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Joanne Morello:  Today we’re going to be talking about, as you know, “The Promise and Challenge of Algae as Renewable Sources of Biofuels,” but I do want to note that it is the first in a series, we’re hoping, of educational and outreach style Webinars to inform people about the different technology areas that we focus on in the Biomass Program. The topic of the next Webinar is to be determined, but it’s probably going to be sometime in November. And for this Webinar, we’re not having video feed because this is the first one, so we’re still working out the kinks here. You’re going to be viewing the slides and you’re going to be hearing the presentation; but, in the future we hope to have video feeds so you’ll be able to see the presenters as well. So once again, welcome. 
So I want to introduce myself, my name is Joanne Morello and I'm a triple A S (AAAS) Science and Technology Policy Fellow working in the Office of Biomass Program at DOE.  I, along with my colleague Ron Pate, who is a scientist from Sandia National Lab, are here to help manage the algal R&D portfolio and do strategic planning to that end. We have several other team members here that work with us and manage the algae program (the emerging algae program,) at the Biomass Program, and I’ll mention them later. So I do have to mention of the start that this is a technology-related presentation. We’re going to be talking to you about how you make fuel from algae and what Biomass Program is investing in along those lines. So we cannot unfortunately - we’re not policy makers-   we cannot unfortunately discuss policies  towards algal biofuels. 
So finally, I want to say before we kick off that because this is the first Webinar, we do welcome your feedback on what you think of this and that. At the end of it, a feedback form is going to pop up, and we encourage you to fill that out so we can know what to improve and what you like for the future. So let’s begin. 
Okay so just to give you an outline of what we’re going to cover today, Ron Pate here is going to give you an introduction to the Department of Energy Biomass Program, what we do here and talk about our emerging  algal biofuels initiative. So why are we getting involved in this algae thing?  And what are we planning to do, and what sort of investment have we made so far. 
And then in the second part of the Webinar, I'm going to talk to you about the National Algal Biofuels Technology Roadmap that we released over the summer and this is going to be more of a technical discussion about the algal biofuel supply chain and what we’ve identified through the roadmapping process as the remaining R&D challenges.
And then at the end, we’re going to feature four presenters that are representing algal R&D consortia that we have funded in the last year, and they’re going to talk to you about the different challenges that they are tackling in their research. They’re interdisciplinary groups of scientists from multiple institutions that  are going to address these issues for us. 
I just wanted you to know one more thing, [sorry about that] and that is that you’ll see that there are two short Q&A periods after parts 2 and 3. As we’re going through the presentation, we welcome you, through your GoToMeetings software, to send us in some questions as you think of things, and due to time constraints and the volume of attendance for this Webinar, it’s unlikely we’re going to be able to address most of them; but in those Q&A periods,  we are going to pick up some of your questions and answer them.
Okay so now I'm going to hand it over to Ron to talk about what we do in the Biomass Program. 
Ron Pate:  Well, I wanna welcome everyone who is joining this Webinar and thank you for your attendance. First of all I'm going to walk through, before getting into the OBP program (the Office of Biomass Program) and investments that are being made here, I'm going to talk a little bit about the context for biofuels and why it’s of value or interest to us. 
First and foremost energy security and the desire to reduce dependence on imports is a part of the rational or the motivation for biofuels. It has been for a good while. And in more recent years, there has been greater concern about the desire to reduce greenhouse gas emissions. And biofuels, if done properly, have attractive features that could make them suitable for contributing to both of these issues. 
In the first place, they are one of the only or best options in a renewable stance to displace fossil-based liquid fuels, and then secondly if done appropriately they can reduce greenhouse gas emissions. Not all pathways are the same and so some biofuels if done improperly, can actually be no better than petroleum fuels, and could even be worse. 
However, if it is done properly the energy balance and the greenhouse gas emissions can be reduced. And the goal is to reduce them significantly, at least greater than 50%. And then finally it’s something that can be produced domestically and so can contribute to the U.S. economy in that way. 
Now the issues are that biofuels have to be able to affordably and sustainably scale up to huge volumes, commercial scale volumes, that can make a significant difference in our use, and then in the process, it has to be done in a way that it provides good energy balance, and by that, I mean you want to have more energy output in the fuel than you consume in the process, and good greenhouse gas footprint, in other words reduced greenhouse gas emissions. 
Next slide please. 
So to put this in context, we’ve got here a quick snapshot of some of the fuel use and emissions information that we’re currently dealing with today. In terms of fuel use for transportation, gasoline blends are used at a volume of about 140 billion gallons per year. Diesel fuels for transport are somewhere in the 45 to 50 billion gallon per year range. Aviation fuel is upwards of 25 billion gallons per year. And the grand total is – is in excess of 200 billion gallons per year. Now a good chunk of this fuel is produced from imported petroleum, so that’s one of the issues of the challenges for energy security in terms of our reliance on foreign sources. 
Secondly, the burning of this fossil fuel generates somewhere around 20 pounds of carbon dioxide per gallon of fuel consumed, and so there is something like two billion tons of CO2 per year emitted by our transportation sources across the board, aviation and  and ground transport. Now this is a sizeable percentage of our total emissions, and it’s not something that can be captured or sequestrated in ways that are being looked at for other remitters and so biofuels have the particular benefit of reducing this at the source by transferring over to something that is more carbon neutral. 
Now in the process of looking at biofuels and other alternative fuels through petroleum, we have to recognize that end use sufficiency also needs to come into play, and so it needs to be a complimentary balance of those two things. 
Next slide please. 
The policy drivers, and this is the only real discussion of policy that we’ll have during this Webinar, are shown here. It’s basically the renewable fuld standard that was established beginning with EPACT 2005. That’s the Energy Policy Act of 2005. And the  EISA—basically, the energy bill for 2007, which established a renewable fuel standard of achieving  36 billion gallons of renewable fuel by the year 2022, and you can see here the profile of productivity that is desired out of this.   
Corn ethanol is indicated in yellow, and corn ethanol which has been with us for a long while and is commercially mature and is growng substantially over the last few years is capped out at 15 billion gallons per year with the remaining 21 billion gallons of the standard to be supplied by cellulosic or other cellulose or renewable based feedstocks, and so these are labeled here as a various biomass cellulosic and advanced biofuels. 
Next slide please.

Sorry for the break, delay here. To put this into implementation, the Department of Energy is pursuing biofuels through several offices within the Department of Energy; however, today we will focus on the Office of Biomass in the Office of Energy Efficiency and Renewable Energy within DOE, EERE is shown here under the Office of Energy, and this is the applied side of the house. This is opposed to the, or in contrast to, the Office of Science, which is shown to the right, a series of organizations there. The Office of Science is much more fundamental research and development based, whereas the Office of Energy is much more applied in terms of R&D, applied R&D, and commercialization demonstration, deployment types of activities. Within EERE, the Office of Biomass Program is one of the technology areas, and it is shown here– highlighted in the green box. 
Now there are successive generation of biofuels that we are looking at or that are on the table basically as we look at biofuels across the board, and this is simply an illustration showing how they differ and where DOE is putting the focus. Corn ethanol or starch-based ethanol and sugar-based ethanol are commercially mature technologies that have been active in the commercial market for years and that’s an area that the DOE is not really involved in, except for perhaps a few minor efficiency improvement projects that come into play.
The lion share of the focus of DOE’s biofuel portfolio the last two years has been cellulosic ethanol which is the next generation fuel. It’s still emerging, in terms that commercial ethanol plants using lignocelluloses are still not available but they’re in the process of being piloted and demonstrated and in more recent times within the last year or two there is a trend, a move towards advance biofuels that go beyond ethanol and are looking more at hydrocarbon type fuels from biomass that can be viewed as more compatible with the existing energy infrastructure and by that I mean pipelines, storage tanks, processes, processing and use and engines. Algae are part of that advanced fuel direction. 
Within OBP or within EERE, the Office of Biomass has the fundamental mission of transforming our resources in biomass into usable cost competitive high performance fuels and products, and these are being done through targeted research development and demonstration and commercialization activities. It’s done with industry in conjunction with the end user groups and industry and is generally cost shared. 
The focus areaof today currently are cellulosic ethanol, advanced renewable fuels that are more hydrocarbon based, and biopower, which is a new initiative that is starting up in 2011 and the goals again are to achieve a portable sustainable scale up to reduce greenhouse gas emissions, to increase overall resource utilization efficiency in terms of the inputs that are required to increase the production system’s performance and reliability, on the assurance of the supplies of these fuels and in that way increase our national security, reduce our reliance on imported petroleum and contribute to the domestic economy. 
As part of this effort the advanced biofuels initiative was established a couple of years ago in the Office of Biomass and one of the pathways that was initiated at that time was looking at algae as a feedstock and that resulted in the roadmap effort that Joanne is going to talk about in more detail in a moment. The National Algae Road Map Report was actually finalized and made public this past June and can be found at the Web site that is shown here. Now this is building on past efforts. 
Algae have been around a good while. The last 50 years there has been quite a bit of applied research, it still very much is an emerging field in the sense that not that much has been invested in it compared with other technologies; however, we did actually invest in algae biofuels back in the 1978 through ‘96 period. This is known as the Aquatic Species Program and something along the lines of 25 million dollars was invested during that period of time. And one of the excerpts shown here from the close out report that was published in 1998 is basically projecting that even though that program is closing out, algae may very well come back into play and be used as feedstock sometime in the future, and this point is the future as far as DOE is concerned so we are moving forward with work in algae on that basis. 
Why algae?  Well the potential for algae is fairly well known for those who have looked at it and this is a cartoon illustration showing that in terms of the land use and productivity potential of algae,you see that in comparison with other oil crops, microalgae can be orders of magnitude higher. Now there are a lot of assumptions that go in to this however, and we see that the potential productivity of oil from algae is shown here with an order of magnitude spread. The fact is there is potential that needs to be realized and there are some challenges that need to be addressed which we will talk about later, but this is simply showing that if these challenges can be achieved, the foot print and the inputs required for algal biofuel production are substantially reduced relative to other crops that we know well; for instance, corn and soy which are shown here. So the idea is that we can reduce the land footprint required and reduce the pressure on fresh water because algae does allow for the use of nonfresh waters. We can reuse nutrients. We can reduce the risk the impact on lands and other ecosystems if this is done properly. And we can recycle CO2 and organic carbon and depend on nutrients from waste streams. 
Now there are a lot of things that have to be done to make this work; but, these are all potential and suitable advantages of algae. The OBP program involves different classes of projects that involve different organization and this is simply - it’s kind of a confusing map - but it’s a map showing the Venn diagram intersection of different program types and the types of organizations involved. For instance, there are R&D consortium projects that are going to be talked about later in more detail that involved the universities, national labs and industry. There are SBIR projects that involve small business. They are international partnership organization projects that involve usually national labs and some industry and so on and so forth. So OBP has a portfolio of project types. There’s a map coming up that will show, nope did we miss it?  

