Leslie Pezzullo:  ... Biomass Program Webinar series. Today, we will be discussing the role of advanced biofuels as part of the Biomass Program strategy. We'll be hearing from Dr. John Holladay and the progress of the National Advanced Biofuels Consortium or NABC. Before I hand off the presentation to John, I have a few administrative requests. Please mute or silence all phones. Should you have questions as the meeting proceeds, you can refer to the Webinar dashboard. Please write in all questions, and we will try to respond to all of them during the Q&A period at the end of the discussion. Additionally, a week or two after this Webinar, we will be posting the slides and recording. An e-mail will be sent out, notifying all attendees that the information has been posted on the Web site that is listed on your screens now. And for now, I'm gonna go ahead and pass it over to John. John, thank you so much… John, would you like to start?

John Holladay:  Thank you. I'm looking how to show my screen. Here we are. Okay. Hopefully people can see my screen now.

Leslie Pezzullo:  Yes.

John Holladay:  Thank you very much. I would, first of all, like to thank the Department of Energy for this opportunity for the National Advanced Biofuels Consortium to speak about the work that we're doing. We take that this opportunity to do this work as essential both for the strategies of our partners and also for the strategy of our country. So, as I begin, I just want to go ahead and have a slide that shows the Department of Energy's priorities and goals. And these really hit four key areas. And I hope that as we talk today that you'll be able to see how this work is being applied to these four priority goal areas. Now, clearly, the presidential objectives that we have are advancing the science and discoveries of our country. This includes conducting breakthrough research and development. But there's a real reason for what we're doing here, as far as economic prosperity, both creating jobs, reinvigorating the economies, finding new resources that can go into, and support the U.S. emerging bioenergy markets. There's real need around understanding and reducing climate change and we hope that this work will be able to have a large impact as our country strives for those goals. And finally, the need for clean, secure energy for the energy security that we strive for both in this country and throughout the world and the role of biomass can play in that. Okay. So, with those Department of Energy priorities and goals, now let's go on and consider a little bit about the U.S. transportation sector and our fuel needs. And what I'd like to really think about here is primarily this little table in the right corner.

Right now, when we think about biofuels, we most of all think about our light vehicle fleet. We think about gasoline. We think about replacement for gasoline which is ethanol. Now, what's interesting here though, if you take a look at the needs over the next 20 years, what we see, through the Department of Energy, there's actually a reduction of the demand for gasoline over the next 20 years and a significant increase of the demands for diesel and jet fuel. And this is a particularly interesting dilemma for refiners because it's difficult for them to change their refining operations to handle this kind of change. It also helps us really think about where is the impact that we want to have. Well, even if our light vehicle fleet becomes increasingly electrified, there's a need for diesel and jet fuel and there will always be that need. And so this is an area that, maybe in the past, the Department of Energy hasn't put as much emphasis in and we're in a position now to really start having an emphasis in looking at the entire transportation fuel needs and being able to address that. Okay. So, about a year ago, the Department of Energy ran a solicitation looking for consortium development for technologies that would make fuels that could be used in our current infrastructure today. And the National Renewable Energy Laboratory along with Pacific Northwest National Laboratory assembled a team with the consortium partners that you can see for the objective of developing these cost-effective technologies that can supplement petroleum-derived fuels with "drop-in" biofuels. And when we say "drop-in," we mean fuels that already looked like and are gasoline, diesel and jet fuels, direct "drop-ins," and that, where possible, can use the transportation infrastructure that's already in place in a very sustainable manner.

We'll talk about what this mean in just a second, but first of all, I'd like to acknowledge Tom Foust, who's the Consortium Director and the Principal Investigator of this work, as well as Kelly Ibsen, who's the Operations Manager. This consortium has an Advisory Council chaired by Bruce Gates at UC Davis that's providing input and oversight for what we're doing and the Governance Board that all the partners are on that are overseeing the total work. So with that, the goal that we have, the vision that we have is how can we take biomass and really use the refinery infrastructure that's in place today, the infrastructure that covers our entire fleet and how we produce fuels and how we put those fuels to the end users. When you think about this, there are different insertion points, different ways that we might consider how, if we can convert biomass into some sort of intermediate, different places, that we might be able to use that infrastructure. And you can see three insertion points on this slide and as we go on and we will talk about this in a little bit more detail about what that means. So, in an oil refinery today, it's a very complex process but exceptionally efficient. There's been, we've had almost 100 years to develop this technology.

Leslie Pezzullo:  John, I'm just gonna ask you to stop for just one second and remind people that we do need your phones on mute, all right. We're getting a slight echo.

John Holladay:  Thank you and if you're having problems I can switch off my headset. So as we look at this refinery, what we see are that a refinery really consists of many unit operations, many individual operations in which the bio mass – and we might be able to put it into a form that can go into right in the beginning into this atmospheric distillation columns.

Hold on a second, I am also getting this… feedback. So is this better?
Leslie Pezzullo:  It is slightly better but we still have people who have not yet muted their phones. 
John Holladay:  Okay. Well…
Leslie Pezzullo:  We've been asked if you could speak a little bit louder.

John Holladay:  Okay. Very good. I'll speak louder, and we'll go on. 
But as we look at the biomass, we want to consider that we put it in to a form that it might enter some of these different unit operations and then go ahead and use that infrastructure to already – to produce the fuels and this would greatly reduce the capital cost and in a real sense be the perhaps the least expensive way to make fuels.

Now, there are a lot of problems with this because refineries right now are not making a lot of money and they can be very hesitant about taking in a very different feedstock. They can't take the risk of something that might hurt the refinery operations.

So it's really key that we have refiners as part of our team. And British Petroleum as well as TESORO are both key members of our team and the role that they are playing is taking the materials, working with each of our research areas to help us identify the refinery and how, what we are doing might fit in to refinery. Taking example materials, doing studies on those and seeing how they would fit in to these scenarios.

Now, there's other ways that we could also use the infrastructure. We talked about the refinery implementation aspect but there is also tremendous pipeline that allows us to take these materials and move them from the refinery to the end user. And this would be insertion point 3 where we would develop the technology all the way down to the final fuel outside the refinery but then be able to still use this infrastructure for distributing the fuels to where they need to go.

