
[bookmark: _Hlk111189743]Master’s Project (ACFA7003) Dissertation  



[bookmark: _Hlk88651252]“The role of emerging advanced technologies in facilitating the remanufacture and upgrade of end-of-use electro-mechanical and mechanical equipment, tooling and assets. How successfully are these emerging advanced technologies contributing to the adoption of advanced methods of remanufacturing.”
Submitted by: Simon Shuker

October 2024

University of Wales – Trinity St David
Submitted to : Alan Mumby
[image: ]


Acknowledgements. 
I  would like the thank my wife Emily for her unstinting support and provision of tea breaks, and for patience in feigning interest in remanufacture in all its forms. I also acknowledge the help and support given by Alan Mumby, Grahan Howe, Amanda Hayden and all at MADE, steering me through a difficult combination of demands and direction. Particular thanks must go to Alan Mumby for his enormous support, understanding and humour which has been much appreciated. Finally huge thanks to my surgeon Mr Ed Rowe and the team driving the AI-supported Da Vinci surgical robot made possible by the progressions of advanced technology into medicine, there can be no greater demonstration of the power of advanced technology to protect and enhance our lives – without that intervention this dissertation would not have been possible.



Abstract.
With the accepted need for a sustainable approach to manufacture with consideration for increasingly limited natural resources, the application of ‘remanufacture’ is becoming an increasingly important route for end-of-life whole vehicles, assemblies, tools, or materials. We can define the term in many ways but ‘remanufacture’ can be usefully described as  ‘ a process of returning a used product back to at least as-new condition’  (Scottish Institute for Manufacturing), and Ijomah et al, 2005 gives us a good basis for consideration of the process (Appendix 15).
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 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 and UK 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 becoming available to reman practitioners. Processes are emerging that  may be financially viable, or acceptable 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 

1.1 Introduction
The Bruntland Report of 1987 by Gro Harlem Bruntland, then Prime Minister of Norway (Bruntland, 1987) made it plain that environmental protection was the only way to long term sustainability across the Globe. This was followed by the pivotal 1992 Rio Earth Summit (UN 1992) and the famous ‘Rio Declaration’ outlining 27 points to drive sustainability across the globe. The urgent need to address carbon emissions and uphold the statement of the Rio Declaration has driven the global green movement, and the drive for sustainability in our activities. Amongst this, manufacturing and construction accounts for the third highest source of carbon emissions (Hannah Ritchie, Pablo Rosado and Max Roser (2020), Appendix 1 )  As a result, the global drive for a circular and sustainable economy, to replace the current ‘take-and-waste’ economy is at the centre of the search to make manufacturing as sustainable as possible.  
With the potential of all of the ‘10R’ standpoints of sustainable manufacturing (Bag 2021),  there is a particular opportunity for remanufacturing to dominate the sustainable manufacturing field. The discipline of applying newly formulated technological methods made possible by recent  data and computational advances to perform  inspection, computational analysis, strengthening, repair, coating, hardening or any other form of treatment to end of life items opens up a new world of technological solutions at lower cost and carbon footprint. 
There are 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, disassembling 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, evaluated and warranted for re-incorporation into its function as a reman assembly item. 

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 extremely 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 countries 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 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 for 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 to provide a sustainable future for manufacturing.   
1.3 Background and Justification 
As an engineer I have been designing innovative technical solutions throughout my career, in sectors ranging from soil mechanics and alternative concrete structures to the complexities of anaerobic digestion of organic wastes. My 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 in a structure,  but short of a complex and expensive third-party design, there was no capability to  design, as I had to, a glass reinforced plastic, sectional, 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 efficiency, the end result being only limited by the ability of the designer to formulate the problem, and the regulatory acceptance to regulate, and eventually 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 significant 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 development in reman thinking, 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 intellectual property within the discussions with respondents in my primary research interviews. There are no other direct ethical considerations as all of the of references within this report are published and available through 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 
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 perspective, 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 disposal, and secondly, an act detailing limitation of the proliferation of non-recyclable 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 2), from think-tank s such as Ellen MacArthur Foundation (Butterfly Diagram, Appendix 13) , 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, implying that it is not in their interests for everything becomes 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 amend 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 use 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 dependable 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 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 (Appendix 13) 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 covering 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 Recycling, Repairing, Re–using, Remanufacturing – which path to follow

Bag 2021 set out the framework of processes previously outlined in all of the circular economy 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 degree of reman application is a marker of success of the technology and the adoption of the process, gently moving towards the desired circular economy. 

The direction of travel must be that the discipline of reman is – intuitively -  far more involved and exciting than all of the other ‘9R’s’, as the techniques to reman are of more profound and technical nature than the remaining 9, which are, to a greater or lesser extent, already established in practice. Clearly the greater the exposure of businesses to advanced manufacturing the more capable they will become with the reman process and procedures, and the depth of possibility the new technologies exhibit. The existing ‘9R’s will remain to operate, with the reman ‘10thR’ becoming the weapon of choice of the enlightened and smart businesses and manufacturers. 