Joanne Morello:  Uh huh.  
Ron Pate:  Maybe not. OBPs investments have really ramped up in this area within the last year or two primarily because of the stimulus package and so we see here a pie chart showing FY2010 investments. It’s just shy of a billion dollars and it’s based on a lot of stimulus money, nearly 800 million in stimulus package, but a good portion of this is going toward algae and there are two primary  categories or algae deployment projects which are integrated bio-refineries and then various algae R&D projects, which we’ll discuss later.

This is the map I thought was coming up earlier. This is showing the different types of projects that we have that are algae-related. The categories are shown. Some of these are core projects like analysis. Others are the pilot and demo IBR projects, international collaborations and the consortium R&D. 
The Integrated Biorefinery Projects that are shown here involve a lot of other technologies. We’re not gonna dwell on these at all in this Webinar because there will be a future Webinar that involves, focuses on IBRs. But this is simply to show that three of the IBRs funded this last year are algae related, and they are highlighted here. 
There’s a Sapphire project in southern New Mexico. Algenol has a project in south Texas and Solazyme has a project in Pennsylvania. There are four consortia that are really the lion share of the R&D investments for the next couple of years. The National Alliance for Advanced Biofuels and Bioproducts has the largest investment, nearly 50 million dollars in recovery funds. Cellana, the CAB-Comm consortium in San Diego, or in  southern California area, and the Sustainable Algal Biofuels Consortium led by ASU are all at lower investment level; but, they are all multidisciplinary and complementary, and this will be discussed in much more detail in just a moment. 
And that concludes the overview of the motives, the motivations and the program at OBP, so we will now transition back into Joanne’s discussion of the roadmap.
Joanne Morello:  Okay. Thank you Ron. So, we’re gonna switch gears here to actually talk about, after you learned about sort of what we do in Biomass Program and what our investments are in algae so far, we’re actually gonna talk about the nitty-gritty of how you actually make fuel from algae for people that are not familiar with this field or how you do that. This has been in the popular media a lot lately, and I think a lot of people are curious about how you can actually make fuel from algae and if this is something that will actually come into commercialization and make a significant contribution to our liquid fuel consumption in the U.S. 
So Ron made mention of the National Algal Biofuel Technology Road Map. This was released by our program over the summer and this in essence was  a few years in the making and essentially kicked off our reinvestment after many years after the Aquatic Species ProgramSo how this workshop came or how this roadmap came about was it was the result of the workshop that Biomass Program held in 2008.  This brought together over 200 algae stakeholders, which came from Academia DOE National Labs Industries, NGOs, etc.
We brought these people together in order to help us learn when the real state of the algae biofuels field was and what the existing R&D challenges were. Essentially, it helped us to plan and guide our priorities I suppose in biomass R&D related to algae. 
So the roadmap itself captured the discussion of all the stakeholders at the workshop and then additionally we got external expert advice both in the workshopand through many contributing authors to the roadmap. Some present at the workshop, some were not. And it also went out for a public comment period where we got the input of many members of the algae field and the public which we incorporated as much as possible into the roadmap.
So the roadmap is our guiding document for  technology areas of algae, and as I said, the important part about it is the R&D challenges that it laid out and that we hoped to address in our portfolio. And I do want to mention that at the bottom of this there is a link that if you go to this you’ll be able to download a pdf version of the roadmap and it’s free.

Okay, so to start off very simplistically, how do we get fuel from algae?  And it seems rather simple in the sense that you cultivate algae. You have to harvest the algae. Break it up into the pieces that you want and then take the piece that you want and convert them into biofuels or other products that you can sell for a profit. But we know that it’s a little more complicated than that in that each of these steps are, at this point, still trying to mature or still trying to establish what the dominant technologies are at each of this steps. I mean, under cultivation itself, people are looking at many different types of algae. There is no predominant strain or type of algae that is prevailing yet.
There are many different cultivation strategies that are being employed which I will explain soon. There’s a lot of resources that go into algae cultivation and like agriculture, this is an energy intense system or resource intense system and this contributes, this could be problematic, in trying to make your end products be cost competitive with petroleum products. Algal harvesting and dewatering and fractionation extraction technologies, and again, I’ll talk about what this mean, and I’ve get to this more in a few minutes, here are many technology options for this, and at this point, we’re exploring a lot of them. And then finally for conversion, you can get a lot of different types of fuels from a lot of different conversion methods or other types of products out of algae. And what technologies are gonna dominate there and when you make your product is it gonna be infrastructure compatible and is it going to have a market? 
 And while we think about all of this, these steps individually in the Biomass Program through  R&D, we also have to think about some crosscutting issues, and that is  when you put all these processes together. Well first of all, is it scalable?  As Ron eluted to the scales that we think we’re gonna need biofuels, to create biofuels, to make a significant contribution to our domestic consumption of petroleum. I mean, it’s a lot. So the scale up is going to be a significant challenge, and it obviously needs to economically sustainable so that your final fuel product is - you can reliably provide it and its cost competitive with petroleum and it has to be environmentally sustainable, which not only has environmental implications, but also economic implications. And sustainability is a major part of our program here at Biomass, and it’s crosscutting in everything we do. 
So this slide is another version of the supply change, but really what I'm trying to get across here while you  think about algae and you think about the fuel, and there are multiple pathways to get from point A to point B and at this point we are trying to explore as many of this as we can. And I won’t go through all of this too much because I'm gonna go through and expand on each step but as I said there’s multiple types of algae, multiple ways to cultivate them and then the technology  to process them into various products and end uses. 
So  before we, sorry about that, I do wanna go on and explain a few definitions here for people that aren’t familiar with these terms because we’re gonna be talking about them . Cyanobacteria. We are considering them algae for the purposes of biomass program, and  they are photosynthetic bacteria. Unicellular microalgae, what we traditionally think of as algae and they’re unicellular  so it’s similar to bacteria in that regard although they are eukayotes instead of prokaryotes, and macroalgae are what we all think of as seaweeds, so an algae that you can visibly see is a  multicellular organism. 
So we consider all three types of algae to be algae for the purposes of our program and then for cultivation we have what we call open or closed systems which I’ll explain a little bit more in a few minutes so I won’t go into that here but an important distinction in cultivation is also phototrophic versus heterotrophic approach. It has to do with basically what carbon source you are using to grow the algae. Phototrophic is when the algae are carrying out  photosynthesis and consuming CO2 and converting that into their macromolecules, and heterotrophic is where you are actually feeding the algae sugar and then that carbon gets used in various ways, one of which can result in your hydrocarbon fuel product. 
The phototropic and heterotrophic are two very different ways that people are looking at growing algae, that we will referenced later. And I think the only other things that I wanted to say  here real quick are for people that aren’t familiar with the concept of biochemical versus thermochemical conversion. A biochemical conversion is when you break down the biomass via enzymes into sugars and these can be fermented into ethanol or other advanced fuels. This is what happens in what we think as cellulosic ethanol. Thermochemical conversion is complicated but basically when you’re heating up the biomass under some amount of pressure and you convert it to either a liquid or gas state and then this can be refined through traditional catalytic processes into different types of fuel. The biochemical are enzyme driven and thermo is more of heat driven. That’s a generalization of what these two things mean so you’ll know in the future. 
So next side please.

Okay so we’re gonna walk through the process a little bit here. So first off is the algae strain selection and as I said there are different types of algae which for me here looks like the graphic is not showing up, so I apologize for that. If you all cannot see the graphic it’s a picture of the three different types of algae that I just eluded to – Cyanobacteria, microalgae and macroalgae. Those are different types of algae and they have different characteristics. So depending on which type of algae a producer wants to make is gonna affect certain downstream processes. For instance macroalgae being that they are larger organisms are inherently easier to harvest than microalgae or cyanobacteria which are unicellular organisms and they are harder to get out of solution. Another thing is that macroalgae and cyanobacteria, less so the microalgae, although this is not true across the board, are thought to accumulate less lipid and more carbohydrate so you might be interested in going after a fuel that you can derive from carbohydrate as opposed to a fuel you can derive from lipid, or processing the entire algae itself. So again that’s a generalization but the type of algae does affect everything downstream of it. 
So it’s an important decision to make and many people are considering just looking at native strains of algae so instead of trying to induce cultivation of any one particular type of algae, you see basically whatever falls in and what the native community is and they can look at mixed communities or they can try to promote one particular native algae. 
And as I said I think what people are going for when they are trying to find an algae is a productive algae. Obviously this depends on whether or not you’re going after lipid and you want to optimize lipid productivity or whether you’re going after whole biomass then you’re really just trying to grow as much algae as you can. But besides productivity which seems like the obvious factor, you also want them to be stable in culture especially in an open environment, but this is also true in closed systems too, maybe less so that environmental changes are going to be an issue because theirs is a more controlled system when they are closed. But in all cases you have to worry about predators or pathogens getting into the system and this is something where you control though a combination of your strain and the way you cultivate them. You want to just make sure you have a stable algae that’s gonna be consistently producing fuel. 
So then we thought about our algal strain selection and what we wanted to do with that. We are interested in many different types of algae and really in terms of R&D we feel that we have to know more about algal biology. What controls the production biologically?  It’s sort of a genetic on up level. The important molecule, be they lipids or something else that you need for biofuel production and what helps to contribute to stable culturing either of an individual algae or a mixed community.
So this knowledge would  help us  in the future select breed or engineer more ideal algal strains similar to what has happened in agriculture and plants over many, many years. 
Okay. So it looks like there might be another graphic that is not coming up for some reason which is disappointing because that’s a cool graphic. So basically once you have your strain of algae that you want to grow or your community of algaethere are several different types of ways you can cultivate algae. 
First important distinction is actually the type of vessel that you grow it in. People are looking at a lot of different approaches at this point. Open ponds are sort of the traditional approach in the sense that people have been looking at that for a really long time. It’s basically exactly what it sounds like. You’re growing a pond of algae, sometimes it’sopen,  sometimes it’s not. Typically there’s something that keeps the water moving to keep the algae mixing properly and keep them up towards the surface where they can reach the sunlight. And one of the reasons that a lot of people are pursuing open ponds is because the capital and operating cost are typically thought to be less than the alternatives. But you can often struggle with productivity and inconsistency issues because of the fact that you’re growing the algae outside so they are exposed to the elements and temperature fluctuations and seasonal fluctuations and what have you. I do also want to note that when I was talking about algal strains before, that in many open pond systems people do see throughout the year, seasonal shifts in the type of algae that they grow and this obviously makes complete sense as the weather changes, different types of algae are gonna prevail.