Leslie Pezzullo:  oh
John Holladay:  Okay. So with that vision in mind, people, I think, would automatically ask, you know, bio mass doesn't look anything like petroleum. So these are the kind of feed stocks that we are thinking about. Woody feed stocks that look like understory vegetation or harvest residuals, thinning... thinning residuals.
There's even new ways of managing forest that would allow us to have intercropping where there's trees are grown at the same time that we might have something like switchgrass grown and Catchlight Energy just playing a key role in our consortium to help us understand these feed stock sources particularly in a managed forest and how that can play an impact on providing the raw material that we need.

Now this includes both providing the material that…

I'm sorry. Am I muted?

Leslie Pezzullo:  You're back on John.

John Holladay:  Okay, thank you. I'm not sure if what happened there. 
But they're also helping us provide key information that will help us understand some of the life cycle analysis and economics of how much this material cost.

Now, there's other types of materials as well that we're interested in and this would include harvest residues. So under proper land management scenarios, we do have a significant amount of residues that that can be harvested every year. And you know, the beauty that we have in this country with our land grant universities is they really bring a real understanding of what can be done here with these residues and Iowa State is a member of our consortium and they are a world class leader in understanding corn stover and other harvesting residues and how they could be applied here and how much might be available in a sustainable manner. Obviously we need to leave much of these residues on the ground themselves and so what is that balance.

Iowa State is playing a key role then in helping us understand those sustainability issues as well as providing the material for our members that would include corn stover.

Okay. So we have a woody feedstock, we have a harvest residue feedstock and we now then – the question is how do we take that material and put it into a form that we can begin to use the refinery.

The way we set up this consortium is we have six process strategies. In this Popsicle diagram those are shown in the vertical lines and I'll talk about each of those throughout the next few minutes. Additionally, though, there are a number of cross technologies that are required regardless of what process strategy we use and this include things like understanding the feedstock, in a logistic part, different pretreatments of these materials and separations.

We're really doing catalysis in this consortium. Sometimes it's using biological materials to do the catalysis and other times it is using more chemicals but being able to understand the catalyst materials in doing these upgrading steps is crucial.

There are other things as well – as some of the pyrolysis modeling or other things like, the analysis part. I'll talk about just a couple of these areas to help people understand how we are trying to put all of this together for the full picture.

For example, our analysis team is led by NREL, who's doing process economics, as well as Argonne National Lab who's in charge of our life cycle analysis. So in this life cycle analysis we need to understand the entire process of taking the biomass from a managed forest or taking the biomass from a field and all of the steps required to where the fuels produced, used, and that CO2 is then re-sequestered. Argonne is playing that role and helping us to understand this for each of our technologies. 
NREL is doing a similar role but on the process economic side so that we can bring the feedstock compositions and the operating conditions and the conversion yields. And putting all these into different models and helping to understand the potential process economics here. The type of capital cost we should be thinking about and the operating cost. So that we can begin to get a real understanding of what is the cost per gallon of this types of fuels that we'd like to use. And the real key here, isn't so much the bottom line number it's an understanding of where should our research be focused. So if you consider this box we have R&D going in into this models but those models feedback in to our R&D and tells were we such focus our research so that we can really have an impact on bringing down the cost and that we can begin to understand the potential advantages and disadvantages of different scenarios that we were working within.

Okay, so that's our analysis team. Additionally there is a need for some fundamental work and we have another team lead by NREL again—with Los Alamos National Lab, Iowa State University, Colorado School of Mines as well as Northwestern that's working with Iowa State-- to help us yet combine the fundamental and applied studies that we need to better understand the processes that we're trying develop technologies around. And part of this will be to give us more predictive tools, to provide more kinetic understanding so that we can build better models but really, what we often find in research, is that we get to a point where until we can get a little bit more fundamental understanding we are sort of at an impasse. And in our applied research is important that we keep this as a key part of our work to help us move through some of those impasses.

Okay, so you get an understanding of how some of these cross-cutting teams are organized and are working. What I'm gonna spend right now over the next several slide is looking at each of the different process strategies that we're working with. So this first process strategy that I'd like to talk about is fermentation of sugars. Now we're talking here very specifically about both sugars that come from biomasses itself, that come from woody feedstock and come from harvesting residues, we're not talking about simple sugars as far as NABC is concerned.

So, we're really looking at these lignocellulosic sugars. Now this team working on this platform is led by Amyris. NREL is playing a major role here as well as Washington State University both of those are helping to define ways to get the sugar from the biomass inexpensively. Pall Corporation is helping on understanding separation issues in developing new separations technologies that are low cost and Tesoro is are refinery integrator on this team.

Now, the Amyris Technology is based on taking yeast cells and with those yeast cells putting in new pathways that can take sugars and convert those two things other than ethanol. In this case it's an isoprenoid pathway or a pathway that can make a long change hydrocarbon.

Now the beauty of this pathway is there’s a lot of different things they can make. They can make things that go in to high value products, things like isoprene. We can make a variety of different fuel options there's even some high value opportunities to look at maybe some drug manufacture and some other things.

For NABC were concerned specifically about making a diesel fuel and the diesel fuel procures that we're making is called "farnesene", as shown in this picture. Okay, so this is a beautiful micrograph that shows what's go on in a fermentation. So in this box you can see the yeast cells. The yeast then is metabolizing or eating the sugar and getting the energy from the sugar and making the farnesene, the product that we’re after. And the farnesene is an oil and so it self separates in this water-based fermentation. And that's really exciting. It allows us to find a way to get in this product out without doing distillations which cause a lot of energy and add a lot of price. And so we can begin to get this oil away from the water and have that in a new process for converting on to the diesel fuel.
Okay, so the state of technology today is this process is fairly well-develop for simple sugars. And this would be sugars from sugarcane or sugar from corn and in fact the process has been scaled, when you’re using simple sugars even up to 60,000 liter fermenters. So this is fairly large, Amyris has clearly made plenty of material for people to test in different fleets. Their fuel has been registered by EPA for a 35 percent blend. And here you can see some of their piloting facilities, one in Emeryville, California and another one in Brazil. So the state of technology for simple sugars is fairly well-developed. And that leaves the challenge for the NABC work to develop a related technology that can use complex sugars form these lignocellulosic biomass resources that we have. And this has to be… it’s gonna be really built upon having effective low cost process to provide these sugar streams which we call "hydrolysates".