3.0  CURRENT SITUATION FOR REMANUFACTURE 
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 competitive manufacturing business, however, with its real limits to ready markets and relevant training, and the difficulty of affording the investment 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 attempt to demonstrate the reasoning behind the reman that is occurring across a broad but selective industry manufacturing sectors. There are particularly 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 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 vehicle 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 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 several parallel but new markets in these reman products, whilst directly countering the  use and discarding of salvageable 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 diverted from landfill annually and saving 85% of material and energy necessary to make the equivalent 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 worn 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 significant work. In addition, significant ‘fatigue’ 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 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 demonstrates 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 excavators, loaders, and dump trucks, where exceptionally high mechanical wear and high ambient operating temperatures demand highest standard, warranted, and affordable reman, justifiable 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 automation by robot as non-critical disassembly. Full updates on software and mechanical improvements and upgrades on materials are incorporated – the reman product is improvement on the original OEM product, rather than merely a clean-up and polish perceived by sceptics. Testing to OEM standards is rigorously performed to ensure a warranty of ‘as-new’ can be given – clearly refurbishments 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 is 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 industrializing 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 predictability 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 reliable 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 consist of the engine, main transmission units, battery packs, diesel particulate filters, and major electrical components - 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 become an accepted source of reclaim for rare earth element materials including platinum and other rare earth metals incorporated within battery units. The reman process does not need to release these elements but are re-incorporated into reman units with minimal 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 remarkably high, 85%, and wastage to go to material recycling exceptionally low. Reman in Volvo has decades of practice and readily accepts the incorporation of modern technologies, and crucially realizing 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 robotics 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 unplanned outage due to failure is highly cost critical. The planned maintenance is a crucial part of the heavy duty off-road ( HDOR) machines lifecycle, and the normal accepted process is for the business owner HCME to take in a plant, or part, and to bring away a reman machine, 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.
3.4 Automotive equipment remanufacture
The  Automotive Parts Remanufacturers Association (APRA) have indicated in recent reports that they consider the global remanufacturing industry will double by 2030, whilst the EV section of the industry stated to be the key catalyst of this growth. It is useful to consider where the key constituents of the EV might grow the reman sector  - namely battery reman, motor reman, electronic component reman, and EV charger reman.  The importance of scarce battery resources drives the demand for circularity in this element of the EV build. All of the manufacturing and disposal stages of EV batteries are under intense scrutiny – and rightly so – so the approach the proper reman of these batteries must take a priority as the volume of the existing, and future growth trends , in EV’s, both demands.  
The reman industry is well established in the electric motor sector – one of my correspondents is a converter of classic ICE vehicles into electric motive-driven classics. The modification of used electric motors is crucial to their operation. Again, the motors are resource and capital-heavy and reman can and will continue to make a large impact on drive motor production. The sophisticated electronics in electric vehicles can be difficult to replace and remanufacturing them will become more cost-effective and sustainable than manufacturing new. This gives the opportunity for electronic components to be swapped out, and new units fitted, improving the performance of the EV.  Chargers are a critical area of the EV infrastructure – the reman discipline can reduce the costs of producing new chargers and extend the life of these components at EOL.
In the present day,  the recent article focussing on reman by the Ellen MacArthur foundation (Ellen Mac 2024)  demonstrates first-hand evidence  from  OEM companies at their Foundation CE100 meetings showing that businesses promoting and practicing reman on items are not disadvantaged by loss of new product sales. The reverse is true, in that companies embracing reman find that it not only becomes a recognised cost-centre of their business, 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 an 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.
A previous industry correspondent , Richard Morgan from Electric Classic Cars, uses reman and used equipment in their classic car remanufacture. In their case they are remanufacturing the whole vehicle to incorporate the items needed by the EV battery, drive/s, and complex wiring looms and cooling systems. communication March 2024

