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ii Abstract.
With the accepted need for a sustainable approach to manufacture with consideration for increasingly limited resources, the application of ‘remanufacture’ is becoming an increasingly important route for superseded assemblies, tools, or materials. We can define the term in many ways but ‘remanufacture’ can be ‘ a process of returning a used product back to at least as-new condition’  (Scottish Institute for Manufacturing) definition of reman : 
Ijomah et al, 2005 gives us a good basis for consideration of the process.
If we couple this increasing scrutiny on resource use to the spreading digitisation within manufacturing, following advanced technology advancing control, automation and data handling methods, then we would seem to have two potentially divergent themes, sustainable use of resource against the likely rising cost, resource and energy demands of the new technologies, techniques and approaches. Costs could indeed increasingly outstrip any advances we can make in the already successful re-use of materials by remanufacture.  
This research will  undertake a literature review to set out some current  themes in remanufacture, and current thinking within remanufacture as advanced manufacturing  techniques and advances are improving efficiency in the traditional remanufacture processes. Having defined the current situation,  the research will then extend into a critical view of comparative paths of improvement of remanufacture, or otherwise, in adopting the advanced manufacturing techniques.  
The themes of carbon reduction and energy efficiency within manufacturing are likely to impact on future business thinking on advanced manufacturing methods – but can degrees of adoption be raised by easing the barriers to re-manufacture, increasing the sustainability of advanced manufacturing  technology advances from introduction to wider take-up within any business?. A review will be made on the effects of common global,  UK and more local Welsh Government support and how this might promote  - or deter – re-manufacture using advanced manufacturing across the UK. 
To engage with manufacturers and professionals in industry, I engaged in some primary research to seek their views, use and opinion on remanufacturing. This was informative and pivotal in a full understanding of the impact – or otherwise – of advanced technology on the take-up of reman across industry. 
A view will be taken on how business models are changing due to emerging remanufacture opportunities and will need to evolve further as reman develops to match new capabilities becoing available to reman practitioners. Processes are emerging that  may be financially viable, or acceptaby viable in resource or other considerations, due to the introduction of advanced manufacturing  technologies.
“Progress is impossible without change, and those who cannot change their minds can change nothing” Ref: George Bernard Shaw 1944 
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1.0 INTRODUCTION ……………………….. 13000 from here
1.1 Introduction
There is a wide range of definitions of ‘remanufacturing’ ( which we will refer to in this work as ‘reman’), which mostly agree on the main themes, but vary widely on the content and extent of what reman should be defined as. To rationalise this, we will paraphrase the definition used by a Winfred Ijomah in 2002, the term ‘Remanufacturing’ covers taking a used and currently unserviceable product or assembly, dissasembling it to its constituent parts or sub-assemblies, and then by applying engineering and manufacturing methods, returning that product or assembly to a new condition, crucially with an ‘as-new’ warranty to accompany it ( Ref: Ijomah, 2002).  The basic process is to disassemble, inspect, replace any wear parts or failed elements, but crucially to return the cutting edges, dimensional status, and engineering function, to a new condition, often with upgrades provided with current versions of that assembly. The assembly is then re-assembled, tested and warranted for re-incorporation into its function as a reman assembly item. I disagree that a wider classification of ream should apply

The reman process is not new, with attempts being made from the middle of the 20th century to establish remanufacturing as a necessary process, following the huge levels of production brought about by the Second World War, which left resources depleted and funds for new products very limited. In Lunds study of American remanufacturing in 1984  (Ref: Lund, 1984), he covered the rise of reman in American industry, and where this might assist developing countires in establishing their economies, both in obtaining tools for manufacturing items,  and in reman of those tools needed to produce them at lower cost than new. His early look at the potential benefits in reman in two contracting economic situations does have resonance today, and to my study here, for two important reasons. 
Firstly the increasing scarcity of raw resources for new production reinforces the need for retaining the embodied resources already within existing assemblies. Secondly, there should be unlimited potential for the development of advanced technology to improve the reman process by making possible techniques that have so far been uneconomic, or simply not yet thought of, until the need arises.  To what extent this is being realised, and what stands in the way of these crucial advanced technologies becoming commonplace in the reman process, is the focus of my dissertation study. 
The economic reasons for advancing reman are many, less energy is needed in producing an equivalent product, and the embodied materials are retained (Lund, 1984), indeed the potential for higher profits exists where the reman process translates into the sale of a reman item, even when discounted against newly manufactured items, due to the much-reduced cost base to produce a warranted reman item. 
The environmental reasons for reman are also many, from the reduction of materials to landfill, to the lower resources, both real and in energy terms, needed for a reman item. The justifiably deeply embedded  environmental legislation now in place can only increase in coverage and intensity, and the opportunity for advanced technology to grow reman in this context should allow industry to both meet legislation and operate profitably into the future (Webster, 2007).

1.2 Aims and Objectives
My aim is to focus on where reman is being used in manufacturing, is the development of advanced technology facilitating the reman processes or are there  significant barriers that are limiting the broader take-up of reman in current manufacturing. Are the advances possible from advanced technology reaching the areas needed ofr reman to be a mainstream manufacturing discipline across industry as a whole. My objective is to seek a view of the current incorporation of recently developed advanced technologies, identify where blocks and risks may be restricting reman, and if possible define some potential areas for action to ensure a wider take-up of the important and productive opportunity that reman represents fto provide a sustainable future for manufacturing.   
1.3 Background and Justification 
As an engineer I have been designing innovative technical solutions thoughout my career, in sectors ranging from soil mechanics and alternative concrete structures, to the biological complexities of effective anerobic digestion of organic wastes. The frustration has been that, using the most advanced design tools of the moment, such as finite element analysis, it had been possible to identify the stresses present, but there was no capability to  design – using a real example -  a glass reinforced plastic composite dome structure. This I had to complete by  hand calculation applying  basic engineering principles in the composite design. As a consultant now engaged in assessing current research and development across a variety of business sectors, it is  becoming clear that all the tools and capability emerging under the heading of ‘Industry 4.0’ can now be applied to complex design and analysis, and calculation of  design at a whole new level. The onset of AI within this process has the additional capability to rapidly advance this design and analysis, enhancing resource effeciency, the end result being only limited by the ability of the designer to formulate the problem, and the regulatory acceptance to allow these new design approaches, such as generative design. 
One of the main drivers for me to start this course was the commitment to sustainable development I had developed from designing very efficient soil and concrete composite  structures to the generation of renewable energy from anaerobic digestion. The principles of remanufacture demonstrate a signicaint progression towards a circular economy, and the examination of the limitations,  barriers, and capability of reman are my reasons for choosing this Dissertation subject.   
1.4 Methodology 
I will commence with a literature review, approached from the standpoint of providing a view on the developmnet in reman thinknig, and the current role of remanufacturing within industry, whether using examples from within the UK, Europe, or the wider global economy. This has been undertaken over the limited timescale of the early 90’s to the present day,  late 2024, to draw on examples for the purposes of a literature review. The wider report uses and references articles from a wider timescale, as is appropriate to illustrate the influences on development of, and barriers to, reman to date.  

1.5 Research ethics 
Any direct communications that have been the basis of comment and publication within this report have been cleared for my use by the relevant correspondent, who has been acknowledged as such. There  are no issues of confidentiality or intellectualy property within the discussions with respondents in my primary reaearch interviews. There are no other direct ethical considerations as all of the of references within this report are published and available though open-source academic channels and are acknowledged and referenced as others’ work. However, the consideration, combination and questioning of these references is my own. 


2.0  CURRENT SITUATION FOR REMANUFACTURE word count 2350
2.1 Literature Review – recent advances and current status within remanufacture in 2024

The purpose of this literature review is to briefly assess the progress of remanufacture into consideration within the developed economies up to the present day – this will demonstrate the emergence of themes within remanufacture and its overseeing commercial applications. By limiting this to a recent timescale – between the 1960’s and today - we hope to demonstrate the advances now being made and some of the barriers and limitations recognised, , which can be later examined.
As far back as 1993, Coates (Coates, 1993) recognised that a circular economy would have to be developed, actively against the intransigence of the current place-sitters in high volume manufacture. Although he was writing from a US persepctive, he accurately predicted that two legislative changes would be needed to precipitate interest in resource re-use, firstly a ruling that automobiles would have to return to OEM for didposal, and secondly, an act detailing limitation of the proliferation of non-recyleable plastics and polymers. There are now legislations on both these areas in Europe and the UK, with the UK Government placing the control of EOL vehicles and their dismantling.
Blomsma (2017) demonstrates the importance of the circular economy with a useful overview of the range of resource management framework over time (Appendix 1), from think-tank s such as Ellen MacArthur Foundation, to those generated by business, including Ricoh and Novelis. Most of these include remanufacture to a significant degree. Notably, the Waste Management framework (2015) indicates a cycle that is not circular, perhaps implying that its not in their interests for everything becomes ultimately reusable. Blomsma firstly concentrates on the resource life-extending strategies (RLES),  and then usefully separates the developing waste and resources and circular economy (CE) debate into some formative periods:

1960-1985 – Preamble period – emerging waste handling, and ‘end of life’ (EOL) strategies, realising that landfill was finite and costs of incineration were becoming prohibitive.

1985-2013 – Excitement period – waste being a positive force, and the extension of use and some re-manufacturing strategies emerged, including, importantly, remanufacturing.

2013- present day – Validity period – the CE concept is taken on in increasing breadth within business and legislative bodies. However, the interpretations of circularity are diverse and appear to be preventing direct comparison and understanding of the circularity assessments. An example is the EU 2015  which concentrates on low grade recycling, failing to take the opportunity and include remanufacture as a building block of the new CE.
Bras in 1999 recognised that, even at this date, as a discipline the resource dedicated to reman was less than that to pure recycling, refurbishment and repair. Bras outlines the contemporary types of work in the field, and was intended to be a jumping off point for those wishing to make a start in the reman journey as an academic researcher, or perhaps  an operational manufacturer. 