Now sugar from lignocellulosics today can be significantly more expensive than sugar streams from sugarcane or things like that, and so this is really a key part of what needs to be done. The other part that's very important here is we need to have developed a really robust organism that doesn't suffer from inhibition from material that are present in these biomass hydrolysate and so that would be the other key aspect of our work. This organism must not only be robust but has to be able to use both the five carbon sugars and the six carbon sugars that are found in hydrolysates. These are a much more diverse sugar stream that comes from this material than what we see in simple sugars. Finally, we need to have a full integrated process that's cost competitive with the current process based on these simple sugars. So that's the work. That's the challenge -- I'm missing slide here, --and… as we go forward. 
The second technology I'd like to talk about also uses lignocellulosic sugars. Instead of using a fermentation to convert those sugars into the product that we're after, this technology is using catalysis and it's really centered around what's called aqueous phase reforming. And we'll talk about that in just a moment, followed by some different conventional chemical processing techniques that are already used in any refinery today. And again, the end goal here is to make the kinds of fuels that we're interested in, these advanced fuels for gasoline, jet fuel, diesel, as well as having the opportunity to make chemicals and other materials.

So this team is led by Virent. NREL and Washington State University are playing key roles again in helping on the sugar side and doing some other things as well. PNNL is part of this team, Pall Corporation again, British Petroleum and Tesoro, all members of this team working on this technology. Okay.

So the key here with this catalytic route to make renewable hydrocarbon fuels, is these inorganic catalysts can be fast and they can be robust. And this is really a technology that is based on industry proven scalability. We know that if we can make it work on the small scale that we can make it work on the large scale. That's important. It's an energy efficient process. We really want to pay attention to that so that we can make sure that the total carbon footprint is small as possible. And we again want to be able to make sure that we can make a premium drop-in product something that's tunable, something that sits right into our infrastructure and again with the feedstock flexibility, moving from conventional sugars today, to non-food sugars. It's a wonderful process that's very complementary to our biotechnology process fed by Amyris.

Now in this case, there's lot of different options for how one can base a process centered around aqueous phase reforming to make different fuels. And with this rich number of different processes, we're not gonna look at all of them and in fact, we're really gonna concentrate on one single option of those various process options that we showed. This would take, these different sugar streams, polysaccharides, C5, C6 sugars, as well as some of the sugar degradation products such as the furanics and the materials, and move those into the aqueous phase reformer. An aqueous phase reforming is done on the moderate temperatures and pressures. So we're looking at temperatures in the range of 175 to 300 degrees. These are temperature ranges in which the chemical industry is very, very used to, very normal type of temperatures. And we're looking at fairly moderate pressures. So you know somewhere between 150 and 1300 pounds per square inch. While these are fairly high pressures, they're not so high that they are overly expensive. This is very, very conventional, very within reason of what's done today in industry. 
Now coming out of the aqueous phase reformer that is being used to convert those sugars into alcohols and other oxygen containing compounds, those alcohols and oxygen containing compounds go into a second reactor and this is where we talk about something that's -- that's more conventional, already being done or the technologies are somewhat well-developed already. So it's using a reaction catalyst called ZSM-5 and it takes those alcohol compounds and removes the final oxygen and builds the molecular weight up till we have our final fuels, production of these hydrocarbons. And this particular one, the two kinds of fuels that we're making are gasoline and jet fuel. Okay so that's the works scope going on in the NABC. 
You can see from prior work done by Virent, that they make a very high quality gasoline. This gasoline is rich in its energy content. Actually the energy content of their gasoline is slightly higher than the energy content that seen in unleaded gasoline today. And being such a high quality premium fuel, it can actually be mixed in with low quality gasoline to actually bring up the quality of the gasoline itself. And from the GC chromatograph, the take home message here for people to understand is that we can make things that look like gasoline, that in fact are gasoline a very high quality gasoline from biomass. We have that technology today. And so you can see the material here as well as an analysis of that material. And Virent is working with Shell. They are producing materials that are being tested in different fleets today. Their material is being utilized in high-end race cars, this beautiful Scuderia Ferrari. So far we have not received access to and permission to use this Ferrari as part of our NABC research but that's something we -- perhaps can do someday. Bottom line here though, it's -- the material that they're making is already being tested in different fleets today working with Shell.

Now, some state of technology -- this is a process that's piloted and -- but the piloting has been based on simple sugars. So it's been – the technology been demonstrated for weeks at a time on a 10,000 gal/year scale. What important here is the full length reactor, commercial scale catalyst are being used and the product volumes that are needed for fleet testing are available, are being produced. So the key here for NABC though is now to develop new deconstruction technologies that can take the corn stover and can take the wood and liberate sugars effectively, and at a low enough cost that we can build a process around biomass as opposed to simple sugars. And the challenge then is to develop these technologies from these complex sugars to have…that are effective in this aqueous phase re-performing process.

These sugar streams can be different than the sugar streams that are needed for fermentation. It's okay that the sugars can be degraded somewhat.  Some of the degradation product of sugars works fine in this chemical process. There's other material though that might be in the biomass that might be a real problem in the chemical process. Different chemicals, such as sulfur and nitrogen, that could be present in biomass, even at relatively small scales, might be poisons for the catalyst and so there is a balance here. And we need to be sure that the feedstock materials that we're producing, these hydrolysates streams are not poisoning the catalyst. And that kind of leads to the need for these robust catalyst systems that don’t suffer from inhibitors that could still be present about biomass hydrolysate. So, finally again the need for a new integrated process that must be cost competitive with current simple sugars is a key. So that’s the work and the challenge for the NABC Consortium in this area.

