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Jason Bordoff:  Can I get everyone's attention please?  We are going to get started here.  My name is Jason Bordoff, I am the associate director of energy and climate change at the White House Council on Environment Quality.  
I want to thank you all for coming today and welcome you all to the public meeting of the interagency taskforce on carbon capture and storage.  It is great to see so many people here today and I would like to thank you all for joining.  

We have a full day ahead of us discussing this important topic, so I do not want to take too much of everyone's time now.  I have the pleasure of getting the day started by introducing the deputy director of CEQ, Gary Guzy. 
I am not just saying that Gary is the perfect person to start the day off because he is my boss, but he is, but Gary's experience from his time as General Counsel at EPA, his work at the justice department, his time in academia in the private sector, cuts across a broad swaft of energy and environmental issues.  
Many of these same issues are one that touch on the work of the interagency taskforce and his leadership in this work has been enormously invaluable.  So Gary thanks for joining us this morning.  
Gary Guzy: Thank you Jason and good morning to all of you and thank you for joining us today.  This is an important conversation.  I bring you greetings from Nancy Sutley, Chair of the White House Council on Environmental Quality.  I know that she is sorry that she could not be here, both she and deputy administrator of EPA Bob Perciasepe are in the Gulf Coast dealing with some of the environmental challenges there.  


As you know, President Obama is committed to creating a clean energy economy that will reduce our dependence on foreign oil, cut our carbon pollution, and create good, long lasting, sustainable jobs right here at home.  
And we know that the country that leads in clean energy will the country that leads the 21st century global economy.  And as the President has said, America will not settle for second best, we must be that nation.  


Charting a path towards clean coal can help in meeting this goal.  The coal industry supports quality, high-paying jobs for American workers.  It provides abundant, reliable, affordable energy.  But we also know that coal-powered power plants are the largest contributor to our country's greenhouse gas emissions, and new technology certainly can change this picture.  
The rapid, cost effective development and deployment of carbon capture and storage can help reduce greenhouse gas emissions and position the United States as a leader in the global energy race.  That is precisely why the President created the Interagency Taskforce on Carbon Capturing and Storage.  


The purpose of the taskforce is to develop a comprehensive and core data strategy to speed the commercial creation and use of these technologies, fully mindful of any environmental impacts. 
And we are working hard as a group to understand and to develop a plan to overcome any barriers to this goal that may exist to spurn best mentioned carbon capture and storage that will create good jobs and benefit communities and that is why the President has named so many agencies to this task force and provided such a breadth of expertise to it in carrying out its work. 

Ultimately, the best way to foster these kinds of clean technologies is through comprehensive climate and energy legislation that puts a cap on carbon pollution and creates incentives for the kind of innovation that will help us to lead the world in clean energy technology. 


We have seen it before; we know we can grow our economy while we improve our environment because we can depend on the inventiveness, the entrepreneurial spirit, the hard work of American workers and business.  
Carbon capture and storage is a vital part of this discussion.  At the same time, we realize that there are no silver bullets to this challenge. We knew this challenge will require enormously wide variety of approaches, but carbon capture and storage can play an important part.  

To be successful at this, we need your input and we appreciate your being here today.  We welcome your participation in this conversation.  We look forward to working with you together to create a healthy and prosperous future for America.  
I wanted to take a moment and thank our partners in putting this meeting together, EPA and the Department of Energy, who have been leaders in this effort to examine the various barriers that exist and develop solutions.  It is my pleasure to introduce an enormously strong thinker and innovative leader in this area, Secretary of Energy, Steven Chu.  [Applause] 

Steven Chu:  Thank you.  First I want to thank the people from the Council on Environmental Quality for being here and for the EPA and DOE for co-hosting, co-chairing this taskforce.  


In terms of what CCS can do, the estimates vary all over the map.  America's Energy Future, which is a report issues by the National Academy of Sciences, an inspirational goals was a report that the entire existing coal fleet could be replaced by CCS by 2035.  
Perhaps another estimate by the IEA saying that perhaps as much as 1/5 of the necessary emission reduction to achieve greenhouse gas stabilization can be done using CCS.  This is not only CCS of coals, but CCS of coal, gas, and other stationary sources.  

Eventually going to CCS of fuels production, any excess carbon dioxide would also need to be captured.  So, the potential of carbon capture and storage is enormous if one can look around, considers, aside from there are a few other things.  
Deforestation, stopping deforestation.  Nothing ranks as high as CCS in the fraction that can be used of the tools that can be used to decrease carbon emissions.


So what are we doing in the United States?  Well, so far, we have invested about $4 billion in CCS projects.  That has been matched by $7 billion in private sector money and we are supporting $8 billion in loan guarantees.  
The idea is that - and we are also investing a lot of research.  So the idea is we want to introduce some methods, pilot them at near commercial scale as quickly as possible, but at the same time, put in the pipeline other methods, much more novel, much more exciting, that can further reduce the costs in the coming decades.


In terms of the barriers, what we want to do is, there are a few things that are out there, perhaps most of you know, you have read the papers today that potential IGCC plant in Alabama.  There is a bit of a disagreement between the rate commissions and what someone wants to do.  
We hope that they can resolve this matter, but in the mean time, we are pushing ahead, we are working with the Futuregen Alliance to see if we can go forward with the program.  The CCPI three coal energy and plants we have going, there are five demo projects, three post-combustion, two IGCC plants and so on and so forth.  

We are also trying to demonstrate large scale carbon capture.  And large scale means a scale a million tons a year and so over the next few years, we will be starting many of these large-scale projects with a hopes of by 2018, we will have eight million tons of carbon dioxate would have been pumped into the ground and to test geological sites.  


So, in terms of international collaborations and others is not the main charge of this workshop and this group, but we are working with the Carbon Seacore section of the leadership forum, the IEEA, we have a memorandum of understanding that China to look at the best research and development program, $50 million supplied half and half by each country to go ahead with carbon capture and storage mechanisms and methods and also in Canada we have been developing an agreement.

So there are a number of things we are trying to do.  Carbon capture and storage right now is expensive, the price has to come down.  I think history has shown that once engineers and scientists begin to think about this seriously, a lot of new ideas will come to pass.  
We are seeing a number of very exciting ideas, both in the fossil energy department of the DOE and also in RPE, which is a new innovative way of finding truly out of the box approaches to our energy problems and so some of these look very, very exciting.  We will see what happens.  
So I will stop and I will be glad to take a couple of questions in my remaining time. So I just open the floor up.  There are microphones over there.

Alex Wormser:  Alex Wormser of Wormser Energy Solutions.  My question is if you are looking for 2016 as a time that these new demonstration programs are on line, what changes do you see as needed in the procurement procedure to streamline both the time table and also the ambitiousness of the scope of the work compared to where we are now?

Steven Chu: Well what we can start with Ed, I would be glad if you could tell me if what things, we in the DOE are doing in terms of procurements.  I know there is a lot of frustration out there, we have begun to look at streamlining our procurement, but if you could give me some feedback, I can streamline as best I can what the DOE is doing.  So, please.  

Alex Wormser:  Well, my understanding of the model of a program which is on a fast track would be more in the model of an Apollo project where there is in effect an open purse, a policy, rather than one where the budgets are constrained and cautioned within the industry, which are limiting in the speed by which these programs can be implemented.  

Steven Chu:  Okay, so it is not the procedures, this is more money.  Well, that is harder to be quite frank.  Because $4 billion is not hay, it is not chopped liver as they say in my country.  
So, we are hoping, I think the collaboration of industry and federal funds and state funds, I think has to be a very important part of that because I have to say quite frankly, I would like to sign a real sincerity about this.

One of the other issues is for example, the rate commissioners are not yet willing to, for example, if you embark on a first of a kind or a second of a kind carbon capture and sequestration project, these things cost several billion dollars.  
And so, one would like the race to allow that the utility company or whoever is doing this through building this project, begin to invest those several billion dollars over several years and can begin to be allowed to re-capture that rather than you calling out to start to re-capture once you turn the power on.  There are issues like that that I hope people in the United States could really understand a little bit better. 

Let me tell you a story about this IGCC plant that southern wants to build in Alabama.  They have licensed their technology to China.  China is going ahead and building it.  So that is good news.  The only trouble is, if China builds this plant, they will have upper hand experience with this, it will come online sooner than in the United States.  China is building 20, currently under construction, 20 nuclear power plants.  
And so, what they are doing, is they have installed a highest efficiency coal plant in the world very recently.  And so what they are doing is they are buying state of the art technology, but they are not stopping there.  They are also pushing that technology further with on the ground boots, on the ground experience.  

I was talking to David Radcliff, CEO of Southern and I said, are you not worried, you licensed the technology, but after they gain several years of operating experience, they will have taken that technology further.  
So this is one of the things I am terribly afraid of, if we need, certainly public private partnerships in piloting the first of these is absolutely necessary, there is no doubt about it.

But also we need to get no only the companies to build the plants, but also the rate commission to say, look, this is about long-term, our future, our prosperity in the United States is at stake here.  Because if we do not get moving the way Europe and China and other parts of the world are moving, we will be importing these technologies 10 and 20 years from today.  

Alex Wormser:  Is there going to be a mechanism by which this funding issue is fundamentally aired out as part of this taskforce?  

Steven Chu:  Well, all of it is, I think, I am looking at Jim, he is - yes, I mean certainly if that taskforce feels the incentives are not enough to really get sincere movement, then we will have to rethink what we are doing.  

Laura Lovelace:  Secretary Chu, hi, let me be brief Laura Lovelace representing Texas Clean Energy Project.  We are a CCPI recipient of pre-combustion IGCC we are 90-percent carbon capture.  

One of the potential impediments to deploying this project and we are in the process of finishing up our matching funds is actually not a technological issue because we are using this technology that is actually ready to go today and ready to be deployed.  
It is an issue of the interagency department of Energy and the Treasury based on our pro forma, as we were given grant money, there were several tax credits that we included in our pro forma that the DOE approved us along those lines, then Treasury after the fact, came out with some guidance that is potentially threatening us to be able to use those tax credits.

Ultimately what that does is more than just the amount of money, it is the instability in having the private sector follow along.  And so in terms of Obama's goal, a race to commercialization, is there anything that you can recommend and would DOE and Treasury be willing to work together?  
It is a relatively easy situation to fix and this may not even be your bailey way [ph], but that is a definite impediment.

Steven Chu:  So, just to summarize what I heard every quickly, DOE has been helpful, the guidance of Treasury suggests that perhaps you cannot use some of these tax credits and is there anything the DOE can tell Treasury?  Not sure.  I think, what does Treasury say when you enter a dialog with them, because they ultimately have to rule on it. 

Laura Lovelace:  Right, they say that they would actually like to hear from the program managers in charge of the CCPI grants, and they are open to knowledge and expertise there, if it actually will slow down on the process and deployment, then they would be willing to change their guidance.  

Steven Chu:  Okay, if that is the case, we can certainly get out, that is quick.  If they give us that, we will follow up.
Laura Lovelace:  Yes that would be great, we have met with them and Treasury is willing to be helpful too, they just need to hear from the right place.

Steven Chu:  Sounds good.  

Laura Lovelace:  Okay, thank you.

Male Speaker 2:  Mr. Secretary, if I could just add briefly, while I do not want to comment on the specifics of the questioner's situation, really the precise, it really highlights the precise reason why the President pulled together such a breadth of agencies to be able to bring to their range of expertise, the range of issues, the range of challenges that we may face to deployment of this technology and we are pleased that Treasury Department is participating with us in this effort.  

Jason Bordoff:  I apologize, we only have time for one more question sir.  

Robert Rains:  Mr. Secretary, my names if Robert Rains with the American Society of Mechanical Engineers, Standard Development.  My question is related to the RPA program, could you disclose some of the projects that are taking place relating to CCS and the program?  
And secondly, I was fortunate enough to tour the Mountaineer Plants in West Virginia that is sequestering a small percentage of carbon emissions right now and then gradually scaling that up and I am curious without a price signal for carbon dioxide, will this technology move forward in this county? 

Steven Chu:  Well, I think a price signal, a cap on carbon and price signal that you can hang on to the next 50 years, it would slowly escalate, would be something that would get real sincere movement in this more than anything else, with this power plants or 50 or 60 years investments.  

Let me give you one example of an RB project in the stack capture right now, the variance of any AME type things are being tried, that AME process in order to get the connects faster, the energy absorption is quite high.  You need to go out of energy to release the carbon dioxide.  
And there is a lot of material that has to be heated up, so one of the new things that we are looking at is if you mobile carbon dioxide through a liquid and in the liquid there are materials that would at a molecular level would bind to the carbon dioxide precipitate out and so the bulk of the liquid would not have to be heated up, the precipitant clinged to the carbon dioxide can then be removed and perhaps even a continuous process and the heat needed to release the carbon dioxide is far less.  