So the second type of system that people are also really looking at are closed systems which I sort of describe here as being enclosed, clear plastic vessels. We call these photobioreactors. They’re closed because the algae are physically enclosed in a tubular bag or something like that but we call them photobioreactors because they are clear and light is getting in and the algae are still growing due to photosynthesis and these are thought to generally be more expensive to run and install but because of they are closedyou can get a little more consistency with the productivity. 
And another closed system is actually a tank which could be similar to a fermentation tank or an actual fermentation tank. And this can be used when you’re growing the algae and you’re feeding them sugars as opposed to letting them carry out photosynthesis to grow and create fuel. And this is also an approach that’s being taken.
And finally, and this is particularly of interest for people that are thinking about cultivating macroalgae or the seaweeds that I talked about, is growing the algae out in the open ocean. Obviously, it has a lot of advantages in the sense of space and abundance of water which I’ll talk about in a minute. These are big challenges for algal biofuels but there are regulatory issues with trying to grow in the open ocean and you have to make sure that the algae is somewhat contained in some way and you can get your levels of productivity high, and that your cultivation vessel is stable in the open ocean which we all know is somewhat an unpredictable environment. 
Okay, my apologies for that pause. My computer froze up. 
So, okay, for the algae cultivation strategies, sounds like people are doing all these ideas so what are really the issues. Well, the issue is trying to find the system where you can balance getting good and consistent and high levels of algal productivity with the economics, the capital and operating cost of your system. We suspect that there’s not going to be a one-size-fits-all approach for every region of the country. Climates vary dramatically as you know and the open pond system may not be able to work everywhere as well as the different types of photobioreactor systems. The sunlight or sugars I'm referring to for heterotrophic versus phototrophic approach to algae: areyou’re going to rely on photosynthesis and take advantage of free CO2 in the air or are you gonna feed your algae sugars?  Both approaches are being explored and finally as I mentioned whatever your cultivation system is, ultimately you’re just concerned about getting your product out and you have to make sure that your system is optimized for  really good consistent growth of the algae and maximize productivity of your product  be that lipid or you’re just trying to grow as much algae as you can. 
Okay. So far cultivation isn’t just a matter of putting algae in some water or in the ground and it will grow. Algae, like plants, need a number of resources to grow. So one recourse that  not a resource necessarily but I mean it is in a certain sense, is land. Now we’re very interested in algae as Ron said because compared to traditional oil seed crops like soy bean, we hypothesized that we could get much more oil per acre from something like algae than we could soy beans. So relative to plants, we think there’ll be a decreased land footprints – land requirements for growth of algae, they still do require land and most likely it may have to be flat land and you’ll have to have good access to water and other things that you need. So there are some constraints for that. 
Now a big reason people count on algae is because they can be grown on non-aerable land which basically means land that is not being used for agriculture or other purposes so land that is out of commission or it’s just unsuitable to grow crops, but could grow for algae because they don't really care about the soil. And they could use waters of various qualities which takes us on to the next aspect of water which though a big advantage of algae is that they can use non-fresh water, whether it would be blackish or saline or ocean water or something like that or waste wa6ter which we will talk about in a second, the fact is that they still require a lot of water to grow and this is gonna be -- this is an issue that we think about a lot in terms of algae, how we’re gonna be able to sustainably do this  in terms of water and maintain access to nonfresh sources.