Okay. So the first two technologies that I spoke about used biomass hydrolysates, the sugar portion of the biomass, to make our fuels from.  The next four technologies that I'll speak about briefly are going to utilize whole biomass and different heat technologies where the biomass is heated, vaporized and then quenched to make oil. And it’s that oil that I'm gonna concentrate on next. All right, so when you take biomass and heat up you make this vapor you can make potentially three different kinds of compounds:  synthesis gas, oil or char.  And so let’s take a look now at this oil and what we are doing in this area. So the process that people often think about when we talk about thermal processing is fast pyrolysis. Pyrolysis is a process from what we add heat to biomass and make that oil. We're using the rich understanding of fast pyrolysis that has already been developed by DOE funds   at NREL, at PNNL, at Albemarle, at UOP, at so many different places as our background, what we’re building our technologist around. So I’ll give you a little bit of information about fast pyrolysis but then try to move into what we are trying to do that is different. So what NABC is doing is not Fast pyrolysis. Catalysis is central to our research so we're moving this into Catalytic Fast Pyrolysis, Hydropyrolysis, and other technologist that can use catalyst to improve these processes. Okay. So one of the things we like about pyrolysis is that it gives us away that we can take biomass make an oil that is more energy dense and so this could be done on a small scale and then this oil can be moved into a larger central facility i.e. a refinery.

Now, in fast pyrolysis the biomass needs to be finely ground because the key here is getting heat into biomasses as quickly as you can. It's done at high temperature, so 500 degrees. It's done without any pressure and generally right now non-catalytic. So you make an oil that sort of a medium Btu oil is not particularly energy dense because there's a lot of water still in that oil and there's still a lot of oxygen content in that oil. The oil is also acidic. The oil is not miscible with hydrocarbons. So our vision of wanting to use the refinery structure doesn’t work yet with this oil. A bigger problem is this oil is also thermally unstable and it is a little bit difficult to process. And so what we do is we take this pyrolysis oil and we have a multiple step process from making a fuel from it. Initially a lower temperature process that make a more stable oil and that’s shown here and then a higher a temperature process to finish the oil conversion into the final fuel, something like I shown here.

Now the bottom line here, the message that I want you to take home with, is that we have the technology to convert that oil into a high quality fuel. For those interested in what the fuels might look like, you can look at this table. The thing that I'll really want to point out is that it's really rich in naphthene, so cyclic hydrocarbons, not aromatic, but cyclic. And the reason that’s kind of interesting to us is there's a part here where the naptha range or the gasoline range material as we distill that comes off first. The diesel range material comes of out here but about 40% of that materials falls right into the jet range.  And that’s really exciting for us that we can used this technology to start addressing all the different needs that we have—that we can make something…that we can make a jet fuel from this material. In fact this is a jet fuel fraction shown here in this bottle that was the pyrolysis was done at NREL, the upgrading was done at PNNL, and then the final very light treatment was done at UOP. And that was mixed in with other bio derived jet fuels and demonstrated, not in the airplane, but in a hydroplane that had a jet engine, so it was kinda fun for us. 
All right, so there you go. That’s the state of technology for pyrolysis.  What we wanna do is make a high quality bio-oil that’s thermally stable so it can fit better into a refinery that has reduced demand for hydrogen that we don’t have to use as much hydrogen in converting that oil into the final fuel. Also that can be fully deoxygenated in a single step. And all of these are required first understand how it can be integrated into the refinery, Okay that’s our goal. The first technology I’ll talk about is Catalytic Fast Pyrolysis. In pyrolysis, in the way that it’s practiced by one of the major people in the field today Ensynthe process is called Rapid Thermal Processing. And what they do is they have sand in this reactor and that sand is heated to a high temperature and it’s the sand interacting with the biomass that adds the heat to the biomass to make the oil. What we wanna do is replace that sand with a catalyst and these catalysts are sometimes called, or one family of these catalysts that we're looking at are called zeolite, there’s a number of other catalyst families that we are looking at as well.

The purpose now of the catalyst is that it can begin to convert the oxygen that’s on the biomass into other materials and leaving us a hydrocarbon or a material that, that has much lower oxygen content in it. Now, in some aspects it gives an aromatic rich fuel and sometimes that’s highly desired. Other times we don’t want to make more aromatics. So there’s a balance here, we do want to reduce the number of carboxylic acids that are present in that oil, we want to make a up higher quality oil and we want to understand how much of that oxygen do we want to remove in this step versus another steps. Okay, so the technology that we’re using again is coming straight from the petroleum field. Fluid catalytic cracking is one of the technologies that’s done in a refinery today. And that would become our pyrolysis reactor in which we’d add the catalyst. Coming out of there would be our oil. This is what would come out of petroleum refinery, we would have different things from here obviously that would then be able to be upgraded to our final fuels.

So the challenge for our Catalytic Fast Pyrolysis team is to now identify the new multi-functional catalyst for de-oxygenation and upgrading in the pyrolysis step. And this is so we can reduce or remove some of the really bad actors in that pyrolysis oil, things that make these oils acidic. As well as we really, really want to focus on minimizing hydrogen demand in the next step. So we’re going to use techno-economic analysis as well as several other things to help us understand the degree of carbon loss that we’re willing to take.  You know, when we have oxygen in biomass it’s being removed either as CO2 or its being removed as water, and when you remove it as a water you need to add hydrogen to the system, so there’s a high-high demand so there’s a balance between how much we want to lose as CO2 versus what is the hydrogen demand we are willing to accept and we need to understand that. We want to have these catalyst candidates that can perform under these rigorous conditions. So they can’t breakup, they have to be robust, they have to physically hold together during this FCC operation and the reactor design and the process development are all co-dependent here between the catalyst, the reactor design; the whole thing has to all be done together.

At least in our early steps we want to make sure that we’re running this material in enough cycles that we can make sure that we understand the regeneration and confirm that nothing bad is going to happen to that catalyst, that this process itself will be stable and robust. And then finally we need to make sure that the quality of those oils are high enough that we can convert them in a single step to the final product and that we can understand how those oils might integrate into the refinery.

