Capture & recycling of waste volatile anaesthetic gases - Luke Rawlinson
Rob:	Okay everyone can you put your headsets back on for us, I like the way this is now becoming, everyone knows what I’m talking about, I’m not doing tragedy from Steps.  Okay, so I hope you all enjoyed your lunch, made that all myself last night, hope you all appreciate that.  So, next is the first of our private company speakers and its going to be Luke Rawlinson who’s going to be talking about the capture and recycling of waste volatile anaesthetic gases.  Over to you mate. 

LR:	Thank you very much.  Can everyone hear me?  Yeah, fantastic great.

	Thank you for the introduction, let’s get to the first slide, there we go.  So, my name is Luke Rawlinson, Head of Commercial at Sage Tech Medical and I’m going to be taking you through the capture and recycling of waste volatile anaesthetic gases.  I very much welcome any questions going through the presentation and obviously I’ll be taking questions at the end as well.  

	First of all, looking at the problem that we are facing with anaesthetic gases.  The first part is that 95% roughly are not available for capture, sorry the 95% are currently omitted through the AGSS systems and are not used by the patient and that has an impact of around 97,000 tonnes of C02 equivalents each year in the UK.  So, we know that the problem associated with these volatile anaesthetics is significant and I’m going to take you through a few of the possible solutions that are out there as well and moving onto the Sage Tech technology in a minute. 

	Let’s say the size of this problem in relation to the volatiles that are being used. Well we know that approximately 200 million of anaesthetics are delivered world-wide each year and the three main gases that are used for anaesthetics are sevoflurane, isoflurane and desflurane and you can see on here that you’ve got the global warming potential for 20 years against each of those and they are significant, with desflurane being ten times that of sevoflurane and I think we’re seeing the move away, certainly in the UK from the use of desflurane.  We shouldn’t forget that sevoflurane itself is nearly 350 times that of the standard carbon dioxide so, its still a significant problem to manage.  So, the NHS has recognised this problem and they’ve put in place, quite clear objectives, and targets so, despite the pandemic, the NHS leadership have maintained this commitment to net zero by 2040 with a targeted reduction of 80% by 2032.   Also, with anaesthetics sitting under scope one, which is the directly controlled omissions, this is again, a priority.  

	The NHS cannot achieve its objectives of net zero without solving the problem of volatile anaesthetic gases.  So, what are the solutions available to us?  There is certainly a moving trend towards TIVA and I’m going to touch on that briefly now and a recent paper that you may not be aware of.   TIVA as a practice, certainly has its place in anaesthetics and its not for me to dictate which practice should or should not be used but actually its generated a label for itself as the greener option but I think the question is, do we have all the answers to be able to make an informed decision yet?  There is a paper which I’ll share now, which involves the discussion and I think sheds a bit more light on the subject of TIVA.  So, within TIVA or total intravenous anaesthesia there is a substance called propofol that is used as the main component.  So, the evidence is certainly involving fast around this subject and this is a UK study that was recently done by Dr Tom Pierce, Dr Ho, down on the South Coast in 2021 and they looked at the or progressed the evidence around the carbon footprint of TIVA whereas, up until now, the research references mainly a 2012 study that looks at only 1%-2% of the substances that make up TIVA and propofol.  So, this study looks at the complete life cycle or maps models of the complete life cycle that is available. 

	What were the findings from this study?  So, the first one is that the carbon footprint of sevoflurane was found to be similar to propofol with one cycle of carbon, with one cycle of gas capture technology so, they did look at the capture technology alongside this.  Now that then leads us to think if there were multiple cycles of this capture technology and recycling occurring then, the carbon footprint of sevoflurane itself would be even lower than TIVA but in conclusion on their study, certainly further work and research should be conducted in this area before recommendations are made around what is the greener option.  

	In terms of possible solutions, all solutions will naturally involve gas capture imminently, now.  So, what are those, I’ll take you through those in a second.  In terms of the second part of the process from gas capture, is then, how are those waste materials then processed and managed effectively so, that’s a serious consideration which is sort of the downstream part and then some considerations for selecting a gas capture system could be the environmental impact of the total process, so, the full LCA, the efficiency of the technology that is chosen, the safety, this technology is plugging into anaesthetic machines, it certainly needs to be compatible but also work within the guidelines and standards that we have to adhere to in the theatre environment.  Compatibility, I’ve just spoken to that with anaesthetic machines and the AGSS systems and then consistency of performance over the life of any product or solution that’s adoption.  Ease of use shouldn’t be ignored either so, human factors, there is a presentation I think tomorrow on human factors that I will be attending that sounds very interesting, but it’s all very much linked to you know, ease of use, to minimise risk and naturally cost will play an important part around the adoption of this sort of technology.  So, possible solutions. I’ve tried to look at what is available globally to present this to you.  So, there is a company called Blue Zone in Canada that has developed a product called Delta Sorb, so it’s a canister-based technology.  I won’t be going into too much detail about each of these, but it gives you an insight into something you can look up yourselves.  There is the Zeosys system based in Germany, this is a product called CONTRAfluran that is distributed currently by Baxter, and we have Class I Inc in Canada which is more of a central system, in line with their regulations, we’ve got Anaesthetic Gas Reclamation Inc in the US again, a very similar system to the previous and then we have Sage Tech Medical, who are a UK based business and who I work for.  So, just a little bit of introduction into Sage Tech, we’re an innovative UK business based down in the South Coast in Devon and our team have solved the problem of safe volatile gas capture and recycling and I’ll take you through that now. 