As far as the carbon source like I said CO2 or sugars, this is interesting because you can get CO2 from the air but a lot of people talk about using algae for beneficial CO2 reuse so I have here a picture of a smoke stack here and many people are thinking about using point source CO2 from either a power plant or cement plant for example, which are both large CO2 emitters to feed their algae. Obviously the issue is to try to be in close proximity to that CO2 source, but this is a way to take it out of the air and recycle it through the algae into your fuel product. 
And then sugars, sugars come from a lot of different places. There’s obviously traditional sugar that we think about; but, a lot of people are thinking of using the lignocellulosic sugar; said the same sugarswe’re trying to or we are using to make cellulosic ethanol and  feed to algae as well. So  we are going to think  of cheaper sugar waste – sugar waste streams, I suppose, as opposed to just conventional sugar. 
And then nutrients are another big issue, algae need nitrogen and phosphorus and other nutrients just like plants do and how much is this commodity going to cost in the end to add to your algal ponds. And electricity –  in all the cultivation systems you need electricity to run these bioreactors even if they’re in an open pond. 
Ifyou wanna grow algae where are you actually gonna site your algae farm. There are many different propositions out there and people are trying many different things. So waste water treatment is popular because it not only provides a nutrient strain but it is also a nonfresh water and it sort of kills two birds with one stone. A problem there is  –or something we’re interested in learning more about, is how the algae reserve or absorb contaminants from the waste water.  How that would affect downstream processing of those algae in the field  or not. 
Other people are considering coupling  aquaculture with algae; it provides the infrastructure there in terms of the ponds, etc. I talked to you about using point CO2 sources and marine environments, where obviously water is not an issue there for the most part, and sugar waste streams (as an example like I said lignocellulosic sugars and also  pulp and paper waste streams). And these are all very important and like everything else I mentioned in terms of capital and operating cost is ultimately gonna affect the price of your biofuel. And the name of the game is to get cost-competitive fuel.
So the challenges for resources, I won’t belabor this, but we want to be able to access all of the necessary inputs and still maintain a cost competitive or cost effective cost competitive and  environmentally sustainable processes that is not going to be as detrimental in the long term. And is recycling of water, nutrients and energy within the system going to befeasible and is it going to be necessary  to achieve that bottom line? 
So harvesting and dewatering. So you have your algae pond and you’re growing up algae. Well the big problem with algae is taht ou’re looking at 99% plus water and especially in the case of cyanobacteria and microalgae, unicellular organisms that are in suspension in these cultures, you cannot process water of those volumes. Algae needs to be concentrated. A lot of that water needs to be removed. This is a very – there are technologies that can achieve this now but it’s a very energy intensive process when you look \at the analysis of the whole process, and we think that the current technologies are likely to be too expensive. They are not scalable. They add things which would  adversely affect downstream processing so these are concerns and really in terms of harvesting and dewatering I'm not going to mention all the different available technologies by name for this purpose sorry about that, but I encourage you to look at the road map. Actually, as I go through this, if you have any particular question on any of these technologies here that you are interested in, there is a lot more detail  in the road map and for instance this stepof processing and fractionation which I gonna talk about next. There are many different technologies for this that people are exploring and instead of mentioning them all by name I would just encourage you to go to the roadmap and see what was written up about each of them and you can get an idea at the different types of things people are doing. What we would like is the technologies to be evaluated, and improvements are likely  to be made in terms of their energy intensity (the cost of installing and running this systems and like I said); scalability is a big issue because these things have to be scalable to a grand scale. So fractionation: so you harvest the algae  that is concentrated. We do not believe you have to get the algae completely dry. We think that or you know, preliminary analysis that we have seen since  indicates that if you takealgae to complete dryness, it is gonna basically expend too much energy to make the whole process worthwhile. But you get to some reasonable level of dryness, and remove a fair level of the water, and then you have to separate the algae into the different components that you want. So traditionally in terms of biology, we think about this as being carbohydrates, proteins, and lipids that algae are made of. I will talk in the next section about what we could do with the different components in terms of making fuels. Obviously a big focus is the lipids and we have here triglycerides and fatty acids as an example of types of lipids that are in algae, that people are really interested in extracting. Again the fractionation and the extraction mechanism, I mean extraction method to get the lipid out. They are sort of coupled. Depending on the method used, there is a lot of different technology to do this again; they are highlighted in the roadmap. So we are seeing a similar issue here where these are energy intense processes that we would like to see improvements in in terms of the cost and energy consumption and scalability. Another thing about extraction is that you are going after a particular product like lipid, you want to make sure you gotten a fair amount of it out, so yield is a big issue. I do not just want to see 10% of the lipid in algae that is only 30% lipid coming out. You want to get at all of it. So in addition to fractionation and extraction, to get the lipids or one of the other parts, there are other things being explored. One of the ways is to convert the whole algae into fuels. So after you harvest the algae, you don’t have to break it up to its parts, you process the whole thing. That is one option I’lltalke about in a minute. Then there’s also groups that are looking at getting the algae to directly produce and potentially secrete the desired fuel or product that they are after through either careful selection or engineering of the strain. And in this case, it will just be a matter of separating the product or fuel that you want from the culture and it may or may not be some additional refining after that point. 
So, okay,  I talked about the algae and we have the three different parts here. So these different parts can go to different products. For instance, lipids are of a lot of interest to people because they can be easily converted or upgraded depending on what you say into the different types of important fuel. There is biodiesel, which can be created through taking the TAG, going through transesterificationprocess and you get a FAME type biodiesel fuel, but the lipids can also be converted through catalytic processes into  renewable gasoline, diesel, and/or jet fuel, and we will need to call it renewable because it is form a  totally renewable source, but it is essentially chemically mimicking petroleum based gasoline diesel and jet fuel. So we see this as infrastructure compatible, advanced bio fuels that Ron mentioned earlier are of growing interest to DOE which is part of the reason that we are very interested in algae because of the ease of which algae lipids can be converted relatively speaking, be converted into these types of fuels that we put in our cars, in our trucks, and our jets. Also the carbohydrates and proteins could either stay together and be used for animal or fish feed or other high value products. The other option could be that they are used for power, they could go through anaerobic digestion to create biogas which could be used for power. Or the carbohydrate could be broken down or biochemically converted by enzymes into fermentable sugars that could then be converted into fuels such as ethanol. Other options for algae biomass areyou could have direct synthesis of the fuel precursor. This could be ethanol, this could be the renewable hydrocarbon that I mentioned; gas, diesel or jet, depending on what your strain can do, or other products. Then also the whole algae itself can be taken and converted by either biochemical, again by enzymes, or thermochemical,  through heat and pressure type approaches, to be converted into fuels or precursors to other fuels. The thermochemical conversion, reqiuireupgrading and after you converted the biomass to gas or liquid, you go through catalytic processes to generate fuels. Or similar to what we could do with simpler carbohydrates and proteins, we could put the whole algae into an anaerobic digester or some other method and generate power or energy. So as you can see, there are a lot of different fuels that can come out of algae. I would say the important thing is that we suspect that it may be necessary to use the whole algae in some way. Not necessarily all in one piece but all the products of algae are going through some sort of positive use to make the whole process work even if it is simply a matter of recycling in the system. I should mention that another option is that the  carbohydrates and proteins,  people are proposing to recycle those that provide nutrients for the algae after they have degraded them various ways. So in terms of converting the fuel, similar to the other things such as harvesting and the watering , there are many technology options here, a lot of them have shown a lot of promise. I guess what it’s gonna  come down to is what fuels, what you want your fuels and products portfolio to be and this is obviously going to affect the algae you choose. It is going to affect how you break it down and it going to affect the conversion processes that you choose.  Petroleum refineries generate many different types of fuels and coal products to support their industry; we see algae as growing into something similar. So, and there are obviously technical issues to choose fromsuch as which different catalyst to use, how the upstream processes are gonna affect the efficiency of conversion, how much energy, and what are the greenhouse gas admissions of this process, etc I have already mentioned all the fuels and products that could possibly come out of algae. These are the only some of the products because these are the ones we often here about people considering. In making those products, obviously you need to think long-term and downstream about the infrastructure of either your fuel or your product and the market for that product and how you are gonna get market entry and is it gonna be compatible which is especially important in terms of fuel and the infrastructure compatible fuel, things like jet fuel. There has always been a lot of emphasis on infrastructure compatibility. It needs to be a perfect fuel. But there is another issue. We are gonna need to think  long term, and that is storage and handling of this biomass and its products and government and industry regulations and standards that may come in to play. So rounding this out here, we are looking at all the steps of the supply chain. We think about this individually and we think about them holistically and one of the ways we think about them holistically is through our analysis program. Technology research and development of supply chains like this has to be coupled with an analysis of both the economics and the sustainability. We often need economics but also environmental and social sustainability of the entire system. This is how we are going to identify the technology options that are improving our cost and our environmental sustainability profile and which step are the hang ups where we are going to need more RD&D. So we are true to state that two types of analysis are important. A techno economic analysis or cost analysis of the individual steps of the process as well as the whole, and a life cycle analysis. We have looked at greenhouse gas emmissions throughout the entire life cycle as well as other footprints such as water. This is something that is also a part of our algae program as we develop this industry. I mean what type of algae?  How are you going to grow it?  What does it need to grow?  How are you going to process that feed stock and what you want?  How are you going to convert it and your fuel product?  The end market issues at the end, infrastructure market and regulations and standards. Some of the things I did not mention explicitly but its kind of spread around  the whole thing is that all this things needed to be integrated into a system and were gonna have to have mass scale of these technologies.  I think that is something else that we need right now, we are working on laboratory and pilot scales for the most part of algae technologies but were gonna have to scale them up in the long term and that is the key that you always have to be thinking about at the same time as you are thinking about other stuff. As I mentioned,  sustainable practices that are economically and environmentally sustainable and  you not usingall of your resources so that in the end it will not be sustainable. So before we shift into the last part of the Webinar which is going to be four of our RD&D consortia which are tackling all these different areas that I talked about, we are gonna have the Q&A. Okay. Anyway, before we move on to the third part, I wanted to mention that there are several others here at the Department of Energy who think about algae every day and our leader Valerie Reed who is currently acting program manager of biomass program, is the conversion RD&D team leader and Rod and I and Joyce Yang and Daniel Fisheman who all work at headquarters as part of what we call team algae which is an unofficial structure, people who are focused on algae bio fuels RD&D in the biomass program. We also have two members of our team which are located at our golden field office in Colorado who help us with project management and that is Roxanne Dempsey and Christine English. So before we move on to a brief Q&A period, I want to note that there are some links that people that might be interested in on our program, EERE, and the algae roadmap, or some other links for other parts of DOE, the Biomass RD&D initiative that we have with USDA and grants.gov.
Ron Pate:  And I am going to chime in here, while Joanne in going through this last section of the road map. I have been taking a quick look at some of the questions that have been coming in. So first of all, I want to say that there is a lot of interest in the availability of the presentation materials that you have been looking at and those  that will be coming in the next hour or so. The point that I want to make is that all of these materials will be available. They will be available via the web in probably a week or so. I presume they will also be downloadable from there,  and whether or not the audio, whether a pod cast, or some other sort of recording of the entire session might be available, I do not know but it is possible so we will look into that. There have been several questions about why other microbes have not been added to the list of algae?  First of all, cyanobacteria definitely are part of algae, as defined, and the question is whether other things like duckweed are being considered?  The answer is, at this point, no. Not because they are not important or interesting. It is simply, we have to draw the line somewhere, so right now algae is defined as a microorganisms and microalgae and cyanobacteria and macro algae. The micro version: both the photoautotrophic, as well as mixtrophic and heterotrophic. There were several questions about prices and cost and what is it really mean to be affordable?  I think at this point, It is still an emerging technology and field in terms of there are not well established systems and processes yet that allow for doing the kind of in depth techno economics and even life cycle analysis that is truly needed that will be coming over the next couple of years based on both the large scale pilot and demo systems that are going on as well as the algae consortia work. So right now, the preliminary cost analysis that has been done over the last year  by many of us, I am sure many of the folks in the Webinar itself are listening in,show prices that are wildly across the map and projections that are at this point yet unsubstantiated. Ultimately to be competitive, it will depend on what the price of petroleum is and fuels that are based on biomass will need to be competitive with petroleum based fuels. Unless some sort of incentive policy driven incentives like subsidies or what not are implemented. That means that the cost of feed stock has to be down to the equivalent of several dollars per gallon of fuel. Processing cost to convert that feedstock into a finished fuel are an incremental cost relative to the feed stock cost and typically are gonna be in the range of 25 cents to 75 cents per gallon, depending on what the technology is. So this right now is still very much an emerging field and a moving target. It is difficult to put a cost. In fact cost targets do not yet exist at DOE. However, that is coming  for the algae program, over the course of the next year or two. Cost targets will be implemented in the program planning. Let us see. The question about the cost of sugar or the availability of carbon feedstock for heterotrophic approach was asked, and heterotrophic growth is a very promising approach for algae because you can achieve increase culture densities and increased oil content relative to open approaches with the photosynthetic approaches. It also utilizes well known technology in terms of closed industrial bio reactors. The challenge however is where the carbon feed stock going to come from?  You are basically pushing the sustainability and cost issues upfront in the feedstock production or the, excuse me, sugar or carbon feedstock that has to be provided. Commodity sugar is certainly a workable approach and of course it’s gonna depend on sugar markets. That will also be limited in terms of ultimate scale or impact in other food and feed markets. The long term goal for sugar sourcing will be from lignocellulose and it is similar to what is being worked on now for lignocellulosic ethanol and that is the deconstruction of lignocellulose into C5 and C6 sugars that hopefully can be brought down in cost to the point where it will be a viable approach for both heterotrophic algae as well as for cellulosic ethanol. Waste streams that involve sugar waster are certainly another approach and are definitely something that needs to be taken advantage of. The ultimate scalability of that will be limited simply because there are only so many waste streams out there that will allow for scale up of huge volume of fuel production. So there are stepping stones, the localized needs or opportunities, but the ultimate goal will need to be creating sugar or organic carbon feed stock from lignocellulse. That is probably enough time taken for Q&A at this point so I think we better move on.

Joanne Morello:  Okay just bear with us here while we upload the next presentation. Okay sorry about that. 
Ron Pate:  Okay. We have changed the order of presentations slightly just to adjust for some scheduling issues. Mark Huntley will be first up and Mark will be giving an overview of the Cellana consortia team. Mark are you available?  Are you online?  Okay Mark you will need to un-mute, you’re on. 
Mark Huntley:  Okay. I am un-muted.

Ron Pate:  Real quickly. Mark, I guess you represent both Cellana, University of Hawaii, and HR bio petroleum so I do not know which you prefer to be affiliated with but thank you for being available and the floor is yours.

Mark Huntley:  No thank you. I am going to talk about the Cellana consortium in this area. So I can move to the next slide here please. I take it that is under your control. Is that under your control?

Ron Pate:  The slides here are.