Okay. So that’s Catalytic Fast Pyrolysis.  The next stage then would be Hydropyrolysis. RTI is leading the Hydropyrolysis team; Albemarle is playing a key role here in the catalyst development understanding. PNNL is playing another role here in identifying new catalyst, new ways of doing this. We have our refinery integration partners and we have our separation expertise going on as well. Now in this technology we’re going to build-off of what we have just learned in Catalytic Fast Pyrolysis, so we still want to use the catalyst we’re going to use the same kind of reactors systems, but now we want to add, a reactive gas to the system and the purpose of this reactive gas is to again help make this, the oil that’s coming out, higher quality something that might now more readily fit in to the refinery and this oil, the properties of this oil, could be significantly different by adding this reactive gas. Now this reactive gas could be hydrogen, it could be some of the other synthesis gas that’s co-produced in this process; it does add complexity now. We’re no longer running this in ambient pressure we now have to run this at a pulse of pressure somewhere between 250 and 500 pounds per square inch pressure. And that does add complexity and that will add cost. And so we need to make sure we understand the value of what we can do in this process and the value – the higher value oil that we can get out versus the cost of doing this process under pressure.

Okay, so we’re building a technology based on an expertise that already exists at some of our partners and we have a key challenge here for our team, is to use – how can we use this reactive gases to cap those reactor intermediates formed in pyrolysis vapor and produce these quality oils. We want to be able to make again new formulations for attrition-resisting catalyst; catalyst that can handle the process that we’re looking at. And it is either that type catalyst or having throw-away catalyst. We’re actually thinking about both, but either way we need to understand the total cost of the catalyst and making sure that we can have catalyst that are stable enough for this process. Again we need to understand the long term effect of these catalysts, you know, because we will have sulfur, chlorine or other things that are in the biomass present and these could have… be bad factors on the catalyst. Finally the process modeling to explore the different commercial concepts here and evaluation of how we integrate this technology together becomes critical. Okay, so that’s the challenge for this team and the work that – that they’re doing. 
Now, I’m going to talk about a third pyrolysis type technology; this one is different from the other two. The other two we’re building off our expertise in Fast Pyrolysis. The third technology is a different way of doing pyrolysis in which we don’t need to use dry material. So, essentially the issue that we have, or one of the challenges that we have with pyrolysis is the material needs to be dry and it needs to be ground into very small particles and this adds cost. It’s okay, because we can handle that cost, we have ways of drying that from… in an integrated process, but we would like to be able to at least understand technologies that don’t require a – that the biomass be fully dried or that it be ground as much. 
So, here is a technology that actually uses wet biomass; it’s great when you have a biomass source that you can’t afford to dry, it is done in water, water is actually key part of the reaction. But because it is done in water as you heat up the material, water forms steam, steam forms pressure, and we end up having this done at a very high pressure, and that adds a lot of cost to the capital, and so big tradeoffs. But what we want to be able to make out of this is a material that can be catalytically upgraded now to liquid hydrocarbon fuels and understand the economics of this type of reaction system versus those two that I just spoke about. PNNL is the team lead here; Albemarle is assisting; BP is adding a lot of technical expertise as well, as is TESORO and Pall. Pall, again working on helping us understand separations.

Okay, so here is a comparison of those oils. Again there are only a couple of things I want people think about here. It’s ironic – excuse me, that when we would do the pyrolysis in water we actually make an oil that has a low water content, because of that the oil has a higher carbon content, it has a lower oxygen content, it’s a much higher in its energy value, so the energy content is significantly higher than what we get from fast pyrolysis and the oil is stable, and that’s really important, it’s normally stable, it can be upgraded without doing this in multiple processes  that would require us to first stabilize the oil.

The problem and the challenge here is that the oil is not a perfect oil; it’s very viscosity and there’s a lot of other challenges. And so, things have to be weighed, we have to understand the total positives as well as the negatives as we go forward. So, the challenge for this team is we need to capture more of that carbon in the oil. Right now, as we practice we have - we loss way to much of that carbon in the water stream, and so the yield is not as high as it needs to be. And so we have a couple of things that we are trying to do that will improve that quantity of the carbon that we can capture in the oil. 
We need to reduce the process condition, we would really want to be running under the high pressures that this process is currently requires. And so, there’s different ways that maybe we can use different medium instead of water or significantly cut down on the amount of water, other reaction parameters that would allow us to have a process that is not nearly as severe as what we have to practice today. All this needs to lead to a better quality oil, and we would like this oil not to be as viscous as it currently is. So, there are some challenges there. And finally, just being able to understand the relative value of this kind of process versus these other processes.

Okay, so we’re coming down to almost being done here. I’ve talked about two processes that are based on the sugar roots, three processes that are based on bio-oils that we produce under different scenarios. So, the process that we haven’t talked about is taking biomass adding heat to it –making that vapor but adding more heat to it and converting everything to a gas.  And this gas is primarily made of the simplest components of the biomass which are carbon monoxide, or CO, and hydrogen. So, in this scenario we would be taking biomass and adding a lot of energy to it, breaking up the sugar and the lignin and all the other components, all the way down to CO and hydrogen, and have to then rebuild those molecules back up to make our fuels.

Okay, it sounds… it’s an important aspect that considers it’s something that people do with coal.  With coal you can do this at a much larger scale. With biomass you usually have to do it at a smaller scale and we have to then be able to do this in a way that we can increase our efficiency. Now, in this case we are only looking at one technology around this. DOE and others are already looking at several other technologies, things called… like Fischer Tropsch, which is one way of doing this. NREL and PNNL, and many other people are looking at technologies to make higher alcohols, ethanol, or even higher alcohols than ethanol. But today from biomass, at that the scale of biomass, the only technology that we can really do effectively  is production of methanol.

Now, others might argue with me and that’s fine; my statement is probably a little bit too strong. But it is a challenge to do this efficiently enough and with the capital cost low enough that we can use biomass. And so, we are going to look at one new technology here that we haven’t looked at in the past, within the DOE structure anyway. PNNL is leading this team with Albemarle, NREL helping us think more about the gasification part, British Petroleum really helping us understand some of the value of material that we’ll be making as well as TESORO on that. So, in this technology synthesis gas can be converted in to methanol, methanol can be converted in to gasoline through a multi-steps process.