That is one example; there are phase transition things we are looking at to where you can get phase separation at perhaps high pressure, by high pressure gradients in looking at where you are in pressure temperature cycle.  Those things look very promising, physical separation is based on phase transitions, it is something we are looking at 
Then there are other areas where you look at very novel, enzymatic inspired ways of doing it.  We have an enzyme in our body carbonic and hydrase where, as we have those in our cells, we created CO2, and this enzyme increases the uptake in the blood stream of carbon dioxide by about 5 orders of magnitude as far as the magnitude and then it goes through your lungs, change in pressure, you exhale the carbon dioxide, there is no energy barrier.  
These enzymes work at too low a temperature for flue gas, and so we need to make variants of these that can work in higher temperatures and can withstand a pretty bad environment in a flue gas environment.  That is another example of what we are looking at.  
So they are not ready for prime time, but we think that they can, in principle, greatly reduce the cost, especially the energy to handle these.
Another thing we are looking at is supersonic compression.  Right now, if you look at the compression of the carbon dioxide, that is another huge energy barrier.  
If you use normal compression techniques, you are pretty close to what you are going to be able to get, but if you break that and go to supersonic compression, you are in a new regime, and so we have done a lot of high performance computing simulations on a ram jack compressor, it looks very promising.  We may be able to decrease the energy input for that compression by as much as 50-percent.  

Those are three things off the top of my head.  I will think of more I am sure as soon as I leave, but these are examples of things we could really change the landscape.  Okay, alright, thank you all.  [Applause]

Jason Bordoff:  Thank you Secretary Chu and Deputy Director Guzy for your remarks this morning.  I think they did a really excellent job laying out the administration's commitment to a clean energy economy and the role that carbon capture and storage systems have in that future.  And as Deputy Directory Guzy mentioned, the President established the Interagency Taskforce on CCS to help speed the commercial development and deployment of CCS.  

The taskforce is charged with developing a report that investigates the barriers to widespread, cost effective deployment of CCS within 10 years with a goal of bringing 5 to 10 commercial demonstration projects on the line by 2016.  The taskforce was established on February 3, and the President asked for a report in 180 days, so we are working quickly and we have a lot of work to do.  
And as part of the taskforce's work, we wanted to make sure we were reaching out to stakeholders and the public.  And today's meeting is part of that outreach process so we are excited to be here today, we look forward to our panel discussions and to hearing from members of the audience, recognizing the expertise on this issue that so many of you in the room have.  

The purpose of today's meeting is three-fold.  First, and as we have already begun to do, we want to communicate information to stakeholders and the public regarding the taskforce, its work, its origin, its activities.  
Second, we wanted to provide an opportunity to hear from some of the country's leading experts on CCS and what they see as some of the key challenges to deployment and hear their recommendations for addressing these barriers.  
We have also built in some scheduled time for Q&A during our five expert panels so that we can have some dialogue between the audience and the panelists.  And third, we wanted to provide an opportunity for members of the audience to provide direct input to the task force process and I will say more in a minute on how we are going to do that.  
Today we will be hearing from expert witnesses on five panels.  The panels we have are regarding concern on carbon capture, carbon transport, carbon storage, regulatory and legal issues, development drivers, and incentives.  
Given the breadth of CCS is a policy and technical topic, is it obviously impossible to cover every issue that needs to be addressed in depth today, but I think these five panels will give us a good overview of the main issues.  

And we have a terrific set of panelists today.  While I do not have the time right now to thank them all personally, I do want to thank them all for coming to D.C. from around the country and sharing their points of view and to the moderators from EPA and DOE for taking time out of their schedules to help lead the discussions that we are going to have today.  

During each panel, we will have people distributing note cards for use in the discussion portion of the panel, which should be about half the time that is allocated for each panel.  
We encourage you to write down questions and submit them to folks you see who will be collecting them.  This will be the way we will be getting questions from the audience, so please take a moment to write your questions down.  

As you can see from the agenda, we built in some breaks for people to get coffee and check their Blackberries.  We have a lunch hour when you are own, a list of nearby lunch options is available at the desk for anyone who needs it.  
And the last portion of our agenda is the open forum for audience input.  We appreciate that, as I said, many of you have deep expertise on CCS or comments that you would like to share with the taskforce.  

And in order to provide an opportunity to hear from you, we have devoted the last session of the day to hearing from members of the audience.  The way we will do this is by asking you to sign up at our sign-up sheet in the back.  
Each speaker will have five minutes and we will have two of our DOE and EPA leads up here during the session.  I want to emphasize that this last session is not going to be sort of a Q&A, but to maximize the amount of time that people have to speak and to hear from you, it is rather a chance to provide comments that we will then take that to the taskforce to inform the work of all of our working groups.  

If you have questions, please make sure to submit a note card with your question on it during the expert panels and if you have comments to make verbally, sign up at the registration table.  

And additionally, for everyone watching online, we want to hear your input as well.  You, along with everyone here, can submit comments online at our website.  Just go to the CEQ website and look for CCS.  I know that following the meeting, we will also post all of the presentations, along with a video recording on the meeting on same website.  
During the meeting, if you have any questions, I direct you over to Craig Erdrich of DOE or Ben Hengst of EPA and I did just want to take a minute to thank a couple of people putting a day's session like this together is not easy and it takes a lot of work.  
And Ben and Craig, along with Ann Har, Crim G, Daniel Kildoff, Graham Pugh, Michelle Delafore [ph], and many others who I am sorry I am not naming all personally, spent a lot of time putting this day together personally and I just wanted to say thank you on behalf of all the task force leads.


Sitting next to me is Bob Sussman, Senior Policy Council to Administrator Jackson at the EPA.  He has been one of the great leaders of the EPA on the issue of investigating the safe development and deployment of CCS and he is going to tell you a little bit more about the taskforce.

Bob Sussman:  Thanks Jason.  It is good to be here today.  I would like to first thank Secretary Chu and Gary Guzy for joining us to kick off today's meeting.  

I want to make a few comments about EPA's role in the taskforce.  We are pleased at EPA to be co-leading the taskforce.  We view CCS as a potentially important and maybe even game changing technology in reducing greenhouse gas emissions.  
And so, from a policy perspective, we certainly want to ensure the availability of CCS to meet our carbon emission reduction goals.  Our focus as an agency, as you would expect, is principally on putting in place the same regulatory framework for CCS that facilitates its deployment while at the same time, addressing public concerns and assuring protection of human health and the environment.  

As many of you know, we have a number of important role makings that are underway, they are all moving towards fruition we hope in the next couple of months and I think they are going to play a very valuable role in supporting the demonstration projects that hopefully we will see moving forward in the near future.  


As has already been stated, this taskforce is charged with developing a comprehensive and coordinated federal strategy on CCS and just to repeat a point that I think has been made previously, it will take comprehensive energy legislation that puts a price on carbon emissions that in the end, will create the essential incentives required for CCS deployment.  

 
Now in addition to energy legislation, we also need to do everything we can to identify and remove barriers, provide greater legal and regulatory clarity and to assure our early deployment in an effective way and that is really the work that this taskforce is engaged in.  
It is a broad mission and that is why we have 14 departments, agencies, and offices at the federal level who are working on the task force and it is also why we are reaching out to the individuals, experts, organizations, businesses, and communities who have valuable wisdom to share with us that CCS can help best to deploy it.  

The panels you will hear from today I think will give you some insight into the key issues and challenges that we are wrestling with, for example, we are looking at the technical and cost related challenges in developing CCS and investigating what hurdles and questions remain with respect to both CCS, CO2 storage systems, and transportation pipeline networks to move CO2 from the place of generation to the site of injection and sequestration.  


We are also looking at an array of legal and regulatory issues which I think are going to be very familiar to many folks in the audience. These include liability and long-term stewardship for CO2 storage, property rights, and the need for a clear regulatory framework on the federal, state, and in local levels.  
And finally, we are discussing the policy drivers and incentives that would most effectively encourage near and long-term deployment of CCS systems.  

So, we have a big job.  But we have, I am pleased to say, many knowledgeable and engaged experts across the government who are working very hard on all these issues and I am confident are going to produce a report for the President that is very valuable.  
And I think today will be a critical step in giving us input that will inform our deliberations and I think we at EPA are looking forward to today's discussions.  So I would like to thank all of you for being here, for helping us get the job done, and I will be an eager listener as the day goes on.  [Applause]

Jason Bordoff:  Thanks Bob.  I think we are ready to get started now, so let us bring up our first panel on carbon capture, which will be moderated by Jared Ciferno of the Department of Energy.  

Jared Ciferno:  Good morning.  My name is Jared Ciferno.  I work at the Department of Energy's natural energy technology laboratory.  I am one of the co-chairs of the CO2 capture working group as part of the overall taskforce.  The other co-chair is Bob Wayland from the Environmental Protection Agency.  

Over the next hour, we are going to have three 10-minute presentations focused on the barriers and issues associated with large-scale deployment for cost effective CO2 capture, primarily focusing on the main point sources, fossil energy power production, as well as industrial sources.  We have a very experienced panel up here.  
Again, we will hold questions during the three 10-minute presentations and set aside the last 30 minutes.  Please put your questions on note cards and I will facilitate those questions after their talks and we will have the open discussion.  

Our first presentation will be by Dr. Howard Herzog who is a senior research engineer in the MIT Energy Initiative.  Since 1989 he has been on the MIT research staff, where he works on sponsored research involving energy in the environment with an emphasis on greenhouse gas mitigation technologies.  
He was a coordinating lead author for the IPCC's special report on carbon dioxide capture and storage, co-author of the MIT future for coal study, and a U.S. Delegate to the carbon capture sequestration leadership forum's technical group.  Welcome Dr. Herzog.

Howard Herzog:  Thank you Jared and it is a pleasure to be here and share my views on carbon capture and storage with the taskforce and the rest of the people in the audience.  Being the first speaker, I wanted to just say a few general points to put where I see CCS today in focus.  
And I think the good news here is that all major components of a carbon capture sequestration are commercially available.  So what this means is we do not need any miracle breakthroughs to go forward.  It is not like fusion where we need to have some sort of containment or even on some of the renewables where we need some breakthroughs in storage to really make them compatible with the current energy system.  

So that is the good news, but that does not mean there are not a lot of challenges.  In fact, there are some very, very big challenges, because CCS really is not commercial as an industry.  It does not function in the way, these components do not function in the way they would have to function to have large scale reductions of greenhouse gas emissions from our large industrial sources.  

And sometimes I talk about this challenge of going from megatons to gigatons, so we actually have pilot projects out there today that capture on the order of a million tons of CO2 a year.  But to make any difference for climate change, at least collectively as a world, we are going to operate on the gigaton scale, or a billion tons a year.

And that is because the world's energy systems put out about 30 billion tons of CO2, so you do not have to operate on the gigaton scale, maybe you have a successful business, but you are not going to make a dent in terms of climate change.  And I think sometimes people really underestimate this challenge and it is not just for CCS, but for some of the other low carbon technologies as well.


We will come back to capture, which we will focus on this panel, and this just shows you a plant out in Oklahoma that is capturing a couple hundred tons of CO2 a year from a coal fire power plant.  The CO2 is being captured to go into commercial markets, for the food industry or soda pop, or what have you.  
But this shows you that it is operating.  Once again, what is the scale-up challenge, 200 tons a day, one 500 megawatt power plant, 10,000 tons a day, so significant scale-up challenges that we have here.  


If we look at what I think the biggest challenge is to capture itself, I think is the cost of the technology.  From looks at CCS systems in general, one simple way to prove it is to talk about it, but I think there is a lot of truth in it that issues and cost are what the capture systems and the issues with risks are with the storage systems.  
So, I think when you talk about moving ahead with capture, you needed to talk about cost and there are several fronts one can move ahead on and we heard the Secretary this morning talk about some of the things that are going on on different levels within DOE. 


If we look at this strategically, I look at it as one is we can improve the current technology and the picture I showed on the previous slide was what we call a post-combustion capture; basically cleaning up out of the exhaust gas of a power plant.  
And we could improve these technologies to better solvents right now, chemical solvents, how we have done it, or maybe some other different types of processes.  
The secretary mentioned, phase separation may be a possibility and also improve designs in these processes.  These processes have not been I would say subjected to economies of scale and a lot of the experience by doing.  So there is a lot of room for improvement in designs to get down on the cost.  

But fundamentally, there are some limitations of taking CO2 that comes out of a power plant exhaust in about 10-percent concentration atmospheric levels up to putting in a pipeline of basically pure CO2 at about 200 atmospheres or about 150 atmospheres, and there is only so far you are going to reduce costs because of certain laws of physics.  

Therefore, maybe we should also be looking and we are looking at ways to change the power plant to make it easier to capture the CO2.  And historically of course, our power industries always want to make the cheapest power.  
That has always been their main driving force and as time went on we had to clean up different pollutants from them and now we have to clean up the CO2.  
So, now that we have to do all this, now maybe it is a good time to look back and take an integrative approach and say, now not only do we want to produce cheap power, but we also want to produce clean effluents and we also want to product low carbon effluents and maybe there are different approaches and I list a couple here, oxy-combustion and pre-combustion, which is a path that involves integrated gasification combined cycle systems.  

