
to the predetermined force (cf. supra). The tensile test was then started and continued until the target 
component was completely separated from the sample. 
 
 
 

 
Fig. 3: sample a beginning of test 

 
 

3. Results 
 
Back covers consistently peeled off in the same manner, starting from the sides and bottom of the 
smartphone and holding a bit longer on the top corner of the phone where the camera is located (more 
adhesive is present at the periphery of the camera). Back covers of Samsung Galaxy A32 all peeled off 
completely, whereas back covers of Motorola Moto G30 sometimes got hung up on the edge of the camera 
at the end of the pull. Batteries deformed much less, bulging a little initially before letting go first on one side 
and then on the other. 

 
4 As far as we could assess, disassembly temperatures recommended by manufacturers range from 60°C to 
70°C. Since our setup does not simultaneously heat while applying force, we set the temperature slightly 
higher so as to perform the effective separation at a temperature of around 70°C. 
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Fig. 4: yielding mode of back cover 

 
This first test series had some outlier results but we found sufficient overlap between different 
force/displacement plots as well as maximum yield force to conclude that at least in principle, this method 
could yield consistent results.  
 
 
 
One can distill different metrics from the graphs, such as for instance the yield ratio (steepness of the curve 
i.e. displacement divided by force) within the elastic range, or the total energy used for separating the bond 
(surface under the curve). We chose maximum yield force as a simple metric that offers a good 
representation of the effort required to separate the bond. The maximum yield force of the back covers was 
within a range of 82-113 N. 
 

 
Fig. 5: test results for back covers 

 
Batteries on the other hand, required 109-173 N of force to separate. 
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Fig. 6: test results for batteries 

 
Screens required considerably more force to come loose, in the range of 321-453 N. However, having refined 
the setup at this point, we achieved quite consistent results with screens as well, as can be seen from fig. 7. 

 
Fig. 7: test results for screens 

 
An overview of the test results with variability can be found in table 1. The relative standard deviation across 
samples was between 6 and 17%, showing a vastly higher reliability than manual disassembly time which 
had relative standard deviations between 45% and 101%. Note that heating time is excluded from the time 
measurements to make them comparable with the yield tests, which also start with heated devices. 

 

 
Table 1: overview of the test results from mechanical yield testing and manual disassembly, with standard deviation. 

 
4. Conclusion 

 
The comparison of mechanical yield strength measurements and manual disassembly times in terms of 
variations shows that manual disassembly times, even those recorded with a single experienced repair 
operator, are far from repeatable, whereas the yield strength tests provide quite repeatable results. 
Additionally, the yield strength tests provide very granular results, allowing to pick up fairly small variations 
from one product to the next. Therefore, they offer a crucial combination of repeatability and granularity, 
which is needed to reliably differentiate between products. 
This has so far been the crux of EoD assessments for glue bonds in the state of the art: they either lack the 
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granularity needed for differentiation (in the case of simple action-based proxy times) or the repeatability 
needed for a reliable assessment based on a small number of samples (either in the case of real time 
measurement or assignment of highly granular proxy times, which tend to be assigned differently by different 
operators).  
The measured yield strength could be used as a direct proxy for ease of disassembly, or it could  be combined 
with an action-based ease of disassembly metric by allowing the selection of an adequate difficulty factor to 
be added to the prying (or similar) action used to loosen the adhesive bond. 
 
While this method also comes with certain disadvantages - notably the cost of the test setup and the 
destructive nature of the test - these are relative since disassembly by a qualified operator is also expensive 
and manual disassembly can also lead to damaging the product, and they may be justified by the 
improvement over existing methods in terms of granularity and repeatability. 
Finally, it should be noted that our assumption that bond yield strength is a good predictor for actual ease of 
disassembly and therefore disassembly time, while intuitively obvious, has not been scientifically validated. 
Due to the variation in actual disassembly times, devising any sort of proxy measurement that fits well with 
these times is like shooting at a moving target. Within the scope of this research, we have tested enough 
samples to demonstrate that yield testing provides significantly higher repeatability than manual disassembly, 
but not to demonstrate that it would yield the same results as manual disassembly if applied on a large scale 
to the same products. This could be a topic for further research.5 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
5 In order to validate the assumed relation between bond yield strength and disassembly time, one would 
have to test a large number of samples of an extensive range of smartphone models with both methods (yield 
force test and manual disassembly) and rank them according to the average test result by both methods. If 
one is an adequate proxy for the other, ideally both methods would result in the same ranking. With our 
limited number of samples, the mechanical tests yield the same ranking of devices for screens, but not for 
batteries. However, given the large variability of results with manual disassembly, one would have to 
disassemble a much larger number of samples for each model in order for the average to be a meaningful 
representation of the population. To do this for a significant number of models would require a considerable 
investment and was beyond the scope of our research. 
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APPENDIX III 
Product wise test results 