Mark Huntley:  Okay great. Yeah. So briefly, here are the members of our consortium. University of Hawaii in clockwise order here is San Francisco State University, Duke, Cornell, and Bodo University College of Norway and the acronym GIFAS which if if I could speak Norwegian and you could understand it, I would tell you what that means but it is an experimental field station for our co-product feed development exercisesm and then the University of Southern Mississippi. Then, based in Hawaii, Cellana’s Kona Pilot facilities. Next slide please. I am gonna repeat here a little bit of what has already been said so I will go over this briefly but just to make, I do not need to make the point about the relative productivity of algae but just to say that what our current production at the Kona Pilot facility for the current strain that we are producing is around 800 gallons per acre per year. We have an internal target that we like to shown here in terms of total dry matter per hectare per year that we are aiming for in the course of this process. Next slide please. On the next slide, just makes the point about the total amount of land required. I think everybody accepts this but this is a calculation based on, this shows the current bio energy crops in cultivation per FAO’s statistics from 2007. As to the question if we are to take our current production that I showed in the previous slide and produce algae, then how much land would be required ?  Anyway, it is just another way of showing what you have already seen so we can go to the next slide. We also liked the kinds of oils that algae made. Again this is going to the point of strain selection as Joanne pointed out earlier. If you are headed towards a particular end product, you might want to have that favored in the biomass feedstock to begin with. So here is an example of three different algae strains from our collection that have we think a favorable profile  with regards to having relatively short chain lengths and a high degree of saturation compared to palm and soy. Next slide. So in brief, what we like about marine algae, aside from the productivity. Next slide please. Aside from the productivity, again as has been pointed out, agriculture land is not necessary. At least in our particular process, no herbicides, and no pesticides. I will say no GMO’s, and this is not to say anything against GMO’s just to say that it is our particular choice  to work with native strains in the area where we deploy so I will talk about that a little bit more. Cellana has developed a quite extensive collection of local strains and then finally of course, using sea water obviates the need for the less abundant sources of fresh water. Thanks. Next slide. So this just shows our current pathway. I point out that  this touches down the different areas in the technology pathway that have already been gone over, cultivation, harvesting, dewatering, processing and ultimately products. Just to point out that we are working on some portions of this pathway with respect to DOE and with respect to this program. Other portions in particularly the processing and the fuel products are not part of the DOE program although we are continuing to do work on that area ourselves. As a background, our consortium has been working together since December of 2007. The new member in the DOE program is Cornell University, but all the rest of us have been working together for the past few years. We built the Kona Pilot facility, which you see in aerial view there at the left, and completed construction commission on that late last year and have been operating since the beginning of this year. We have made some small amounts of fuels and we have use the defattedbiomass to do some initial demonstrations for the application of usingbiomass as a fish meal replacement in aquatic animal feeds. And then we also have as I mentioned before a unique strain collection of over 500 native strains have been recently isolated from nature and which have been comprehensively screened. I will talk a little bit about our screening program. Going forward, we are now producing about a metric ton per month running one strain at a time as you can see in the photo there in your left. We have six ponds. Basically we can run two strains at the same time. We are currently just doing one. Okay. Next slide please. Focusing on the strain development, just want to emphasize so this is covering the strain selection comprising the far left and kind of amplifying work plans that we have on what we are doing under the DOE program. We are starting with the base here of our existing culture collection which has already gone through if you see over at the far left the Cellana strain collection. We have already taken this through high throughput screening, characterized this all. Our focus is now on improving these strains so we think with a few hundred strains we have enough of a baseline now to begin making some improvements. That program is focused primarily on non GMO approaches to strain improvement,  we will call this husbandry so formal selection or breeding. Throughout there, that is being supported by the biochemical characterization, a common theme throughout this whole process. Just noting that this is giving us total lipids, lipid classes, total protein, amino acids and pigments as the primary. As the primary we have other variables for measuring but these are the common standard operating procedures or methods that we are sharing in harmonizing throughout the consortium because many people make these measurements. In the high throughput screening, we are in particular interested in growth rate, lipid content, salt tolerance is important because in any kind of environment where you have an open pond you will get significant amounts of evaporation through time and no matter what water source you start with. It is gonna get saline over time. So the ability of the strains to withstand increasing salt is important. We also have some parameters that are related to high ? that we measure in the screening. These are dependent upon of course the harvesting process that one is using. We were also looking at trying to minimize the amount of inorganic materials,  we’re selecting for strains that are low in ash. The metabolic pathways, this is the new focus being brought in by Cornell. Essentially we are going to be picking one or two strains here early on and the first intent is to characterize the lipid synthetic pathway and develop a rapid assay that can be used to tell us when the various important portions of the pathway are turned on and making lipids. Ultimately the goal strain development is to deliver improved strains. Thank you. Next slide. On the cultivation side, we are using what’’s been referred to as a hybrid system, combination of pseudo bioreactors and ponds and our main intent here is to optimize the environmental conditions. We are focusing on optimizing environmental conditions in the ponds with a particular focus on three areas. Hydrodynamically induced flashing light, this is where we take advantage of the well-known flashing light effect for which we have strains that have been characterized as to how much the flashing light will infect the productivity. Then seek to produce those through the use of turbulency that seeks to produce the conditions in the ponds that would facilitate the frequency of flashing light. We are also working on nutrient stress with the combination of macronutrients looking at not just nitrogen but phosphorus and silica as well as their roles in inducing enhanced lipid synthesis. Then as I mentioned also the salt tolerance and carrying through here all the while the above chemical characterization at this large scale looking again at the outputs that I mentioned earlier. Focus in the cultivation area is to optimize the environmental conditions in the large scale culture system. Next slide please. On the harvesting and dewatering steps, we have a two-step process right now that we are using. We are looking again at optimizing that. We have divided this into what we call in-pond harvesting process and “out of pond harvesting process”. So this is really a question of whether you’re carrying out the particle separations in the pond or outside the pond. Just to clarify that a little bit more, an in pond harvesting process, would take, all of this process should take significant advantage of gravity. So that becomes an important criterion in screenings but all this various process that we are evaluating for techno economic feasibility as well as the sustainability issues of energy and carbon intensity. Of course during this process, it is important to continue monitoring the biochemical composition of the organisms so that we’re ensuring that things are at least we know what changes are taking place if any during the process. Next slide. Could you go to the next?  There we go. Thank you very much. Finally, in the processing this is the processing that we are doing in particular to focus on the coproduct development which in our case is the aquatic feed. So we are looking at other processes but not in the context of this program. We are doing what we need to do in order to extract the oil fraction and produce the desired biomass. With that, we are using a dryer and then hexane extraction and aiming at least for something like four metric tons per year with a total of four strains over the period of production. Could be more but again, we need to keep doing the chemical characterization during that process. We have done this before; the process works fine. Then the defatted biomass are then used in subsequent fish trials, as I said, as a replacement for fish meal. On the trials that are planned in particular here are on Atlantic salmon and Pacific white shrimp and those are being conducted by our Norwegian partners. Finally down here at the bottom, maybe in small print but very important is the final design where we will be looking at the sum cost and the life cycle analysis of an integrative technology pathway that would include other processing steps in the pathway. Next slide. So just, yes?  Just to point out some features that are of great interest to us are in particular below. We see these as really significant challenges. I think some of this goes without saying but looking for a net energy production being pretty positive and also low carbon intensity. Our initial calculations based on the analysis that we are working with indicates that we should have a carbon intensity that is significantly lower than sugar cane and ethanol if you look at the new California low carbon fuel standard. We are also interested in sustainable co products. Again that is the main feature of this program, of this project. I will say that the sustainability issue here is a little bit different that it is not just based on carbon intensity, it is not a fuel. But right now we do have a very unsustainable supply of fish meal which is derived entirely from the wild harvest catch from the oceans, which has been stable since about 1980. So we are still, in order to increase the amount of fish production in the world through aqua culture, we are using wild-caught fish. Grinding them up into trash fish making it into fishmeal that feeds aqua culture. That is not a sustainable process. This co product would go potentially a long ways to addressing that sustainability. Next slide please. So finally we are using this full pathway now at pilot scale in Kona producing about one metric ton per month and the focus of this project is to develop new strains, optimize cultivation conditions, evaluate some new harvesting and dewatering ? and demonstrate the co product value as a fish meal replacement in aquatic feeds. Finally deliver the updated design cost and life cycle analysis for a 1,000 hectare facility. Thank you very much.

Ron Pate:  Thank you Mark.

Joanne Morello:  Okay. We are bringing up another presentation here.

Quiang Hu:  Hello. 
Ron Pate:  Okay. Next is Dr. Quiang Hu from Arizona State University will be doing the presentation of the SABC consortium. Dr Hu, take it away.

Quiang Hu:  Okay thanks. So this project proposed by Sustainable Algae Biofuel Consortium or SABC is  biochemical conversion of algae biomass and  fuel testing. This is a two year effort with a total funding of 7.5 million dollars. Of which 6 million dollars is from DOE and 1.5 million dollar is from cost-share. Next slide please. The primary objective is to evaluate the chemical or enzymaticconversion as a potentially viable strategy for converting algae biomass to lipid based and  carbohydrate based bio fuels. Next slide please, Ron, okay. So what is our approach?  Our approaches are to develop feedstock matrix of algae biomass based on species and the growth process condition and to determine and categorize by biochemical composition of selected strains. Also explore multiple enzymaticc routes to hydrolyze and convert untreated or treated or pretreated whole algae biomass to oil extracts and other residuals. Finally to determine fit-for-purpose properties of the algae-based fuels and  fuel intermediate. Next slide. The flow chart from here illustrates the strategy and the multiple routes of our biochemical conversion of feedstock to bio fuels. As you can see here, you know, the one route is to apply enzyme cocktails to whole algae biomass  with or without pretreatments to hydrolyze carbon hydropolymers into fermentable sugars. Also we can apply lipase cocktails you know, directly to algal oil extract to generate ?for final processing to bio diesel and for further upgrading to other biofuels like a diesel or kerosene or gasoline. Other residuals after the oil extraction can be also used forhydrolysis to release fermentable sugar from cell wall you know, glycoproteins and the polysaccharides, those components. So the fermentable sugar can then be used for microbial fermentation to produce ethanol and potentially butanol.Next slide. The potential process improvements from biochemical conversion are substantial. For instance, the biochemical processing of wet whole algae biomass has a potential to reduce or eliminate the costly and energy intensive steps and the extraction steps. In the application of multiple enzyme cocktails to whole cell, or algae oil extract,  the algae residuals enable simultaneous and/or sequential production of lipid based and the fermentable sugar based intermediate and that could reduce process steps and also yield potential ?.  Then by chemical processing and the mild reaction conditions that will minimize the formation of side products and t preserve all the potentially valuable co products like protein.  In great contrast to those chemical processes which require high temperature or high pressure, those may destroy or consume some valuable co products. Certainly by biochemical processing of algal biomass, it would be easier than that of the low [Indiscernible] [01:27:35] to do simply by chemical composition and structure. Next slide please. Here is just to show the SABC team and their organization and this project is led by Dr. Gary Dirks at Arizona State University. The RD&D will be carried out primarily by ASU and NREL and the Sandia National Labs. Please next slide. Next slide please. Next slide.