In all cases where salvaged Tesla motors are used, they are fully refurbished, completely  stripped down, all seals and bearings are replaced, and the main differential is removed in favour of a limited slip differential. There are gearing changes necessary, in the case of the Defenders a custom gearing which ECC have developed themselves alongside a local gear manufacturer. For Defenders the large rear drive unit is used, Minis use the small front drive unit, and Porsches use either the large rear or small rear depending on customer needs. 
As the motors are fully ‘remanufactured’ by ECC they have ECC one year warranty, as do the 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 tolerance requirements. Thus, the stability of the tooling surfaces, the harness and durability of the wearing surface background, and the overall rotational balance and stability of the machine tool are essential to its operation and effectiveness. Traditional remaking or regular re-tooling would involve either a completely 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 tooling 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 methods 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, balancing and evaluating a replacement, new, toolset.  with advanced technology 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 use 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. 
Dies and moulds are used 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 moulage, 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 failure’s modes of dies, and raised the opinion that a die manufacturing engineers main task is the prediction of die life and the prolongation of this by whatever means available. Costs for dies comprised 15% of products 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 distinct functions 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 design 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. 
3.6 EV and battery development 
Today EV battery technology changing faster than many can carefully 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 renewable energy from renewable installations. The end-of life of these batteries represents a major environmental problem as their design and materials were not planned for retirement, or re-use. 
Whilst there may be now, and will certainly be in the future, a large surplus of EOL EVB’s the desirability of utilising them in entirely different environments to those they were designed for – i.e. within  a temperature-protected battery box on board an electric vehicle, controlled by an on-board  BMS, a battery management system.  There will need to be far more review of the existing challenges of technology, costs, and regulations in the use of these batteries within these newly proposed conditions. The eventual goal should be establishing a the carefully considered circular treatment of EVB’s across their areas of usage, and what their total expected lifespan might be. The correctly placed sentiment of reducing the demand for new batteries is likely to have a positive environmental impact, and 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 elevated 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 procurement  - 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 McFarlane mentions this in my primary research, when manufacturers he works with will pass up the reman opportunity and fit new replacements, moving the EOL cores into developing countries where more appropriate cost bases can happily incorporate their reman. Oturu et al (2021) investigated this concept and identified the difference the presence 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 demonstrate 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 developing 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 implement 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 elevated 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 economy 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 heavily set within reman, it is highly likely that the PLA takes the US lead on implementing 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’. Current geopolitical evidence shows this – at least at present – to be accurate when considering Ukraine’s ability to innovate and use AI, hardware, software, and doubtless comprehensive remanufacture of failed military kit to hold off the numerically vastly superior Russian forces for approaching three years. Ukraine’s ability to innovate at the ‘coal-face’ and adapt and re-purpose obsolete equipment (Oerlikon anti-aircraft guns, circa 1941, Lewis Guns, circa 1916), and notably out-mode  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
Looking at who has access to a ready supply and variety of the ‘cores’ from the waste electrical equipment market, a business from my direct experience can adequately demonstrate the status of effective IT reman in the UK today.  Blackmore IT, based in Wiltshire, are high-security data destruction and electronic and electromechanical dismantlers  (Ref: Blackmore UK) https://blackmoreuk.com/, Appendix 14) They are certified to work with the MOD, NHS, UK Government and the security and Court Services at the highest security levels. Alongside the mainstream business of data destruction and separation of electronic waste, the company have developed a market for second hand IT equipment. Amongst this is which is an extremely specific business 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).  The opportunity to custom-build to specific requirements at a large discount is a significant advantage over volume suppliers of new equipment, and custom builds, and a greater advantage over small to medium custom computer builders.


4.0  ADOPTION OF ADVANCED TECHNOLOGY BY REMANUFACTURERS 

4.1 Divergent pathways, is new technology reaching remanufacture?
According to BS8887-Part 2 (Bsi BS8887), in a definition far less complex than Ijlomah 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.”
Manufacturing is Europe largest employer within industrialist=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)
Their overview table (EC ERN 2015, & Appendix 3) 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 of 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, strategic advantage within sector and increasing market share. Interestingly other motivations indicated are alternative business models, resource security risks, customer pressure to embrace circular economies, warranties, reduced lead times against new production.
Barriers emerging from the survey include customer recognition of the value of reman, the access to ‘core’ and the quality of these, and the limitation of labor skilled sufficiently to undertake reman, and the costs of training and sourcing 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 workforce between 450000 and 60000 at those levels, 
4.2 Barriers to incorporating advanced technologies
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 SMEs on digital transformation, to  benefit by implementing 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, SMEs 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 Northwest’ who have produced a recent programme to disseminate their  ‘Made Smarter Roadmap for SME Manufacturers’ (Appendix 12) 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 heavily limits reman, as without the full attention to a ‘design-to-reman,’ or DFRem mindset, adopted by industry, 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 suitable ‘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 challenges noted above, and the limited sharing of information to build confidence in reman methods, quality and viability.   




5.0 BUILDING CUSTOMER ACCEPTANCE OF REMANUFACTURE ITEMS
5.1 Perception of the customer to remanufacture
The value of a remanufactured product is currently not understood by those outside the industries which use and rely on this , due to unfamiliarity with the concept. 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, the likes of machine tooling, and mining/heavy construction, aviation. The reputation of ‘second-hand’ to the general population certainly in the UK, is negative. However, in the automotive 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 OEMs, 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 pathway to acceptance of the re- concept to a public increasingly beleaguered by cost pressures across the board. Increasing acceptance in this context can potentially drive wider acceptance of reman into wider assets and markets. 