Telukdarie in 2018 showed the increase in digital capability has forced business which deal internationally to make changes to maintain competitiveness on a wider, global market reach. To a certain extent this directs the agglomeration highlighting lesser competitive businesses into larger combined bodies. The issues may well be more complex and include insufficient analysis of cost and operational data leading to poor decision making and lack of direction as to better practice and lower costs, generating a stagnating mindset and resistance to introduction of newer technologies as too risky.

Dickson, in McKinsey/Ellen Arthur Foundation 2019) begins by confirming that the industrial economy must rapidly change if it is to maintain development and not be overwhelmed by negative environmental and social impacts. The full impact of a circular economy could have driven a new benefit of 1.8 trillion Euros by 2030 ( E McA F 2023) at the same time keeping abreast of resource challenges, creating innovation, and creating environmental benefit. There seems little evidence this has been achieved, even in part. McKinsey here gives us a concept where AI can accelerate this transition within our context of remanufacture by improving the industrial processes to sort and disassemble, remanufacture components using advanced technological methods and close the loop by closing off large sections of the ‘end of life’ of the current linear product cycle. McKinsey/EmcF 2 does show us how a circular business model of remanufacturing is advanced by AI prediction of fluctuating supply and demand of used product and by enhanced study of the parts condition and suitability for remanufacture. Only with the ability to collect and collate huge amounts of data, and the advanced AI and other analytical tools to unravel it, does this decision-making become feasible. McKinsey also outlines the AI selection of units for remanufacture before any failure which would bring them out of use and disrupt production, and the selection of core units for remanufacture by scanning for dimensional compliance and faults.

Gunasekara in 2020 shows that reman seems limited to few advanced economies, and in his case of Sri Lanka that barriers exist preventing advance of reman there, where rapid social development is driving rapid expansion of car use. This makes reman essential to keep advance of the tough environmental restrictions on polluting vehicles, as reman uses far less energy and releases the embodied value and materials already in the parts that would otherwise be lost, all vital in that type of economy. Thinking of wider economies, Gunasekera identifies barriers to reman do exist within industry, which could be addressed with advanced technologies. However, he points out that more important are barriers within academic and crucially, governmental and policy barriers that need to be addressed first – the reman can be done, but will it be allowed to be done, and backed by sound research that enables its safe application.

Encouragingly, Su in 2020 outlines the importance of reman within aerospace due to the large cost savings involved. They outline the difficulties of assessment of reman necessary to deformed aero engine compressor blades. A new analysis model was illustrated using emerging advanced computational methods to interpret the blade scans, allowing more precise dimensional assessment possible, and identify the precise reman operations necessary for each blade – this was simply not possible before these combinations of analytical and computational data. That the aerospace industry can utilise and develop accepted methods of reman in such safety critical applications demonstrates that institutional, safety body, and overall policy barriers can be overcome with reman assisted by the verifiable advanced technology. The current restrictions on Generative AI within the aeronautical industry (Ref: Gillen,2023) is an example of current safety body restrictions to AI which will have to be overcome before Generative AI can be used for reman, or any other operation, within aerospace safety.

Demonstrating the importance of data gathering and computational advances in reman, Maio at al in 2020 put forward developments in advanced analytical methods for assisting remanufacture of a hydraulic support column. By software optimization of the process the re-coating thickness necessary could be thinner and the reman assembly temperature reduced, resulting in lower energy and stresses during assembly of the reman column. The real advance in reman will be to demonstrate by what extent these computational advances reach the reman factory floor via the management and operational teams.

In 2021 Zhao et al showed the improvements possible in assessment of the fatigue stress levels in excavator jib beams. By using advanced data sets derived from combining newly developed computational analysis methods with traditional FEA, complex fatigue stresses and stress history in service and in remanufacture can be analysed for the first time. The team showed how this integrated fatigue model could better estimate the remaining service life in reman excavator beams, allowing a safer and more reliable operating future for the reman item. Reman in heavy machinery assemblies has a long history in engine core assemblies (See section 3.3) this demonstrates that larger critical safety elements such as the main jib beams can come within reliable and practical remanufacture.

To illustrate the metallurgical deposition methods in reman are made possible due to advancing technology, Ren et al in 2021 showed that a Titanium/Aluminium/Vanadium alloy coating necessary as part of a reman process could be improved in hardness and durability by an optimized pulse laser remanufacture process, with laser cladding followed by laser shocking. This process was shown to enhance the friction and wear coefficients and increase the microhardness of the deposited layer. It is notable that the funding and facilities for this research was from the Chinese Fund of National Defence Science, a theme found commonly within the reman references seen and studied, which included extensive US Government funded reman of defence equipment in all military sectors. It cannot be underestimated how much of a driver the defence applications are to the ongoing implementation of reman across the global manufacturing industry.
Bag in 2021 draws on the many circular economy models, including the Ellen MacArthur Foundation (Ref Ellen Mac various), to show any worn item or assembly passes through a combination of the 10R processes, namely Refuse, Rethink, Reduce, Reuse, Repair, Refurbish, Remanufacture, Repurpose, Recycle, and Recover. The introduction of advanced technology of manufacture brings the items through the process of interest, remanufacture, and the capability of the advanced technology and its successful application is a marker of success of the technology and adoption of the remanufacture process, progressing greatly towards the desired circular economy. Bags findings point out that the degree of adoption of advanced technology and associated 10 R advanced manufacturing capabilities are statistically significant, advanced manufacturing capabilities are having a positive influence on sustainable development outcomes, and that businesses with high degree of advanced manufacturing implementation lead to higher level of 10R capabilities.

Bailey, 2022 shows us that commercial companies considering their future manufacturing relevance and competitiveness must recognise that we must roll back development from the ‘take to waste’ cycle and replace that with a circular economy based on a full life cycle understanding of the products needed and produced – from linear to circular. The silo working we all see in our organisations and commercial relationships which relies heavily on past knowledge, only perpetuates the linear mindset and continues the waste. In this we can easily see that the waste industries themselves are a considerable fraction of industry turnover, and their continuance and profit levels depend on the wastefulness of the current linear mindset. Bailey reminds us of the circular representations of the economy presented by the Ellen MacArthur Foundation (REF, various), which includes the remanufacture as a significant workstream. Bailey goes on to present where the resource-heavy Celsa present themselves as an industry and a company at the forefront of the circular economy taking those elements of ferrous and speciality metals that are end of life and removed from continuing use in the product, and then recycle those into new raw steel for use in production. This is not new, the reuse of metallic products has been in practice since metals were first smelted, but at least the mindset is there to draw the industry into the circular economy principles drawn out in BSi 2017 (Ref BSi 2017, the British Standard coverring Circular Economy Principles.
We can illustrate where previously unavailable advanced technologies have enabled reman to take a fuller position in resource recovery for manufacturing. Dance (Dance,2023) sets out in a very recent article in ‘Nature’, November 2023 that rare earth metals are being  refined from substrates by treating them with engineered bacteria. This ‘biomining’ to release rare earth metals separates the elemental metals essential for the some metallurgical remanufacture processes, including wearing surface reman of worn machine tools, using advanced manufacture methods including metal deposition and polishing, and laser shocking, referred to later within this report. 

The high quality and integrity reman process followed by Caterpillar, Volvo, and other high quality manufacturers of critical equipment bears no resemblance to the ‘under the arches’ current perception of remanufacture held in most quarters (Caterpillar, 2008) this image pertains more to the refurbish and reclaim headings, where the process undertaken and the finished item is in no way as good, or better, than the original as reman items are claimed, and proven by results in service and new warranty. 

2.2 The aim of sustainable manufacturing

xxxxxxxxxx
2.3 Recycling, Repairing, Re–using, Remanufacturing – which path to follow
Bag 2021 set out the framework of processes previously outlined in all of the circular enonomy models, such as Ellen MacArthur Foundation (Ellen Mac, various). There is a hierarchy of ‘10R processes’, namely Refuse, Rethink, Reduce, Reuse, Repair, Refurbish, Remanufacture, Repurpose, Recycle, and Recover. With the onset of  advanced manufacturing technology, the degre of reman application is a marker of success of the technology and the adoption of the process, gently moving towards the desired circular economy. 
: Industry 4.0 technologies provide digital solutions for the automation of manufacturing. In circular economy-based models, the resources stay in the system as it experiences one of the 10 R (Refuse, Rethink, Reduce, Reuse, Repair, Refurbish, Remanufacture, Repurpose, Recycle, and Recover) processes. These 10 R processes require the development of advanced manufacturing capabilities; however, 10 R processes suffer from various challenges and can be effectively overcome through Industry 4.0 technological applications. Although literature has indicated the use of various Industry 4.0 technologies, little information is available about firms’ views on the degree of Industry 4.0 application in the 10 R based advanced manufacturing area and its ability to achieve sustainable development. The current study aspires to examine how great an effect Industry 4.0 adoption has on 10 R advanced manufacturing capabilities and its outcome on sustainable development under the moderating effect of an Industry 4.0 delivery system. Practice-based view and Dynamic capability view theories are used to conceptualise the theoretical model. The research team statistically validated the theoretical model considering 124 data points that were collected using an online survey with a structured questionnaire. The findings point out that the path degree of Industry 4.0 adoption and 10 R advanced manufacturing capabilities are statistically significant. 10 R advanced manufacturing capabilities are found to have a positive influence on sustainable development outcomes. Industry 4.0 delivery system has a moderating effect on the path degree of I4.0 implementation and 10 R advanced manufacturing capabilities. The study concludes with key take away points for managers. •Impact of Industry 4.0 adoption on 10R advanced manufacturing capabilities and sustainable development.•Practice-based view and Dynamic capability view theories used to conceptualize the theoretical model.•Empirical survey conducted in emerging economy of South Africa.•Firms with high degree of Industry 4.0 implementation leads to higher level of 10R advanced manufacturing capabilities.•Industry 4.0 delivery system moderates the relationship of I4.0 implementation and 10R advanced manufacturing capabilities.
· Publisher: Elsevier B.V
· Identifier: ISSN: 0925-5273; EISSN: 1873-7579; DOI: 10.1016/j.ijpe.2020.107844
· Language: English
Source: Elsevier ScienceDirect Journals Complete
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LINK CHAPTERS STATEMENT