There are even more radical systems out there, things called chemical looping for instance.  And I think people are working on these and so I think there is a lot of challenges on going out there.  
However, none of these things are cheap.  If you see the price of IGCC power plants these days and there are a couple being built, they are very, very expensive, so it is not easy to learn, just building the basic power plant is expensive so therefore, once again, we come back to money being important in terms of putting investments in to lower the cost of these technologies.  

As Jared mentioned, along with about a dozen of my colleagues at MIT, we put out a report that was released, I cannot believe it, it was three years ago now, seems like only yesterday, but anyways, a report called the Future of Coal.

And of course, we were looking at the future of coal, we were looking out to about 2050, assuming we were going to have carbon restrictions and the conclusion is fairly obvious with a lot of detail in the report, that carbon capture and storage really is a critical technology if we are going to continue to use coal to meet the world's pressing energy needs at the same time, while drastically reducing CO2 emissions.  

Then, one thing that we said in that report that, a very important next step was to have demonstrations.  
And the taskforce here also in their statement says they want to see five to 10 demonstrations on line by 2016.  And in our study at MIT, we said we think we need about 10 worldwide and at least three to five here in the U.S.  
And for the different reasons we see here, I think we need experience, but we also need to show that we can do this on a large scale at a power plant.  There are four what I call million ton per year projects, but none of them at a power plant in the world.  
And so I think it is very, very important to do it and we have been monitoring this over the past number of years, we have been monitoring all the different projects here and in the U.S. and around the world and I am going to bluntly say I think it is a bit of a disappointment following some of these projects.  
Lots of announcements with very little projects moving on anywhere close to coming out into the field and so, why we have a lot of projects here in the U.S., I do not think there is any one project you can say that is absolutely, positively going to be our line in 2016.  

And so I say instead of focusing on five to 10 demonstration projects, let us focus on one.  You cannot get to five before you get to one.  You cannot get to two before you get to one and I think that one is the most important project of all.

And therefore, we see it, I see money being spread around, but these are very, very expensive projects and maybe the money being put in each individual project is not quite enough and there are other issues of course just beyond just dollars and cents and trying to get these projects.  
But these are first of a kind projects and there are going to be cost overruns, there are going to be surprises, and that has got to be looking right into the plan upfront.  


Of course, another important issue with the taskforce is dealing with deployment and to get it ready for large scale deployment and demonstrations is one way to get there.  Of course improve technology is another, but what is really going to drive deployment is the markets.  

And so therefore, very simply, you are not going to have CCS and wide scale deployment unless there are markets created for it.  I am not talking policy here, I think other people may talk about that later, what are the best drivers for it, but I think it is fairly clear that early on, that policy that might set a carbon price, that carbon price is probably going to be insufficient for large scale CCS deployment and additional measures will need to be required.

So if you look at some of the things in the Congress here in the U.S., you start seeing carbon prices on the order may $20 per ton of CO2.  And yet the cost for CCS system is going to be, if you are talking about end scale plants, talking maybe $60 a ton in first of a kind, probably over $100 a ton, so there is a big gap there that needs to be bridged and that gap can go on for a decade or two depending on how aggressive we get with our climate policies.

I think those like Waxman-Markey recognize this and this is why they put in provisions for bonus allowances for CCS.  I also think when one designs the policy, one should also say these deployment policies should not just focus on getting CCS out of the marketplace, but doing it in a way that encourages innovation as well as increasing the deployment in the marketplace.

And I think Waxman-Markey also had an interesting way because in the bonus allowances, they wanted to towards setting a fixed price for them, or award them through something like a reverse auction which puts them in more competition and I think competition is one of the best ways to spur innovation.  


We are just completing some research of one of my students, a thesis is going to be coming out, and I actually just signed off on it yesterday.  We have done some research and should we pay for CCS if it not justified in the marketplace?  
What justifications are there for the government to make investments or for private industry to make investments?  And because it takes a long time to develop technology because it is such a capital intensive industry a long time for deployment, there are benefits.  
There is research that shows there are benefits in what we call creating an option.  So that it will be cheaper to implement in the future by putting investments today and you will get your investment back in the long term, at least as a society to move on.  

So I think some people say all you have to do is create a correct carbon price and it is both necessary and sufficient.  I think it is pretty clear we are not going to create the correct carbon price and we are going to need to do some other investments so that these technologies will be ready.


So I am just going to summarize here, I think as we move forward, we need both a blend of technology push and market pull.  I think especially technology push, the government needs to play a big role.  It is relatively cheap I think for the technology push compared to the deployment phase.  
I think ultimately we are talking about we do some emissions we are talking trillions of dollars.  The investments in technology push are on the orders of billions of dollars.  A lot of it is a matter of money, but it does not necessarily have to be direct subsidies from the government.  
There are policies to encourage private investments, even things like the voucher bill which allow the industry to tax itself to build demonstrations I think is an interesting way to do it and is not an either/or.  You cannot both government and private sector investments, I think and that is the best way to go.  


But ultimately, and this is what I want to leave you with, we need some sort of climate policy or regulation to create markets for low carbon technologies and if you look at CCS today and today's marketplace, it is expensive, it costs money.  
It is much more expensive than what we have today, but if we look ahead 20 years, 30 years, and we look at a marketplace that is forcing in low carbon technologies, well then CCS may be a low cost provider and actually saves money.  
And I think that is the whole reason we are interested in CCS is not because it is cheap compared to what we have today, but because it is going to be cheap in letting us obtain our goals of providing clean energy, low carbon energy to our future generations.  Thank you.  [Applause]

Jared Ciferno:  Great.  Thank you Dr. Herzog.  Our next speaker focused on CO2 capture again is Dr. Jeffrey Phillips, who is a senior program manager at the Electric Power Research Institute. Jeffrey is responsible for advanced generation research activities including the coal fleet for tomorrow program, which is focused on deploying advanced coal based power plants that includes CO2 capture.  
Jeff has worked for the Royal Dutch Shell group for 10 years where he provided technical support to Shell's 250 ton per day coal gasification demonstration plant.  He was part of a start up for a team created 250 megawatt IGCC as an integrated gasification combined cycle and other ones that is a good application for a new build plant that is very feasible with CO2 capture and a pre-combustion mode.   Again, thank you Jeff.

Jeffrey Phillips:  Well thank you Jared and I would also like to thank the taskforce for giving me the opportunity to present the views of our institute this morning.  

The first message I want to give is that EPRI feels that CCS is an important part of a strategy to reduce our CO2 emissions over time, but it is only one piece.  
If you go on our website, you can download our prism analysis, in which we lay out the whole series of things that we feel are necessary in order to reduce our CO2 footprint and that includes improving the end-use efficiency of energy, increasing the amount of renewable power generation and nuclear power generation, as well as starting to electrify our transportation sector, which is currently so dependent on fossil fuels.
And so, I want to make sure that nothing I say today should be construed as a reason not to fully fund those other activities, we are going to need them all.


Okay, my general message here in terms of this panel, is that our institute does not see any amount of insurmountable technical challenges to CO2 capture and in fact, there is some current commercially available technologies today. 
But we certainly see some potential challenges so the image that I would like to convey to you is that if we are driving a car down a road towards widespread deployment of carbon capture, what we do not see is a big barrier with a road closed sign ahead, but instead we see a bunch of potholes.  
And those potholes represent the potential challenges.  And those potholes are filled with water, so we are not quite sure how deep they are.  And if we push down the accelerator to the floor and go full spread ahead we may end up breaking an axle and having a costly delay. 
But if we move forward prudently and we assess these challenges along the way, we will make it to our destination on time.  I would like to spend a few minutes telling you about what we see a few of those potential challenges being.


The first is scaling out post-combustion capture.  Now current solvents require a lot of steam in order to regenerate them and to release the CO that they have captured from the flue gas.  
And the most efficient way you can get that steam is to extract it out of the steam turbine from a power plant.  For full-scale applications, this is going to represent a lot of steam.  
For some of the technologies, it could represent up to half of the steam flowing through the back end of that steam turbine.  And our experts say that that will be quite a challenge, especially for existing plants that have steam turbines that were not originally designed to allow that kind of extraction flow.  
So even if it can be done, we see that there may be constraints that have been imposed on the plant in terms of how low it can go in operating down to part load power and also how quickly it can ramp up and ramp down.  
And I think that a power plant owner is going to be reluctant to agree to provide a full scale carbon capture system until they understand what these impacts on operability are going to be and really the only way you can understand that is to see a demonstration at full scale.  
Unfortunately, all of the existing and planned post-combustion capture facilities are based on what we call slip streams where you take a partial amount of the flow from the flue gas, so they will not and cannot tell us all of the operability impacts.  


The second thing is that the doctrine of unintended consequences often rears its head in terms of environmental controls.  We solve one problem only to find that we have created another.  Now usually the one that you have created is smaller than the one that you have gotten rid of, but nevertheless it represents a challenge.  So, how might the doctrine of unintended consequences bite us in the world of CO2 capture?  

Well, a lot of the technologies are based on having a solvent that circulates through the flue gas or the C gas time and time again.  And these flue gas and C gas streams are complex mixtures of various species.  
And so over time, you can envision that some of those species, even little trace species might build up within the capture fluid.  And so maybe they might have an adverse reaction along the capture fluid and change its physical properties and all of a sudden you find that it is fermenting and then draining into other areas or maybe it is breaking it down into a waste product that become very costly to get rid of.  


It takes time to find these things out and they are best found out when you are at full scale.  If we have widespread deployment of CO2, what we are going to have to have are various sources, power plants, natural gas processing units, refineries, all feeding CO2 into pipelines, which will then take that to a secure storage site.  
And the purity specifications for the CO2 for those various sources has not been established yet in terms of what we need to prevent adverse reactions from the CO2 from various sources.  

Now one approach you can say is well, they all have to produce 100-percent CO2.  And if we do that, capture processes will be so expensive, nobody is going to be able to afford to do that.  
And really the science has not been established yet as to what the allowable purity levels should and can be.  

A second subject is that before somebody puts CO2 capture on their power plant, they are going to want to understand what the rules are in terms of would I be allowed to vent CO2 if the pipeline has to shut down temporarily for maintenance, so the storage site says oops, today we have got some problems, we cannot take any CO2. 
If the rules are no, absolutely you cannot, then we have to take into account, how often do you think that is going to happen, there are going to be days when we cannot make power, we cannot make money.  Hopefully that can be overcome.  


The other thing that I would like to turn out is that it would really help the economics of CO2 capture if the rules were to allow flexibility in terms of having some times when there is a peak demand for power, the ability to either vent CO2 or bypass the capture systems all together.  
Now some of these systems are going to take away 30-pecent of the plant's output.  IF you think about it, if we could have that 30-percent kind of standing as a spooning reserve so that if you lose a power plant over a year or the wind turbines all of a sudden stop running because the wind has stopped, we could temporarily bypass the CO2 capture and have this large backup power just like that.

Now the one thing I want to point out is that the CO2 in the atmosphere represents today basically represents a 100 year average of what we have been putting up into the atmosphere.  So, what is really important is not the hour by hour CO2 emissions from a power plant, but the yearly average.

So I think if the rules can be set such that it targets a yearly average and you say okay, I am going to over capture for most of the years so that I can under capture for these times when we need the extra power that will help the economics of CCS and allow sooner deployment.  


The other thing I would like to point out is installing 60 to 70 gigawatts, which is what I think is one of the taskforce's targets of capture systems over the next 10 years, will require a lot of work, particularly when you think of the fact, okay people are going to wait and see how the first ones work and then there would have to be a big rush in the last five years to put this all in, so some thought needs to be given to how to ensure the capacity will be there when it is needed to design, to permit, to build, and to operate these systems.  


We were also asked to comment on whether we felt that the six integrated CCS demos that Secretary Chu has mentioned would be sufficient to spur widespread deployment later in this decade.  And so our assessment is no, they will not.  
And the reasons for that among them are shown on this slide First, it is we are not certain all six will move forward.  Secretary Chu already alluded to the issues that Southern is having with getting their county ID CC approved in Mississippi.  I am sure of the other six will also have challenges.  

So if we really want to have six, we really need to start with more than six, but even beyond that, none of the projects that are planned will demonstrate post-combustion capture at full scale.  Now that is not to say that these projects are not going to give us good information, they will.  
They are important steps, but as I alluded to earlier, one of the challenges the operability impact of post-combustion capture and we will need a full scale demonstration in order to really understand that.


The next thing is that the IGCCs that are proposed, none of them will demonstrate the higher firing temperature gas turbines that the Department of Energy is currently sponsoring and that we believe will make a significant improvement in the economics of IGCCs and their post-combustion capture.


None of the projects will demonstrate oxy-combustion and the Department of Energy's recent studies have shown that in some scenarios, oxy-combustion could be the lowest cost option and so we feel that it deserves work as well, or demonstrations.