	First of all, I’m going to play a quick animation, and this is really to bring everybody up to speed from when we presented last year at this event, where our business model was somewhat different to what it is today. So, its improved, it’s become more efficient and more sustainable.  So, hopefully this little animation will communicate our circular economy solution and I’ll play it now. 

	Hopefully that’s helped explain what we do but there are some key elements to that which I’ll go through in a bit more detail now.  The first part of it is capture, the second part is the recovery of that captured waste, the third part is then the processing and the recycling or manufacturing process to produce a green API for re-use.  So, if I start with the capture solution.  So, the initial design of our capture machine is let’s say signed off, awaiting final regulatory work so, that will be happening in the coming two months, this will be launched at the end of this year into the UK for our first global launch.  It operates in the active gas scavenging mode so; it requires no change to the existing anaesthetic machine or the AGSS system and the reason for this is for optimal safety.  So, in terms of why is that important?  So, I’ll go to the last point here, so if there was ever a catastrophic failure of this equipment or any equipment, you can still go straight back to plugging your anaesthetic machine into your AGSS, okay and also this is built so that it can continue current practice so, there’s no change to clinical practice if you’re using nitrous for example in paediatrics, you can continue to do so, if that is the clinical choice.  
It accommodates high flows and oxygen flushing practice so, it just fits in to what you currently do at the moment and it is fan driven this device so, it actively controls the absorption onto the capture canisters which you can see, there are two inside of this device and if you come to our stand over there, you’ll see our early prototype model with four in so, we’re evolving the technology quite quickly.   It meets all of the safety standards so, ISO the HTMM, HTM’s and the LEV’s.  It has British standard industry connections for AGSS hoses and as I said, it houses two capture canisters that can be hot swapped during and operation.  So, if they become full, they can be hot swapped without worrying about leaking into theatre and all that sort of thing.  So, in terms of its compatibility, we’ve currently shown compatibility with 90% of the anaesthetic machine manufactures market and we are continuing to do work with the anaesthetic machine companies to take that up to 100% and that’s really about doing the testing, getting the sign off from both parties to say that we agree.  It comes with visual and audio alarms so, the screen at the top will be displaying information around the fullness of the canisters, it indicates both audibly and visually that the canisters are becoming full, there’s a reserve system within the canisters so, if they’re not changed immediately, there’s no panic and if the canisters every did become full and were not changed for whatever reason, there is a fail-safe bypass system built in and because it’s connected to the AGSS, you know it’s not ideal because we’re not capturing but it would still be safe.  
If has a small footprint, in terms of its size, it can be wall-mounted as you can see here and in terms of maintenance, there way the system works is based on a weigh scale, so it’s weighs the canisters as they fill up so, those auto calibrations of the weigh scales are done by the unit itself and we can work with local engineers to you know, to do the servicing work locally, or we can provide that support.  Integration is really important so, it takes me and I’m not clinical, it takes me a minute to set this up in your theatre and it takes me a minute to you know, de-install it as well.  It is simply a case of taking the hose off of your AGSS connection, connect it into the front of the machine and have a secondary hose going back up to the AGSS and then you plug it in, on a standard plug.  So, this gives you an idea of where it sits, between the anaesthetic machine and the AGSS system and it’s almost underwhelming so, we’ve got four UK pilot sites where we’ve been collecting for two years now and you know, it sits in the background doing what it does and we see, for example, the change out of the canisters roughly every four weeks, it will depend on volatile usage but it’s actually rather underwhelming in terms of you know, interaction with it.  