3.0  CURRENT SITUATION FOR REMANUFACTURE word count 4450
3.1 Reasons and rationales for remanufacture
As one of the ‘10R’s referred to by Bag, and others, reman has been studied by academics extensively, as I have attempted to bring out in my literature review. In the real world of competitve manufacturing business, however, with its real limits to investment and training, and the difficulty of affording the investiment in new technology , the opportunity to consider any item or core for remanufacturing  has to be within the horizon of the business, or it will never be considered in favour of ‘business-as-usual’, and nothing  will progress or change. I will attmpt to demonstrate the reasoning behind the reman that is occuring across a broad but selective industry manufacturing sectors. There are very good reasons why the reman is performed in certain sectors, and why it is not in others. 
3.2 The ‘Core’ principle
The reman option counters the three normal options available to a plant or equipment owner with a mechanical  issue or end of life problem. These three options break down into  purchasing an expensive new part,  and have machine out of service whilst this is replaced, he can scrap the whole machine and buy new, not an option under many years of service, or take the critical machine to an unaffiliated dealer to repair, with no OEM testing or guarantee. The reman unit, however,  can be supplied to the customer at affordable cost, without interruption of service, on direct return of his own end of life or unserviceable plant unit. The customers own returned unit – or ‘core’ – is then the raw material for the reman process, eventually producing another reman item with as good as new guarantee, and importantly necessary hardware, software and data connection protocols that come with the currently supplied plant unit as new.  The ‘core’ can be a full heavy plant item, or a simple engine block, or an individual assembly or sub-assembly from a veicle or plant model. The common theme is that a ‘core’  is an identifiable OEM unit that can be dismantled, inspected, cleaned, remedied in a wide variety of manufacturing methods, and then re-assembled, tested, and warranted as a ‘new, but remanufactured’ item.  
For a useful demonstration of the principle of a ‘core’ of equipment, CoreCentric Solutions (EmcF 2021/) acts as both a large repair programme, and a redistribution network for reman goods it brings through its processing.  A widespread customer frustration has been fuelled by the current ‘take-and-throw-away linear economy, where consumers have seen a reduction in repair solutions as product design and manufacture cycles become shorter. This results in a larger selection of current product range for OEM’s and factors to stock and make available the necessary spares and service items, which becomes financially unsupportable. The options have narrowed for some consumers to dispose of the defective item and buy new. Many high-value and minimally defective items are therefore scrapped, where the fault remedy may be relatively simple but is unsupported. – the diametric opposite of the direction towards a truly  circular economy. 
CoreCentric capture the value in returned and defective products and items – collaborating with large retailers and FMCG manufacturers to operate repair programmes that the companies do not wish to, then redistributing the reman products back to the consumer or market. This is creating sevaral parallel but new markets in these reman products, whilst directly countering the  use and discarding of salveageable products, the mass of the created markets allows the volume to ensure financial ROI in the proposal. The CoreCentric model claims over 1M service parts and 400K products dirverted from landfill annually and saving 85% of material and energy necessary to make the equivelent new product.
3.3 Heavy plant equipment remanufacture
The sector of heavy plant demonstrates the largest volume of a specialist material within an assembly – such as full engine, gearbox, main jib or mast-  where the smallest elements of tolerable ‘wear’ from constant operation can render the whole unit inoperable, to use the military term ‘unserviceable’. This is despite the wron elements, faces or bores, being tiny in proportion to the unit overall weights, and importantly, cost. The embodied value within the heavy plant unit is still considerable, but the unit is no longer able to perform reliably and needs overall replacement, or siginifcant work. In addition, significant ‘fatigiue’ considerations also apply where developing and locked-in stresses are present in the main unit, which will need to be checked for, issues located and remedied as part of bringing the unit back into use. Thus when the extreme imbalance between high capital unit cost and the embodied value in the unit  is set against the relatively minute areas of  wear that need to be replaced or remanufactured, the customer has a straightforward decision to make. He will recognise far higher return on investment from a lower cost replacement reman unit, using his own unit as an exchange ‘core’, than he would from a hugely costly new replacement, with little return arising from his ‘scrap’ item. The heavy truck reman industry deomstrates this across the major sector manufacturers, including Hitachi, Caterpillar, Komatsu, Terex, and Volvo. 
Hitachi reman centres in Japan and Zambia – Lusaka – deal with enormous African and European markets excavatiors, loaders, and dump trucks, where exceptionally high mechanical wear and high ambient operating temperatures demand highest standard, warranted, and affordable reman, justificble in business case terms for these high-reliability machines. Hitachi provides reman of over 200 main parts and ‘cores’, including those wear parts for the largest Hitachi site equipment, earthmoving and mining plant, essential in construction and raw material extraction.  
Reman ensures quality, full disassembly, and inspection to OEM standards and advanced tech methods.gaskets, wear parts, seals, are all removed and replaced with new – these processes  will only ever be improved by auotmation by robot as non-critical disassembly. Full updates on software and mechanical improvements and upgrades on materials are incorporated – the reman product is imrovement on the original OEM product, rather than merely a clean-up and polish perceived by sceptics. Testing to OEM standards is rigourously performed to ensure a warranty of ‘as-new’ can be given – clearly rufurbishments and  non-OEM workshops working on upgrades and part replacements are unable to do.  Komatsu in their turn had a reman plant in Mandalay, its first in Myanmar, to produce generators and remanufacture components as far back as 2015. 
Kojima, 2017, points out that heavy plant remanufacture was not only widespread at his date of writing, but that trade restrictions on importing remanufactured goods could be, and were being  eased,  in particular in areas undergoing earlier stages of industrialization. The key appears to be the awareness of the value of remanufacturing for cost reduction in developing and development industries within these industrializing zones. In my view, a sensible extension of this would be that advancing the level of technology within these industiralizing regions will promote the acceptance of reman overall, as well as broadening the engineering possibilities for remanufacture in those industrializing zones.     
Ghomghaleh in 2020 showed that advanced systems analysis was improving the predicability of heavy plant critical equipment on a Komatsu excavator to enable more estimation of reliable useful life (RUL). In this case better data analysis was  giving more reliable warning to withdraw units for maintenance and eventually, remanufacture of critical wear parts. In this case, the criticality is  more refined, due to the external imposition of trade sanctions restricting the access of the mine- located in Iran -  to new or replacement parts.
In the case of Volvo, who have a well-established heavy plant reman programme, the 
relationship between dealers and Volvo as OEM is crucial to ensure relaible data on core units coming in for reman, and assess the timescale for reman unit to replace it to be available for the customer to exchange for his unserviceable core unit.  Cores generally consist of the engine, main transmission units, battery packs, diesel particulate filters, and major electrical compnoents - the cores go back to Volvo’s ‘Core Hub’ – effectively a swap, essential on such high value capital item cores. Within this process reman has beome an accepted source of reclaim for rare earth element materials including platinums and other rare earth metals incorporated within battery units. The reman process does not need to release these elemtns but are re-incorporated into reman units with minumal reprocessing. This is the lowest cost reclamation method for these elements within a circular economy.
The reliable availability of a core is essential to the flow of reman work, the core becomes the ‘raw material’, stripped down to a starting point that becomes an ‘as- new’ unit with new core registration number, updated capabilities, and, importantly, a new warranty guarantee.
All of the processes of reman, starting from dismantling and cleaning, will demonstrate process improvement from the introduction of advanced technology into this established process. Blast cleaning with soda and de-greasing, followed by detailed ultrasonics and X-ray for crack testing highlights core units that cannot proceed - salvage of core components is very high, 85%, and wastage to go to material recycling very low. Reman in volvo has decades of practice and readily accepts the incorporation of new technologies, and crucially realising a demonstrable 80% of energy saving on manufacture from new.   The issue of de-skilling and replacement of roles by automation is countered, as Volvo demonstrates skillsets are preserved and maintained in themselves as the OEM, and are augmented as the volume of work expands in reman, with robitics taking the required skill levels in an upward trajectory, supported by training and upskilling as required. Skilled staff are also re-skilled on older OEM technologies they encounter in the reman process, where they would previously not have been trained, as no purpose existed for them to do so. .
As one would expect, wear and abrasion and pure mechanical stress are the highest in service of plant at this scale and the size of machines and criticality of an unpalnned outage due to failure is highly cost critical. The planned maintenance is a crucial part of the heavy duty off-road ( HDOR) machines lifcycle, and the normal accepted process is for the business owner HCME to take in a plant, or part, and to bring away a reman machnie, or part, exchanging the machine or part for the worn, or even failed, ‘core’ unit. One would also expect that advanced technology is taking an increasing role in driving this capability and criticality within Hitachi.
With reman taking a modest part of the overall Hitachi Corporation gloabal output of around 16.5Bn Euro in 2015 (Ref IRJ 2017) Ref: IRJ Staff Writer: Hitachi builds momentum in global market. 2017. International Railway Journal, 57(1), pp. 8-10.
https://www.proquest.com/trade-journals/hitachi-builds-momentum-global-market/docview/1865491246/se-2?accountid=130472 dominated by information technology segment, the drive to advance advanced digital solutions across Hitachi including “Smart City” initiatives and smart energy solutions for German citiies and German Rail (DB). The data recording, handling and interpretation possibilities brought by advanced technology and connectivity  may well be the driver, rather than the barrier, that Hitachi uses to advance all sectors of their buisness and overcome the data, supply chain intergation, of successful remanufacture.  
If we consider progress made to today, the recent Hitchi Review REF https://www.hitachi.com/rev/archive/2022/r2022_03/16/index.html Global Rollout of Parts Remanufacturing for Construction Machinery to Help Achieve a Resource-efficient Society outlines the spread of Hitachi reman plants into Australia, Republic of Indonesia, Republic of Zambia, China, India, and the USA. Hitachi Construction Machinery Equipment operates a large spread of other technologies for reusing parts without discarding them, greatly reducing the volume of scrap - the group’s remanufacturing business in 2022 was reducing waste by about 2,900 metric tons per year.
It is clear that across the heavy plant sector where high machine capital costs, high degrees of usage and need for reliability, that reman is already entrenched, and essential, for commercial operation. The introduction of advanced technology is being actively sought by these sectors to advance the reman process, as the effectiveness of the principle and the business case are already proved by these industries, they do not need further validation for reman in their businesses.      
3.4 Automotive equipment remanufacture
Rewrite: According to a recent report by the Ref: Automotive Parts Remanufacturers Association (APRA), the global remanufacturing industry is set to double by 2030, with the EV industry being a key driver of this growth. The report identifies four major areas where the remanufacturing industry can make an impact in the EV sector: battery remanufacturing, motor remanufacturing, electronic component remanufacturing and charger remanufacturing.
Battery remanufacturing  is one of the most promising areas for the remanufacturing industry within the EV sector. Batteries are a crucial component of an electric vehicle and are also one of the most expensive. By remanufacturing used batteries, the industry can save on the costs of producing new ones and reduce waste. It also allows for the recovery of valuable materials such as lithium and cobalt, which can be reused in the manufacturing of new batteries. Battery cells also can be replaced on a vehicle to restore it or if that is not an option, a battery can be used for a completely different purpose, such as home energy storage.
Motor remanufacturing. The remanufacturing industry already has ample experience in this area and can make a significant impact with drive motors. Electric motors are a critical component of EVs and can be expensive to replace. By remanufacturing used motors, the industry can reduce costs and extend the life of these components, which will ultimately reduce the environmental impact of producing new motors.
Electronic component remanufacturing. The sophisticated electronics in electric vehicles can be difficult to replace, and remanufacturing them can be a more cost-effective and sustainable option than producing new ones. Additionally, remanufacturing can also help to ensure that outdated electronics are replaced with newer, more efficient components, which can help to improve the performance of EVs. The issue came up in the recent Rematec Amsterdam webinar, “Eyes on the U.S.: The evolving landscape of remanufacturing in the U.S.” Panelist Jeffrey Stukenborg, Head of Product Engineering Reman for ZF Group andChair of the Remanufacturing Industries Council, said, "I think reman is the way to extend the life of electronics. We saw the issue with chips availability. I think all electronics should be remanufactured. I think if you're trying to keep a product out there for 15 to 25 years after the OE production — building new is not the solution."
Charger remanufacturing is the fourth area where the remanufacturing industry can make an impact within the EV sector. Chargers are a critical component of an EV charging infrastructure, and by remanufacturing them, the industry can reduce the costs of producing new ones and extend the life of these components.
The opportunities for the remanufacturing industry within the EV sector are vast, and as the industry continues to grow, it is expected that demand for remanufactured components will also increase. Remanufacturing not only provides cost savings and reduces waste, but it also has the potential to reduce carbon emissions by extending the life of electric vehicle components.
In the present day, a the recent article focussing on reman by the Ellen MacArthur foundation (Ellen Mac 2024)  demostrates first-hand evidence  from  OEM companies at their Fountation CE100 meetings showing that businesses promoting and practiscing reman on items are not disadvantaged by loss of new product sales. The reverse seems to be true, in that companies enbracing reman find that it not only becoems a recognisewd cost-centre of their buisness, but a profitable one also.  As a further potent demonstrator of the business confidence in reman and the wider aspects of circularity in the automative industry, in 2023  the financial services company Stellantis created SUSTAINera to offer individuals and professionals a solution for the take-back and recycling of end-of-life vehicles. The service was launched online early January 2024 (www.valorauto.com). (Stellantis 2024) The venture also covers a future venture for recycling of electric vehicle batteries in Europe and North America. To show the growing appetite for reused parts, Stellantis reports that its sustainable parts division showed a overall rise of 18% in activity, with 83% rise in reused items. They note a 15% of all customers aftermarket sales are now being served by sustainable parts, either reman, reused or recycled.
Ref: Richard Morgan: from electric classic cars – personal; communication March 2024