And then finally, newer technologies that are still in the lab are not ready for demonstration and yet they could offer significantly lower costs in the future and they deserve an opportunity to be demonstrated and I think this is a key point.  If we only demonstrate today's CO2 capture technology, what we will end up showing is that CO2 capture is doable and expensive.  And that will not foster widespread deployment.  
But particularly in developing countries, which are going to be the ones that are going to be building the most new coal plants over the foreseeable future and this brings me to my final slide.


Right now, the high cost of CCS is a major barrier to deployment.  But if we have a sustained R&D effort, we are going to be able to develop better technologies and that will shrink the cost and by doing so, we will be able to turn that stop sign into a green light for widespread —
[END RECORDING - Segment1]
[START RECORDING - Segment2]

Jared Ciferno:  Thank you Jeff.  I just wanted to briefly mention that all the Power Point presentations will be available online after this meeting.  The final presentation will be by Dr. Ed Rubin from Carnegie Mellon University.  
Dr. Rubin is a professor of environmental engineering and science, professor of engineering and public policy and mechanical engineering.  Professor Rubin's research deals with technical, economic, and policy issues related to energy and the environment with a focus on reducing environmental impacts of electric power systems.  
He serves on committees on the National Research Council, studying climate change mitigation policies, energy and research and development planning, and alternative transportation technologies.  
He is a coordinating lead author for the Intergovernmental Panel on Climate Change, as well as a co-recipient of the 2007 Noble Peace Prize.  Welcome Dr. Rubin.  [Applause]

Ed Rubin:  Thank you Jared and good morning. I have a first slide on why CCS is needed.  Let me just, in the interest of time, skip through this and leave it for the record.  I think that has been established by the prior speakers.  
What I wanted to get to is why we are here.  This is the charge that President Obama put on the table back in February, a lot of fine print.  
I tried questioning that and I identified at least 12 specific tasks that you are all tasked with.  You certainly have a lot on your plate.  I am going to try, in a few minutes today, just to deal with a couple of these that I think are most relevant to the capture session that we are in.  


So, task one:  overcome barriers to widespread cost effective deployment of CCS within 10 years.  How we said it earlier, the simple truth is that CCS will not be widely deployed or developed unless and until there is a market for these systems established by a strong policy driver that limits CO2 emissions from fossil fuel power plants and by fossil fuel I include natural gas plants as well as coal plants.  


So what to do in absence of a strong of that matter even a weak federal policy at the moment.  I encourage the taskforce to strongly consider the issue of performance standards for new fossil fuel power plants that acquire some degree of CO2 capture for compliance within the mix of administrative agencies in the taskforce, I think this is within your scope to consider and report on.


I would suggest that these are standards that would periodically be revised as technology develops and ultimately extended to existing plants that are still operating after some specified period of time.  
Ideally, we want to provide additional incentives for more innovation, technology innovation through a market price on carbon that we have been talking about.  
This could, in fact, reward plants that effectively over comply as well develop as new technologies by allowing those excess emission reductions to proceed in a market, even if that price is below the price that it would take to incentivize a full CCS and I think those two issues in combination could be a useful way to stimulate innovation.  


Rather, I think that animation on this was lost in the translation, so let me try to walk you through it.  What you are looking at on the left is a 100 year history of patents.  The top graph is red are patents on SO2 control technologies.  This is from roughly 1900 to 2000.  
On the lower left is a patent count for post-combustion NOx removal.  So two post-combustion technologies that are now actually widely deployed at power plants around the world.  Notice the spikes.  
I cannot prove it from causality, perhaps it is just a coincidence, but when regulatory policies were put into place and effectively created markets for high efficiency post-combustional controls, a lot of innovation came out of the woodwork.  This is inventive activity that led to new technologies, which on the right, over a period of a decade or two substantially reduced the cost of post-combustion capture of SO2 and NOx.  


I have every reason to believe that the same kind of innovation and cost reduction and company deployment would happen for CO2 capture and one way of driving that potentially could be through thoughtfully developed performance based standards.


Task two of the statement.  Bring five to 10 commercial demonstration projects online by 2016.  We have heard from previous speakers that these full scale demonstrations are in fact critical to achieving acceptance of CCS both by industry as well as by the public.  
Clearly, there are also a number of important legal and regulatory issues that need to be resolved that will be discussed later on today.  These will relate I think mainly to the geologic storage issues, but I believe the largest impediment to bringing five to 10 full scale technology demonstrations online by 2016 is a lack of adequate financing.  So in the words of that great movie film, show me the money.  


It takes roughly $1 billion to do CCS at a typical 400 megawatt plant to install it, pay all the costs, and operate it for say five years.  And the current level of federal funding, which is considerable, is still not enough to guarantee that there would be five to 10 full scale projects on line in that time frame as others here have said. Industry cautionary is needed, it must be substantial, but it is not in a lock-box, it is not yet guaranteed.  So what to do?


The first statement in fact reinforces something Howard said earlier.  Focus on the projects that are already underway, particularly the five projects erected under the CCPI program announced last year.  Get them both up and operating as soon as possible.  
They are the biggest projects we have going in this country.  Focus first on demonstrating the effectiveness, safety, and reliability of CCS technology at the scale typical of a commercial power plant, which is on the order of 3 million tons per year of CO2 or more.  


I would probably disagree slightly with one of my colleagues here, cost is certainly important.  We certainly have to get the cost of CO2 capture in particular, down for widespread deployment.  But cost should not be the major focus of the first set of demonstrations.  
Focus on performance, get the confidence that both the public and the industry need, worry about cost reductions in a subsequent round after we have done the major job that needs to be done.  If the performance is not there, cost will not matter because the technology just will not move.  


Here is a wish-list for Secretary Markowsky.  I wish him an additional $3 to $5 billion falling out of the sky for some additional projects.  Even a portion of that would certainly help.  I would like to see as Jeff would, a demonstration on a pulverized coal plant at full scale meeting at least three million tons of CO2 capture and sequestered.  And I would like to see a project on a natural gas combined plant as well.  


The third task in the President's statement says explore incentives for commercial CCS adoption.  Again, as I said previously, the biggest incentive will be a market for CCS established by performance standards, or in other words, sufficiently high price on carbon emissions, but lacking that what to do.  


Well consider ways to ameliorate commercial concerns about regulatory and legal issues such as long term liability for early projects.  Consider potentially higher level of federal caution for full scale projects and the last bullet incomplete.  Consider other options such as a price on carbon emissions, so many dollars per ton for carbon that is captured and sequestered at a plant that is large enough to meet a full size plant criteria.  


I am going to stop here.  This is an older version of the talk, this is essentially where I ended on 10 minutes.  I will get the correct version  up here.  
The last slide on it four or five references, some reports that we have been involved in, including one on CCS regulatory project, which I will leave you for reference and further follow up and the last slide which is probably the end of this set says simply thank you and it reports my e-mail address.  Thanks very much.  [Applause]

Jared Ciferno:  Good day again.  Thank you again to all the expert panelists for their presentations.  I think that helped stir some good questions and for the sake of time, we have about 20 or 25 minutes, I am just going to try to address some of these questions, I may not get to all of them.  
Again, the first question is, what is the view of the panel on the merits of modeling and simulation in accelerating the deployment of CCS technologies?  Modeling and simulation, do you think it plays a larger role?

Ed Rubin:  Absolutely.  This is a new initiative that DOE and ETL is prepared to launch. I think the advances in computational modeling and simulation, we have seen this in other industries that are further along than the power industry in this dimension. I think there is just an enormously large potential to basically not have to build expensive, larger demonstrations or pilot plants and save a lot of time and money.  


The challenges are also affirmable.  We still have a lot to learn to build advanced computational availabilities up to the level that is needed to make them reliable and trustworthy, but I think that is the nature of the R&D challenge.  I think it is a challenge that is appropriate and one that we are quite up to meeting. 

Jared Ciferno:  Great.  Thank you.  Dr. Herzog, are there any new specific CO2 capture technologies developed at MIT that look promising and can you maybe comment on their scale of majority, etcetera?  I am sorry, any specific CO2 capture technologies developed at MIT to lower cost efficient technologies?

Howard Herzog:  Yes, I work with several professors looking at different technologies.  We actually have projects going on with gasification; we have projects going on with oxy-fuel combustion.  We have post-combustion technologies.  
We are just in the recent of the RPE that was just announced, we just got a note, we just got notification earlier this week that in our post-combustion we are looking at a sort of looking at electro-chemical technologies to look at this basically trying to look at different types of materials that are out there today to see if we can really make some significant changes in what is happening.


So we are looking at things on a variety of fronts and I think what I say is there is optimism that we are going to improve, but the idea that we are going to be able to capture CO2 from a power plant for essentially no cost, that is just not going to happen, it is going to be more expensive.  
So what we try to do is get as inexpensive as possible, but you have got to realize that it is a massive operation and it is not going to come for free and that is why you need the policies in place to do it.

Jared Ciferno:  And as a follow on, as a separate question, but can the panel identify some game changes?  We have mentioned we are $80 a ton for a plant, over $100 a ton for first of a kind, but we are well aware it may get down to $20 or $30 a ton at R&D.  What is your opinion on the gate years and game changing technologies and the level of maturity they are at today?

Jeffrey Phillips:  Part of my message is not as promising as you might hope.  We have done a survey of probably 100 different novel technologies or next-generation technologies for post-combustion capture that are in the lab, but nothing stands out as a real game changer.  
There are certainly going to be maybe improvements and improved technology and in fact that was one of the reasons why we have helped support the pilot plant on Alstom shield demonia process [ph], which is now actually at a demo stage at the Mountaineer.  And there are certainly other technologies in the lab that we hopefully improve on that.  


Now on the oxy-combustion and pre-combustion capture, I think one of the key game changers will be coming up with lower cost oxygen production and as you know, DOE has been working for a number of years for their products on their ion transfer membrane, and so we are closely watching that technology because it could indeed represent a step change and we think there is additional potential in that area so we would like to see more focus on oxygen production.  

Ed Rubin:  If I can make an additional comment, I like to learn from lessons from things that have happened in the past.  One of the interesting things is that when you start making important but incremental improvements to current technologies and you do that for 20 years and look back, suddenly people call it radical.  That is the way a lot of the technologies that we currently employ at power plants have been developed.  


The R&D that DOE and others are doing today is critical.  We do not know really what the game changers will be.  There could be a lot of things developing from what is out there.  So we have to pursue that on all fronts.  
One way or another, I really believe that these kinds of experience curves that I showed you will happen with CO2 capture once there is, in fact, a market for those technologies.  Some of them may be the things that are in the laboratory today that will take time to develop.  
Some of them may be improved versions of things that we have.  There is a lot of research going on improved sorbence of the formulations, ways of improving heat integration to reduce energy penalties, potentially things like oxy-combustion and the IGCC area there are a number of important things.  


One of the things that has to also be remembered is if the objective is to bring down the cost of CO2 capture, a lot of things besides the technology for capturing CO2 affect that number.  
As so, anything that improves the efficiency of power plants, reduces their energy penalty, also reduces the cost of CO2 capture.  So the whole suite of research activities, anything from improved combustion devices, improved gasifiers, improved oxygen productions, all of those things affect the cost of CO2 capture as well, not just the specific capture device.  Markets will bring those costs down. 

Howard Herzog:  Let me just say, well two things, one is yes, I do not think overnight you get a breakthrough.  It is an accumulation of a lot of things and I sort of want to give one example of when people talk about game changers, what potentially could be one.  
And I will take you into the oxy-fuel realm and as Jeff said, the key is cheaper oxygen so we have these ionic transport membranes, but I think if you look at the ionic transport membranes by themselves, they are not really do it just by themselves, but if you can sort of integrate them with the combustion process and the way they work is the oxygen will flow based on a partial pressure difference.  
But to make pure oxygen, it means you need to compress the air to get it, but in a boiler, your partial pressure of oxygen is near zero because you have got the reaction going on.  


If you can actually build these ionic transport membranes into a boiler wall so they actually see the zero partial pressure inside the boiler, you basically have oxygen flowing through the wall and basically free oxygen.  Can you do that?  
Can you have high temperature on one end with this very sensitive membrane in this awful environment?  Maybe it is an impossible thing to do, but theoretically those are the types of things that will happen and that will not happen overnight.  
First we have not even perfected the membranes themselves let alone trying to integrate them into the processes, but I think those are the types of things that in the long term to maybe do it, and maybe we can get not totally there, but get a lot closer there than we are today.  

Jared Ciferno:  Next question.  Many seem to think a climate bill is necessary to drive CCS, but a climate bill may be a few years off.  What do you recommend we do in the mean time to fill this gap between when the final bill comes out to have technologies that are cost effective or accelerated to meet those bill's requirements?

Ed Rubin:  Can you repeat the beginning of that question?

Jared Ciferno:  Many seem to think that a climate bill is necessary to drive CCS, but it may be a few years away.  What can we do in the mean time essentially?