	I’ll move on to the capture canisters because this is also important in terms of the technology.  So, the canisters, the model that we’ve got is a re-useable model, so it’s not disposable.  These canisters are light-weight and recyclable at end of life as well so, everything we do has been built in terms of sustainability.  It has a capture efficiency of 99.9% invitro tested and this is for all three volatile agents, and they are all captured onto the one canister, and we don’t segregate between them.  It is safe to handle and store and we will be able to divulge more information around that as we move into launch but technically, you’ll get an impression of what we’re doing inside of the canister to make this a safe system to use, handle and store.  As I said, minimal changes so, two of these canisters, they will both fill up at the same time, both needs changing at the same time and it’s the equivalent of 2.7 bottles of volatile agent.   

	The next part of the process which is really important is we know we can capture the agent and we’re highly efficient at doing that but then what do we do with this waste product?  So, the downstream part of this is vital because we certainly don’t want to be you know just passing the problem on down the chain.  Our scientists and engineers down in Devon have developed an extraction system that recovers the drug off the carbon that’s inside the canisters, ready for manufacturing and purification.  This was last presented last year, this is almost like a vending machine that was going to be installed in the hospitals and this is the model that’s changed so, we’re not going to be doing this anymore, we’re taking ownership of that and we’re going to come and collect the canisters from the hospital, to a regional level emptying facility where we’ve developed this technology further to become an industrial one, rather than a customer facing one and the industrial machine is modular so, it means if we’re serving London, we can simply add on modules for capacity and if we’re serving East Anglia for example, we might bring that down slightly.  So, it’s scalable is the point and we currently have significant capacity already awaiting our commercial launch. The recovery of the agent is important so, we have proprietary IP around the technology that’s been developed here but again we have a 99.9% recovery of the drug that we capture in the canisters, and we believe that to be unique.  I think we’ve covered this so; they will be strategically located.  What this means is that when the machine recovers the drug off the canisters, it does that into a liquid form and that liquid is then bulked up and then is transported from the regional hubs to our head office in Devon where we go through purification and manufacture for the greener API. 

	The final step in the circular economy is the manufacture and the re-use so, I’ll go through that briefly.  So, we’ve completed benchtop testing of our process to prove the concept that we can purify the waste captured agent and interestingly we’re getting a purer agent than the original at the end of the process.  So, that process is fully mapped out, the process is clearly defined with the MHRA in achieving an API but what we need to do, is capture the waste volatile first to an appreciable volume to take it through an industrial process and we are installing the purification column in our head office at the moment, we’ve just stuck a big hole in the first floor to accommodate it so, that’s going in now, ready for commercial launch and again, that’s based down in Devon.  

	That leaves me to finish, I’ve already said we’re doing the global launch, the other thing we’re offering is a carbon footprint report so, we’ve done this for a number of Trusts now where they issue the volatile usage to us, and we can do a complete carbon assessment of what we can save your Trust or hospital with our technology.  So, you can register for that at our stand just over there and with that, thank you very much for listening.  Any questions?

SP3:	Hi, at the beginning of your slide show you mentioned some other manufacturers out there with similar sort of technologies, can you tell me what the sort of uptake has been in these other countries with these you know, this form of technology.

LR:	To be honest, I don’t know, I believe that there’s been some uptake in Canada of the Canadian technology, I believe there is some early work in Germany with Zeosys system that Baxter are distributing but in terms of detail, I don’t know the answer.  
SP3:	So, it’s still in its infancy then? 
LR:	The whole technology platform is yes absolutely and I think one of the key things that we’re going to be doing is an LCA on our total process because we do believe that we have something genuinely different to offer in terms of the sustainability of what we’re bringing to market and how we’re doing it so, we want to bring that through so that hospitals can make direct comparisons using an independent LCA.  So, that’s part of what we’re doing. 
SP4:	Can you hear me? 
LR:	I can hear you, but I’ll come over here.  
SP4:	It’s an interesting product but I just wondered whether you’d done any work to look at whether the reduction in a carbon footprint offsets the increase of your carbon footprint with all the transportation and re-processing and all that type of stuff. 
LR:	Very good question.  So, in terms of the carbon footprint of our total circular economy, that’s the bit that we’re going to do this life cycle carbon analysis on but we’re going to get an independent company to do that for us who are recognised in the field and currently work with the NHS doing it because we believe that’s important to have that impartiality.  It’s also one of the reasons we adapted the business model, to become more of a hub and spoke collection system because we condense everything and chunk up essentially before we then start moving.  Otherwise, if we were moving canisters from Scotland down to Devon for emptying, you know its not going to be as sustainable as it could be so, hopefully that answers your question. 
SP4:	Yeah, that’s what I was thinking around, travelling up and down the country with canisters. 
LR:	So, those emptying hubs are going to be regional, it is based in Devon at the moment but as we look to commercialise at the end of the year, we will be starting to look at where do we put those hubs.  I’m working with a number of logistics providers at the moment to figure out who we partner with, and the plan will be that we will site the emptying or extraction machine at their logistic hubs who are already serving the NHS so, you know it’s just trying to keep everything to the lowest minimum footprint.  One example is that we’re kicking a logistics project off with Guys and St Thomas very shortly and they use a company called CEVA Logistics and they’re based in Dartford, just outside of London and they use a riverboat to go up the Thames and then they use electric vehicles to deliver out to the hospitals and we’re going to be piloting our logistics model in London with them because we think that’s a really sustainable option.  
SP4:	Thanks. The other question was what are the infection control considerations for reusing the volatiles? 

