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Polytag, was developed by Phil Sutton and Brendan O Neil, in 2020 with a new technology a tag and trace process, through unique ultraviolet numbering system. Polytag Vison is to develop game changing technology that enables global packaging circular economy (Polytag.co.uk, 2022).

Companies House (Polytag Filing, 2021) shows in 2020 development costs of £497,207 and trademark costs of £11,616. In 2021 additional development costs of £207,583 and Trademark costs of £19,523. The company has since inception no income stream and no further accounts have been submitted. 

The business was located with AMRC Cymru as a partner to the technology within an industrial setting, allowing assessment of the technology in real-world setting (AMRC, 2022).

The Polytag breakthrough innovation was a unique ultraviolet numbering system, however as a stand-alone number system there was no additional technological solutions to deliver their overall aim to impact on the global circular economy. This technology if developed could be deployed through all points 1-4 so having major impact / sales across a range of potential partners if it was developed. 
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(Polytag, 2022) 

[bookmark: _Hlk123495266]The technology challenge was to develop a cost-effective technological solution to use the unique ultraviolet numbering system within a commercial recycling system.  

Polytag also provided through a third party some of the robotic systems, however these had no instructions and proved worthless in the development. 

AMRC developed a simple open-source robotic solution to use the technology to trace plastic bottles that could be used within a recycling centre, that was built and tested at AMRC. The costing for AMRC support over a two-year period was circa £260k and was funded through UK Government sources. 
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(The Polytag Robotic Solution, AMRC,2022)

The overall cost to develop to a viable product suitable to take to market was estimated at £1,114,00 over the two-year period (AMRC, 2022. Polytag, 2021). 

The principal drivers for the innovation.

The principal drivers for the innovation developed are:

· The global drive to Net Zero (Gov.UK, 2022).
· [bookmark: _Hlk124783442]New UK law on the Deposit Return Scheme (Gov.UK, 2022).
· Re Cycling targets for UK Government (Gov.UK, 2022).
· Developing a significant business opportunity. 

The first three drivers are national and international and require new green technology that can develop new industries to solve key business issues in the drive towards net zero (Satell, G. (2019).

The other driver which is implied could be seen as of greater importance is economic opportunities of an asset light technological solution businesses, that  can exploit technology as first to market there are significant profit opportunities. The potential size of the market estimated by Polytag is £100 M (Gov.UK, 2022).

The final driver was also a technology challenge ,how the developed process could be developed into a pilot plant so demonstrating that the technological transfer could be made from product development to actual pilot stage process .

Overall, there was both a technical challenge and an economic challenge to consider in the development of the technology, based on UK Government economic and sustainability strategies ( GOV.UK, 2022) (Kinsey, E.K. (2022).This has led to development of a triple helix approach of Innovation , Developing business , AMRC and Government in driving forward a solution , which can be seen as a key output in the trails of the developed product (Trott, P (2021).

The barriers and risks faced by the company in developing this innovation. 

There were several risks and barriers that need to be addressed within the development of the technological solutions, and pressures between Polytag and AMRC due their different timescales and costing models. (Sgourev, S.V. 2012) (Satell, Greg 2019). 

Therefore, the critical risk areas considered within the development of the technology development were:

· People skills, 
· Costs V Income, 
· Technological failure, 
· Resources, 
· Communication,

As the deployment of resources occurred then additional risks were required to be considered, such as the speed of development / future adoption of technology as developments were inter linked each organisations aims and goals for the project 

The ongoing development demonstrated the requirements of the tolerance of both organisations to understand that risk is not static—it changes over time.

The innovation challenge which defined the risk challenges was the difference in culture and cost base of each organisation in relation to the speed of resolution based on the risk position. Polytag leadership was driven by a culture of speed to market and therefore cost based decisions, whereas AMRC culture of consideration and reflection of technological robust deployment was not time or cost driven. The risk therefore was a potential Cost v Quality v Speed within the project which had to be managed from different organisational standpoints which did drive innovation although needed to be managed to ensure it did not stop the innovation drivers (Flemig, S., Osborne, S. and Kinder, T. (2016).

A risk not considered in depth was the development of the resources post AMRC support, and the technological support that would be required. 

The key determinants in the process of committing to develop the innovation. 

[bookmark: _Hlk124769338]The key technological challenge was to develop the open based solution which was the experience based with AMRC engineers and not within Polytag. However, within the project it required additional new thinking on solutions and therefore AMRC had to develop new engineering practises linking Industry 4.0 AI to speed responsive RDF readers and robotics but also additional commercial practicable solutions. This was developing agile thinking within the management teams for innovation (Brand, M. et al. (2019)

This was an additional cost not measured by AMRC as the model of engineers allows for horizontal innovation the process of innovation democratisation, based on the gathering of ideas from all related persons in any company area across the AMRC Hive Mind model of Innovation (Alvars, A.C., Barbieri, J.C. and Morais, D.O. (2021). These costs were absorbed by AMRC as part of its overall vision of transferable technology and developing new understandings by engineers. 
 