Joanne Morello:  Is it there?

Quiang Hu:  Additional contributions will come from the Georgia Institute of Technology, Colorado Renewable Energy Laboratory and Colorado School of Mines, SRS Energy, Novozymes, and other you know, other company called Lyondell Chemical Company. So this two way effort will be primarily focused on biochemical conversion of algae residuals and the whole algae biomass. Next slide. In this project, there are two main technical tasks, task one is to investigate several promising biochemical options to converting both whole algae and the other residuals into transportation fuels. The second task is to produce samples of lipids and the carbonhydrate fuels and to perform fuel testing to determine if both fuels are fit for purpose. Next slide please. In each task there are several sub tasks. On task one there are three. It is to produce selective algae for biochemical conversion. Sub task two is to characterize chemical composition and structure in particularl cell composition and structure. Sub task three is to identify and test a variety of pretreatment options and the ? enzyme preparations to facilitate release of those fuels intermediates. Next slide. The primary objective of task two is to access and test performance of algae lipid derived fuels you know, in diesel application. This will be accomplished by the tedious analysis of the  presence in the fuel that is produced andthen assessment which complies with ASTM specifications and the performance requirements. The second objective is to categorize the blend components produced by biochemical conversion of algae derived carbohydrate materials. This includes ethanol and  potentially butanol. So next slide. To support this two task production and the supply of sufficient amount of algae feedstock of right composition and properties at least. So this can be a challenge because biochemical composition like lipid, protein, carbohydrate of algae is species specific as shown in this slide. Finally it may produce a high amount of protein but it makes a minimum amount of lipid and some strains can produce lots of quantity of starch and yet others may produce high concentration of lipid. Next slide. And biochemical composition of algae varies at different stages of life cycle and at a different culture condition. Same slide, oh yeah. So as shown in this slide in which the same Scenedesmus cell may contain 40% of protein or 40% of carbohydrates, or 40% of lipids under different culture condition. As such dramatic change may occur within just a few hours or couple of days. So we believe that the effectiveness and the efficiency of biochemical conversion depend a lot on the extent of the chemical composition and the quality of algae biomass. Therefore we are going to identify, the next slide, we are going to identify and deploy suitable strains and determine the optimal causing conditions and produce sufficient amount of algae biomass of defined and optimized chemical composition for biochemical conversion tests. In this case we are going to employ open pond for every production as shown in the slide. Next slide. Next slide please. We will also use c photobioreactor to generate  algae biomass. This project is divided into three phases. Phase one is to smoothly scale screening of fuel feedstock production in chemical processing features. Phase two is the integration of process operation that was selected from phase one. Therefore phase three is the scaling of the integrated process for production and the testing of fuel. So the major milestones in the tentative time tables are provided below. I may not have time to go just into the details. Next slide please. 
Joanne Morello:  Did we skip a slide for you?  Would you like us to go back or are you okay?

Quiang Hu:  Yeah. 
Joanne Morello:  You want us to go back? Because I think we want to skip ahead.

Quiang Hu:  No that is okay so we can just keep going.

Joanne Morello:  Okay. All right.

Quiang Hu:  Go next slide. Okay. Some outcomes have been identified from each task. For instance the task one the outcomes are supported by mass grow ups, to you know, gram or kilo quantities with selected algae species and the growth foundation. Then complete compositional and  structure analysis of algal biomass and [Indiscernible], then generate composition  database as a function of species and growth foundation. So next slide. More outcomes of task one that include identifying number of pre treatment options and the pre-existing commercial enzymes to develop baseline. Next slide. Then sprout the development and the testing of new pretreatment tests in the algae’s specific enzyme formulation. The last is to demonstrate by biochemical conversion of whole algae cells and the residual biomass and hopefully this would become a new paradigm in algae biomass processing. That’s it. So with that, thanks for your attention.

Joanne Morello:  All right. Thank you very much. Okay bear with us for one other moment here. It seems like we are having a lot of difficulties just because wehave one computer that we are trying to do  everything. Also, one second here while we get our next speaker set up. 
Jose Olivares:  What is going on?  This is Jose just in case you can’t hear me.

Joanne Morello:  Oh. Okay great Jose. We are gonna upload your presentation right now.

Jose Olivares:  Okay.

Joanne Morello:  For some reason you were not listed on our guide so we are concerned we’d lost you. 

Jose Olivares:  I had lots of phones for taking that issue was first so.

Joanne Morello:  Oh. I’m very sorry.

Jose Olivares:  No problem. Are we ready or…
Ron Pate:  Go ahead.

Joanne Morello:  Yeah. So next up, we have Jose Olivares, a scientist at Los Alamos Labs and one of the lead PI’s of the National Alliance for Advanced Biofuels and Bioproducts. This is the algal consortium that came out of ARRA or stimulus funding. So take it away Jose.

Jose Olivares:  Thank you Joanna. Can you put the next slide please. Folks I will probably be repeating some of the comments that both Joanna and Ron have made before
 but maybe from a different perspective. I want to give you a lengthy overview like we believe biofuels from algae are the alternative. I, for one the lipid content of algae can be very high. As shown here in this picture which is a micrograph of microalgae, lipid bodies are shown to be composed of lots of the overall biomass of the microalgae. In some cases, some strains at the right conditions can be  at 50% or higher lipid content. The rest of the biomass is also of interest therefore, can be utilized either for power or for nutrient supply or other components. More interestingly, microalgae can double at very high rates. Which means that it can harvest at a continuous phase 27/7 if we set up the systems in that way.  The lipids are non polar lipids, fatty acids in the form of triacylglycerides for the most part or other hydrocarbons can be usually converted to biofuels. Another nice thing about microalgae is that it can capture large percentage of the CO2 that is spent into the water. Therefore, microalgae can be used as a sink for CO2 which Ron pointed as a major impact that microalgae can bring to the [Indiscernible].  Just as importantly, it can use waters, saline waters, even produced waters from wells, to the ground and land that is used for nonfood  can be utilized as part of the growth cultivation system. 
Next slide please. There’s productivity that algae has t shown – as shown here in this headliner through the New York Times which the city of Qingdao, China, in the coastal part of China, probably which was one of the Olympic cities during the Olympics, on this Olympic review from China, Qingdao had a huge outbreak of algae in over 200,000 tons of biomass lifted from that areaThis demonstrates the ability of algae to actually grow  in that kind of exponential manner under the right conditions or the right set of circumstances.

Next slide. Ron may have gone through this in his slides but this is actually a slide that probably came out of one of studies of Sandia National Laboratory which demonstrates the productivity of algae as an oil crop compared to other bioenergy plants. What is shown here is the landmass that would be required to replace a significant portion of petroleum use in the United States using corn, soybean and algae. And as you can see, for corn we would be utilizing most of the landmass of the United States. Well, with soybeans, it’s just slightly less, and a fractional component of that using microalgae. So this high productivity essentially allows us to utilize less landmass and as Ron pointed out earlier obviously that landmass needs to be flat areas andareas that have good water resources and carbon dioxide resources along with other nutrients, but that’s part of the promise that algae biomass brings to the picture.

Next slide. So the promise has been actually undertaken by a number of companies and what is shown here is this picture of first flight of a small engine diamond VA 42 light aircraft that was flying a little bit earlier this summer and one of the engines was powered directly out of a kerosene made out of algae and the other out of a regular petroleum based kerosene. What was demonstrated here is that the engine performed very well with algae – on algae biofuel. In fact, it performed so well that it produced up 5 to 10% better efficiency than the petroleum-based similar biofuel – similar fuel, excuse me.

Next slide please. So if all of these promises why are we here in a grand show, part of this slide in a different way under a many, many technical challenges all the way from biology and cultivation to harvesting and recovery of fuel oil and conversion of the oil into actual fuels.

Next slide please. Those challenges show themselves as areas that we need to investigate in their cultivation systems and culture systems as well as those in productivity of the cultures, requirements of resources which are carbon dioxide and water, other energy resources and nutrients and obviously land in siting resources. Along with the harvesting capabilities  that are already in place, we need to come up with new energy efficient systems that will allow us to harvest microalgae in a more economically useful and energy efficient manner. And then obviously we need to optimize the conversion processes for the types of oils and the types of biomass that we will be recovering from algae.

Next slide please. So the National Alliance for Advanced Biofuels and BioProducts was announced in January by Secretary Chu.

Can you turn on the next slide please?  In this slide what we’re showing is what the – what the new program that Department of Energy funded, essentially  what the Department of Energy funded us to do is to develop the science and technology necessary to significantly increase the production of algal biomass and lipids and to efficiently harvest and extract these lipids and establish new viable conversion to fuels and co-products. 
So the National Alliance for Advanced Biofuels was announced by Secretary Chu in Jan and started operations in May. I just want to mention it is the largest of the consortia that are being funded for algae biofuels conversion at the rate of 49 million dollars over three years, federal dollars from ARRA funds and we are bringing in 17 million dollars of cost share from our partners into the picture. The alliance is actually tackling all of these areas that are enlisted in this slide as challenges,  including understanding of algal biology for better productivity and growth in oil production, cultivation systems, open and closed pond systems, new harvesting and extraction systems, obviously of production of transportation fuels which is the end product of the overall program. Along with it we are looking at how to convert the by-products that are associated with conversion into livestock feed, a large market that can be utilized for that  product, conversion of their biomass directly into energy and to other high value chemicals. All these tests can be done with a sustainable infrastructure; so sustainability is the key component of our program in understanding CO2 utilization, water utilization and added nutrients. All of theis needs to be done within energetically useful and economically useful process or set of processes that are also environmentally designed.

Next slide please. The consortium encompasses 34 institutions. Their logos are listed here and these institutions are spread out all throughout the United States. We are lead out of the Donald Danforth Plant Science center in St. Louis with close collaboration both from Pacific Northwest National Laboratories, Los Alamos National Laboratory,  main national laboratory  working with the consortium/ USDA-ARS is a part of consortium. 17 universities and 14 industrial partners. All of which are essentially encompassing – trying to release from a discovery, development and deployment of perspective in order to introduce new and innovative technologies into the biofuel industry.