 
Smartphones 

 
Information, Diagnosis, Spare part price and availability, Maintenance and software aspects 
 
Phone 1 

 
 
Phone 2 
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Disassembly Time  (eDiM) 
 
 
Phone 1 

 
Phone 2 
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TV 
 
Information, Diagnosis, Spare part price and availability, Maintenance and software aspects 
 
TV1 

 
 
TV2 
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Disassembly Time  (eDiM) 
 
 
TV 1 

 
 
TV2 
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 Vacuum Cleaners 
 
Information, Diagnosis, Spare part price and availability, Maintenance and software aspects 
 
VC1 
 

 
VC2
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Disassembly Time  (eDiM) 
 
VC1 
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VC2  
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WASHING MACHINE. 
 
Information, Diagnosis, Spare part price and availability, Maintenance and software aspects 
 
WM1 

 
WM2 
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Disassembly Time (eDiM) 
 
WM1 
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WM2 
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APPENDIX IV 
Evaluation of reparability scoring systems 

please note that this is a preliminary draft and is yet to be peer reviewed. 
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fasteners) during disassembly, provision of repair information, and fluctuations in spare part prices. 

However, the extent to which these issues influence scores, and their effect in other scoring systems is 

not clear. 

Overall, a complete picture regarding validity and reliability of the current scoring systems is lacking. This 

paper aims to address this gap for the four scoring systems mentioned above. The overarching research 

question of this study is: How valid and reliable are the current scoring systems? This question is explored 

through the following activities and analyses. 

- The scores of a number of products in different product categories are compared across the different 

scoring systems, to examine the differences and their justification. While this comparison does not 

directly determine the validity of a scoring system, it provides indications of areas that may require 

further investigation in terms of validity. 

- The validity of the scoring system is evaluated by checking how the scoring systems handles 

hypothetical scenarios where repair is considered not feasible. 

- More specifically, regarding disassembly, the eDIM and steps methods are compared with measured 

disassembly time for a range of different products to identify the validity of each method. 

- The reliability of the scoring systems is determined first by scoring various products with best-case 

and worst-case interpretations per scoring criterion, then by identifying the cause and the extent of 

differences in scores.  

In total, 26 products (10 smartphones and 6 vacuum cleaners, 5 washing machines, and 5 TV’s) are 

evaluated from the perspective of self-repair and 3rd party professional repair. Aspects related to OEM 

(authorized) repair are not assessed, due to lack of access to information and tools provided for authorized 

repair.  

Based on these findings, the paper proposes recommendations to improve validity and reliability in the 

current scoring systems. These improvements may empower designers, repairers, consumer 

organizations, and policymakers to leverage these systems more effectively. 

2 Scoring systems 
This section provides an overview of the four scoring systems that will be analysed. The criteria applied 

by these scoring systems and their weight is presented in  

Table 1.  

Joint Research Centre (JRC) Scoring system. 

The JRC scoring system has been developed based on the preliminary draft of the standard EN45554 , 

which concerns general methods for the assessment of the ability to repair, reuse, and upgrade energy-

related products [16](CEN/CLC TC10 European Standard, 2017) and the Benelux study on "reparability 

criteria for energy-related products" [3], and is intended to be implemented as part of the eco-design 

requirements for consumer products. This scoring system is mainly focused on professional repairers, with 

some criteria considered for consumer repair. It is currently suited for the assessment of vacuum cleaners, 

washing machines, smartphones, tablets, and TV’s. 

French Reparability index (FRI) 
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  Figure 2c: iFixit score breakdown for smartphones. "sp exp " = expensive spare part “not disasss” = a priority part 

cannot be disassembled. 