Ed Rubin:  What can you do in the mean time?  I think we do what we are doing now. I think the program that DOE has is especially commendable in fact, in the sense that there is not yet a legal imperative for carbon reductions and a market for the technology as we have talked about.  
So, that is a risky business, spending a lot of money on technologies for which there is not yet a market.  Although the expectation is there, it is inherently risky and the appropriate activity given the importance of the environmental issues of climate change for the Department of Energy and the U.S. Government to be working on.  


I think we just have to keep doing that.  We will not know what the cost of technology is until we build it at full scale, despite all the numbers we see to four significant digits, and so we just have to keep pushing on that.

Jeffrey Phillips:  I will just say a couple of words as well.  I am a huge college basketball fan and there is no greater college basketball coach that John Wooden and when people ask him about the keys to his success back when UCLA won what six or seven titles in a row and he said that he always focused on the end goal and he never let his players get too excited when they won a game or too down when they lost one.  


And I think that is the key right now, we have got to keep focused on that end goal, 80-percent reduction of CO2 emissions by 2050 and the day-to-day, week-to-week imaginations in Congress should not affect what we are doing as technologists and I agree with Ed that we need to get these demonstration projects going.  Yes they will be expensive, but I agree that the most important things is that we need to first show that we can do it, do it reliably, and to build confidence and then we will start improving from there.

Jared Ciferno:  As a quick follow on question Jeff, you mentioned CO2 purity levels, but given the fact that we have 30 years plus experiences with EOR or CO2 purification, there is what 5,000 pipelines on the ground.  Why is CO2 purity a potential issue or barrier?

Jeffrey Phillips:  Well, most of the pipelines that are providing CO2 for enhanced oil recovery are using naturally occurring sources of CO2 and so the specifications in those pipelines seem to be based on what was the specification of the CO2 coming out of the natural source and those tend to be fairly pure sources, like 10 parts per million sulfur.  
And if you look at the science of just what happens in a carbon steel pipeline, you can tolerate more than that, in fact a  pipeline that is taking CO2 from the Great Plains Gasification Plant in North Dakota to Saskatchewan has over 1,000 parts per million of sulfur in it and is also made out of carbon steel.  

So, what is the thing we design for?  If we design for 1,000 parts per million, the capture system will be a lot less if we have to design it for 10 parts per million, it will be a lot more.  I think it should be based on science and on health and safety considerations and not just well that is what we have done.  

Jared Ciferno:  Does it look to the panel like the United States Government support of approaching 95-percent to cover the cost of them versus a 50/50 cost share would be needed to meet the Obama objectives of five to 10 demonstration plants.  Essentially do you feel the government needs to up their cost share to reduce the industry input?

Howard Herzog:  We discussed that quite extensively when we did our future of coal study and I think our feeling was we understand where the cost share comes in and why it is important, but we also felt that it is kind of arbitrary in some ways.  
So when you are doing a CCS project, there are different parts to the project.  There is the power plant part itself, which in some ways does not really need cost share and then there is the capture part of the project where you can say some cost share makes sense.

And then there may be the storage part of the project, which you may say that is something that should not be subject to cost share because we can actually use the CO2 from the power plant to use that as a scientific project and really study what goes on there.  


So I think if there are ways that you can put this together to say that this is not a traditional type of project where a 50/50 cost share has to apply.  So that is one way to look at it and another way to look at is what is happening in reality and it is being hard for industry to come up with the 50-percent cost share on these big projects with these big risks and maybe it is more the risks than the cost share.  
What happens when you overrun how that is handled?  But if you are utility, where are you going to get the money from?  You have to go to your PUC.  Will your PUC approve it or not?  One of the big things PUC has to worry about is least costs, energy, and I have heard the PUC saying to companies there is no climate legislation in the U.S., why should our rate payers pay for this?  
And if you are an independent power producer, you are out there in a very competitive market and you do not have a lot of money so sometimes maybe in the national interest, it may be better to go beyond 50/50.  


So I think it is an arbitrary number and I think it is something taskforce should seriously look at as one of the recommendations whether that is being an impediment to these demonstrations or not.  

Ed Rubin:  A couple of years ago, some of you know I was thinking about how can we raise a quick $10 billion to do 10 demonstrations, pay for them completely, and try to get past that hurdle.  Some of the ideas actually found their way into some of the proposed legislation but it has not happened yet.  
Notions like a trust fund, basically some way of getting funds outside of the normal Congressional appropriation process, which has a number of downsides to it.  


That is the why as I said earlier, I said and my feeling on this has not changed over the last several years, money is I think the biggest problem.  
What has not yet been realized is that a couple of billion dollars spent today could save tens, potentially 100s of billions of dollars in the future in terms of reduced costs of needing what we all eventually anticipate will be a climate policy.  
So, in that sense, it is a bit frustrating that we have not bit the bullet on that yet.  One of the alternatives to a pure upfront cost sharing and that has also been proposed in some of the other things and I mentioned it briefly by missing a bullet, more on the spirit of a prize, where keeping your eye on the goal.  
If the goal is to capture and sequester CO2, let us find a way of getting the private sector to take a little more of the risk that is rightfully ought to be and let us pay the winner.  Let us pay the first person, the first two projects that successfully sequester on a meaningful scale, CO2 and make the economic carrot large enough to perhaps engender a little more risk taking upfront.  
That could be another way to do that but again, if timing really matters a lot, if we had 20 or 30 years to develop this, we would be in a different situation than if we are trying to do something by 2016 or 2017, so right now, every day we spend talking about it and not doing projects is a day lost in meeting that goal and there is just no other way around that. 

Jared Ciferno:  Great, thank you.  For the sake of time, we will not get to all the questions, I apologize.  There are a couple of just clarification type questions I want to address real quick before we move onto the next session.  


The taskforce was asked regarding challenges or barriers regarding financing as a large barrier.  Will the taskforce develop specific recommendations to address the financing issue?  That will be covered this afternoon in terms of incentives session.  


And then we were asked, how is the taskforce addressing the conversion of CO2 to carbonate or bicarbonate and essentially, this is kind of like a once through mineralization.  


We are addressing that within the taskforce, that is kind of like under the industrial type sector, so that will be addressed.  


Again, I would like to thank all the panel experts, as well as everyone's questions.  I think that is it for the CO2 capture session.  Thank you.  [Applause]

Mark de Figueiredo:  Good morning, I am Mark de Figueiredo from the Environmental Protection Agency and with John Litynski from the National Energy Technology Laboratory, I am co-leading the CO2 transportation work group for the taskforce.  And the next session we will be exploring issues related to CO2 transportation.  


Transportation of CO2 is a vital component of the CCS process.  There are a number of issues that are relevant to CO2 transportation, including the state of current infrastructure, impact development, design, operation, and regulatory issues such as siting and resource issues.  


We are privileged today to have three terrific speakers joining us.  As with the previous panel, each panelist will have about 10 minutes to give their initial remarks.  If you would like to ask a question to the panel, please write it down on a note card.  


Our first speaker is Lisa Beal.  Lisa Beal is director of environment and construction policy for the Interstate Natural Gas Association for America in Washington, D.C.  
Ms. Beal has been with INGA for 13 years and currently manages the environmental construction policy agenda for Interstate Natural Gas Pipeline Industry.  She also manages right of way management, stakeholder communications, need of American issues, and intergovernmental communication for INGA.  
Prior to joining INGA, Ms. Beal served as manager of transportation and safety for the Hazardous Waste Management Association where she directed the environmental health and safety program for the hazardous waste transportation industry.  
Ms. Beal has also worked for the American Trucking Associations where she managed environmental issues for the truck transportation industry.  Ms. Beal holds a Master of Business Administration from the University of Phoenix and a Bachelor's Science in Marine Environmental Science from Hampton University.  Lisa.

Lisa Beal:  Good morning everybody.  Let me just say I may be a little bit flustered.  I have to say coming over here I am just running in, I am in the middle of a refi and my appraiser decided to come this morning right before this, so I am still feeling good enough to talk so I guess it went alright.  


What I wanted to do and I only have a few slides because I think the questions are probably more interesting than hearing somebody talk because I hear myself talk a lot of I am know I am not that exciting.


So for those of you who are not familiar with INGA, Interstate Natural Gas Association of America, it is a national trade association that represents the Interstate Natural Gas Pipeline companies in all of North America because we do have PIMX as one of our members.  
I think it is important that when you talk about the natural gas system or the natural gas industry, most people think of it as an industry and in fact, it is not one cohesive industry.  Although it works that way, it is not structured that way and I think that is very critical when you start talking about what you are thinking about in terms of CCS infrastructure and building CCS infrastructure and the regulatory environment as well as the business model, which is probably the more important of the two.  


But just so that I can give you a sense of who I represent and very specifically it is a very segmented industry in the sense that you do not have a single owner of the gas going through from the well head all the way to the burner tip.  
So from the perspective here that you see the transmissions unit is going to be the long distance pipelines, in the sense that we only move the large diameter, high pressure pipe.  We are not the local distribution companies. Some of our companies will operate some of the storage wells that are involving, which obviously become important when you talk about CCS.  
But we are only represented by the long distance transport and some of the storage.  Obviously you have processing and some other things, so this is just a depiction of that.  


Again, just to give you a sense that INGA members, we transport over 90-percent of the natural gas that is consumed.  We have about 220,000 miles of interstate pipeline.  
I do not have my storage numbers on me, but fundamentally in terms of facilities, we have compressor stations versus pump stations that you might find in liquid lines, which operate about 6,000 stationary engines, IC engines and about 1,000 turbines, different types of equipment.  
So these numbers are actually rather a little bit outdated in the sense that the interstate pipelines have actually for a while now, have enjoyed a relatively successful history of siting pipelines.  


Mainly that is because we have had the benefit and some might argue with me about that, depending on where you might sit from the regulatory perspective, but we have had the benefit of having a lead federal agency, the Federal Energy Regulatory Commission.  


The commission has been and you can love it, hate it, however it might be, but one of the things it does is it is an advocate for the process rather than the project, and so it is very clear that sometime FERC was created not just for the interstate pipeline, but obviously but their mission to make sure that we do have this important infrastructure that is built and recognizing that it was long distance and that these projects were crossing many jurisdictions and they were highly capital intensive.  
It became very clear that you needed to have somebody sort of who was sort of managing and moving the processes forward and sort of directing that.  And I think that as we talk about CCS, that is probably something I know I would be interested in hearing from folks here because I know we have heard people.  

So no, CCS should be handled at the regional level or the state level, or the local level, but if you are talking about miles and miles of pipeline in a very large infrastructure, I guess I would just say I caution about the ability to successfully do that without having some sort of lead agency to help again separate the process rather than the project.  


As an example of sort of our success, you can see that between 2000 and 2010, the interstate pipelines have built nearly 15,000 miles of pipeline or certificated 15,000 miles of pipeline for those unfamiliar, that is when you go through FERC and you have a project, you get a certificate of convenience.  
And so we call it certificated, which is pretty much saying that the project is given the green light to go forward and move ahead and start will all the construction and those types of things.  


Comparatively, transmission, electric transmission has only built about 1,000 miles.  And so, I am not going to go into what the problems are or might be or even speculate because I do not work in that industry, but certainly I think people can argue that part of that has been because of the regulatory model that has been in place to work the process of siting.  
I will not speak again to the issues of FERCs individual projects.  Of course they are going to have different types of situations and there are certainly going to be a lot of different either environmental or market conditions that might dictate some of these, but fundamentally it goes really to the structure which these things have been able to go through.  


So a question again also is what will CCS model?  Is it going to model something that is at the federal level?  Is it going to model something that is at a more state and local level?  
Again, just we have talked about different, a lot of times when the interstate pipelines have been talking about CCS and what it could do, a lot of people have turned to us and asked us these questions, how would you do this because there is an assumption that we have a good perspective on how the process would work and that it is very easily transferable.  
I do not know that it is easily transferable.  I think that it is certainly possible, but I think you have to understand the full process to know whether or not when we say it is possible or it is likely that you will use this model given that the timeframes especially, that people want to see CCS come online.  

This just gives you a general overview in terms of timing of how long it takes to certificate and build a pipeline.  
Again, this the 32 months that are indicated there are really a back of the hand.  This is also coming from years and years of working with FERC and FERC has a process called the pre-filing process in which the various state agencies and stakeholders are involved in the process much, much earlier than they had been perhaps in the past and we still though see a pretty lengthy period of time in which you can build a project.  


I also do not want to sort of skip over too quickly that first six months when we talk about the market development, because I think in CCS market development is probably one of the more unknowns or the more difficult processes here.  
With the natural gas markets, that is pretty well established, you know where you basins are, you have markets that are developed, and you have what is called an open season in which before you can even start to move forward past that, you have a certain amount of capacity that is already built of committed to within your pipeline. 
So a lot of that gives you certainty about whether or not you are going to be able to have customers, which is something that I think is not necessarily the case with CCS, in the sent that you cannot specutatively build and maybe CCS developers will specutatively build, but for natural gas pipelines, we do not specutatively build and in fact, we cannot do that.  