LR:	So, in terms of infection control on re-use of the volatiles, that will come soon so, that’s the bit that we’ve proven at benchtop scale so, the process we use is purification distillation and as the drug is or the waste agent is taken through that process it automatically gets cleaned let’s say.  What we now need to do is following a very strict protocol with the MHRA which is about eighteen months, once we’ve collected enough bulk volume to take it through an industrial process at the end of that eighteen months, we’ll have an API and a marketing authorisation that will have all that technical detail within it. 
SP5:	Hi, yeah recognising in the operating room, you know there is so much equipment already so, one of my concerns would be introducing yet another piece of kit into that environment that the team need to then manage, have you considered whether it would be possible to leave the operating room set-up with the scavenging system taking the gases from the anaesthetic machine and then putting your equipment in the back end to sort of collect from multiple theatres? 
LR:	Really good question.  So, in terms of hopefully everyone heard that, I’ll try and repeat it.  So, can we capture further down the stream with the AGSS, so we’re bulk capturing for all theatres rather than at the back of the anaesthetic machine.  So, when we first started to develop the technology that was one of the questions that we asked as well and the feedback we got in conversations with the MHRA, anaesthetic machine builders is its better to capture to the back of the anaesthetic machine because of the gas’s environment we’re in, in theatre but also because of risk in contaminants in the circuit of the AGSS.  Now so, we’ve developed the technology to capture at the back of the anaesthetic machine now but it doesn’t mean that we can’t adapt the technology moving forward and I think speaking to your point around size as well in theatre, certainly in the induction room, we recognise that you know its another bit of kit and that’s why the launch product will be wall mountable, so there’s a device on the stand over there, that’s our prototype but we’ve already recognised that we need to you know, reduce the scale as best we can and as we develop the technology again, on the stand, you’ll see three little glass vials that have got the agent, capture agent inside of them, we started off with silica and we were capturing a lot of water, which is not really good for anybody for the process so, we’ve then moved to carbon, we’ve developed the carbon further, which is what we’re now using but we’re also now researching zeolite structure.  Now, where that will lead us, could mean smaller canisters, smaller unit, it’s all progressive but the development from our engineers and scientists is you know, it’s impressive to watch actually.  Thank you for your question. 
SP6:	You’re embarking on a project of pharmaceutical manufacture so, there’s a risk for us as sources of those raw materials that what we’re doing in our operating theatres, in our store rooms, is potentially part of that regulatory process, do you know yet whether we will be safe from that or if we have the potential that we’ll get scrutiny as part of the process of creating, approving your pharmaceutical product? 
LR:	Okay, really good question. So, I think if I understand your question correctly, because this is a drug, what is it categorised as, at what point during the process.
SP6:	Yeah. 
LR:	So, we asked the question from a regulatory and legal side, and we asked the question of the drug companies, the response was they see it as waste product as soon as it’s been delivered so, once the patient breaths it out, its being ejected into the atmosphere currently so, it’s a waste product.  Now, if we had to capture that waste and manage it currently, which is a separate point I’ll answer to in a second, then you would have to capture it onto something and deal with it in some way be that you know, incineration destruction for example.  So, from our side, we see this as, it is a waste product and actually its useless unless you’ve got a method from transforming it back into something that useable and that’s where all the IP that I’ve just shown you comes in.  Does that answer your question?  
SP6:	I guess partly.  The key thing is how far back in the manufacturing chain of your purified product is the MHRA likely to look, at what point does it stop being a waste product and a raw material and at what point does it matter how we treat it?
LR:	Right okay so, in terms of the MHRA, this a waste product until we can identify what that waste contains.  That can only happen once it gets back to our laboratory down in Devon, in a liquid form. So, it comes in you know, bulk liquid containers, we test the mixed liquid and then we can say what it is and it’s only at that point that pharmaceutical manufacturing starts.  Does that answer your question? 
SP6:	Yes. 
LR:	Marvellous, thank you it was a really good question.  Anyone else. 
Rob:	Thanks very much, that was brilliant, I enjoyed that. 
LR:	Lovely, great thanks.