   

Figure 3: FRI, iFixit and JRC score and its uncertainty range for smartphones. Bars show the extent of best- and worst-
case interpretations. 
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Figure 5:  FRI and JRC score and its uncertainty range for vacuum cleaners. Bars show the extent of best- and worst-

case interpretations. 

Results for the ONR system are not shown. ONR has 11 must-have criteria, for which none of the assessed 

vacuum cleaners passed. Essentially, the overall score of ONR for all vacuum cleaners was 0. Furthermore, 

scoring of vacuum cleaners by ONR turned out to be highly subjective.  This subjectiveness arises because 

ONR frequently provides 0-5 score levels but does not provide instructions on how each level should be 

scored. This was also observed in previous research [3], [22].  

4.2 Performance of hypothetical scenarios 

For the hypothetical scenario, for both smartphones and vacuum cleaners, in which one spare part is 

prohibitively expensive in a further ideally repairable product, high scores were obtained. JRC and iFixit 

scored up to 100% (Figure 2a, 2c, 4a & 4b) while FRI scored up to 80% (Figure 2b & 4b ). Similarly, for the 

hypothetical scenario, in which a single priority part cannot be disassembled, FRI and JRC exceeded 80%, 

and iFixit scored 68%. 

4.3 Comparison of scoring systems 

For smartphones, regression analysis showed that JRC, iFixit and FRI scores were highly correlated (R2 = 

0.98). However, this correlation doesn't extend to the criteria level, where a lower score in one criterion 

is often offset by a higher score in another.  FRI has higher scores in disassembly ease compared to JRC 

due to its emphasis on fewer priority parts (4 for FRI versus 8 of JRC) and less stringent disassembly steps 

(for example for the disassembly of the display, JRC requires less than 3 steps for the highest score, 

whereas the FRI requires less than 7 steps). Additionally, FRI scores high to criteria such as software reset, 



16 

update information, and remote assistance availability, which are not considered in the JRC system.  

However, FRI includes spare part price, and this results in lower scores for most smartphones since most 

(8/10) score 0 in this criterion. JRC scoring system, despite having stricter disassembly criteria, tend to 

lean towards higher scores due to the significant weight given to the ease of disassembly (55% for JRC 

versus 20% for FRI). iFixit scores are higher than both JRC and FRI as it focuses on two easily removable 

key parts (battery and screen), has highest weight in ease of disassembly (58%), and factors in the 

availability of third-party spare parts, which are usually easy to acquire.  

For vacuum cleaners, regression analysis showed a low correlation (R2 = 0.59). Wilcoxon signed-rank test 

confirmed that the FRI score of vacuum cleaners is significantly lower than the score of JRC (P < 0.0001). 

In the case of vacuum cleaners, the significantly lower score on FRI than JRC can be attributed to three 

major factors. The primary factor is the high weight assigned to JRC's disassembly criteria (60%) in contrast 

to FRI's disassembly criteria (20%).  The JRC-score for disassembly only exceeds for all product the total 

FRI-score.  Further, in the JRC system, spare part availability distinguishes between "available", 5 years, 

and 8 years, whereas FRI distinguishes between 9, 11, and 13 years. As a result, nearly all vacuum cleaners 

(5 out of 6) receive poor scores for spare part availability in the FRI system. Finally, JRC does not consider 

the price of spare parts as a criterion, while all vacuum cleaners score 0 in the FRI system in this respect. 

Best- and worst-case interpretations 

As presented from the Figure 3 and Error! Reference source not found., based on Wilcoxon signed rank 

test, significant difference between worst- and best interpretations are observed in both vacuum cleaners 

(P<0.001) and smartphones (P<0.004). This means that the variance from best case to worst case within 

the same product is higher than the difference between product scores, especially for vacuum cleaners.  

The main reasons for the observed differences between best- and worst-case interpretation are listed in 

Table 5. These differences arise from unclarity related to bundling, breakable fasteners, adhesive removal, 

spare part price, spare part availability, and access to repair information.  

Table 5: Main reason for difference in score due to difference in interpretation and its explanation. 

Design 
aspect 

Interpretation issue in 
scoring 

Possible scoring 
decisions 

Advantage Disadvantage 
Affected 
scoring 
system 

Bundling 
Unclarity on how bundling 

should be addressed. 