In all cases when salvaged Tesla motors are used, full refurbish, full strip down, replace seals and bearings, and swap out the open differential for an ATB limited slip differential. 

In the case of the Defenders use a custom gearing which ECC have developed with a local gear manufacturer.

For Defenders the large rear drive unit is used

Minis use the small front drive unit

Porsches use either the large rear or small rear depending on customer requirement.

As the motors are fully ‘refurbished’ by ECC they have ECC one year warranty.

the same with all ECC custom battery packs.


3.5 Machine tool, die and mould remanufacture
Due to the precision nature of machine tooling, tolerances in the tool, due to wear and abrasion changes to the tool during repeated operation, are vital to the final machined products dimensional and toleranece reqauirements. Thus the stability of the tooling surfaces, the harness and durability of the wearing surface backgrouns, and the overall rotational balance and stabilty of the machine tool are essential to its operation and effectiveness. Tradiytional remaking or regular re-tooling would involve either a complete new toolset, or the machining and re-casting of new wearing surfaces. If advanced manufacturing is going to improve this process by then it must be by reducing the volume of tololing assemblies that go beyond traditional ‘re-tooling’ and have to be recycled back to base metal,  reduce the degree of work to remodel the machine tool, and improve the overall mewthods of assessing the rework required in reman, and in remaking the wearing surfaces.  
Purely resurfacing the wearing surfaces is the traditional method of refurbishment – leaving the possibility that undetected faults and fatigue within the tooling base metal will cause an unexpected tool failure with consequent damage to surrounding equipment,  danger to operatives, and extended period of clearing up and installing, balancinbg and testing a replacement, probably new, toolset.  with davnaced thecholnogy the opportunity now exists to assess the toolset for surface dimensional stability and wear, with laser scanning and modelling, and  internal fatigue, cracking or embrittlement using AI- assisted xray and other non-destructive testing. Time needed for these scanning operations, and the ability to utilise AI to educate the system to be taught, and self-learn, common and unexpected failure modes in the base material, in cutting surfaces, and any interfaces between hardened and main body base metal within the tools. Examples of these are  - refs needed…
Dies and moulds are utilised as essential tools for the manufacture of engineered products, and are themselves subject to  wear, failure and the obsolescence of the items being manufactured from them.  Due to the aggressive conditions of use, and the high grade materials used for dies and mouldage, the necessity for economic replacement is more acute that for most engineering parts and assemblies – as far ago as 2006  80% of the moulds in automotive components underwent either repair or reman. (Chen reported in 2014, after Pecas, 2006). Lavtar in 2011 (Lavtar, 2011) pointed out the main failures modes of dies, and raised the opinion that a die manufacturing engineers main task is the precition of die life and the prolongation of this by whatever means available. Costs for dies comprised 15% of prodiuct cost, however, an unplanned die failure raised production costs by 30%. The criticality of finding wider means to ensure longer die life is obvious to the writer.  Chan identifies that dies performing differenet funtions exhibit differing failure modes, including (mostly) wear, but including additional combinations of plastic deformation, thermal cracking and fatigue cracking. The development of improved technologies should clearly, be broad enough to allow all die tool functions to be improved.  At this time Chan recognised that reman was in its infancy in dies and mould, and correctly identified that the push for sustainability would require, and drive, the incorporation of emerging advanced technologies, especially in automation, residual life evaluation, and deisgn for reman.   For examples of the use of these advanced technologies, in the literature review that Ren in 2021 was already showing Titanium/Aluminium/Vanadium alloy coating necessary as part of a reman process could be improved in hardness and durability by an optimized pulse laser remanufacture process, with laser cladding followed by laser shocking. This process was shown to enhance the friction and wear coefficients, and increase the microhardness of the deposited layer. 
Reid Tools – re-tooling solutions – ‘broach segments engine plant manufacturing - £200,000 for new tool drum. A 60-90% saving by reman against providing a new tool set. Full drum of 70 elements  £200K to replace. Saving 1.25T of materials to reman, 4 tonnes of high grade base metal to originally make
3.6  EV and battery development 
Today EV battery technology changing faster than many can properly consider adopting EV as an option to travel. Campoverde-Pillo (Campoverde-Pillo 2024) looks at this fast moving  development and presents a systematic literature review
on the reuse of electric vehicle batteries (EVB). Specifically, he is looking at the use of former EVB’s as power banks for storing rennewable energy from renewable installations. The end-of life of these batteries represents a major environmental problem as their composition and materials were not planned for retirement, or re-use..
The study aims to analyze the reuse of EVBs as a
, although the reuse of batteries has not yet been fully
addressed or implemented due to existing challenges
in terms of technology, costs, and regulations, it is of
utmost importance to delve deeper into its analysis
to improve efficiency and reduce the environmental
impacts associated with the manufacturing, use, and
disposal of such batteries.
The reuse of electric vehicle batteries has significant potential to reduce the carbon footprint of the
transportation industry, contribute to the decarbonization of energy matrices, and support the stability and
quality of energy in electrical systems. For this reason,
research and development in this field must continue to
advance to increase the energy efficiency of generation
systems that utilize unconventional renewable energies.
The ultimate goal should be establishing a circular
economy system where electric vehicle batteries are
reused in various applications, extending their lifespan to the maximum. This approach will help reduce
the need for new batteries and, in turn, decrease the
ecological impact of raw material extraction processes