In that step… people usually end up with methanol being converted, dehydrated, to make dimethyl ether, dimethyl ether then going into series of reactors that then produce the final product. And what we want to do is to see if it reasonable to be able to combine these different process in to a single combined synthesis reactor system to make our product here. Now, we do this in a such a way that we would take a significant hit in our yield because we’re going to do this in one step and we’re going to make more LPG than we might otherwise or – or some other things like that. But we’re going to see then if – if by taking that hit if we can reduce the capital enough that this might become an interesting way of – doing this technology. Now there’s a big challenge here and I have shown that in this slide. If you consider the pressure and the temperature when people take synthesis gas and make methanol they’re operating in this region, so they’re operating at a much lower temperature but a much higher pressure than they’re operating in the second step of converting the methanol to the product, so that’s at a low pressure but much higher temperature. Well these catalysts are usually not stable under the conditions over here and these catalysts are probably not stable under the conditions where there will be so much water around. So there will be some real challenges of combining those two processes are fundamentally different.

And so to address that this team is making revised models to understand the potential saving of a one-step method versus a multi-step method, if there’s no savings there’s no reason to do this. Now if we can convince ourselves that the savings potential is there, then we need to understand the product quality. And so are we making the total product mixtures that’s we’re making, is there enough quality in that that this becomes valuable. And then finally we need to understand the catalyst stability both for the methanol production as well as well as the methanol conversion and so lots of challenges there. So that’s what this team is looking for, the challenges that they’re facing. 
I’m… just kind of… would like to conclude. So we began by talking about our vision and our desire to be able to take biomass, convert it in to a refinery-ready intermediate or finished fuel. And that can use the infrastructure whether it be the pipeline infrastructure or refinery infrastructure itself. We talked about, you know, this insertion point three where we’re making near finished fuels but their direct replacement they can use the downstream processing, the pipelines that we have today, and – and this kind of technology or strategy allows us to tailor processes that will be unique to the properties of biomass. Now, the other kind of thing that we’re looking at is, boy, can we use the refinery infrastructure today?  Can we use something that can fit in to insertion point two and go into some of those reactors that are already built or already available to us? For this, the bio-oil has to be miscible with crude and we have to reduce the oxygen content in it. But, if we can do this, there’s a significant opportunity for process savings in the capital cost and operating cost.  Okay.
So what I hope you get out of today’s Webinar is that the NABC represents a change of thinking on what fuels we should be making from biomass, the gasoline as well the emphasis on diesel and jet fuels but also how can we use the infrastructure in place to not only deliver those fuels but to make those fuels that fit into our vehicle fleets today. We’re looking at six technologies in our first year. We’re actually – are going to do a down select and in years two and three we’re going to only continue with, you know, one to three of those technologies because we’ve been given a clear call from DOE that they want pilot ready technologies delivered at the conclusion of this work. 
All right so with that I’d like to really express our gratitude to the Department Of Energy for providing the funds that are allowing us to do this work. We have $35 million of Department Of Energy funds and we’re matching up those $15 million of funds that are partners of providing. So the whole project is looking at $50 million over three years.  And I really also want to acknowledge the great partners that we have.  This is a new way of doing research within the Energy Efficiency and Renewable Energy part of DOE, forming these consortia that can begin to team up and start taking a look at problems in new ways. It is exciting for us to be part of that and to be able to, I hope, add a tremendous amount of value. So with that I’d like to really thank everyone for taking time of your day and turn the time back over to Leslie Pezzullo for a question and answer session.

Leslie Pezzullo:  Okay, very good. Okay, we will go ahead and start the question and answer series and I will invite Tom and Kelly to answer questions and—as they come up. Okay there’s once a – a question that was brightly a talking—talking about bio optic ethanol it’s one that I will cable for now and contact you directly about later as it’s not the subject of this particular Webinar, but we will get back in contact with you and answer your questions directly. Okay, to the group, the first question would be how large do these plants needs to be for the processes to be economical in other words what’s the minimum production capacity that see the purchase will be practical at with current technology, and John I think I’ll direct that one to you for now.

John Holladay:  Okay, thank you it’s a great question and a clearly a big part of why we have an analysis team to help us look at those kind of scenarios. Now there’s a couple of different of ways we’re looking at this we’ve talked about scenarios where we can do some maybe some smaller scale plants feeding in to the larger scale refineries and even in the category system that’s become a possibility. In general, though, this you know this has to balance with the availability of the biomass and—and that will change in a region to region so we’re—we’re generally looking at technologies that can be sustainable economically on a smaller scale and—and what those scales look like or—or really the kind of scale that we’re seeing in biomass plants today, that’s it something that everyone’s looking at. So we’re generally not talking about huge large scales but we are talking about maybe making it immediate they can go in to large scale refineries down the road.

Leslie Pezzullo:  Thank you, John. Another question we have here was a question that is lightly unrelated but it does relate to hydrocarbons and bio fuels. How do you choose whether to pursue biofuels or biopower based on the feedstock supply?  I know this is a little bit outside the scope of the Webinar, but I thought I would go ahead and ask if you had any opinion.

John Holladay:  And then that to me again is that to…

Leslie Pezzullo:  To you Tom, Paul, or Kelly.

John Holladay:  Well this is something that we really think a lot about. Again, biomasses are regional thing, and there is going to be perhaps a different answer depending upon what, where you are located. Your ability to access infrastructure needed to move biomass around, but a couple of defining points that we think about are these: 
One is, we have a lot of ways to make electrons renewably. Solar, wind, wave, water; there’s lot of waste and make electrons renewably for power. We don’t have very many ways that we can make hydrocarbons that we can make fuels, liquid transportation fuels. So that’s something that we really think about. 