We cannot say we think there is going to be a market here, so let us go ahead and just build something there so that the capacity is there.  We have to have that certainty before we can even go before FERC because again, the bottom line, this does get down to what your rates are and what your ability to cover those rates.  
Ultimately, as a transporter, and that is what the pipes are, we do not own the gas, we are simply like the UPS of the gas, we are just moving a product for somebody, we are moving a service.  We cannot just go ahead and just say build a pipeline assuming that it is going to be there and so for us rate recovery is a huge consideration in fact when we move forward.  


So, I mentioned a little bit on costs and this might be a little difficult to read, I apologize.  But I just wanted to give you a sense of the costs involved in the interstate pipelines.  That is something obviously we have some history on.  
I think we are still starting to look at the different factors that are involved that would determine the costs around CCS, but certainly cost is going to be a major issue.  When you look at sort of historically what we have seen, you see that there is about $75,000 per inch per mile of pipeline that is built and this is again, a back of the envelope depending on where you are building.  


If you are building in an area where you have to get new right of way versus an area that has an existing right of way, that you might just be doing a lateral or moving along with, versus going through highly sensitive environmental areas or going through an area that is more industrial, all of those costs are going to make a difference.  
Then of course, the difference between a very large pipeline versus a smaller pipeline, a 42-inch versus something different.  The size of the pipe obviously matters and of course, the length.  Are you going 300 miles versus 100 miles.  
All of those things and I am assuming most of the folks here are probably very well aware of looking at these highly capital intensive projects and looking at all these things knowing that those are really back of the envelope type of numbers.  


A lot of people have asked me in the sense, where are the costs?  Are they related into your labor, is it the materials, is it the horse power that you are putting it?  Are the pipes filled?  
Things of that nature and this just kind of gives you a sense of the demographics of where the costs are.  I think one of the things just stepping back for a moment and just taking a look in general here, what you see is obviously there is a trend that pipeline costs or building a pipeline is getting more expensive.  
It is getting more expensive, there are more people involved, and when I say people, I mean all stakeholders from the local group that is concerned about something being built through their property to where the ultimate pipeline is going to end up. So you have a lot of people who are involved in asking a lot of these different questions.


The darker area at the bottom, the red area, which you see, that is pretty much the material.  And as you can see, there have been some jumps in steel prices or whatnot, and I would imagine that with CCS, you are going to have similar types of fluctuations in costs and things around there. 


I think the labor issue is something that certainly we have seen rising.  We have not only seen just the cost of labor rising from just what it costs to employ people, but certainly from re-training people because it has become a very predatory labor market in the sense that you have people moving from one company to the other very quickly and the cost of re-training people on a project are very expensive.  
And in fact, we have actually been doing some work in that area and we are looking for ways to really try and tap into things like knowledge transfer and knowledge management because those are the types of things that are really raising the costs but trying to come back.  Not to mention, people think of the work force issue as one being that we have an older workforce that is going to be retiring and that is not the whole picture.  


A big picture is that even if you have people around, they do not know how to tell somebody else what they do in a way that makes sense or you can capture that information and pass it on.  
So that is a big one that I did want to point out.  And then of course, the lighter areas, right there, that is right of way in the sense that that has been something in the past.  I am sorry the little bars, little slashes are the labor.  And the right of way is the clear.  


Again, you probably cannot read this and I am going to give you some references to where I pulled this information and what it is, but what I have here is just something to do sort of again, a comparative on what the costs are to operate and build CO2 versus a natural gas pipeline. 


Given that the CCS will operate at a higher pressure, we just anticipate that this going to cost more and I am sure there are people in this room who are much more familiar with the cost of the CO2 pipeline than I am, but I bring this up because what we did is we did a study a couple of years, well actually just last year, in which we did a comparison of these sorts of numbers and I will give you the reference for that at the end of my speech.  
But what we are trying to do or what we were trying to do is get a sense of what would the costs if we were to move forward on this.  


So as I said, I only have a few slides here and I really wanted to get down to what our conclusions are or our thoughts are at INGA about CCS and comparing that again to interstate pipelines.  


Again, the FERC has been extremely helpful in our ability to be successful at siting.  That of course, does not take away all the pressures or all of the issues associated with siting.  
Public acceptance continues to be a problem, even though people just do not want to see necessarily more development in their area.  And so the idea of whether or not CCS will be publically acceptable, it might be acceptable on paper, but when somebody comes and says I need to get on your property and start surveying your land for a pipeline, that person's opinion of CCS may change.

And I think that is something that has not been necessarily fully discussed or explored or really it is not something that you can factor in to a model to say whether or not you are going to have CCS by 2050 or not.  I think there is a really huge gap of knowledge there that needs to be addressed.


Also the liability associated with it.  If you are producing CCS and you want to move it and store it, you do not want the liability.  You want to send it away and those customers, they do not want to see it again.  
They do not want the long term liability.  So there is a huge question on who is going to absorb that long term liability and how that structure will develop.  Again, whether or not the pipelines as a service provide that or not is a big question.  


And until some of those issues are dealt with, most folks who are in the business of building pipelines, just straight building pipelines regardless of whether they are liquid, water, CO2, or gas, they are not going to go into a market that is so unsure and the liability is so high and the regulatory outlook is still so uncertain.  


I think from a barrier perspective, the technology is not the barrier.  We know how to do this.  The problem is how we are going to regulate it, how it is going to be what the business model is going to be and how they are going to move forward from that perspective.  What are the contracts going to look like with those things.


So, I have thrown out a couple of things here and I just wanted to say last year that the INGA Foundation, which is the research arm of INGA, put together a study that looked at the infrastructure needs that might be needed for CO2.

And this was based on some of the previous carbon bills that were out there that looked at a certain amount of CCS would be needed or is assumed within the models to come on line by a certain period of time and we worked those into that.  
And basically what we saw is that yes, again, the technology is there and it is possible to do that, we could build that much pipeline in that given time, but the questions about some of the more significant issues that have already raised in terms of liability, policy, costs, some of those things are really the ones that are more in question.  


But our analysis we saw, depending on whether or not you are using CCS for enhanced oil recovery or not, you might get anywhere between 15,000 miles and 66,000 miles a pipe, which looking again at my first slide in terms of how the pipes are built is not a difficult thing to do.  
Open the gates and allow us to do that.  We can build a pipe.  The question is will the structures and will the models be in place to give people a certainty that it makes sense to build a pipe.  So I know we are having questions at the end and I will stop there.  Thank you very much for your attention.  [Applause]

Mark de Figueiredo:  Thanks Lisa.  Our next speaker is Peter Lidiak.  Peter has been with American Petroleum Institute since April 2000 working on air quality fuels and refining the pipelines issues. He directs IAPI's pipeline segment overseeing federal and state activities relating to hazardous pipeline safety, security, operations, environmental performance.  
Prior to joining API, Peter worked in the mobile source program office of Air and Radiation at EPA for 15 years.  He is a graduate of Colgate University.  Peter.

Peter Lidiak:  I am here on behalf of my colleague, Steve Krukshak who is our resident expert on carbon capture, but I am the pipeline guy so I am going to talk to you a little bit about pipelines today.  


So the oil gas industry is constructed and operates about 3,500 miles of CO2 pipelines today.  I think most of you are well aware that is mostly for enhanced oil production.  CO2 is moved as a super critical fluid.  It is generally not moved as a gas and pressures are relatively moderate and temperatures are relatively moderate as well in that super critical phase.  


The pipelines are constructed, regulated, and operated based on established and well-understood engineering practices.  
ASME has practices for the construction of pipelines, both B318 and B314 are the standards that are applicable to gas and liquid pipelines and CO2 lines are considered hazardous liquid lines at this time when they are moving the product in that critical fluid state.  
Generally, operators select their route, they negotiate with land owners to obtain those rights to place a pipeline and obtain any necessary permits to build their lines.  


Now one little difference between gas lines and liquid lines today is that while there is a lead federal agency, FERC, for the siting of gas lines, there really is no lead agency for hazardous liquid lines.  
The challenge certainly in putting more lines in place from the current 3,500 miles is going to be to go to something that looks like this.  There are currently nearly about 170,000 miles of liquid pipelines.  
And according to the National Petroleum Counsel, this is what you would need if you were to capture and transport all of the coal fire powered and power plant emissions in the United States.  
So of course, you are not going to capture all of it, but if you were going to do it, this is the pipeline infrastructure you are looking at.  These are all the major liquid lines that criss- cross the country, a lot of miles.  


So are there barriers?  I think that over the next 10 years probably no real show stoppers.  I think Lisa mentioned it comes down to policies and whether people perceive there to be a market for the service being provided by a pipeline.  
The U.S. department of Transportation has regulations in place to ensure the safety of communities near CO2 pipelines and the industry has a very good safety record for pipelines overall and for CO2 pipelines particularly.  
The current regulatory structures also enabling the development of CO2 pipelines systems.  In 2003, Anardako began building its CO2 pipelines from Shute Creek gas processing plant to the Salt Creek Field in Wyoming.  
In 2009, Denbury began building its green CO2 pipeline from Louisiana to Texas.  And we are really not hearing of impediments from the CO2 operating companies to putting these pipelines in place.  
Denbury and Kinder Morgan Energy Partners also have significant CO2 pipelines that they have been able to put in place and operate successfully for several years now.  


We believe there really is not the need for a key federal agency in the next 10 years. I think that we found that our companies are able to site their projects, obtain the necessary state and local permits, negotiate with land owners for right of way in such a way that they are able to place their systems.  
Long term, of course, there may be a different story, but at this point in the early years of implementation, I do not think those kinds of barriers exist. 


So looking forward beyond the 2020 timeframe of this taskforce and after 20 or 30 years, there might be a need for a different regulatory framework.  But to try to anticipate kind of how that develops, I think is a pretty difficult task right now.  I think that Lisa referred to the fact of the uncertainty.  
Is there going to be a market for these transportation services?  No one is going to be paying for this CO2, it does not have an intrinsic value going to a market.  So it is driven very much by the factors that push this carbon capture and sequestration.  
So if there is a real reason for us to build those pipelines and to move that CO2, that is going to develop over time, it is going to be highly developed, dependent on the policies that are put in place.


I would say that we do not see the need right now for sort of imminent domain type of authority.  In the long term, with a larger concentration of pipelines, larger demand should that develop, that may be needed and I think that is for the future to determine.  


Well that is the end of my Power Point spill and I do just want to mention a few other things that certainly concern our API members and API in general.


I think that the very first one that I want to mention is carbon capture and sequestration policy should be fueling an application neutral.  We really do not see the reason to differentiate the sources of CO2 that is going to be captured and we do not see the need to say it only applies to coal fired plants versus other types of fuels.  


Enhanced oil recovery is certainly going to provide a secure, long term storage solution.  It serves two goals.  It enhances petroleum production and it allows for storage.  
There will be a need for a clear process of transferring this longer-term responsibility, reliability that Lisa also mentioned that is, you are putting this stuff into the ground over a long period of time.  No one is certain what the long-term liabilities might be and it is something that your task force really needs to think about and consider as you make your recommendations.  
CCS of course is only one of many greenhouse gas mitigation strategies. It should be implemented on its own economic benefits and merits, and we really think those things ought to be considered in your deliberations as well.  I thank you for your attention and I look forward to any questions you might have.  [Applause]

Mark de Figueiredo:  Thanks Peter.  Our final speaker will be Sarah Forbes from the World Resources Institute.  Sarah leads WRI work on carbon dioxide capture and storage and has been doing so since May 2008, including the stakeholder process, that resulted in publication of the guidelines for carbon dioxide capture, transport, and storage.  
Prior to joining WRI, Sarah worked at the National Energy Technology Laboratory serving in a number of capacities and notably she left a roadmap development to the Department of Energy's Carbon Sequestration Research Program, chaired the outreach working group for the regional sequestration partnerships, and conducted analyses on environmental aspects of CCS to energy, water in excess and climate change.  
Sarah has Bachelor's and Master's degrees in Biology from Wheaton College in Illinois and Mississippi State University.  Sarah.

Sarah Forbes:  CO2Thank you Mark.  So the World Resources Institute is a non-profit, non-partisan environmental think tank based here in Washington, D.C.  We work at the intersection of human and environment needs.  Our work on CCS is predicated under five guiding principles.  
If you are going to do CCS, you must do it in such a way to protect first of all, protect human health and safety.  Second, protect ecosystems.  Third, protect underground sources of drinking water.  
Fourth, ensure market confidence through real emissions reductions and property greenhouse accounting and fifth, and importantly, facilitate cost effective and timely deployment. 


These issues are really critical to consider as we work on CCS and our work tends to focus pragmatically on how to do CCS responsibly, not on whether or not CCS should be deployed.  During my short time today, I am going to talk about three things.  