3.7 Medical remanufacture
We would surmise that one gateway to the use of reman equipment is the acceptance of regulators and professionals at the high levels of decision-making within large organisations, and those acting as gatekeepers to new approaches and technological approaches within those organisations. With huge daily turnover of single-use equipment, and the importance of high-value imaging and sensing medical equipment, the NHS is in an ideal position to be an exemplar for driving the potential for safe re-use and regulation of reman medical equipment.  The reality is the UK NHS currently has a ban (NHS 2017) on reman within their producrement  - a search of the NHS ‘Use of Resources’ indicates no mention of remanufacture. As one of the highest users of primary materials in the UK, a total budget of  in 2022/23 of £180.2 billion, and sixth on the world’s largest employers, with 1.6M employees, there is no possibility of incorporating reman as a concept and source of products.  (Bulut, August 2023).  Even more concerningly, there is still no mention of remanufacture in the whole ‘NHS Long Term Plan’, document, despite their stated commitment of “ investing in exciting new technologies”.   (Ref: NHS LTP) . 
Where medical equipment has reached the EOL from the developed countries’ perspective, the principle seen commonly within reman is the transfer of those equipment cores and assemblies to less developed countries, where they may well be able – under regulatory support and OEM supervision – to be remanufactured to aid those countries without the funds to source new equipment of that type. Roy McFarlance mentions this in my primary research, when manufacturers he works with will pass up the reman oppotunity and fit new replacements, moving the EOL cores into developing countries where more apprpriate cost bases can happliy incorporate their reman. Oturu et al (2021) investigated this concept and identified the difference the prescence of critical medical items such as scanner and X-ray units can make in areas of child mortality, and female health. The scarcity of such equipment is no better example to demostrate the widening gap between developed and developing countries as technology advances in the first whilst resources to hold even outdated equipment are not available in the second. The concept would provide local jobs at an appropriate level of technology, even for specific brand of equipment as a starting point. In addition, the proposal would only be appropriate for cores designed to be disassembled non-destructively. The example of MEDECON Health care gives a working example of the successful practice of reman items into develiping countries. Whilst the principle is sound, the facilitation of this is once again upon government in the exporter, and the importer, as the collaboration between companies in both regions is more readily gained than the regulatory acceptance to impliment the practice. 

3.8 Military remanufacture
In the search for literature and threads of current and previous research, it becomes increasingly apparent that the principle and practice of reman are fully understood in the military mindset and present in the designer’s toolkit. This understanding is fairly universal across national militaries and international groupings across the globe. It would be my contention that the high level of wear and usage of established military platforms demands the constant inspection and renewal, but also the complete reman of units – ‘cores’ -  that have been salvaged after catastrophic failure, whether by error or accident, or by hostile action. This also includes units due for upgrade when the flight or operation hours demand a full rebuild.. 

Long-term military platforms such as the CH-47 Chinook helicopter undergo an intense programme of rebuild by remanufacture, whilst both refurbishment and repair is conducted alongside on the same production line as brand-new versions, are being constructed. Warwick (Warwick 2018) reports that  reman is a vital component of the CH-47 platform. The engineers point out that the rationalisation that allows remanufacture is only possible because new airframes are newly re-designed under current design technologies. This reduces the parts count to give a more repeatable assembly far more suitable for a thorough disassembly, remanufacture, and re-assembly process. This is where the OEM Boeing at their factory in Ridley Park, Philadelphia, excel at – the reman disassembly and re-manufacture of the upgraded units. Projected orders and preparation for future upgrading means that the CH-47 will be in service past its 100 year anniversary, demonstrating that at least a part-circular ecomony can exist where the mindset, the security need and employment drivers are present as they are here. 

To move across to China and her military, it is quite clear to Kania (Kania 2019) that the recent development  of China’s military modernisation has been deeply influenced by the PLA’s concentration on the US military as both a model and a powerful potential adversary. With the mindset of the US military heaviliy set within reman, it is highly likely that the PLA takes the US lead on impimenting the same approach, driven extensively by the potential of AI, as well as big data, cloud computing, and other advanced technologies – there is evidence of the PLA’s funding of reman research in other references (Ren et al in 2021) elsewhere in this report. To quote China’s General Secretary Xi Jinping, who also serves as Chairman of China’s Central Military Commission (CMC), that ‘Under a situation of increasingly fierce international military competition, only the innovators win’. Curent geopolitical evidence shows this – at least at present – to be accurate when considering Ukraine’s ability to innovate and utilise AI, hardware, software, and doubtless comprehensive remanufacture of failed military kit to hold off the numerically vastly superior Russian forces for approaching three years. Ukraines ability to innovate at the ‘coal-face’ and adapt and re-purpose obsolete equipment (Oerlikon anti-aricraft guns, circa 1941, Lewis Guns, circa 1916), and notably out-moded  platforms such as former Soviet-era cruise missiles, the US Bradley AFV. The Bradley, previously sidelined to military stockyards across the US, is proving to be one of the most effective armoured vehicles in this new terrain and battlefield tactics, of what is the first AI and advanced technology-dominated conflict, and surely the shape of military things to come.. 



3.9 IT and Smartphone remanufacture
Blackmore IT, based in Wiltshire, are high-security data destruction and electronic and electronmechanical dismantlers  (Ref: Blackmore IT) https://blackmoreuk.com/ ) They are certified to work with the MOD, NHS, UK Government and the security and Court Services at the hughest security levels. Alongside the mainstream business of data destruction and sepration of electronic waste, the company have developed a market for second hand IT equipment. Amongst this is which is a very specific buisness stream for remanufacture of ‘core’ elements of the equipment they dismantle and remanufacture these into a broad range of bespoke gaming and graphics design computers, using top range IT equipment and components at large discount over new, but effectively equivalent, items. (Ref: Blackmore IT https://www.blackmoreit.com/.  ) The opportunity to custom-build to specific requiments at a large discount is a significant advantage over volume suppliers of new equipment, abd custom builds, and a greater advantage over small to medium custom computer builders.
3.10 Comparative view of reman - before and post adoption of advanced technology


4.0  ADOPTION OF ADVANCED TECHNOLOGY BY REMANUFACTURERS 2000
4.1 Divergent pathways, is new technology reaching remanufacture?.................................x
Ref ‘EC ERN 2015’
DEFINITION According to BS8887-Part 2 (Ref Bsi BS8887), remanufacturing is an industrial practice of:
“Returning a product to at least its original performance with a warranty that is 
equivalent or better than that of the newly manufactured product.”
Integral part of the circular economy, but an undervalued under-recgonisaed part of the industrial environment, and potentially a source of highly skilled jobs abd growth. 
Manufacturing in Europe largest employer within industrialis=zed nations – 34 million people within the EU, 14.5% of GDP  - a major indicator of dev elopement, and creator of 14.5 % of EU GDP  (REF: 3 Europe in figures - Eurostat yearbook, 2010. ISBN 978-92-79-14884-2, European Union 2010)
This overview table Ref ‘EC ERN 2015’ shows by far the majority 70% of reman in Europe is in key zones, Germany, UK (then an EU member) and Ireland, France, and Italy. Germany takes its place as would be expected as the major industrial giant in Europe, but with France and the UK/Ireland together only account for half og Germanys reman volume. The distribution of aerospace in UK and France may account for Italy’s lower reman volume. 
The ERN survey does provide a useful indicator of both volume and distribution. 
Additionally, the ERN survey looked at the motivation for, and the barriers to, reman across Europe. As noted the motives include higher profit margins, environmental responsibility and the circular economy, stragegic advantage within sector and increasing a market share. Interatingl;y also other motivations indiated are alternative business models, resource security risks customer pressure to embrace circular enocomnies, warranties, reduced lead times against new production.
Barriers emerging from the survey include customer recignition of the value of reman, the access to ‘core’ and the quality of these, and the limitation of labour skilled suffienclty to undertake reman, and the costs of training and sour cing these staff. 
The survey conjectures that with supportive EU and member state governmental policy, the growth of reman could rise from 30Bn to 70Bn to 100 Bn, employing a potential workformce between 450000 and 60000 at those levels, 
4.2 Barriers to incorporating advanced technologies…………………………………………………………..x
It is clear that at SME level of business, there is limited transmission of current information and data on what advanced technology and digital transformation can do  for businesses of that size – 40% of SME manufacturers say digital transformation does not feature in their business plan. From personal experience of working with SME’s on digital transformation, to  benefit by implimenting new technology small businesses have to have the technical capability, market awareness and the interest to build a technical and financial case for broadening their capabilities into advanced technology.  Without this, SME’s rightly perceive the risk levels of approaching advanced technology as too high and remain as non-starter in danger of being left behind their competitors.  This is recognised by an initiative led by 
‘Made Smarter North West’ who have produced a recent programme to disseminate their  ‘Made Smarter Roadmap for SME Manufacturers’ which is a hand-holding approach to help manufacturers progress towards adopting advanced technology with authority and capability. Recognition of the barriers perceived by the workforce, the process fosters a digital culture to adopt, building trust that the process is not a labour- trimming exercise and countering the perceived risk barrier to capitalise on opportunities to move operations into a digital understanding and capability. 