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 implementation 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 easily 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 optimum time. Whilst the digital capability is certainly there, it’s vital that the CMMS interface is understandable and able to be read and actioned by all levels of skills involved in this process.  The presence 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 remain as a barrier to reman.   
Kurilova indicates that the common main challenges for reman are core quality and availability, the timing of the reman process, and assured quality of the finished products. Detailed work with four examples showed that challenges included the degree of resource planning against an uncertain core supply, difficulty in assessing core condition, lack of OEM information on the connected parts to the core, and a lack of carefully considered planning of the reman process. 
Kurilova proposed whether lean principles could ease most of these challenges, which are internal organisational rather 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 is 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 vastly 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 legislation and environmental regulation, in customer preference 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 clearly face similar challenges with cores as a basis for reman, and despite the advent of advanced technologies, the application of lean to reman may well assist in the easing adoption of reman.




6.0 BUILDING BUSINESS ENGAGEMENT TO REMANUFACTURE
6.1 Extent of the opportunity for remanufacture to create roles
We have already seen the practice of EOL cores and assemblies being exported over the developing countries, in favour of being reman in the original country. This is reported by at least one of my interview correspondents. The displacement of the reman to a developing country brings with it challenges of technology level needed d, against the current technology level in the destination, a developing country. The tendency would be for the skill levels to stay static, where the government and business leaders may be missing the point of the opportunity this represents. Chau 2021 recognised this, and further pointed out that the cyber-physical systems and the IoI architecture in the destination should both be carefully considered to ensure that higher skill levels can be applied to the reman process, not just the low skill tasks of dismantle and rebuild, which does not enrich the developing country’s, labour capital and education. 
Qui in 2022 examined the effects of environmental taxation on reman – with the increasing onset of carbon-based taxation, even in the much-maligned industrial environment of China, the environmental advantages of reman have not escaped the governments attention. The lower environmental impact and reduction in production costs attracts both legislators and businesses, although the increase in production planning, availability of raw material ‘cores’ and ongoing markets are still a barrier to reman consideration by business. Qui’s view is typically very much an academic one. Where the real-world situation demonstrated by CoreCentric demonstrates the simpler the reman proposal and the more selective the options available, the more likely the reman and sustainable parts’ model is to succeed commercially. 
6.2 Support from Governmental and Regulatory sectors
Government and policymakers’ guidance on reman in the UK has been inconsistent.  
As far back as December 2014, the Rt Hon Caroline Spelman MP in the report of their Parliamentary Group inquiry (Ref PPRG, Appendix 4,5)  stated: “Although opportunities for remanufacturing are far-reaching, Government and industry need to work together to develop its full potential” In the PPRG Report “Triple Win: The Social, Economic and Environmental Case for Remanufacturing”, in December 2014, Report sponsored  by the quasi-Governmental  ‘High Value Manufacturing Catapult’. To demonstrate why was seen then as necessary, reman then was estimated as less than 1% of UK volume- wider European norms should realistically be nearer 20% . The PPRG details that the Engineering  Employers Federation – the Manufacturing Organization- estimate of K reman is £2.4bn, 2016, but the potential would be easily £5.6bn – if supported  and developed. Total UK output 2016 was £164bn. This might well create over 100,000 jobs, but no Government strategy is there to promote this.  In UK Law and Standards, reman does not exist, and in the largest employer in the UK, the NHS, reman items are barred from procurement by the NHS . 
The report indicated that reman was already recognized as a critical part of manufacturing link to environmental sustainability, and vital to sustainable growth in the manufacturing sector. The weak communication the UK has between centres of expertise – linkage between research and operational 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 not getting through in the UK. There is an enormous potential for reman by bringing jobs back to the UK as re-shoring, using established skillsets needed for reman to legacy equipment and building in  advances and upgrades to that legacy equipment. The Report recognized that to maximize opportunities in reman, much work would be required by Government 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 to become a world leader in this field.”  Has the UK been capable of mobilizing the detailed multi-sector, multi stakeholder thinking that could achieve this – my contention would be no. 


	


7.0  BUSINESS MODEL EVOLUTION  - CHANGE TO BROADEN REMANUFACTURE UPTAKE?
7.1 How does advanced technology affect the manufacturing business model?
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 and availability of designers who can design these systems and implement them in the SME and medium company workplace -  Etienne Lacroix formed  ‘Ventia’ as a means of producing robotic system design on a ‘Lego’ basis, allowing development of individual advanced technology robotic 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 Robotics ink, 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 allows for all levels of staff readiness for advanced technology at accessible cost for growing manufacturing  companies.
With the focus on the practicalities of advanced technologies on manufacturing on manufacturing, and remanufacturing progress, the logistics of supply chain and final reman product delivery have been sidelined in favour of the process improvements 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 logistics for the ‘core,’ and related assemblies the core is dependent upon for full rebuild for parallel  reman, , should be considered together. 
Kayicki sets out the required digitization process and supply of cores and return to customers covering product variants, connected processes and assemblies, and autonomous management of the supply chain process.  He rightly sees this as an essential  foundation to the manufacturing 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 logistics 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. In fact, the WEF on July 2024 (WEF 2024)  recognised that digital transformation targets were “far from being achieved”, so the resulting emission savings must be some way behind that planned in 2016, above.   This ref conjectures autonomous trucks will make $30 billion impact from savings in fuel costs, employee costs and insurance,  and drones would achieve $20Bn business impact by faster and more efficient ‘last-mile’ delivery. Although today we see the huge impact drones can have on some areas of the industrial process – the continuing conflict in Ukraine is dominated by the highly advanced and quickly developing weaponization of small, ‘FPV’, or personally controlled, expendable drones – the much-vaunted ‘..the supplier can get you anything anywhere fast with a drone’ so far seems still to be a marketing promise, not a reality or strong contributor the circular economy. 
Kayicki did indicate that live research showed logistics cost, delays in delivery, reliability 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 perceived to work patterns were a real barrier to full acceptance 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 societal 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. .       
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 system as a whole need to be considered, not just the product, its origin, materials, lifetime to an end-of-life, and disposal. They use the term co-creation to stress the importance of involvement across who touch the product’s lifespan, designers, material scientists, manufacturers, brand, and retailers, but importantly, and essentially: policy makers and legislators, government, investors, and academics.  