Bundled components 
are considered not 

removable 
Bundling is penalised 

Does not consider 
small elements 

bundled together 

FRI, JRC, 
IFIXIT 

Consider the entire 
bundle removable 

Considers small 
elements bundled 

together 

Could promote 
bundling of large 

modules 

Remove the part 
destructively 

 
Promotes designs 

requiring destructive 
disassembly 

Breakable 
fasteners 

Fasteners (e.g., snap fits) 
that may break during 

disassembly/reassembly is 
difficult to consider. 

Consider not 
removable 

Promotes fastener 
that do not break 

during disassembly 

Products may be 
harshly scored since 

it’s only a chance. FRI, JRC, 
IFIXIT 

Consider removable 
Conforms to what is 

currently done in 
general for FRI 

Promotes fastener that 
break during 
disassembly 
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4.4 Assessment of ease of disassembly 

Figure 6 and Table 6Error! Reference source not found. presents the number of disassembly steps and 

the calculated eDiM time compared to the actual recorded time in professional disassembly. A high 

correlation (R2 = 0.93) was observed between eDiM time and actual time, and medium correlation (R2 = 

0.69) between number of steps and actual time. Furthermore, eDiM time maintains a significantly higher 

correlation with the actual time at the product level, as opposed to the disassembly steps method (Table 

6). Additionally, it's notable that the intercept of the trendlines for steps significantly deviates from the 

expected 0,0 intersection, which is not the case for eDiM time. This discrepancy highlights the clear 

advantage of the eDiM time method over the steps method. 

The larger deviations when considering the number of steps as a measure for the actual disassembly time 

are due to two main reasons: a) component removal after unscrewing a large number of similar screws 

and component removal after unscrewing a few screws are treated the same, and b) some products have 

many easy to remove small components, resulting in a high disassembly step count. 

In general, eDiM time is slightly higher than the actual time. Upon video observation, the following two 

main reasons were identified: a) the repairer frequently keeps small tools still in hand while conducting 

minor disassembly tasks. In contrast, eDiM calculates every change from tool to hand and vice versa; b) 

Adhesive 
removal 
process 

Multiple tools and 
techniques may be 
required, making it 

difficult to determine the 
best way to represent the 
adhesive removal process 

Count each and every 
tool changed by 

assessor 

Can address 
differences in 

difficulties of models 
Is subjective 

FRI, JRC, 
IFIXIT determine and 

consider standard 
amount of tool change 

Provides consistent 
and objective 

assessment for 
adhesive removal 

Database and further 
research are required 

Components are generally 
glued in thin lines, 

therefore unclear how to 
check glued surfaces 

Assess entre surface 
that is attached 

Easier to test 
Less accurate on 

representation on the 
ease 

iFixit 
Assess only surfaces 

where glue is present 
More difficult to test 

More accurate on 
representation on the 

ease 

Spare part 
availability 

Unclear how "out of stock" 
spare parts should be 

handled 

consider not available Easier to test 
Do not account for 

temporary out of stock 
prices 

Unclear 
how "out 
of stock" 

spare parts 
should be 
handled 

Contact manufacturer 
when it will be in stock 

More representative 
of real case 

difficult to get answers 
from Manufacturer 

Repair 
information 

Unclear the extent of 
information required for a 

"pass" criterion. 

Thorough step by step 
information for 

diagnosis and repair on 
each failure mode is 

required 

More accurate 
representation of 

information 
availability 

Maybe too strict and 
currently none of the 
products will pass. Do 

not consider partial 
information JRC, FRI, 

iFixit  
Partial guidance on 

general failure mode 
may suffice 

Points are provided 

Less strict and can be 
easily bypassed 

without giving clear 
guidance to user 



18 

removal of several components or fasteners is sometimes done at once, whereas in eDiM, each removal 

of a component or group of fasteners is considered individually. 

Figure 6: Disassembly step and Calculated eDiM time comparted to actual time. 

Table 6: product wise R2 Relation and corresponding trendline of eDiM and Steps to actual time. *Note: to provide 
a similar comparison according to graph, steps value is multiplied by 28.7  (1000/35) for the trendline. 