Yang S, in 2018 looked at the range of barriers to remanufacturing uptake, and restricted – at that time – 60% or reman activities to within the aerospace, automative, and heavy-duty off-road sectors. A major obstacle is the lack of standards and definition of reman and the quality achieved by the processes, and the resistance of government to the free movement of reman goods across trade barriers. The approach to product design also heaviliy limits reman, as without the full attention to a ‘design-to-reman’, or DFRem mindset, adopted by indsutry, the ability to disassemble non-destructively rules items out of the reman opportunity. The level of market demand for reman will limit the reman of items, as will the unavailability of suiable ‘core’ units as reman raw material. Although recent moves noted elsewhere in this report demonstrate the counter argument - automotive reman is thriving and a growing sub-set of after market and OEM business models. Significantly, Yang also lists the skills and technology challemnges noted above, and the mlimited sharing of information to build confidence in reman methods, quality and viability.   
What Yang does suggest is that reman is less resisted where products are more durable and include high value materials – such as machine-tools – and technology cycles are stable and longer than the product life cycle. Where Yang does make prediction is is recognising that such products have the potential to be leased or delivered as a service rather than as hardware – a change to the accepted business model brought about by reman, and  noted elsewhere in this report.
Trends and gaps (Ref:  Kerin)
4.3 Costs and integration of advanced technology systems………………………………………………….x
4.4 Materials and assembly challenges from advanced technologies……………………………………x


5.0 BUILDING CUSTOMER ACCEPTANCE OF REMANUFACTURE ITEMS……….2000……………………………..x
5.1 Perception of the customer to remanufacture
The value of a remanufactured product is currently not understood by those outside the industries which utilise and rely on this , generally due to unfamiliarity with the comcept. This is because reman is too remote for them and unless they are aware of the markets where  high embodied, and actual value, of the core equipment they rely on in their commercial operation, thel likes of machine tooling, and mining/heavy construction, aviation. The reputation of ‘scrond-hand’ to the general popoulation certainlt in the UK, is generally negative. However in the automtive market the high price of EV’s and lack of trust in the rapidly emerging tech has led to a resurgence in second-hand vehicles, whether by OEM’s, or by commercial operators such as ‘Spoticar’, where reconditioned and warranted vehicles are presented as viable alternatives to new, or untrusted sellers of second-hand vehicles. Whilst this is markedly nOT reman, it is a pathways to acceptance of the re- concept to a public increasingly beleagured by cost pressures across the board. Increasing acceptance in this context can potentially drive wider aceptance of reman into wider assets and marklets. 

5.2 Changes in monitoring condition of ‘core’ units
Operating complex manufacturing and mobile equipment depends upon the safe and consistent operation. Inclusion of a real time information channel reporting on condition, is vital to provide the intervention when to maintain, discard, or remove and replace the asset whilst  remanufacture can proceed to bring the asset to ‘as new’ operating condition. Prediction and management of condition is an identified barrier into remanufacture, and the implimentation of IoT sensors and communication of wear and performance data is crucial to bringing reman forward in asset management. 
With increased data availability and communication with remote equipment, the inclusion of a computerised maintenance management system (CMMS) can more esily monitor and inform on asset performance. Not only can the patterns within performance or wear be tracked by the IoT sensors, but communication linked to the digital twin, known failure modes, and asset history can allow intervention and replacement for reman at the optuimum time. Whilst the digital capability is certanily there, its vital that the CMMS interface is understandable and able to be read and actioned by all levels of skills involved in this process.  The prescence of code or programming in the configuration of the CMMS, and the unwillingness to match the interface to the level of skilling available, or where that is attainable at acceptable commercial cost,  the likelihood is that readily attainable asset knowledge will reman as a barrier to reman.   
Kurilova indicates that the common main challenges for reman are core qulaity and avail, timing of the reman process, and assurable qulaity. Detailed work with four examples expand the real reported list of challenges in 2017 to include: be 
Lack of materials need planning#
Poor information on cores
Lack of asupply of cores
Poor infirmation on related spare parts for the cores
Lack of related spare parts themselves
Inadequate quality management systems
Large stock levels needed
Stochastic reman processes – difficult to plan and organise in the supply chain
Lack of supply and demand flow
Importanyly – lack of automation in the reman process. 
Kurilova prop[osed whether lean principles could ease most of these challenges, which are internal organisational rathwr than external, from and to the market. 
The application of Lean principles are commonly applied to improve manufacturing flow and organisational understanding – and Kurilova notes that few studies had looked at the lean principle for significant improvement to reman [processes. Their case studies looked at the lean tool VSM to highlight production difficulties from the operational staff cross section.  
Common ground seems to be found that remanufacturing itself is complex and difficult to manage due to company internal and market external challenges - as it represents a common theme applied to vaslty different products. Lean application into  delay issues from hazardous material management derived from residues on the core  and assembly can delay the ‘core’s’ progression through the process, and eventual re-issue of the reman assembly.
3 levels of challenge were proposed – in legislational and environmental regulation, in customer perference and in the introduction and adoption of technological advances. 
The paper suggests concrete lean-based improvements to tackle remanufacturing process challenges and improve lead times.  Reman companies clealy face similar challenges with cores as a basis for reman, and despite the advent of advanced technoilogies, the application of lean to reman may well assist in the easing adoption of reman.
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6.0 BUILDING BUSINESS ENGAGEMENT TO REMANUFACTURE…………..1100……………………………………….x
	6.1 Extent of the opportunity for remanufacture to create roles…………………………………………….x
To link to this article: https://doi.org/10.1080/15567036.2021.1994057
Chau 2021
Fab lead into advantages of 1 4.0 in devel countries…
Suggestions from findings show that it is
necessary to detect the combination between cyber-physical systems and
the IoT architecture to assistant smart remanufacture, parallel with developing data and infrastructures of communication and circular economy
management models. It is clear that, in order to successfully develop the
remanufacturing industry, emerging economies need to fully utilize the
achievements of IoT technology through economic development strategies
and policies in line with Industry 4.0 to create breakthroughs in sustainable
circular economy development
Qui in 2022 examined the effects of enviromental taxation on reman – with the increasing onset of carbon-based taxation, even in the much-malignde industrial envornment of China, the environmental advantages of reman have not escaped the governemnts attention. The lower environmental impact and reduction in production costs attracts both legisltaors and buisnesses, although the increase in production planning, availability of raw material ‘cores’ and ongoing markets are still a barrier to reman considreation by business. Qui’s view is typically very much an academic one. Where the real world sitiuation demonstrated by CoreCentric demondstrates the simpler the reman proposal and the more selective the options available, the more likely the reman and sustainable parts’ model is to succes commercially. 
	6.2 Support from Governmental and Regulatory sectors?..........................................................x
Government and polictmakers guidance on reman in the UK. 
“Although opportunities for remanufacturing are far-reaching, Government and industry need to work together to develop its full potential” - Rt Hon Caroline Spelman MP in the report of their Parliamentary Group inquiry (Ref PPRG)  “Triple Win: The Social, Economic and Environmental Case for Remanufacturing”, in December 2014, Report sponsored  by the quasi-Governmental  ‘High Value Manufacturing Catapult’. 
Reman estimated as less than 1% of UK volume- should realistically be 20% (“All Party.Parliamentary Remanufacturing Group”, Eng Empl Federation – the Manufacturin Organisation. estimate of UK reman is £2.4bn, 2016, potential easily £5.6bn – if supported  and developed. Total UK output 2016 was £164bn. Could create 200000 jobs but no govt strategy to do this. In UK Law and Standards reman does not exist. 
The report indicated that reman was already recognised as a critical part of manufacturings link to environmental sustainability, and vital to sustainable growth in the manuf sector. The weak commnunication the UK has between centres of expertise – linkage between research and operationoal manufacturing is just one, means that  the potential the UK has to develop reman is far behind that possible in the more connected manufacturing communities in the US and China – reman is just bot getting through in the UK. 
Huge potential, brining jobs back as re-shoring, using established skillsets needed for legacy equipment and builidng in  advances and upgrades
Recommendations : 
Govt departments should learn from reamn success and tehniques already developed elsewhere,  Govt should press companies and public servicex to incorporate reman performance and llandfill diversion in Corporate Social Responsibiity reports – raising them to a similar level of desirability as carbon reduction, 
Etc did these become imlimented? 

What successds in reman:


Policy environment: ‘triple win’ of economic, environemntal and soical benerfits’
Max opps, much wiork required by Govt and industry to address barriers already facing reman to be surmounted. The statement was made in the Foreword, that “(UK) Govt and Industry should be ambitious in aiming for the Uk rt obecome a worled leader in this field”.  Has the UK been capable of mobilising the detailed multi-sector, multi stakeholder thinking that could achieve this - 


	6.3 Incentives for remanufacture ………………………………………………………………………………………….x
LINK CHAPTERS STATEMENT



7.0  BUSINESS MODEL EVOLUTION  - CHANGE TO BROADEN REMANUFACTURE UPTAKE?...1900……….x
	7.1 How does advanced technology affect the manufacturing business model……………………..x
7.2 Owning the asset, or leasing the asset…enhanced by advanced technology…………………….x 
An example of the new business model and ‘robots as a service’ s model demonstrating an accessible entry path  into advanced technology using ‘pay-for-productivity’, where the user pays for the output only,  - Formic was founded in the US by Misa Ilkhecki and  Samin Farid to allow small and medium sized business access to productivity boosting automation on a low hourly usage cost and guaranteed performance. Formic 2024 (Ref: https://formic.co/about accessed 1/1/24)
Slowing the accessibility to robotic design for manufacture and remanufacture remains the cost an availability of designers who can design these systems and imliment them in the SME and mediuym company workplace -  Etienne Lacroix formed  ‘Ventia’ as a means of producing robitic system design on a ‘lego’ basis, allowing development of individual advanced technology roobitic systems by access to unified system design cutting through the brand specific design skills to allow ‘democratised’ deign of robotic systems. ‘Coding-free’ automation design, allowing usage of the systems needed for effective remanufacture at lower cost for growing and established companies at lower levels of automation development.    https://vention.io/resources/video-tutorials/discover-machinelogic-75 accessed 1/1/24)
Ready Robitics inc, founded by Dr Kal Guerin and Ben Gibbs (https://www.ready-robotics.com/about/weareready) which has developed ‘ForgeOS’, which is a user-friendly touch-screen HMI interface collecting the control systems of robots, peripheral systems and material and consumable supply. In this way a no-code, low-code of all-code approach c=allows for all elvesl of staff resdiness for advanced technology at accessible cost for growing manuf companies.