FRSA David Brunnen argues that the basis 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 business and the way resources flow into and out of it, including the finance to maintain the ownership and use of assets. He argues that the real change in circular economy thinking (as at 2016), is a realization of how complex the real commercial and manufacturing world is, compared to the fine thinking, and intentions, of those promoting the circular economy from the idealist, and academic, viewpoint. 

The onset of circularity do not need to be mandated – Brunnen raises that  Schiphol airport does not buy light bulbs: the 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 manufacturer 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. 

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 accounting – disruptive 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 network 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 implies “…that nothing is going to happen without legislator and Government taking the lead 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 circular economy, then reman will be promoted by the OEM’s and independent remanufacturers alike. Indeed it may be that legislation or policy  may need to be cleared away to prepare the path for reman. 

To attempt to assess who in the supply chain would be suitable to engage in the choosing of supply chain partners, Kurilova-Palisaitiene. (Kurilova-Palisaitiene 2021) presented  a tool she has developed  she has termed the ‘Remomteter’, to measure businesses’ readiness to pursue reman.  To continue the supply chain readiness theme, Dai, L., Peng, J., & Zheng (Dai, L., Peng, J., & Zheng   2024)  sets out their recent thinking on decision making for reman using advanced technologies. He demonstrates that the low level of low carbon awareness and education  in a supply chain manufacturer result in disadvantage against the OEM when competing for reman of the same core supply chain. Perhaps unsurprisingly, the design methodology approach from the two would be very different from their relative standpoints of authority of the original design, and the strategy to reman the EOL item. But conversely, and interestingly, the potential supplier chain partner is shown to have more flexibility as his carbon awareness increases with experience of successful reman contracts. 




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 manufacturing and consultancy organisations. This included personal contacts and business organisations, those referred by Alan Mumby, and other referred contacts. The list of individuals and organisations canvassed for assistance is included in the Appendix 6  by direct interviews, 
In terms of the extent of the survey, the survey work did not warrant any specialist sampling methodology. However, as the principal of snowball sampling (Berndt 2020) can be a useful sampling strategy, the selection of some initial participants were made and further referral contacts from those were added into the survey. 
A range of message types were sent to the selective recipients and groups, selected from my own contacts and memberships. These contacts and organisation communications are included in Appendix 7, with their responses recorded and included in Appendix 8.  

The questions asked of all survey participants are listed below. These are also listed in Appendix 9 :
1. Are you aware of, and if so, how do you perceive re-manufacturing as a technique?

2. Would your customers consider re-manufacturing (not refurbishment) as a way to reduce their costs?

3. Do you use re-manufacturing within your own company operations and skill set?

4. Do you use suppliers who supply re-manufactured items to your business?

5. Do you use the services of companies who re-manufacture your own tools  or assemblies for you?
6. How would you say re-manufacturing has advanced within the industry sectors you occupy?

7. Are there recent technological advances that might encourage you to use or consider re-manufacture?
8. What would you see are the main barriers to your sectors using re-manufacture?

9. Are there any legislatory or Government policy changes that would encourage you and others to re-manufacture within your sector, or the suppliers you deal with?

10. Are you aware of any negative examples of where re-manufacture has resulted in an issue or failure?
Depending upon the type of meeting, answers were received in the following manner: 
· - direct email back - participant
· - transcript from a zoom meeting – 2 participants
· - commentary distilled from face-to-face meeting. 3 participants
The responses are summarized in a ‘Remanufacturing Survey Findings Matrix’, which can be found in Appendix 10. 
· 
8.2 Results and Discussion.