Polytag were developing their unique labelling system during this time to ensure that whatever environmental conditions were, the label would be visible so that technology could be fully deployed in recycling centres which also required additional new team members to drive the innovation marketing side during this process. 

A failure at this point was the determination of both organisations to develop the engineering abilities of Polytag staff to understand the deep learning elements of the new technology and how that may require additional investment in the commercialisation of the innovation which can be seen as an impact of not having an agile innovation approach (Brand, M. et al. (2019). 


Processes and Technologies used with the Innovation development  

The key technologies deployed were through Industry 4.0 (Matt, D.T., Modrák Vladimir and Zsifkovits, H. (2021).
AMRC linked the Internet of things with simulation autonomous robots via simple RDF readers using big data to read the unique Polytag codes under a range of simulations, allowing the deep machine learning to develop solutions based on multiple data points. 
Therefore, using lower cost solutions which were developed as the prototypes were developed. At this point horizontal innovation allowed for cross project development and future design consideration. In addition, Polytag supplied third party robotic equipment, however this was removed from the project, as it had no value and demonstrated the issues around Polytag engineering capabilities. 
The process undertaken was the development and building of a robotic cell which developed the AI machine learning and proof of concept, which then led to understanding the limitations of the model in regard to speed in a commercial solution and provided further development using compressed air jets. 
The final solution to be deployed also allowed for the marketing in real time of the product, so Polytag were able to develop key external test sites based on the cell developed. 


Resources External and Internal Management

Polytag as a light asset start up business had no dedicated resources in terms of engineers at the point of development and were setup to develop new innovative ideas `unique numbering `. 
The major investment was through AMRC on Innovate UK and Catapult funding, which supplied a number of key components, these were building space / address and engineers time. 
The project was joint however during the period of the development of a working prototype the overall resources were deployed by AMRC against the business vision, so in effect AMRC became an extension of Polytag in terms of vison deployment. However, AMRC brought a range of additional areas such as eco innovation objectives, the sourcing of product equipment process, the procurement of external expertise and product design expertise, which therefore added real value to Polytag as an extended process and labour base (Arranz, N. et al. (2020). 
The key area that Polytag additionally invested during the development phase in was developing recruitment into the commercial knowledge, and business roll out of the Technology solutions 
Management Overview

The Polytag management team have reviewed at each stage the technological development and innovations considered jointly with AMRC senior engineers’ team, which linked back to UK Government requirements. This could be considered best practise but also could slow the process of innovation. 

The Polytag leadership team required a cost effective solution, and their direct costs overall were £734,000 (Polytag , 2021) over a two year period, which when measured against the additional grant funding brought into the business £260,000 (AMRC, 2022), and the rent free cell development space . Therefore the direct investment by Polytag brought in an additional 40% of resources against their investment, so in terms of that return that is very high and ensured that the innovation was de risked to a level where investors would take a managed risk position. 

Joint work was a strength and a weakness as reviewed under the risk management in that both organisations had some different goals that could be managed by developed leadership relationships (Anderson, N., Potočnik, K. and Zhou, J. (2014) within the consideration of the risk and process management and innovation driven progress to allow organisations to maintain competitive advantage  within these tensions both organisations still understood the drive towards the end goal (Hughes, D.J. et al. (2018). 

Polytag and AMRC do consider that the overall leadership and partnership was a success, in terms of the developed technology, whilst reflecting on the barriers within the project . 


Innovation: Best Practice. 

The triple helix approach to the innovation (Trott, P. (2021) does demonstrate areas of best practise in terms of linking Business Innovation, AMRC and Government, and to allow the business through grant funding to progress with greater speed a product to market and could be defined as best practise to a solution to a novel problem. 

This would however need to also be considered against the leadership issues identified in the management of risk Cost v Quality v Speed (Flemig, S., Osborne, S. and Kinder, T. (2016), which on reflection did cause tensions but these could be considered as good tensions which increased the partnership model of delivery; therefore, the triple helix approach was best practise in this development of novel innovation. 

[bookmark: _Hlk123386440]The consideration of best practise within this overall process is part of a developing consideration of green technology innovation and the public good benefits, which could lead to concerns by businesses about IP on developing technology (Ghisetti , C.Marzucchi,A @ Montresor, S (2015) and whether the costs will be recovered against the longer term business plan. 

A clear consideration of (Kemp & Pearson, 2007, p. 7) which considers analysis of best practise against Green Innovation , the Polytag innovation would fit into the novel use of technology which results over its lifetime a reduction in environmental risk within industry. Therefore you could conclude that this process has achieved some best practise within the final goal , however what has not been measured is the environmental impact during the two year development and therefore my conclusion is that even though the end result shows novel innovation , due to the fact it had a significant environmental impact that was not measured it could not be described as a best practise innovation process (Aldieri, L., Kotsemir, M. and Vinci, C.P. (2019). 