Next slide please. With so many partners it is critical to have a good intellectual property agreement between our partners in the consortium so this was the key compliant that the Department of Energy asked us  to provide into the program so our intellectual property agreement essentially has four basic principles that all inventions belong to the originating  organizations. Secondly that inventions need to be disclosed in a timely fashion by the parent organization or the innovating organization and that all of our partners have a first rate of refusal to negotiate license for those inventions with the originating or innovating partners within a feasible timeframe and this applies also to copyrights.

Can you change to the next slide please?  And the next one please. So there are a number of objectives that the National Alliance for Advanced Biofuels and BioProducts, is undertaking - the first major objective is to develop technologies for cost effective production of algal biomass and lipids; this being done through systems – through innovation in algal biology and cultivation and harvesting and extraction. Second objective is to develop economically viable biofuels and coproducts, being done through fuel conversion through valuable coproducts. And the thirdly, most important objective, is to provide a framework for a sustainable algal biofuels industry by understanding the economics and energy utilization of everyone of the technologies or processes being developed through the NAABB consortium.

Next slide please. In the algal biology objectives what we’re doing is developing a number of areas that will enhance our knowledge of the biology of algae and allow us to regulate its production of lipids and its growth rate. Along with the other consortia that you heard about, we are mining the natural diversity that is out there. We know that there’s thousands of, probably 50,000 or more  algae in nature, many of which can be very, very, very promising for  biofuels, therefore a part of our program is to mine some of the diversity and bring it to bear into –  to bring those species together as starting crops for production. 
Other slide. We are also looking at mutagenesis for increased lipid production and crop protection. Along with this, what we want to essentially be able to do is to utilize our knowledge that we gained from a systems biology approach—approaches that use genomics, proteomics, transcriptomicsmix to actually be able to maximize yield and production by genetically engineering crops or changing the metabolic regulation of these crops in some way or another. In other --in last than not at least, important is also being able to produce hydrocarbons that can be taken directly into fuels. 
This slide essentially shows some of the tools that we are utilizing for phenotypic engineering analysis. We believe that today we have the tools, highthroughput tools to be able to look at microalgae from a molecular standpoint and understand it and manipulate it for its future. Things like highthroughput sequencers, polymerase chain reaction systems and flow cytoometry systems that allow us to analyze the molecular structure of algae.

Next slide. With this knowledge then we can understand or we can use a molecular biosystems biology approach to understand the transcriptome of algae and metabolome of algae and be able to engineer this so that we can produce higher content of lipid algae or higher growth rate of algae. 

Next slide please. Ok. Let’s catch up. Next slide please. 
Joanne Morello:  Arena replace now with cultivation.

Jose:  In a cultivation arena thank you. 
Joanne Morello:  Okay.

Jose:  Yeah. So in the cultivation arena what we’re doing is of such importance, the open pond and closed pond with a bioreactor systems, We have partners such as Texas AgriLife Research, HRBP, and others that are utilizing the open ponds for cultivation systems while our partners such as Solix Biofuels are utilizing closed photobioreactor systems. Along with understanding the cultivation components of the systems that are utilizing open and closed cultivation, we are developing new instrumentation that will be used in real time to analyze productivity with both rates are oil production and packaging content, water quality components, nutrient availability and so on for these cultivation systems.

Next slide please. Joanna did a very nice review of the inefficiency of current algal harvest and extraction systems. Current systems that are utilized, both sedimentation, filtration, flocculation, centrifugation, filter processes and even systems that utilize surfaces systems or even now bioharvesting, all of this have been proven to be useful in algal harvesting and extraction yet they utilize – for the most part have some limitations that need to be overcome. 
Some of these limitations are shown in this graph in which the energy consumption for belt press system is shown in dewatering of algae. As you can see removing the first 90% of the water from algae and remember out of every literof culture, of algal culture that we are producing in an open pond, are only a couple of grams are algae that we are really going after. So we are removing 99 plus % of the water. This removal of the first 90% of the water seems to show as very low with very low energy consumption. But removing that last 10% or so increases energy consumption three- to four-fold which is the biggest challenge that we are facing. Therefore the -- our consortium is taking on a number of activities, or a number of innovative technologies to tackle these problem including acoustic focusing from Los Alamos National Laboratory which is technology that we received an R&D 100 award for the R&D Magazine Competition. Hybrid  and  electrical deionizing systems found at the [Indiscernible] while producing new membranes and flocculates from Pacific Northwest National Laboratories and new extraction technologies for the algae itself that utilize both acoustic systems that Los Alamos is developing mesoporous nanomaterials that will allow us to extract the oil and actually even do catalytic conversion you know in situ that Catilin, one of our industrial partners is developing in order to fill its solvents for the extraction of ?.

Next slide please. Other areas that we were tackling are in the conversion technologies and there’s a chart on the left that shows manners in which we are taking biomass into different types of fuels including anaerobic digestion directly into a biogas type of fuels, supercritical storage conversion, to catalytic upgrading into different types of fuels and liquid gases products through similar processes, and gasification produces end gas that can be upgraded into a liquid fuel hydrogen or methanol or other small molecules that can be utilized as starting components to other chemicals or fuels itsellf. 
Along with this we are doing fuel characterization of the converted products and what’s shown here in the right hand side is Anthony Marchese of the engineering lab of the Colorado State University where he is testing some of  the fuels, characterizing some of the fuels and eventually which will lead to engine testing at some point later on. Other components that are being studied in the consortium are catalytic gasification and thermochemical gasification for power. I’m sorry, catalytic decarboxylation and deoxygenation to induce fuels and chemicals of different types of carbon composition and transesterification directly into diesel.

Next slide please. Other technical area that we are embarking is developing an understanding of where bioproducts of  the algal cultivation system can be taken in order to bring value, high value to the overall process for biorefinery type of systems. Any utilization of biomass or residual biomass after lipid extraction of the algae as a key component, is a major component of our consortium, even in the area of utilization. We are undertaking studies into the utilization of biomass as cattle-feed, sheep-feed and aquaculture and at the same time, and this is,  what this requires is understanding of the amino acid and protein content of the algae and (inaudible)along with a quick knowledge of the nutrients that are available and what --how it-- needs to be supplemented if it needs to be at any point to make it a viable feed for feedstock. 
And finally the sustainability slide, I don't think is shown here but a major component of the overall program is developing a good economic model of all of the processes that are being undertaken by NAABB and this understanding is how we will tell the economic analysis of processes and energy balance and environmental impact of this components. There’s also a set of other technologies, the development components that we are encompassing within our sustainability team which is carbon dioxide management systems, water quality and hydrology systems. And that’s a quick overview of the NAABB consortium and I’d like to take on any questions, thank you.

Joanne Morello:  Thank you very much Jose. We have one more R&D consortium we are going to hear from. And then we’ll have time to take a few questions. Greg, are you on?

Greg:  Yes, can you hear me?

Joanne Morello:  Yes we can hear you. Great. Thank you. Take it from here.

Greg:  Okay, well, thank you very much for organizing this and really it has been fascinating listening to all the presentations. I’ll be speaking about the Consortium for Algal Biofuels Commercialization, CAB-Comm. It’s led by San Diego Center for Algal Biotechnology at the University of California San Diego with collaborators from University of Nebraska Lincoln, Rutgers and UC Davis. 
This first slide just shows some salt ponds in southern San Francisco area showing that algae of different types and different physiological states can be grown in massive density and the control list understand it and ultimately commercialize. That’s fine.

Second slide. The academic partners for our consortium are listed with respect to the different university and organization collaborators. I'm looking at  a detail of all these different individuals of course, but let me just say that this list of collaborators represents more than 300 years of academic research and algae physiology and algae ecology and fundamental biology and more than 150 years of that research by senior research scientists and their groups as representative of UC San Diego and Scripps Institute of Oceanography so we are very, very deepened, broadened algal biology, understanding from the geno- mobile way through ecology and physiology. And it’s important that we also have a large focus on of course training students. Many of our students are already working and many of the most important industry partners for us as well as other industry partners that have been discussed today and those that are involved in daily programs so we are a center of generating knowledge, not only basic knowledge but also the future leaders. 
The next slide please. We have  very significant, specific, strategic commercial partners that we have already been collaborating with over several years in various other programs both publicly funded as well as privately funded. Steve Mayfield, the leader of our team who actually I should have said, offers his apologies for not being able to make this since he is on international travel right now and unavailable but he and Steve Briggs are members -- founders of Sapphire Energy. Members of our group have collaborated with General Atomics under DARPA algae for jet fuel products. We’re very closely linked with Life Technologies which is based here in San Diego who are global leaders in developing tools in the biotechnology space and aggressively leading right now in the algae domain and collaboration with us. We, my group has had a project with Central Energy and Gas Technology Institute on a DOE funded through national energy technology labs and others. Our commercial partners are very broad and deep as well and we have already ongoing specific projects and collaborations with them even in advance of the DOE projects. 

Next slide please. Our research areas have been somewhat constrained from our original proposal simply because of budgets. We don’t have the same budget now that we originally proposed but we are very strong in systems biology and ecology and I’ll refer back to these during the talk but especially when looking into areas of crop protection and this fundamentally whether it’s terrestrial agriculture or aquatic -- aquaculture truly involves the etiology of the system from viruses, and miroorganisms, all the way through the crop of interest, in grazers and pests that eat your crop and ultimately the goal in industrialization is to optimize the yields of the products of interest so in a way this is a combination of crop protection and nutrient utilization and recycling and genetic tools are very fundamental to understanding the systems as well as how to further optimize.