8.2.1 Roy McFarlane, Total Productivity Solutions.

Roy McFarlane is a production engineering professional, working in the manufacturing industry. In general Roy’s responses are relatively negative towards reman. He is clearly aware of reman as a discipline, but he considers the equipment he sees – largely production equipment for FMCG production- to be unsuitable for reman. 
Roy adds some additional comments covering direct experience and comment from his clients. He commonly sees used equipment being sent abroad for reman or other refurbishment on removal at EOL – where he does see reman it tends to be for high end customers such as Bosch, or Unilever – one would conjecture that these are clients more likely to have a sustainability reporting agenda. 
On costs, Roy perceives reman as typically more expensive, which is at variance to direct reportage in both academic and commercial references in this report. The dismantling costs are seen as a barrier, and we do know that this arises as a serious consideration. The guarantees and warranties demanded are too high, and clients don’t trust reman.
What he sees is really refurbishment, and of major structural elements only – in addition the parts he sees are too complex to be economically reman. Neither does he use third parties to reman tools for his businesses.
Roy fails to see any recent advantages in reman and the use of advanced technology. In fact, the introduction of composites are making reman unworkable, “.The majority of components are complex assemblies (motors, circuit boards, cables, safety switchgear and solenoid actuators or other mixed material components.”

Roy’s stated barriers are 1) cost 2) complexity of disassembly and remaking, and 3) validity and compliance of legacy materials. In legislation terms, Roy sees the ‘Machinery Directive’ (see Appendix 11 ) and associated safety and warrantee liabilities remain the most significant regulatory barriers for remanufacture.
In closing, Roy gives his views on past reman experimentation by his clients – he is “aware of several European machinery manufacturers that have explored remanufacture and none have found it viable from a cost and compliance perspective. In context these examples service or supply into the food industry that has very high material controls and customers demand a high degree of reliability in very arduous environments and very high expectations on safety and  very competitive pricing”.
His overall impression is that competition from China, India, Malaysia and Indonesia makes remanufacturing uncompetitive, although in the case of PCB ‘s, most of his clients use 2 UK PCB repairers for electronic refurbishment.

8.2.2 Irma Gilbert, Authentica Car Parts 

Irma introduced autentica – at the time of the discussion they are an early stage start up producing 3D printing of car parts, current and classic, including Porsche, Cadillac, Volvo. They aim to slimline the remanufacturing process by providing scarce or otherwise prohibitively expensive parts that enable vehicle restorers to complete reman builds of vehicles because of EOL parts that are not readily available.   
The ability of advanced manufacturing technology- in their case additive manufacturing/3D printing- enables them to provide a part derived from an OEM original or from original manufacturing information and designs/drawing data. This is achieved by a point-cloud scan of the item, which proceeds to design, and then 3D printing in the correct material, or by direct data transfer into the CAD design of the original design information and geometry. 
The part is then post-processed by milling or other ‘subtractive manufacturing’ to provide the required part geometry and finish. The 3D printing can be either at autentica, or by file transfer facilitated with NFT security, the item can be 3D printed by the customer remotely at his works, using a one-time secure code. NFT is a data file, stored on a blockchain databank, which is sold as the access to the 3D print file.  The NFT is associated with the 3D part, and it confers licensing rights to produce the part once only and use the asset for the specified purpose. Files have been sent and parts produced remotely in Spain, Singapore, Malta, Brazil, and Chile.
Many areas of the work they are doing are very recent development and some under live development as the offering proceeds. Irma notes the concept would not have been possible as a package until the last 12 months or so. These assembled techs needed to combine to allow the overall process - include the scanning and design analysis, the selection of 3D printing materials, the NFT, and the availability of the 3D printing equipment at autentica and at the remote locations the NFT tokens are sent to. 
Iram firmly believes the autentica business model and performance so far is the key to a wider use of reman in reducing company costs and timescales to bring EOL vehicles back to use, reducing carbon usage of this process, reducing carbon in transportation methods of the parts, and  in providing reasons for upskilling within the customers they are dealing with as customers.
In contrast to Roy, Iram is entirely positive about the role reman plays. In counter argument, she is dealing with high-end companies producing projects where marginal cost is not an issue, so the direct cost of reman is less likely to be a disincentive to the reman process.
8.3.2 Chris Probert, Aber Instruments 

Chris works in a field of high-integrity instrumentation and measurement of biomass recording and growth. 

He is positive on reman, if appropriate, and reman of items should not be an issue if the design has been approached correctly – i.e. ‘designed for reuse’

Chris’ customers at Aber Instruments – are strongly biopharma companies, their sensing equipment being returned for ‘re-calibration,’ rather than reman. This ensures the correct accuracy which is crucial in biopharma.

The number of autoclaving cycles of this returned equipment is crucial, there is a finite limit to the number of autoclaving cycles. 

Re-sold equipment is always re-calibrated and any consumables replaced, due to the risk of cross-contam into the workplace at Aber Ins, and carrying that on to following customer. This form of highly accurate measurement is highly industry regulated by the controlling bodies.  

Virgin products produced are calibrated – out-of spec products are re-calibrated.

Challenges exist in certification of any products that have been in end-contact with customers sold products – stainless steel is a re-usable material in this, but single use plastic are not.