[bookmark: _Hlk123386619]The final consideration was to consider the technology position of Polytag and AMRC before and after the innovation process as suggested by (Aharonson, B.S. and Schilling, M.A. (2016) which considered looking at patents filled and then consider the spread and depth of the innovation area. Polytag have developed a series of patent applications for their innovate technology however they have been limited in developing this process as most of the novel innovation is open sourced and therefore shows a weakness in the innovation process that did not consider in more depth the opportunity for securing patents for the process , which links directly to considerations of (Ghisetti , C.Marzucchi,A @ Montresor, S (2015) that there is a real risk to businesses in developing novel innovation in Green Innovation that the technology base is open to duplication commercially. 








Overall Innovation Process

[bookmark: _Hlk123495424]Consideration of the innovation process through Satell, G. (2017) matrix demonstrates that the Polytag unique number process could be considered a Breakthrough Innovation as it came through new technology created by two individuals. 



Polytag Initial Innovation 



[image: ]

The Polytag/AMRC recycling project aim was defined to develop a breakthrough technology using the unique numbering system. The project considered against Satell, G. (2017) matrix shows a number of key stages that the project moved through. 

[bookmark: _Hlk123498351]The 1st stage of the project was at its heart a basic research position that considered and reviewed current technology linking into the University of Sheffield AMRC research partners. This initial stage was to also develop funding options and the actual technology solutions were not well defined, and it was within the development phase that the partnership developed. Further analysis of the risk identified does show that the tensions between cost / time were key considerations at this point from Polytag however AMRC were driven by technological gains, so the pressure to develop a key joint mission did aid the future development and the drive towards funding / Triple Helix (Satell, G. (2017) (Trott, P. (2021).
[image: ]Polytag / AMRC 1st stage 




The 2nd stage of development was driven by AMRC engineers looking at practical technology deployment and moved between Basic Research and Disruptive Innovation. Upon further review the technology deployed was open source that once connected to AI machine learning provided a key link into consideration that the process had moved into disruptive innovation (Satell, G. (2017) (Trott, P. (2021).
During this time the development of the Triple Helix model allowed the testing model to be developed outside of AMRC. 


[image: ]AMRC 2nd Stage 














3rd stage of the overall process was the road testing of the model in a live business situation where the developed technology solution was tested within a recycling centre based in Conwy. Test products were placed with residents and a full trail was developed and fully evaluated. This would be considered disruptive innovation as the potential impact on the actual service could be disruptive. 


[image: ]External testing 




The end process interestingly has moved into the sustaining innovation after the journey has been completed to date. 

The overall whole innovation process has therefore over a two year period mapped into the range of areas defined by Satell, G.(2017). Upon further analysis the project moved in and out of each area at specific points within the innovation tasks as they developed and therefore it calls into question if the initial goals were set out and agreed fully or was this just developing innovation in a novel state. Reviewing the Leadership of the project, a number of tension points were identified and highlighted in the risk management , which adds to the evidence that overall the initial goals were not detailed enough , which is evidenced by the final solution which was an AI air system , not an AI robotic solution as first developed as a key area of final deployment was speed of process that was not defined as a challenge at the start of the project. 




[image: ]Polytag Initial Innovation 
Polytag and AMRC Innovation 


Evaluation of Success and Failures within the Polytag Recycling Cell  

Polytag has successfully developed a working prototype demonstrator at the AMRC Cymru for an innovative describe, tag, and trace system, designed for enabling the recycling of plastic packaging products. (Polytag, 2022) . Polytag has proved that the concept has great potential to contribute to a reduction of plastic waste leaking into the environment, and to enable move towards a circular economy. The technology has the potential to limit the brand owners’ packaging recycling liability and allow them to increase the use of recycled materials in their packaging while collecting rich datasets (WRAP, 2022). The recycling process raised actual recycling from 5% to 80%.  

The evidence of actual deployment has been confirmed by Ocado who are trailing the technology (Polytag. 2022) to 1.5M customers, which if successful would develop a major impact within the UK retail sector (Polytag. 2022). In addition, a final report on the initial Local authority trail has been published (WRAP, 2022) which shows success in the overall business model and process. 

AMRC have developed new understanding within this development of understanding new areas of Industry 4.0 and partnerships within a triple helix area, with the technology being further developed into new products, so an ongoing sustaining innovation model and are developing an agile overall approach to innovation 
(Brand, M. et al. (2019). 

Whilst the external review has demonstrated that the development of the new technology has been a success, weakness in Polytag technical capabilities which has become apparent since they are moving into phase two of the project re commercialisation where they do not have the engineering technical experience as this is held within AMRC. This development areas of transition was not planned for therefore it is an underlining concern as the deployment continues. In summary this raises a question of when the actual innovation process is really completed or is the cycle of innovation moving into a sustaining innovation phase, which as the product further develops will start again on another cycle of innovation. 
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