The next slide please. This slide summarizes what’s been discussed in many of the previous slides already including the algal biofuels R&D roadmap. Hang on a second. Sorry someone in the background is doing printing. He’s probably sending on the microphone. Our area, as we mention will be in crop protection, nutrient utilization and genetic tools. So one, two and three point to as main areas within the overall value chain. And if you -- the red box sort of represents a broad area of systems biology and ecology. It’s very important to understand the vast range of strains that are of potential interest that wound up in the beginning of strain development together in our labs as well with our corporate partners which screen several hundreds of strains and down selected to less than a dozen.  We’re working on cyanoobacteria, diatoms and green algae that are looking very promising. We’re understanding the genetics for breeding these and doing the animal – the husbandry in the substrain --on the strain selections similar to what Cellana was referring to. 
And then this of course goes into the systems that lead to production and all the inputs of CO2, the water, the nutrients of course are very fundamental, not only for production system and its cost, but for sustainability eventually. And it’s just in design, production systems, management systems and crop protection where the crop protection includes detailed understanding of the aquatic microbial ecology whether it would be viruses, herbicidal or algae-cidal bacteria, grazers, invasive allergy and so forth. And all of these need to be well understood from a systems biology, systems ecology. It’s all the way through the genome, all the way through the phenotypic expression and this is our strength. 
Now, within the red box of --based on analysis I’ve been a part of with Sun Commercial Partners. Pretty much we’d estimate 50 to 80% of the total cost of algae biofuels is really linked to the upstream and through the production down to the harvesting. With respect to harvesting and production instruction they're gonna be very important, the biological elements there including genetic tools and biological tools that we are working on as well with our partners. We are not so much involved in the let’s say refining them further downstream except with respect to detailed characterization of the biochemical constituents of the product yields; but, of course the partners we’re working with is looking at the entire value chain. 
Next slide please. So this is a list of again, across those three major categories of focus of members of our group and what the different specific projects that will be pursued during the coming years of research funding and I'm not gonna read this off in detail but I think let’s say looking at crop protection, I’ve mentioned that it is more than  algae and includes those other things that are living in there for example,  fungi that can be contaminants, viruses that may be pathogens to the algae of interest, bacteria you did the antimicrobial considerations, grazers or so. All these words are in crop protection and different research projects are being carried out by different members of our consortium, both within specific universities as well as across different universities and institutions and in collaboration with our partners, our commercial partners. 
And the second category, the nutrient utilization and recycling. Fundamentally there’s biology element to the production of this biomasses. Of course there is abiotic nature that regulates growth for example nutrient supply, temperature, light, CO2, pH, salinity, some of these things that are mentioned in the other talks. The performance of any algae strain within that abiotic matrix is going to be unique and the detailed physiological characterizations are important for that, interpretation of carbon dioxide utilization by algae enzyme or bacteria, details of nutrients sources including possible nitrogen fixation by bilateral methods being pursued by Tim Golden and Susan Golden and others and eventually integration of all these into specific model plans that are relevant at the production scale for commercialization and the understanding that in that information, understanding coming back through modeling or analysis that relates to both cause in terms of nutrient recycling and availability or delivery of CO2, turbulence and other elements  as well as the life cycle analysis issues related to sustainability.

And the third category, in genetic tools, we’re working  across the evolutionary domain of the photosynthetic microorganisms that are collectedly referred to as algae, including cyanobacteria, brown algae/diatoms, green algae, and so forth. So this is a very broad and deep effort that includes the biology.

Next slide please. With respect to developing genetic tools for green algae, brown algae and cyanobacteria, their predefined as underway between members of our academic consortium and our corporate collaborators. Again, I'm not going to read this in detail. I think these slides are gonna be made available for the community; but, the point is we have very specific collaborations already proceeding to develop specific genetic tools, markers, research methodologies that will allow us to better understand the production strains of interest, better understand how to regulate them from a physiological or abiotic way, and better to understand how to control the growth systems to eventually deliver the yields of interest or optimize the yields for commercial production and to do crop productions.

Next slide. Just digging in a little bit deeper about some projects for example with the Nebraska Center for Algal Biology and Biotechnology, members of CAB-Comm are from that group and you know there are again multiple projects and summarized very briefly here as related to important aspects of commercial deployment or commercialization of algal biotechnology. Ranging from genome, understanding frames for omics, for example algal culture but within model systems and production systems of our commercial partners looking at the issues related to virus protection  which could be actually either a detriment, if it is your crop itself in the production system. In the other hand this could be a benefit on the harvesting side, culture density and how to maximize density understand quorum sensing molecular tools that are related to promoters, promoters that may promote metabolic pathways of interest or alternately suppress metabolic pathways that you want to block and various aspects of crop improvement link to nutrient availability, nutrient uptake, microbial management, engineering of photoreactor designs and so forth.

Next slide please. An example of one project that is being pursued by our collaborators at Rutgers University is focusing the potential of using allelopathy to manage the crop and to stress competitors. On the left side is a simple summary of what we’ve considered  fundamental systems biology of algae ranging from the genome, DNA, and genetic information stores through the transcriptome which takes the genetic information and moves it toward approaching manufacturer, the proteome, the ensembly of all protein, and some enzymes that are present within the cell during the work of metabolism  and then the metabolome, the actual products, the downstream products whether it be lifted carbohydrate protein or other macromolecules and so forth and so --- we mentioned that green oval as being the cell on all that’s within it so the system biology is fundamental to understand in this case as it relates to production of secondary metabolites that, of some of which are listed down the bottom box, that may have an ability to suppress certain microalgae or other phases of bacteria or grazers and so forth and ultimately the question we wish to pursue is whether or not we can understand this little biology perspective. Can we optimize strains that may produce allopathic molecules that they – the strain itself can handle without suppressing its productivity and yet this thing may suppress competitors or invasives or grazers. 
Next slide please. So with the members of the group here at UCSD we will be establishing some model ponds and within which we will be doing a wide range of research that in many cases say it’s specifically requested by our commercial collaborators, among these include understanding the basic  expression of the organisms, in other words, you have a certain genes that go into transcription but what’s really counts is the protein expression. Proteins are doing the work so we’re gonna be interested in doing  protein expression, protein mix-matches and cultures but also in model ponds we do detailed characterization of the physiology, the genetics and the expression of cyanobacteria as well as algae in this case referring to a specific cyanobacterial strain that serves commercial interest that has been developed by Susan and Tim Golden’s lab. 
We get crop improvement in various ways with respect to grazers, again overall ecology of the system, its stability, looking at, for example, algal consortia, looking at the microorganisms that are present in healthy and unhealthy ponds, understanding those from a systems ecology point of view not just as individual presence or absence, and part of the work to really understand the ecology. Of course identifying what’s present and this will include all sorts of applications of modern molecular ecology methodologies to identify contaminants and grazers, their diversity, and of its leader roles.

Next slide please. In the work of Mark Hildebrand and Georgia Oyler, is another example of the types of things that we’re doing across the consortium, where mutagenesis is being carried out on specific strains of interest regarding downselected strains to those who are of higher interest and exposing these organisms to various mutagenic methodologies will create mutated strains, mutated strains than may have different physiological phenotypic attributes, those can be characterized byflow cytometry and flow cytometer considered a  highthroughput methods. We can start to evaluate the performance of different mutated strains. Among the things that are also being pursued on item two are the clustering onto a single compliance, meant that it can be inserted, clustering multiple expressions, promoters and vectors so that we have a multi-gene insertion into an organism and that can lead to the expression of an entire metabolic pathway. These works being down together with Life Technologies who were pioneers in  multigene insertion methodologies together with members of academic communities. 
And of course once if attempted to insert certain genes into an organism, you wanna know are they expressed or not, green fluorescent protein tags are – can be made. There are tool that can be made specific to a vast of variety of proteins that may be the result of genetic classification of interest and so determining presence or absence of the protein that’s been – that’s the result of the gene that had been inserted, whether this could be the important part of the process. All these are being done routinely by members of our group and as I mentioned specifically in collaboration with some of our commercial partners in algal biofuel technology domain as well as genetic tool makers for example, Life Technologies.

Next slide. 
So this is a simple summary in a more of a diagrammatic flow chart of the overall value chain of producing algae and pointing out that fundamentally to get the crop of interest and manage it, you need certain aspects of crop protection. Of course, you need the nutrient utilization and certain cost considerations, perhaps recycling that for a certain sustainability approaches and the recycling as well including the water and so forth and so our program will be exploring the crop protection elements including detail understanding of the fundamental biology and the systems biology and ecology of not just the algae but the viruses, the bacteria and potentially invasive algae as well as grazers and other organisms that may cause some deterioration of the crop, nutrient utilization, recycling, and modeling related to that and at that first array of fundamental biology research and applications including the exact tool development that will be fundamental to a diverse array of the processes that are shown there.

Next slide please. 
So again, this project overall is led by the San Diego Center for Algae Biotechnology, SDCAB. Our Web site is listed there and we are happy to take any questions once this Webinar is complete. Thank you. 
Joanne Morello:  Okay. Thank you very much, Greg and all the other speakers. So we only have a few minutes left before it may physically cut off on us for theia Webinar. We are not sure so I don't wanna risk starting to take any questions before I make a few last minute points and that is  one:  thank you very much to all the speakers and for everyone listening in, we hoped that this has been informative and you’ll have a better idea about the algae biofuel field as well as what we are doing towards it here in Biomass Program at DOE. We’ll have a packet of the  j slides as well as the  actually recording of the presentations of the Webinar basically in full. It will be available on the Biomass Program Web site. We’re actually going through a Web site rephasing right now so it’s gonna be a few days, probably the end of next week to early of the following week. 
Check out the Office of Biomass Program Web site and on that we have a information resources section where we are planning on introducing a Webinar page where we are gonna talk about this Webinar and talk about future Webinars and have them archived. So the Biomass Program site in you know a week plus you should be able to get a copy of all these presentations as well as listen to it again, you’re free to review. If you know, I hear someone laughing, if you know of anyone who missed the Webinar and was interested in hearing it, you can refer them to Biomass Program Web site. So –

Unidentified Male Speaker:  I think that’s it. 
Joanne Morello:  --So I think the clock is running down on us so we’re unfortunately - we didn’t – we only had a few unanswered questions and we’re not gonna have time to answer them right now so I apologize for that. You can feel free to contact me directly if you have any specific questions you’d like answered or anyone else that you heard from today and so I think that’s about it so thank you very much for tuning in to the first Biomass Program Webinar and stay tuned for the next one in November. Thank you. 

Greg:  Thank you.
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