Supply chain affects by advanced technology
Ref: Kayicki 2018 ‘Sustainability impact of digitization in logistics. Kayicki, Yasanur,, et al, 15th Global Conference on Sustainalbe Manufacturing, Procedia Manufacturing 21 (2018) 782-789 
With the focus on the practicalities of advanced manufactuing on manufacturing, and remanufacturing progress, the logistics of supply chain and final reman product delivery have possibly been sidelined in favour of the process improvlements and operational gains from advanced manufacturing are embraced. However, the studies in barriers to reman (Kurilova) are clear on the limitations of the supply chain identifying, tracking, and providing the used, (but in reman terms, raw) materials to the reman site.  The digitalisation of logicstics for the ‘core’, and related assemblies the core is dependant upon for full rebuild for parallel  reman, , should be considered together. 
Kayicki sets out the required digitization process and supply of cores and retrun to customers covering product variants, connected processes and assemblie, and autonomous management of the supply chain process.  He rightly sees this as an essential  foundation to the manufatturing and reman process. As a main aim of the circularity business model against the traditional linear model -  the large opportunity to reduce emissions – this seems possible to be harnessed from supply chain logicstics by the introduction of advanced digitization, conjectured in some places (WEF, 2016) as between 10 and 12% in nine years by 2025. This is now a year away and there is little evidence that digitalization has been able to attain anywhere near these emission savings.(ref to prove it..?) This ref cojectures autonomous trucks will make $30 bilion impact from savings in fual costs,employee costs and insurance,  and drones would achieve $20Bn business impact by faster and more effecivent ‘last-mile’ delivery. Although tioday we see the huge impact drones can have on some areas of the industrial process – the continuing conflict in Uktraine is dominated by the highly advanced and quickly developing weaponiization of small,personally controllled, expendable drones – the much-vaunted ‘..the supplier can get you anything anywhere facst with a drone’ so far seems still to be a marketing promise, not a reality or strong contributor the the circular economy. 
Kayicki did indicate that live research showed logicstics cost, delays in delivery, relaiblilty were already in process in improving logistics with digitization. However, he points out the that any promised positive societal impacts improved health, lower accident rates did not show any improvement – indeed commonly he saw the threats percieved to work patterns were a real barrier to full aceptance to digitalization of the logistics. Kayichi’s study is localised to Turkey, and restricted to societal, environmental and economic implications of digitalisation, I think the message should be a strong one with wide implications that the if any impacts – and sociuetal impact is expected to be greater than the economic impact of digitalization , then the lack of linkage between the businesses, the regulatory authorities and the governmental policy will never allow the possible impacts to be realised. .       
Shahin Rahimiford, Professor of Sustainable Practices at Loughborough and Director of the Centre for Sustainable Manufacturing and Recycling Technologies proposed that automated manufacturing practices need to be translated to automated re–manufacturing through, amongst other things, a decision report system, shared knowledge and better inspection. This way, the process is more viable and attractive to investors.
The Great Recovery was a project by the RSA working with Innovate UK between 2012 and2016 – looking at the challenges towards progressing  the circular economy through design. Their remit was to disseminate the underlying theme that design of product is at the heart of its suitability for circularity, rather than linear and entrenched ‘take, make and discard’ mindset. The systtem as a whole needs to be considered, not just thye producvt, its origin, materials, lifetime to an end-of-life, and dispoisal. They use the term co-creation to stress the importance of involvement across who touch the product’s lifespan, designers, material scientiosts, manufactureres, brand and retailers, but importantloy, and essentially: policy makers and legislators, givernment, investors, and academics.  

.

FRSA David Brunnen argues that the relatively basius of understanding the circular economy is the understanding of ownership of an item. whether you own the item,  or own its use for a period of its circular  life cycle. If this is the case, do you require so much capital, and incur so much business debt? The re-working of buisness and the way resources flow into and out of it, including the finance to maintain the ownership and use of assets. HE argues tha the real change in circular economy thinking (as at 2016), is a realiszation of how complex the real commercial and manufacturing world is, compared to the fine thinking, and intentions, of those promting the circular economy from the idealist, and academic, viewpoint. 

The onset of circularity doe not need to be mandated – Brunnen raises that  Schiphol airport does not buy light bulbs: th airport buys ‘light as a service’ – which allows the manufacturer to maintain ownership of the lighting, then replaces them taking the used items for remanufacture. It is the manufacxturer who is incentivised to minimise his costs and maximise the service to the client, at the same time maximise resource use and energy use by the client – a win-win on all counts. 

The authrs (MY) view on this is we have to view the  onset of a growing circular mindset in terms of the expanding economic facilities and approaches away from our conventional business acocunting – disruptiv elements such as crowdfunding for ownership, the sharing economy – illustrated by common ‘car clubs’ and ‘take and use’ cycles of the Boris-Bike type. Add into this the progressive improvement in connectivity brought by the onset advanced technology, including netwrok insights on item availability and location and working status,   open data and transparency, and collaborative advantage, and the ability to assess the role of a ream product rather than a new item, can be wholly differently assessed by a business with the right mindset.  
‘The case that ‘…legislation is needed for …’, such as that made by the ‘Spelman APPGM REF: implies “…that nothing is going to happen without legislator and Govermnment taking the lkead and mandating the necessary changes that will have the desired effect”..  However, as we note above, with the right information on the holistic benefits of reman to cashflow, protection of jobs and progression of current roles into roles incorporating the circualr economy, then reman will be promoted by the OEM’s and independent remanfacturers alike. Indeed it mat be that legislation or policy  may need to be cleared away to prepare the path for reman. 

Ref: 28th CIRP Conference on Life Cycle Engineering On Remanufacturing Readiness Level - An introduction to a RemometerTM  Jelena Kurilova-Palisaitiene* Procedia CIRP 98 (2021) 91–96
Author has dev eloped a TM toll, the Remomteter’ to measure companies readiness to pursue reman
Recent developments on reman decision making – adv technologies.
The effects of low-carbon awareness on remanufacturing strategy in the presence of competition. Yanyan Zheng, Peng Liu, Yingxue Zhao, Zhichao Zhang 
Kybernetes  ISSN: 0368-492X Article publication date: 4 December 2023 Emerald Publishing Limited
Purpose
This paper examines how the level of low-carbon awareness (LCA) affects the remanufacturing strategy in a supply chain with an original equipment manufacturer (OEM) and an independent remanufacturer (IR) competing with each other.
Design/methodology/approach
Game theory and operations optimization.
Findings
The studies analytically characterize the threshold levels of the LCA in response to which the OEM and the IR will change their remanufacturing strategies from no remanufacturing to partial remanufacturing and then to full remanufacturing. In addition, the studies reveal that as compared with the OEM, the IR has more flexibility in terms of the market entry to remanufacturing with the level of LCA increasing. With the extended studies, it is exhibited that the above findings are robust to a good extent.

Legislation inclusivity or exclusion of reman: extract this: 
1. Ref: Funding opportunity: business models for a circular economy December 2014 https://www.gov.uk/government/news/funding-opportunity-business-models-for-a-circular-economy . Accessed 18 Feb 2024
 Innovate UK placed a funding opportunity encouraging the expansion of buisness models for a circular ecomony that included reman as a named example – recxognising the value of the circ economy, business models involnig consortia and new ways of working for reuse, REMAN or lease/maintenance.
Manifests iteself in current Innovate UK incentive loans for the future ecomony  - partly including reman but not specifically targeted. REF:  Innovate UK innovation loans future economy: round 12 9/11/23 to 10/2/24.  https://apply-for-innovation-funding.service.gov.uk/competition/1789/overview/66e704ba-3ecd-4e2e-bec7-d0e28af1d751#eligibility Accessed 18/2/2024 
However, Innovate UK more specifically has rolled out the  funding forms part of the UKRI National Interdisciplinary Circular Economy Research programme (NICER). It enables SMEs to engage with and benefit from access to expertise at five research centres and hub via collaborative research and development (CR&D) activities. the Circular Economy for SMEs – innovating with NICER, round 2 at £1.5M The broad spectrum of circular economy approaches will be in scope, for example: repair reuse remanufacture recycle regeneration (Ref: Circular economy for SMEs: innovating with NICER, round 2 https://www.ukri.org/opportunity/circular-economy-for-smes-innovating-with-nicer-round-2/    Accessed 18 2 2024)

2. Ref: Business Income Manual  BIM46925 - Specific deductions: repairs and renewals: what is a repair: changing technology https://www.gov.uk/hmrc-internal-manuals/business-income-manual/bim46925 Accessed 18 2 2024
· the cost of a repair is normally allowable expenditure; but
· the cost of replacing an asset or of making a significant improvement to an asset is capital expenditure and not allowable as a deduction.
In the same way as the use of more modern materials does not necessarily mean work is an improvement (see BIM46920), the use of new technology as part of a repair does not necessarily mean the repair becomes an improvement.
In borderline cases it is worth considering whether the character of the asset has changed; see BIM46950. If we are bound by such semantic in taxation, then where are the incentives to bring in advanced technology to advance reman in the product life ycle and mainstream busness. 

8.0  PRIMARY RESEARCH – INDUSTRY INTERVIEWS AND DATA GATHERING
8.1 Method and rationale of interviews and data gathering 
To gather data and industry opinion on reman and its development alongside a range of advanced technologies, the author sought engagement from a range of organisations, personal, and referred contacts – the list of organisations canvassed for assistance is included in the Appendix XXX  by direct interviews, 
Survey work Sampling: snowball sampling can be a useful non-probability sampling strategy, its effectiveness is often based in the selection of the initial participants and the degree to which those participants are theoretically random – Berndt 2020 ??