First of all, I am going to reiterate the guidelines for carbon dioxide transport, which were published in this document in 2008.  
The stakeholder process that was used to develop these guidelines began in 2006 and it was the result of a tremendous effort, not just by my team at WRI, but by a number of stakeholders who contributed their time, ideas, and really help get out a set of guidelines that balanced to the diverse sets of users represented.  
For those of you who have a copy of the guidelines, in the front cover, it lists the contributing stakeholders.  You will notice that this group includes oil companies, electric utilities, environmental groups, a really diverse set of people.  
What you do not see is it also includes a diverse set of academic perspectives.  The guidelines were developed not just by engineers and geologists, although we certainly relied on some of the best experts in those areas, it also included lawyers, economists, biologists.  
I would also like to acknowledge several of my co-authors in the guidelines are here in the room, Preety Verma, Tom Curry, as well as Sarah Wade and this effort was tremendous.


Now the transport section that I am going to be highlighting stars on page 41.  For those of you, a full copy is also available online.  I am really going to go through these in detail in reviewing in preparation for recommendations for the task force, I reviewed the recent development and the guidelines that we developed and published in 2008 are still very relevant to the very questions that the taskforce is asking.  


In addition to looking on page 41, the recommendations for governments are included in an appendix.  And those recommendations for governments and policy makers are all things that cover capture, transport, and storage that the taskforce might address.  So that is the first thing I am going to do in my presentation. 


The second thing I am going to do is I am going to review some of the recent research on pipeline network development.  We have heard a couple of the other panelists talk about pipeline networks.  
I am going to talk about a little bit of the technical research that is coming out of some of the research institutes and what the key finding are so far.  And finally, I am going to conclude with some recommendations for the taskforce.


The first set of guidelines that we developed for CO2 transport are on design and operation and there are two of them.  First of all, CO2 pipeline design specifications should be set for purpose and consistent with the projected concentrations of co-constituents, particularly water, hydrogen sulfide, oxygen, hydrocarbons, and mercury.  


Secondly, the existing industry experience and regulations for pipeline design and operations should be applied to future CCS projects.  


The next set of guidelines is around safety and integrity.  And there are four guidelines in this area.  First, operators should follow the existing OSHA standards for safe handling of CCS.  Second, plants operating small end-pipe pipelines should consider adopting The Office of Pipeline Safety regulations as a minimum best practice.  
Currently those pipelines are not required to adopt them, but it would be a best practice to do so. Third, pipelines located in available areas including populated, ecologically sensitive or seismically active areas require extra due diligence by operators to ensure safe pipeline operations.  
Options for increasing due diligence include decreasing the spacing of mainline valves, greater depths of burial, and increased frequency of pipeline assessment and monitoring for any leaks.  Finally, if a pipeline is designed to handle H2S, the operator should adopt the appropriate protection for handling and exposure.


The next set of guidelines is around sitting CO2 pipelines, it is an issue that has already come up in this panel and we have two guidelines that we have developed in this area.  
First, considering the extent of CO2 pipeline needs for large scale CCS, they are an efficient means of regulating the siting of interstate CO2 pipelines should be considered at the federal level based on a consultation with states, industry, and other stakeholders.  


This taskforce has an opportunity to begin this consultation and perhaps make recommendations along those lines.  The second guideline in this area is that as broader CO2 pipeline structure develops, regulators should consider allowing CO2 pipelines developers to take advantage of current state condemnation statutes and regulations that will facilitate rights of way negotiation.  In a future slide, I am going to show some of the states that have already adopted such rules.  


The final area for pipelines regulations will regard setting the access and tariff.  And there was one recommendation that we made in that area.  The federal government should consult with industry and states to evaluate a model for setting the rates and access for interstate CO2 pipelines.  Such action would facilitate the growth of an interstate CO2 pipe network.  


This is the first of some ongoing research that I am going to highlight.  This work comes out of the CCS red project, which is lead by Carnegie Mellon and Ed Rubin mentioned in a previous panel.  
What you see here is that there are three states that have set CO2 common carrier rules for CO2 pipelines, including Montana, Texas, and North Dakota.  There are two states that have already applied their imminent domain rules to CCS pipelines, including Louisiana and North Dakota.  
And finally, there are two states, Indiana and South Dakota that have set rules for CO2 pipeline purity to be at 90-percent.  We will talk a little bit more about that in the context of my recommendations.


This work has been published by Jim Dooley and his colleagues at Pacific Northwest National Laboratory.  One of the common criticisms of a CO2 pipelines network is that when you get to look at wide scale deployment, it is simply not possible to build the number of pipelines and we saw those maps already today, the vast infrastructure needed.  
This work shows an existing natural gas pipeline network and miles in yellow and then the existing and projected CO2 pipeline network under future scenarios.  The black lines that are small and concurrent with the yellow on your existing CO2 pipeline network.  The blue is comparable to the WRE 450 ppm scenario.  
So just a lot of these concerns about the miles and miles of CO2 pipeline needed.  There is some good research underway that shows that those concerns are not valid.  


This work is done, it was part of a dissertation published by Jeff Bielicki at Harvard University, along with colleagues at Los Alamos National Lab.  Since CCS is an engineering, economic, and geospatial module that designs optimal pipelines networks.  
Some of the key findings of this work are that well-connected pipeline network is needed that can redirect CO2 flows.  Also we can take advantage of the economies of scale. Your most optimized pipeline network is not necessarily going to link your source to the very closest sink.  I am going to conclude with some recommendations for the task force.


First of all, although networks will require CO2 purity standards, such standards should be flexible enough to accommodate networks to develop regionally different standards, provided that the pipelines are built for purpose and equipped with appropriate safety controls.  
We already have this in the United States.  The pipeline that goes from the Dakota Gasification Plant to Weyburn is built under different pipelines specifications than the one that we have in the southeast.  
Maintaining this flexibility is particularly important because the decisions on transport, policy, could ultimately edge out different capture approaches and this was covered in the capture section earlier this morning.


Secondly, the taskforce should consult with industry, states, academics, and NGOs to evaluate the pros and cons of streamlining the pipeline siting process.  
There are advantages to applying imminent domain, which some states have chose to do, but there are also from a public perception standpoint some disadvantages to doing so.  Safety and environmental protection should never be compromised for speed in the siting process.


Third recommendation is that the taskforce should study and make recommendations to Congress to clarify the regulatory ambiguity for authority for setting the rates and access to CO2 pipelines.  A single agency should take the responsibility for setting rates and access.  The taskforce should continue to consult with industry and get a handle for diversity of opinions on this particular issue.


Finally, we want to encourage investment in regional pipelines and systems.  Thinking ahead to what wide scale deployment means, whether or not governments should be investing in some of the main line pipeline systems to make networks feasible.  So, with that -

[END RECORDING- Segment2]
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Mark De Figueiredo:  So with that we will open up to the questions that we received from the audience.  The first one is for Lisa Beal.  Property rights will be one of the most difficult issues in citing CO2 pipelines.  
Has the natural gas industry had a favorable history with the imminent domain authority under section seven of the Natural Gas Act?  Would INGAA recommend it for construction of a CO2 pipeline network?

Lisa Beal:  I think I would start out by saying that while imminent domain is an important tool, it is one you never want to use.  There have been times where its use has become necessary but my members would go through almost hell and high water before they would try and use that.  That is where we are today.  That is where we have been for quite some time.  

I know that there have been perceptions and complaints that sometimes the interstate pipelines have been too quick to turn towards imminent domain.  We work quite extensively actually with FERC to address those issues.  
Now that being said, again we recognize that, as Sarah said, the public perception of imminent domain carriers a really, really bad stigma with it and that that is not something you want to lead with but certainly under the Natural Gas Act, it is something that Congress decided was necessary because what Congress wanted to do was build a national infrastructure and from the perspective of commerce, you cannot have one state being able to basically say stop that just like the highway system.

So I am not in a position to recommend whether or not CCS should or should not be allotted at some sort of imminent domain authority.  I do think though depending on the size and the magnitude of the system, it may be something that is necessary.  
I think maybe if you start building CCS on a more regional basis, it may not be as necessary or even a state basis or the consortium with those who are trying to move CCS or capture part of it.  

It may not be necessary but if you were to try and move into a very large network like Peter indicated, I just personally do not see how you would be able to do that and again recognize caveating that with the timeframes we are talking about without some sort of imminent domain authority.

Mark De Figueiredo:  Did anyone else want to weigh in on imminent domain?  The next question is a clarification question for Peter.  Why do you refer to CO2 pipelines as hazardous liquid pipelines when CO2 is not flammable?

Peter Lidiak:  The reason we do that is because they are classified by DOT as falling under the hazardous liquid rules.  The reason is when they are moved in liquid form, they behave like a liquid and of course, thankfully we have had no large scale CO2 releases that have caused injury or death or significant harm but we never want that to happen.  So they are dealt with as if they are a hazardous liquid in the pipelines.

Mark De Figueiredo:  Next question, East Coast power plants are often near or in the middle of population centers.  Do you see local opposition to CO2 pipelines as a potential obstacle to citing them near population centers?

Sarah Forbes:  I will take that.  I think the quick answer to that is yes.  I live in New England and it is very difficult to site or build anything on the East Coast.  I think certainly it will pose particular challenges for CO2 pipelines.

Peter Lidiak:  I think I agree with that too.  I think when you get into higher population density areas, you are going to have those concerns.  Existing CO2 pipelines are in very remote areas right now.

Lisa Beal:  I guess I would not necessarily eliminate though just the higher population.  I think that there are many people especially in the West who are very concerned about preserving the natural resources that are there and especially when you talk about federal lands and Colorado is very well known for loving their mountains.  

I think there are a lot of local groups that are paying a lot of attention to this and are very focused on whether or not that construction is going to come to their area.  I think population density may have been one that you said okay, you know that is going to be difficult but in some cases, people in a very populous area are used to construction.  They are used to people being out there and those sorts of things.  

So one could argue that it may be easier in an area where people are used to that rather than somebody trying to do something in a remote area that people might view as wanting to keep pristine.  
So I think, in either case, the issue of public perception and acceptance and again not just CO2 pipelines but as you say, all energy infrastructure, whether it be a wind turban or anything like that is going to have a difficult road to climb.

Mark De Figueiredo:  Next question is more of a technical question.  Can existing natural gas pipelines be retrofitted for CO2 transportation?

Lisa Beal:  There is certainly a possibility there.  I think part of this also leads into one of are there existing natural gas pipelines that are available for retrofit.  The short answer to that is no.  There is not.  We are not overbuilt in the system.  
So it is not like you are going to take away from a natural gas pipeline system to enhance your CCS because that is just not possible.  The system is running at capacity.  Again as I mentioned earlier, the way that the system works is that you build on an as needed basis.  

We have natural gas power plants right now that are not being used for base load power.  If they were to come on, which would give you a significant increase in CO2 emissions immediately, we would fill up the system.  
So not to get into a debate about where to get your reductions from but if the goal here is that then retrofitting pipelines to CCS may not be the most efficient way to do it.  Again that being said, can you do it?  Engineers can do anything.  That is what we think.  So I am sure but it is difficult if you want to.

Sarah Forbes:  Yes.  I would like to just add to that that retrofitting natural gas pipelines is something that the Europeans are actively considering as they think about building out a CO2 infrastructure but Lisa’s point is exactly consistent with what we heard from our stakeholders in developing the guidelines for transport in the U.S.

Mark De Figueiredo:  So I guess a follow up question, in the capture panel earlier, there was discussion about CO2 purity and the issue of constituence and the CO2 stream, do you see any issues with respect to pipeline technology using captured CO2 in the pipeline system versus naturally occurring CO2?

Peter Lidiak:  I will take a whack at that one.  I think one of the things that pipeline operators always deal with is what is the character of the product that they move?  So you do need to understand what the characteristics of the product you are moving are but it is something that again you engineer around, that you plan for.  

It brings me to the thought that that is already pretty well regulated by those that are moving product probably again the committee will want to think about whether there is really a need to overly regulate constituence of CO2.  
I think that the operating companies can well define what their quality specs are.  There is flexibility in allowing them to do that based on the construction of their systems.

Mark De Figueiredo:  The next question deals with the role of FERC.  What specific role would FERC have in leading coordinating CO2 pipeline infrastructure building?  A second question, what changes in FERC regulations are needed to maximize efficiency and speed deployment in CO2 pipelines?

Lisa Beal:  Maybe this will be more of a discussion than an answer.  I mean I can speak again just to the interstate natural gas pipelines and CCS’ CO2 pipelines are not regulated by FERC.  
The way that natural gas pipelines are regulated by the FERC is that first of all, you have the Natural Gas Act that said we will create an agency that will regulate this commodity.  

Without going into a whole lot of details, somewhere about 10-15 years ago, FERC decided that in terms of, I mean well let me step back for a second and just say that interstate natural gas pipelines, as I said earlier, transported by 90-percent of all the gas that is consumed in North America and there is about 32 companies. 
So just from the perspective of having not a monopoly but a very limited number of companies there, FERC became concerned about market manipulation and things of that nature in terms of the commodity.  