Products 

R2 Relation to Actual Time Trendline 

eDiM Steps eDim Steps* 

Washing Machine 0.97 0.75 1.3x -13.7 .70x +143 

TV 0.93 0.59 1x +13 .63x +54 

Vacuum Cleaner 0.92 0.62 0.76x +11 .73x +89 

Overall 0.93 0.69 0.8x +20.6 .70x +143 

 

5 Discussion 
The validity of scoring systems in hypothetical scenarios, upon comparing different scoring systems and 

on different disassembly assessment methods is discussed first. Then we discuss the reliability of the 

scoring systems in best- and worst-case scenarios. In general, all the assessed scoring systems have 

opportunities for improvement regarding their validity and reliability. 

The scoring systems reflected the validity well for products that are known to be highly repairable (such 

as Fairphone). However, we observed validity problems across all scoring systems in scenarios where 
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repair of a specific priority part was not feasible or affordable. Here, products still scored relatively high, 

despite the poor repairability. Therefore, in these cases, none of the evaluated scoring systems accurately 

represent the product's actual reparability. Although these scenarios are not frequent, they do happen 

regularly, corroborating previous findings [11], [12]. 

A potential solution to address this issue could involve the implementation of a limiting factor approach 

[23] for criteria that determine the feasibility of repair. In this approach, if a criterion fails to meet a 

specified threshold, the overall score would be predominantly determined by this critical criterion, based 

on how far it falls below the threshold. Other recommended solutions include pass/fail thresholds and 

increasing assigned weight [12]. However, the limiting factor approach ensures that other criteria are not 

underestimated in the absence of detrimental features and avoids harsh penalties for products that 

slightly exceed the threshold value. For instance, if the threshold value is set at 30%, a product with a 

score of 29% would face severe penalties, while one with a score of 31% would not at all. 

Currently, only FRI takes spare part price into account (with a weight of 20%), resulting in situations where 

expensive repairs make repair unfeasible to the customers despite receiving a high score. Spare part price 

is usually not accounted for because it is hard to assess precisely, as prices fluctuate over time, but such 

an approach fails to capture critical data, as a result, this is also identified as one of the main issues related 

to reliability. Possible solutions include: using price estimates with large error margins, asking 

manufacturers to provide information on how spare part prices would change over time, or conducting 

regular price checks. However, each method has its limitations, and further research may be necessary to 

effectively tackle this issue. 

Software aspects are addressed by two scoring systems (JRC and FRI); for smartphones, software has a 

weight of 15% and 5%, respectively. For devices centred around software (e.g., smartphones and laptops), 

long term support of security and software updates are crucial for extended lifetime of the device and 

could be a deciding factor for users to repair when the product eventually fails [24], [25]. Additionally, 

software part-pairing, where a part becomes difficult or almost impossible to replace by third party 

repairers or users, is becoming increasingly prevalent [12]. However, none of the scoring systems take this 

into account. Thus, while this study did not empirically test software aspects, software update time and 

part pairing should be investigated to establish if software should be represented with a higher weight or 

considered as a limiting factor.  

To determine priority parts, according to recent research by Bracquene et al (2020) [14], considering 

either 75% of failures or at least 5 priority parts provides the optimum balance between validity and ease 

of testing. In situations where the failure rates of priority parts are significantly different (for example, 

60% battery, 20% motor for cordless vacuum cleaners), the validity of the scoring system could be 

improved if individual scores related to priority parts (e.g., ease of disassembly of a priority part, spare 

part availability) are weighted according to the average failure rate per product category, as done by 

Bracquene et al (2020) [14]. Given this, the JRC scoring system (with weights based on failure rates) 

appears to be most valid, followed by FRI.  The iFixit scoring system considers only the battery and screen 

as priority parts, and the combined failure rates for these two are approximately 60% [26]. Thus, the iFixit 

scoring system could be enhanced by incorporating one or two additional priority parts in the assessment. 

Figure 6 shows that eDiM time provides a better representation of the ease of disassembly than the 

number of steps. Additionally, our results show that eDiM is not only valid for ICT products, but also for 

completely different categories like washing machines and vacuum cleaners, thus largely extending the 
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applicability of eDiM. Since ease of disassembly is one of the critical criteria for determination of 

reparability, eDiM (as used by iFixit) is recommended for a more valid reparability scoring system. 