We also think a lot about the potential value difference between power versus liquid transportation fuels even versus chemical products, and those all coming to the picture. Now, there probably is not enough biomass to have a huge impact in both the power area and liquid transportation fuel area. And I guess what I’m saying is that what we really feel that the impact that we want to have and then may be sees going after liquid transportation fuels and we think that’s the best use of biomass in the energy sector. There still is a role, I think on a smaller scale, for some power and some different types of settings for people, and when it comes down to the end of the day, it’s a lot of that we’ve been looking both this program that we talked about. The total economics, as well as the value that we’re getting out, as well as the national impact that we need on having a clean and renewable transportation sector where we’re not so dependent on foreign oil. So there are lots of things that we have to do to understand that, and what we want to do is have the technologies so that we can deliver low cost options for liquid transportation fuels.

Leslie Pezzullo:  Thank you, next question. In terms of state’s economics probably what price for barrel oil, do they have fuel become cost competitive?  I think I might actually have Tom on mute. John would you go hadn’t start or I feels like I can get?

John Holladay:  Yeah. I think you have everybody else on mute except for me. See you might want on mute them. So again, a great question and I’m going to not answer that question preferably a lot about is because that kind of information is how we sense to the partners, but I won’t you have a couple of underline points that we’re striving for. First point is, we need to understand… we want to be cost competitive with prices where oil is today, and I think on some of our processes,we’re certainly getting close to that and a second point though, and this is John Holladay speaking for PNNL or generally the speaking for John Holladay. I think it’s important that we have that the economics work even in the absence of the subsidy. That the subsidy is important for getting things going but the economics should be there regardless. And so I’m not gonna say exactly what we think these are today. I will say that we think that we will be very cost competitive though. 
Leslie Pezzullo:  Thank you. Here’s another question. Could algae be used as a feedstock and/or as a conversion approach?  I’ll take the first part of it a little bit and then I’ll pass on these guys. Algae is a feedstock you did focus on here at Department of Energy however we actually have a whole other contortion that has then addressing issues around algae both as within conversion and as feedstock. This particular consortium was being focused of our first Webinar Series and that information is available online. It’s actually available at the links that you can see on your screen currently. John or Tom is that something that you would like to address or tell as a potential conversion mechanism?  I know that’s not hardly on any ABCs but…

John Holladay:  Tom, do you want to take that one?  He wants me too.

Tom Foust:  Do you hear me?

John Holladay:  Yeah, we can.

Leslie Pezzullo:  I can now.

Tom Foust:  Yes. Some algae you can have conversion…
Leslie Pezzullo:  Tom we can’t hear you anymore.

John Holladay:  Yeah, let me take it. Tom, I’m sorry. You need to… we can’t hear you at all. The specifically, this consortium, is not looking at algae because of their nature of the request that we are responding to. In fact, all the technologies that we’re using are available for the conversion of algae. These are really based on biomass as opposed to lipids and natural oils which people often think about with algae.

There some challenges though that algae is very, very wet and so there are some real questions about is that worthwhile to dry them to the extent that they need to be dried for those technologies that we have that require dry biomass of course we have three technologies that don’t require dry biomass, and they become something of great interest. The algae have some other challenges with it: algae are very high in its protein content, and there’s a lot of nitrogen, a lot of sulfur in there and so those are other things that we need to think about in our conversion technologies but certainly you know I think everybody, we’re trying to develop technologies that are somewhat agnostic towards the feedstock, that we can take broad types of feeds option and apply it in here. 

And in fact I will say that, that the few consortiums that DOE has funded are talking together. That the lead of any be NABC, Tom Foust, and the lead of the Algae Consortia, Jose Olivares, we have the conferences between the two leads and we even have a person in this consort which is on both of those on the leads, so to both of those. We are looking at ties between of those consortiums.

Leslie Pezzullo:  Great, thank you. And additional question, have you seen the source of for the necessary hydrogen inputs for some of the hydro talking in the hydrogenation that you are needs to?

John Holladay:  It seems to me in that everybody else is muted so again you know great question and that is as I talk about one of our fundamental things that we’re working on is make sure we understand of hydrogen demand and how we can reduce that hydrogen demand. So our technologies we’re really trying to start looking at how we can remove the oxygen in ways that it’s not gonna require of the same demand for hydrogen that we have today. This becomes a clear a part of our analysis team so they that becomes an important part on what they’re looking at, that was to understand the technologies particularly as we look at the six technologies that we’re looking at. Also of understanding where this hydrogen is going to come from, if this hydrogen comes from natural gas or it’s going to comes from the biomass itself and depending on where it comes from and all of these other issues. We – it would have an impact of where our sightings might be and so it becomes a really important part of our work and we are addressing that with our analysis team and as well as with our technology researcher teams.

Leslie Pezzullo:  John this next one seems to be one of your rallies as well. It seems to cause some gas to liquid fuel products had been deemphasized. Can you speak up to your view of the application for – I’m sorry it moved, some gas – I’m sorry. Can we speak to you your view of your application for some gas production relative to the sugar and pyrolysis platform?

John Holladay:  Okay I got a – I guess I need to pay more attention to question. Can I speak about syn gas production versus the…

Leslie Pezzullo:  First is either the pyrolysis platform, they’re being currently focused on in the NHP.

John Holladay:  Yeah sure. I alluded earlier in our talk here that with biomass, since this gas is gives a lot of great opportunities. It also gives us a lot of challenges because the capital cost usually be really high and that cost us some – to maybe run the gasification a little bit differently than a gasification is run with coal where you might have an auction plant nearby or things like that. And also changes the scale that we’re working at and the downstream proficiency. So a lot of the proficiencies for thin gas conversion are worked really well in a large scale and a little bit harder for us to make work in a small scale.

Now there are places where all the things come together and everything is right and everything can be fully integrated with the heat and the other demands and it changes the picture a little bit but in general, it’s a challenge and so we’re – there are other technologies as well for converting thin gas that we haven’t talked about and DOE is funding from these technologies that includes fermentation of thin gas and things like that as another way of taking synthesis gas and converting it into either fuel itself or a recursion. So I guess my answer – we’re trying to say here is that, you know we are looking at this.

There are challenges to get the cost down to where they need to be and because of that, we’re really primarily focusing our efforts on this one on the catalytic work sugar root, the fermentation of sugar root and the pyrolysis root. But we don’t want to lose sight of important gasification in our paternities and so, you know that’s why we kept that here in our consortium and why it’s still an important part of the research going on at NREL and PNNL and many of our partners.