‘Headamps’ are meas equipment sitting outside the sterile environment, which are re-usable if irradiated, or  autoclaved.

Looking at control systems, increasing miniaturization, helps with the development at Aber Ins. Where re-use is proposed, it is a factor that ongoing development makes the ‘older body’ less desired, or to accept and incorporate upgrades, etc. In other cases, the rapid advancement of microchips means that there is more of an appetite to move on to avoid the older tech lagging the equipment’s operation.

So, what barriers to reman does Chris see?- in his industry, the risk of biohazard and regulatory compliance.
The overall aim being the reduction in carbon footprint – at the same time minimise the production of exotic – hard to deal with – materials in these manufacturing processes. 

8.5 Eoin Bailey, Cela Steel UK

Eoin regards the modification of steel – they do not produce steel, they process it – as remanufacture in the sense that inclusion of scrap and modification of constituents for particular needs is reman of the product. The current refit at Celsa will drive the understanding of quality assessment and control for this reman steel. 
Eoin raised the production of rebar and structural steel as a reman of the base steel billets and plate, with the return of core product in terms of rebar or structural steel being assessed for reuse in that form or recycle/reman into ongoing other steel products. 
There is still great industry  resistance to decarbonisation – wind turbine blades are still buried and the re-use of this and other products is limited due to aversion to unjustified and misunderstood risks in reused/reman items. The assumption that risk is there is killing the initiative to proceed with circularity.
Great focus should be on ‘design for disassembly,’ keeping fibres of material intact, (old yellow page phone books were from repeatedly recycled short-fibre paper pulp that had no other useful application)
For fuller implementation I4.0 methods and to aid reman and circularity legis is needed – policy changes – such as the Well-being of Future Generations Act  the requirement for social value in public contracts is also driving more sustainability. This is fine, but Chris feels the eventual strategy applied does not always follow the legislative vision.
There is a developing trend – company ‘Material Index’ https://www.material-index.co.uk/index.html is helping the construction industry become more sustainable through material reuse – they provide pre-demolition audits and material sourcing from those arising from the demol. 
There is also WLCA – whole life carbon assessment of buildings and products – which does capture the value of re-use.
It appears to Eoin that the automotive ind is not on board with circularity (differs from what I see in CoreCentric), being focussed still on linearity, where the economics are not critical. The End-of-life vehicle directive is requiring firms to disassemble responsibly.
This linearity is the same mindset as it was pre-Ind rev 1, in 1600 – there needs to be an ‘attitude to ownership’ that develops in terms of what happens afterwards.

8.6 Jon Peck, Electric Classic Cars Limited

ECC cars are remanufacturing the whole vehicle, by taking working classic vehicles with working engines, removing engines, fuel system and exhaust system out, and remanufacturing the car with replacement and modified electric drivetrain and new fuel system, which is a battery pack. 
ECC also remanufacture the electric motors, commonly Tesla Model S motor. For Land Rovers these are turn upside down so that it can run in a different configuration than its original.  

They also change out the gearing to put in a new gearing - for defenders, they have a 4.5 to one or a 4.1 to one gearing as opposed to a 9.37 to one. The differential is swapped fora limited slip differential to improve them for the use that we are putting them to. So those are remanufactured. 

They also remanufacture EV batteries, taking battery modules from Tesla Model S or the VW ID's and making our own battery packs using those. So again, that is remanufacturing where they aren’t just taking something out of a car and using it as it is in another vehicle, ECC are actually changing the configuration and remanufacturing them to suit our needs and purposes. But there are different levels of remanufacturing to their work. 
In terms of the functionality of it, you are making it, the whole point of putting the drive in is that it is actually a greener idea. It is a whole greener approach to the thing. 

ECC provide heavily researched looms for their vehicles and for kits for competent mechanics and enthusiast to convert common classics they see for conversion to EV.
Porsche 911, Porsche 912, Porsche 914.The classic Mini.. Beetle. The Defenders.

ECC leave the gearbox in place and commonly connect drives to an original gearbox. Sometimes that has to be upgraded, but it depends on the power that is being put through it and the requirements of the client.

Upgrading brakes and suspension is fairly standard thing to do. But if it has not been done, then that's something ECC obviously look at. 

Gear amendments are common, ECC did that with the little bubble car, the BMW Isetta. We locked it into third gear and then you do not use a gear stick anymore, it's just forward, neutral and reverse with a little twist knob.

8.7 Rhys Jones, P M Group

Rhys Hughes is a Director for PM Group, near Ruthin. They manufacture standard and bespoke pallets for a wide range of haulage and industrial customers. Their own drive for some years has been to try and reclaim broken and otherwise unused pallets, return them to their factory and assess the opportunity to remanufacture the pallets back into fully operational standard pallets. 

PM Group assess the degree of damage and select only those with a maximum of three or fewer broken or missing elements. These are then remanufactured into complete pallets and brought back into use. (Information sheets from PM Group are included in Appendix 16). 