However, eDiM does present limitations. The public database [27] is currently limited to a few ICT 

equipment types and demands extensive time for calculation. Additionally, the database must be updated 

every time a new product is introduced. The current eDiM database uses specific connector types and 

specific tools as input, and since there are essentially countless types of tools and connector combinations, 

it becomes increasingly difficult to incorporate all the different connector types and tools required to 

assess various products and designs. This could be unfeasible for a scoring system that intends to expand 

the product types it could test in the near future. Further investigation is necessary to develop an eDiM 

system that is simpler to implement and capable of incorporating a wider range of products into the 

database. Here, considering specific actions rather than tools and connections, as done by De Fazio et al. 

(2019) [28], could be further explored. 

Reliability findings, as presented in Table 5, show that while there is reasonable correlation between 

scores of the same product across scoring systems, each product’s possible variation of score from best 

to worst was often larger than the differences between products; this is in line with previous research 

[11], [12]. Thus, scoring systems need clearer and more detailed protocols to minimize subjectivity. One 

major reliability issue relates to bundling. Here, clearer protocols are required so that designs containing 

large modules or requiring destructive disassembly are adequately penalized. For example, bundled parts 

might be considered as non-removable. However, it's important to note that the use of bundling can also 

be beneficial for the ease of disassembly, as well as the product's reliability and cost [22]. Striking the right 

balance when applying bundling is crucial, and this balance should be reflected in the scoring accordingly. 

Other reliability issues relate to "repair information" and “diagnosis information” criteria, which are not 

accurately described by JRC and FRI. The level of detail in diagnosis and repair information should be 

specified by indicating exact failure modes and parts it addresses steps to diagnose and repair it. 

Future opportunities 

Validity can be further examined by surveying professional repairers about the product's reparability and 

evaluating how well their opinions align with the score. Furthermore, comparison of disassembly step 

numbers and eDiM times versus actual times for glued components should be assessed to provide a 

complete picture on the validity of each disassembly assessment method. 

The reliability of scoring systems can be further improved by engaging a larger number of independent 

assessors to evaluate the scoring system using the same products. Evaluating more product categories 

would help to determine the scoring systems' generalizability across different categories. 

6 Conclusion 
This study evaluated the validity and reliability of four prominent reparability scoring systems: the French 

Reparability index (FRI), Joint Research Centre scoring system (RSS or JRC scoring system), iFixit, and 

ONR19202. The research aimed to enhance the effectiveness of these systems in promoting more durable 

and repairable products in alignment with the European Commission's circular economy action plan and 

the right to repair movement.  

While the scoring system provided a valid reflection of products known to be repairable, the analysis also 

identified several areas that require improvement. Scenarios where repair is deemed infeasible or too 
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expensive demonstrated that the current scoring systems do not accurately represent the actual 

reparability of products. To address this issue, the study proposed the implementation of a limiting factor 

approach for criteria that determine the feasibility of repair. This approach ensures that critical criteria 

play a significant role in determining the score when they fail to meet specified thresholds. 

Reliability issues in the scoring systems were also identified. Different interpretations of scoring criteria 

can change overall product scores significantly, making them score better or worse than other products. 

The paper recommends a need for a clearer and more detailed protocol to address issues related to 

bundling, spare part availability and price, and repair and diagnosis information criteria, ensuring that 

these design aspects are free from subjective interpretations. 

Additionally, the study evaluated the accuracy of disassembly assessment methods, namely the eDiM 

method (which estimates disassembly times by modelling necessary actions) and the step method (which 

counts disassembly steps), in comparison to actual disassembly time. Results indicated that the eDiM 

method gives a significantly more accurate representation of actual disassembly ease than the step 

method, establishing its superior validity for disassembly ease assessment. This research also 

demonstrated that the eDiM method's applicability extends beyond ICT products to categories like 

washing machines and vacuum cleaners, significantly broadening its utility. Despite these strengths, the 

eDiM method has certain limitations, including a limited product database and a lengthy calculation 

process. Future research should aim to refine the eDiM system, making it more practical and capable of 

assessing a wider range of products. 

Our findings can help to improve scoring systems, which in turn should improve product design for 

sustainability. The suggestions presented could serve as resources for designers, repair professionals, 

consumer organizations, and policymakers, aiding them in promoting more repairable products. For repair 

scoring systems to be widely adopted in policy or industry, ensuring their validity and reliability is essential 

to establish trust and credibility. 
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Table 7: Calculated FRI, JRC and iFixit scores for smartphones 

 

Table 8: Calculated JRC and FRI scores for vacuum cleaners 
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