8.2 Roy McFarlane, Total Productivity Solutions.
8.3 Irma Gilbert, Authentica Car Parts
8.4 Chris Probert, Aber Instruments
8.5 Eoin Bailey, Cela Steel UK
8.6 Jon Peck, Electric Classic Cars Limited
8.7 Rhys Jones, P M Group
8.7 Responses Matrix
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9.0 CONCLUSIONS
DRAFT: 
Linear economy still governs
Development of FMCG that are not commercially repairable, leading to what I would call an ‘always-replace-with-new’ – distinct back-step in the linear to circular economy transition…This may give rise to the suspiscion of any reman items encountered as ‘sub-standard’ and ‘not-like-new’…
resistance to introduction of newer technologies as too risky)XXXXXX.
Dumping of reman-suitable equipment into developing economies due to percieved or real legislative obstacles to reman in the home markets.
Large, capital-heavy items are readily,and consistently already remanu, as are machine tools, where the new technologies are helping place new edges onto worn sub-assemblied - but cars and most other are disassembled and scrapped (exception – reman of classic vehicles – 2 interviews – where capital value again drives the reman enthusiasm and business case)
Large UK public sector legislate against use of any reman – NHS ban on reman items in supply chain, the larest employer in Europe….





10.0 RECOMMENDATION FOR FURTHER WORK
Larger sample industries for reman questions
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Appendices. 
The Circular Design Guide is a collaboration between the Ellen MacArthur Foundation and IDEO. To give your feedback, email us directly or join our linkedin group.
https://www.circulardesignguide.com/post/circular-business-model-canvas
Copyright © Ellen MacArthur Foundation 2017, 2018
The Machinery Directive.
THE EUROPEAN PARLIAMENT AND THE COUNCIL OF THE EUROPEAN UNION,
Having regard to the Treaty establishing the European Community, and in particular Article 95 thereof,
Having regard to the proposal from the Commission (1),
Having regard to the opinion of the European Economic and Social Committee (2),
Acting in accordance with the procedure laid down in Article 251 of the Treaty (3),
Whereas:
	(1)
	Directive 98/37/EC of the European Parliament and of the Council of 22 June 1998 on the approximation of the laws of the Member States relating to machinery (4) codified Directive 89/392/EEC (5). Now that new substantial amendments are being made to Directive 98/37/EC, it is desirable, in order to clarify matters, that that Directive should be recast.

	(2)
	The machinery sector is an important part of the engineering industry and is one of the industrial mainstays of the Community economy. The social cost of the large number of accidents caused directly by the use of machinery can be reduced by inherently safe design and construction of machinery and by proper installation and maintenance.



	(3)
	Member States are responsible for ensuring the health and safety on their territory of persons, in particular of workers and consumers and, where appropriate, of domestic animals and goods, notably in relation to the risks arising out of the use of machinery.

	(4)
	In order to ensure legal certainty for users, the scope of this Directive and the concepts relating to its application should be defined as precisely as possible.



	(5)
	The Member States' mandatory provisions governing construction site hoists intended for lifting persons or persons and goods, which are often supplemented by de facto compulsory technical specifications and/or by voluntary standards, do not necessarily lead to different levels of health and safety but, because of their disparities, do nevertheless constitute barriers to trade within the Community. Moreover, the national systems for the conformity assessment and certification of these machines diverge considerably. It is therefore desirable not to exclude from the scope of this Directive construction site hoists intended for lifting persons or persons and goods.



Ref APPSRG/APPMG Report Triple Win - The Social, Economic and Environmental Case for Remanufacturing (see Appendix for background on the APPSRG/APPMG )
All-Party Parliamentary Sustainable Resource Group. The APSRG is the leading forum informing the debate between parliamentarians, business leaders and the sustainable resource community on the crucial policy issues affecting sustainable resource management in the UK. Its mission is to provide an objective platform for effective communication between policy-makers, businesses and organisations with an interest in the sustainable resource management agenda and to raise awareness of sustainable resource issues within Parliament. The All-Party Parliamentary Manufacturing Group (APMG) is a cross-party coalition of Parliamentarians and manufacturing industry organisations that works to develop new industrial policy ideas, critique existing government decision-making around manufacturing, communicate within Parliament the importance of a well-balanced productive economy, and help the manufacturing community better engage with the policy process. With renewed political focus on the need to rebalance the UK economy and begin the ‘march of the makers’, the APMG seeks to ensure that policies and programmes to support the manufacturing sector achieve consensus from all parties, and across industry. SOURCE/LINK?







Ref: European Commission – European Remanufacturing Network – WP 2.2 Remanufacturing Market Study – Final Report 20th October 2015.
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This overview table Ref ‘EC ERN 2015’ shows by far the majority 70% of reman in Europe is in key zones, Germany, UK (then an EU member) and Ireland, France, and Italy. Germany takes its place as would be expected as the major industrial giant in Europe, but with France and the UK/Ireland together only account for half og Germanys reman volume. The distribution of aerospace in UK and France may account for Italy’s lower reman volume. 
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The ERN survey does provide a useful indicator of both volume and distribution. 


Appendix X Blomsma – Overview of a slection of iunterpretation of waste and resource management frameworks. 
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555 McKinsey/Ellen MacArthur foundation 2019 gives us this: This paper offers a first look into the cross-section of two emerging megatrends: how AI can accelerate the transition to a circular economy. It provides an initial examination of how AI can enhance and enable circular economy innovation across industries in three main ways:
1. Design circular products, components, and materials. AI can enhance and accelerate the development of new products, components, and materials fit for a circular economy through iterative machine-learning-assisted design processes that allow for rapid prototyping and testing.
2. Operate circular business models. AI can magnify the competitive strength of circular economy business models, such as product-as-a-service and leasing. By combining real-time and historical data from products and users, AI can help increase product circulation and asset utilization through pricing and demand prediction, predictive maintenance, and smart inventory management.
3. Optimize circular infrastructure. AI can help build and improve the reverse logistics infrastructure required to “close the loop” on products and materials, by improving the processes to sort and disassemble products, remanufacture components, and recycle materials.
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Definition of Remanufacture within the Production chain- Socttish Institute for Remanufacture
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Winifred Ijomah – now head of the ‘Scottish Institute of Remanufacture’ 
In 2005 she had already developed some definitions of the main recovery threads, of which remanufacture is one pillar: 
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Dr Winifred Ijomah, now Technical Director: Scottish Institute for Remanufacturing.
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The table below provides a summary of the findings by sector across the EU.

Sectors Turnover Firms Intensity
(€bn)
Aerospace 124 1,000 115%
Automotive 74 2,363 1.1%
EEE 31 2,502 1.1%
Furniture 03 147 0.4%
HDOR 41 581 2.9%
Machinery 1.0 513 0.7%
Marine 01 7 03%
Medical equipment 10 60 28%
Rail 03 30 11%
Total 208 7,208 1.9%

1 On-line survey, direct phoning, use of meta-studies and top-down analysis
2 Core: a used part intended to become a remanufactured product
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Figure 1. Remanufactured to achieve sustainable development goals (lunior and Filho 2012)(Ngu, Lee, and Bin Osman 2020b).
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+ Detailed definitions and clarification
of concepts, relation to earlier and
similar frameworks described

+ Comprehensive approach

+ Level of ambition is very high

+ Challenge related to CE (paradigm shift)
is clearly described

+ Disruptive nature ('turn things on their
head') and re-thinking emphasized

+ Stakeholder engagement and review
envisioned

+ Compatibility with established business
procedures

+ Outcome of each step is internally
reviewed against CE principles

Circular Economy Principles]

Systems thinking
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Transparency
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Innovation

Value optimisation

¥

8 Stages Flexible Framework

Framing, Scoping
Idea generation
Feasibllity
Business case
Prototyping
Implementation
Monitoring

A

+ Ample information about existing
regulations is provided

+ Concrete suggestions for business
models and detailed description of

Supporting Guidance:

Business Models & Mechanisms®
Product design, waste regulations,
materials, chemicals,

energy and fuels, logistics,

enabling mechanisms

monitoring and measurement

*) Business models are not listed here, and only material-related mechanisms are shown.

- Link to sustainability is often implicit
but included in the principles stewardship,
innovation, and transparency

- CE goals restoration and regeneration
are not explicit in CE principles

- Social dimension/benefit mentioned ca.
20 times but not described

- ethical aspects (consumer interference)

mentioned once but not described

- Guidance on monitoring and measure-
ment remains rather generic

- Organizations bear full responsibility
of choosing indicators, both internally
and for communication to stakeholders

- Independent expert review not mentioned

- Almost no description of support by and
synergies with standards for environmental
management (ISO 14000 series), esp. life
cycle assessment (ISO 14040, 14044).

- No link to material flow cost accounting
(ISO 14051, 14052)

Fig. 1. Overview of the structure and the major categories used in the Circular Economy Standard BS

8001:2017 (middle), as well as a list of strengths (left) and weak points (right) of the standard ir

of its overall ambition.

Ref: Critical appraisal of the circular economy standard BS 8001:2017 and a dashboard of quantitative system

indicators for its implementation in organizations - ScienceDirect
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Table 1. Proposed definitions of remanufacturing, reconditioning and repair
[19]

Remanufacturing: The process of returning a used product to at least OEM original
performance specification from the customers’ perspective and giving the resultant
product a warranty that is at least equal to that of a newly manufactured equivalent

Reconditioning: The process of returning a used product to 2 satisfactory working
condition that may be inferior to the original specification. Generally, the resultant
product has a warranty that s less than that of a newly manufactured equivalent. The
warranty applies to all major wearing parts

Repair: Repairing is simply the correction of specified faults in a product. When
repaired products have warranties, they are less than those of newly manufactured
equivalents. Also, the warranty may not cover the whole product but only the
component that has been replaced
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