Leslie Pezzullo:  Okay, this one I might actually take – I would welcome any additional input. The DOE have an interest in scaling of new cellulation, how many cellulation produce sugar from biomass for these fuels. We actually have a record here at the Department of Energy through the biochemical conversion platform on developing new and improving grain cellulation how many cellulation and cocktail. That work is going on and we’ll be publishing a non- or an unattributed manner shortly and that information will be available through our Web site. Yes we do continue to have interest in developing or improving cellulites and how many cellulites.

Next question, since more heavy duty vehicles are operating on natural gas and conversion efficiencies to pipeline quality gas can be as high as 70%, is there any conversation that are having pipeline quality gas as an end product through thermal gasification.

John Holladay:  Is that for me or for Paul.

Leslie Pezzullo:  I’m not particularly sure, Paul.

John Holladay:  Paul, I’d be happy to throw something in here but this is really a deal request and not an NABC question. So at NABC, you know there are other options to make with the fuel vehicles and you know I think the question here is addressing natural gas that can be used in different fleet for doing so. We’re not addressing that in this. In fact, as I talk to various partners I know that, you know straddled natural gas, moving that around can be a challenge and can be expensive and some of our – some of the people that we’d spoken with are even looking at technologies of converting the natural gas to liquid so it may become ether. So, I’m not suggesting that’s right or that’s wrong, in fact I’ll be ambivalent on, you know what is the proper use here but again our focus is on liquid transportation fuels that already fit into our fleets today.

Again if you take a look at certain types of fuels, aviation fuel for example, they need to be liquid transportation so regardless of these are the options that the country can think about, there’s a clear need for what we’re doing.

Leslie Pezzullo:  There you go.

Paul Grabowski:  There we go... I don’t believe, John, you might correct me… I don’t believe that the consortium is looking at producing pipeline quality gas. They’re looking at producing finished fuels of some sources.

John Holladay:  That's right. We're—we're not looking at producing gases; we're looking at producing liquids.

Paul Grabowski:  So, then, short of research, that question, there may be slightly more information on this. So, I guess the Competitor for Pipeline quality gas, would be national gas, which at this point is extremely cheap, so to take a biomass, through some sort of computation process to a quality gas is at this point, seemingly a starter. I mean, let's not say that there are some technology and process out there that might in the future be competitive, but at this point, it's extremely difficult to compete the cost of natural gas.

John Holladay:  I think there are certain companies that are looking at some options in certain part with Eastern Europe, where natural gas isn’t as prevalent. But, it's really hard to make that work here.

Leslie Pezzullo:  Okay, next question, thank you guys. Has computers simulation or how computers simulations has been used to see the result that would occur commercial level or any this prophecies?  I think we're talking about either occasional penetration and to the market, and or cost deficiencies that may be towards the Techno Economic Analysis?

John Holladay:  Yeah. Okay. I'm glad that you clarified, because I think that it's completely different. Again, this becomes... we have... I'll answer some two ways. We have a couple of different ways we're looking at this. One is, we are trying to have effective computer models that help us understand the value of what we're doing, and if that's the case, you know the process economic some things like that. That's all part of the computer modeling's from your visitor being done.

I think the way of looking at other types of outside of NABC scenario modeling that when you have, that when you can produce fuels at different scenarios, what kind of market penetration you could have. So, we're not really focusing on that. I think doing others are already have some of that kind of work going on, and you know, we can certainly providing data for that if the time ever chain right, we're looking at that. 
The other kind of work that we're doing now is you know, making sure that we are doing process modeling and understanding of Refining Immigration Operations, and – and how this things that we're doing would impact of refinery in that kind of immigration sense.

Leslie Pezzullo:  Okay, thank you John. One more question, or actually two actually, the catalyst for Hydropyrolysis, generic or are they biomass specific?

John Holladay:  That's an interesting question. You know, in general, the catalysts that are so effective for petroleum often times don't work for biomass. But that’s a really general statement, and, the kind of catalyst that we're looking at in hydropyrolysis range. Frankly, we – we are beginning by really opening up the boxes that we're on the kind of catalyst who want to be using. Other model is playing a key role here, and they're bringing in catalyst that they have developed for petroleum processing, and we're taking a very serious look of those.

PNNL is bringing it from additional catalyst from roles, had come out of programs based on call and others or of other things that have not though look at the day in petroleum refinery, refining. And so, and from these catalyst that I said are, really low cost almost disposable, as it were. And others are more much more expensive. 

So, the answer is, yeah, we are looking at catalyst that are somewhat generic, and we're looking at some that are very specific. I'll make another comment though, in one of the – the projects that PNNL is working on here, we're actually using computer modeling to help us discover and invent new catalyst. And, so, we're using computational tools to help us try to get a better idea of some very specific characteristics we want our catalyst to have, and that those to be examples of, you know, human-made catalyst over biomass. 
Leslie Pezzullo:  Okay, thank you. We're going to do one last question, and then, should you not have gotten your questions answered, we will be trying to work offline to answer them, and get back to you individually. Have additional question, please e-mail Elizabeth. Her e-mail address is available on the seminar page. 
Last question, and actually is – is this some easy one for you guys. Is there a way for interested company to explore participation in the consortium?

John Holladay:  But first, after that would be to contact Dr. Tom Foust, the Executive Director of the NABC. And so, yeah, this is little things that we have discussed as a management team. And, we have discussed for our governance board about how do we bring partners in, and this would be partners that could address a holes that we might have, or as well partners that pick in that have otherwise interest in our work and would encourage people who are interested to go ahead and contact Dr. Foust directly.

Leslie Pezzullo:  I want to thank John, and Kelly, and Tom for being a part of this seminar. Thank you all for participating, and you're wonderful questions, we will do our best to get this posted as soon as possible. And at that time, we will send out an e-mail to all of you with the link. 
If you do have additional questions, please don't hesitate to e-mail either Elizabeth, or – or Department of Energy Biomass Program. And we do encourage all of you to take the survey as you accept the seminar. Again, thank you very much, and I hope you have a wonderful day.
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