Those too broken are disassembled using jigs and banded saws to cut through nails, not wood, and any timber elements greater than 800mm are retained to repair other incomplete pallets. Elements shorter are saved and chipped to make animal bedding and other products. Longer elements tend to be either 2.4m or 1.2m to build the largest standard pallets.

PMGroups focus is to bring the minimum amount of virgin wood materials into remanufacturing the pallets. PM Group’s customers are keen to have a reman of their broken pallets, as it helps them to report sustainability improvements and carbon reduction by using PM Group to bring those back into use. The global insulation and chemicals company Knauf are a major customer, with factories near to PM Group, and  in South Wales.

Businesses who were deciding to leave PM Group in favour of a cheaper second-hand pallet. This would have meant a degree of double-handling for the client, losing them time and efficiency. PMGRoup could take the initiative by using the remanufactured pallets at a lower cost and passing on the green credentials and carbon saving on reman to the Client, to report in his sustainability report. The return of broken pallets to PM Group helps the client with lower disposal costs for the (to them) unusable pallets. This decision has meant a retention of £100K within the PMGroup business per annum, the reman capability acting as a differentiator for PM Group.   

PM Group terms these remanufactured pallets ‘tree-saver’ pallets, as they are exactly that. Since 1998, PM Group also use an effective ‘marketing wheel’, first used in 1998, to illustrate the reman principle to customers and clients – in this way the any potential negative perception of clients to the reman ‘tree-saver’ pallets is intercepted before it can arise. 
The handling and cutting tech has been developed by PM Group but is simple and amazingly effective at the fast stripping of pallets to elements, there are more effective robotic units to do this, but PM Group will move to those when the business model allows the £350K cost.
Customers are motivated by new 100% virgin wood pallets – however they are more so  in the reman pallets if sustainability information on what we are doing with their waste, or what kind of pallets we can supply them, or repair their pallets. 

With KNAUF project, PM Group were  turning over about £108K up until the sustainability regulations were imposed – this has developed into £360K this year due to the reman. The efficiency has meant that customers are engaging their customers to deal with PMGRoup. Additionally, PM Group provide blue waste wood bins to clients to isolate the returning ‘core’ pallets and solve the customers wood waste problem. 
PM are moving into RFID chips to track pallets and to heavier pallets that will go though 10 ‘lives’ of reman. 


8.8 Responses Matrix

The responses matrix is attached as Appendix 10.





9.0 CONCLUSIONS
It is clear to me that in certain sectors, the solid conclusion is that reman is progressing strongly with assistance from advanced manufacturing methods. It is also clear that the pace of reman take-up is less than had been expected. 
There is still a linear mindset, with FMCG commonly  not being repairable, leading to an ‘always-replace-with-new’ – a distinct back-step in the linear to circular economy transition, and may lead to the idea that any reman items are ‘sub-standard’ and ‘not-like-new’
There is a palpable suggestion of risk to investment in ‘uncertain’ markets for reman, countered by success stories such as CoreCentric. Much equipment is deemed ‘unsuitable, however its acknowledged that ‘design for ream’ will suppress this. Cost is an issue, as are compliance costs and guarantees seen as risk items.
Often also, reman is invoked only at the request of the customer, who may have his own agenda points, centring over sustainability and green agenda reporting. My view is that those not clear about costs of reman are viewing it from ‘outside’ the fence – inside are convinced and use reman- the acid test.
Encouragingly, large, capital-heavy items are readily, and consistently already reman, as are machine tools, where the new technologies are helping place new edges onto worn sub-assemblies. But evidence exists of passing reman-suitable equipment into developing economies due to perceived uneconomic reman, perpetuating the linear mindset. 
Cars and most other are disassembled and scrapped, excepting reman of classic vehicles – indeed  2 interviews indicate capital value drives the reman enthusiasm and business case. Eion Bailey believes the automotive industry is not on board with circularity, but this differs from my view of  CoreCentric. 
Unfortunately, the large UK public sector legislate against use of any reman – NHS ban on reman items in supply chain, the largest employer in Europe. On the positive side, respondents were reporting increase in turnover and recovery of potential lost contract using reman intelligently at PM Group, leading to significant environmental credit.

10.0 RECOMMENDATION FOR FURTHER WORK
As recommendations for further work, I would suggest looking more at the sectors of industry where the areas of resistance put forward by Roy McFarlane originate, as the industries he works in have demonstrated satisfactory reman take-up from other reporting.  Ideally, a larger sample would be better for a set of adjusted reman questions, with the knowledge of this report’s findings, and the initial responses from my correspondents. 

Additionally, the degree of Government and Regulatory assistance should be examined more fully, including the NHS current resistance to using any reman goods – as one of the largest ‘corporates’ in the UK economy, this is surprising and, demonstrative of some institutional resistance that we do pick up against reman as a principle.
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