So they deregulated parts of the system, which is why the pipelines are now nothing more than the service transport.  That is all we do.  When we build a pipeline, we have a cost.  Here is what it is going to cost to build a pipeline.  
Then we go into FERC and we say okay, here are our customers and we negotiate what we have a rate that is set.  They say this is what you will get in your rate of return.  That is very specific.  

So when the commodity changes the cost of whether it be gas or whether it be carbon, whatever, the service provider gets nothing more, nothing less.  They simply are just providing that service.  
So from that perspective, the FERC for us is very critical on one helping the process move along for construction and citing and two, they determine what our market rates are going to be and what we are going to have there.

Now is FERC going to regulate the CO2 market in the sense that it is going to regulate the price of carbon?  I seriously doubt that.  I think EPA is vying for that one but whatever it might be but the point is that FERC has a lot of different I guess qualities or a lot of different characteristics that they could.  I think that is what is to be determined.  
Those in the market, whether or not you are trying to move your CO, sequester your CO2 versus whether or not you are trying to be in the business of storing it, to be perfectly frank from Inga’s members, we are kind of sitting back and say you create the market and we will be there to provide the service.  

We can do that.  So we do not have a real dog in this fight.  Who has the dog and I think that may be either the utilities or large industrial sources that are going to find it to be cost effective to reduce their carbon via this particular mechanism versus something else that might develop and maybe they will decide what FERC does.

Sarah Forbes:  I would like to just add to that and say that in the literature, this is an area that there is a lot of disagreement in.  There was a bill proposed in the Senate last year that would have put the authority for setting the rates and access to CO2 pipelines with STB.  Industry opposed that and I think what we heard today there is also some opposition to a FERC model and some support for it.  

The current model is really a state by state basis.  I think that is what I understand that many of the pipeline developers are using successfully to build interstate CO2 pipelines.  The challenge with this is that as we work towards wide scaled deployment, the needs for pipeline regulation are going to change and really figuring out what the points are where those decisions need to be made is a key challenge for the taskforce to address.

Peter Lidiak:  I will add in I agree with Sarah.  There is disagreement and there is a lot left to be decided as far as how extensive a network gets to be.

But rates are set by FERC now and they are set for liquid lines as well through FERC through the indexing process they employ now but we do not have that kind of citing authority through FERC that applies to natural gas lines and again I have not heard from any of the members that I have that are actually operating in building CO2 lines.  They feel they need that kind of authority.

Lisa Beal:  I am not an economist and I am sure there are economists in the room, but fundamentally sort of when we talk about a business model, I guess I caution the federal government or whatever from stepping in and saying this is what the business model for this is going to be.

Because ultimately that is going to come down to those who are the business community not necessarily trying to build pipelines but that person trying to reduce their CO2 for whatever reason whether it be because they have a regulatory obligation, they are under some sort of carbon constrained market or what have you and then they figured out that they can partner with somebody in the business of sequestering and holding that. 

Ultimately that market strain on those various players are going to be the ones who determine what the business model works best whether it is a limited liability, whether it is a consortium.  
Things like that are really going to make a big difference on how this thing plays out.  So I just think the taskforce should probably just at least note the caution of being too aggressive in presupposing what the business model will look like.

Mark De Figueiredo:  I think this will be the last question.  Unfortunately we do not have the opportunity to go through all the questions we received but this question is how much deciding add to transport costs, is it a barrier to transport build out and if so then what is the federal role?

Lisa Beal:  That is a really difficult one because of the fact it depends on where you are citing and how but I mean if you are getting Virgin right away, brand new Greenfield right away, I mean that is going to be expensive in a project just because you are going through a more than likely a very intensive environmental impact statement.  

You are going to go through all the assessments of endangered species, all these things versus if you have the ability to maybe tap into an existing right-of-way.  
I think in the West, there was a project on the western corridor, energy corridor initiative, I think Ed at DOE was working on, which it was through federal lands and what the federal government was going to do is do sort of a baseline EIS so that depending on your project, you would just come in and sort of do the second tier.  So that was already paid for.  

I mean initiatives like this will certainly reduce it but citing and it depends on how you define citing.  For me, the citing is right-of-way acquisition and maybe some surveying and that sort of thing but to be perfectly frank, sometimes citing can mean you are building access roads for constituents along the way.  It depends on who you are dealing with, what that citing is really going to entail.

Mark De Figueiredo:  Alright well thank you again to all the panelists.  We are going to break for lunch now and reconvene back here at 1:00 for the CO2 storage session.  Thank you.

George Guthrie:  Our taskforce workgroup is focused on looking at the long-term disposition of CO2 that is captured.  Our primary focus has been on geologic storage of CO2, which is a very promising option for the long-term sequestration of CO2.  
Those of you who are unfamiliar, geologic storage involve the ejection of a CO2 fluid in the deep reservoirs.  So we are talking here about reservoirs that are nominally deeper than about a kilometer and where it remains in the microscopic pore spaces of the rock for long periods of time.

Our panelists are going to talk about a range of technical topics and challenges related to geologic storage.  We are going to begin with a discussion on various options that are being developed from a regional standpoint.  
We are going to move on to more detailed discussion on key technical options that have been and continue to be addressed in CO2 and finally, we are going to have a technical assessment from an environmental perspective.

So before we get started, I just want to remind everybody that the format of these things is that we are going to have short presentations from our panelists and then we will have an opportunity for Q&A.  
If you have a question for our panelists be sure to write it on one of the cue cards that is being passed around and those will be passed up to me to be able to provide to the panel at the end of the presentations.

The first presentation is going to be by Dr. Jerry Hill who will describe some of the R&D activities within one of DOE’s seven regional carbon sequestration partnerships.  These partnerships span the entire U.S. and they are developing the regionally specific technical understanding and also the infrastructure that is necessary for carbon storage in the long-term.

Dr. Hill is a senior technical advisor to the Southern State’s Energy Board, which is a regional energy policy board composed of governors and state legislators from 18 states.  
Dr. Hill has a PhD in engineering from University of Iowa and he is active in research related to clean coal technology including CCS.  Since 2003, he served as the senior technical coordinator for the Southeast Regional Carbon Sequestration Partnership or C Carb and that is what he is going to tell you about today.  Jerry?

Jerry Hill:  Thank you George.  Delighted that a number of you were able to make it back from lunch.  There was a lot to crowd into that one-hour period.  I am sure you had opportunities that you wanted to make in terms of visiting with some of your colleagues.  What I would like to do is pick up where George left off.  He told you a little bit about the seven partnerships.  

We are one of those seven, the Southeast Regional Sequestration Partnership, or C Carb, and I believe we have projects that are representative of what is going on in a number of the partnerships.  So moving forward, what I want to do is first acknowledge the Department of Energy and NETL for their support in our research program but also want to acknowledge our cost share partners.  

About a third of the costs of these field demonstrations is provided by our partners.  We have a number of partners involved that cover the whole gamut from electric utilities to other CO2 producers, consulting firms in the business, academia, and NGOs. 

Let me start by talking a little bit about what our phase I of the partnership activities, so all seven partnerships started out in their phase I activity trying to define the sources of CO2 in the region and the syncs, the potential syncs where they could store CO2.  
The takeaway from this slide that I would like everyone to make without trying to read the eye chart is we have identified sources, various sources, and you can see in our region they are pretty well spread out over the entire region.  

When we start looking at potential syncs for CO2, they are not showing up in the entire region.  The point to be made here and I make this almost every time I speak is when you think about carbon sequestration, do not think about simply injecting CO2 underneath your power plant or your industrial facility.  There is going to be a need to get this CO2 to very suitable locations.

Our project, when we went in from phase I on characterization, we went into phase II where we identified our most promising sequestration sites and in phase II, we conducted four small scale demonstrations.  I have broken these up.  
There are two small scale projects that are in coal seams.  The coal seams are represented in a number of the seven regional partnerships.  We are doing two of those.  One has been completed in central Appalachia.  

Again the way C Carb is structured, we have a lead organization that is working on this.  In this particular case, Virginia Tech University has the lead.  That work is completed.  There will be reports out on that in the next, well next week.  Starting next week, that information will be published.  Phase II, we also have a demonstration going on in the black warrior basin in Alabama.  That work is being led by the Geologic Survey of Alabama.  

We also have two phase II projects that deal with, in one case, what we call our Mississippi test site at Mississippi Powers Plant Daniel, we did a small scale injection at a power plant to kind of get a feel for how it works.  What are the issues that are involved in trying to work in close proximity to a power plant?  That work has been completed.  That was very successful, 3,000 ton injection.

The second project I am going to just touch on lightly because, as George pointed out, I am going to give you an overview.  Ian Duncan will talk about details.  The fourth bullet there, phase II Gulf Coast stack storage Ian will get into but we are looking at EOR opportunities along with saline opportunities.  In the phase III early tests, we moved from the EOR field into down dip away from the oil ring into saline formation.  So we have a good analog here for work in a saline formation.

The last project is what we call our anthropogenic test.  That is going to be an integrated test capturing CO2 from a power plant, transporting the CO2 about 10 miles, and monitoring the injection of that CO2.  
Very quickly, this is just a shot of our central Appalachian coal seam project conducted in areas where coal bed methane is being collected.  Our objective here is two-fold.  One is to demonstrate that we can store CO2 in unminable coal seams.  

The second part is do we have an opportunity in enhancing coal bed methane recovery?  Our findings in this work is that yes it is possible to store CO2 in coal seams, what I call unminable coal seams, which are deep, thin seams under current economic conditions, you would never try to recover it.  

We can store the CO2 in the coal seams.  It absorbs to the coal preferentially and displaces methane.  So we have got proof from our field demonstrations that we are able to move that methane off.  CO2 will stay there.  Lessons learned from that project are that it is technically feasible to do enhanced coal bed methane recovery with CO2 yet to be proven if it is an economically viable business opportunity.

The other thing is that we did some, in modeling this and trying to follow the plumes, we use tracers.  The tracers, we were a little disappointed at first because the tracers, the coal got absorbed but the tracers kept going but what we realize is that tracer gives us information on what direction a plume is going to go.  
One of things that Ian will get into is trying to track plume and keep track of where that CO2 is when you put it in the ground.  So we got some information here that tells us yes it goes in the ground.  Yes it stays there.  Yes we can track where it is going.

Our second project is going to start in the next couple of weeks.  We will be doing an injection similar to the first in coal seams in Alabama in the black warrior basin.  Then we move to this Mississippi test site.  What we are trying to do here is characterize something in close proximity to a power plant.  
When we get to our phase III project that is coming up next year, we are going to look at a fully integrated program.  Here we were just trying to work with the power plant, be onsite, see what the difficulties were, and also characterize the reservoirs, and the target formations in the Southeast, in the Gulf.

Our phase III test site, our anthropogenic test program, is going to be an integrated program.  The Alabama power plant, Barry, is in the process of putting onsite a 25-mega watt capture unit, slipstream unit.  It is Mitsubishi heavy industry’s MHI equipment.  That unit is being developed under a joint agreement between Southern Company working with MHI and the Electric Power Research Institute and about a dozen of EPRI utility partners.

The CO2, there are no federal dollars in this particular project.  The plan is to provide that CO2 to Danbury and then Danbury will inject that at their Citronelle dome.  Danbury has an interest in the EOR business but they also have an interest in trying to develop a business plan that gets into EOR storage activities.  So it works out very well for us.

Our role in this overall program is to monitor that CO2.  Those CO2 molecules that Danbury is injecting, we are going to monitor those and follow those after the injection.  I am going to stop at that point because that feeds into the types of things that Ian will be talking about.  What I would like to do just come back to a couple of points on the integration.

We have had other speakers talk and we have got panels set up that talk about capture, transport, and the injection and monitoring.  What we hope to achieve here is really we are testing the waters on the business relationships that need to be developed between these three parties.  You have got a stand alone entity that is going to make electricity or make an industrial product and CO2 is a byproduct that they need to plan to do something with.

There is another business opportunity out there in developing pipelines and transporting the CO2 and yet another for injection but when you try to finance these, you are going to have to, it becomes a chicken and egg situation.  
If you have got a financial community that is looking at a power plant and wanting to put money into the power plan, they are going to be very concerned about the strength of the company that is going to transport this CO2, about the strength and integrity about the company that is going to inject it and about the organization that is going to do the long-term monitoring.

So this is a small test, 25 mega watts but it is in excess of $100 million test.  So give you an idea of scope, we are also talking about the fact that we have got programs that are out there that are aimed at a million ton per year target.  We are at about one-eighth of that and north of $100 million.  So these are expensive programs.  It is something very important to keep in mind,

George Guthrie:  Thank you [applause].  Thanks Jerry.  Our next speaker is Dr. Ian Duncan.  Ian is the Associate Director of the Bureau of Economic Geology at the University of Texas at Austin.  
He has a PhD in geological sciences from the University of British Columbia and has been using his geological background as a co-PI for a large scale field project related to the work you just heard Jerry talking about, in particular at the Cranfield site in Mississippi, which is part of the C Carb project.  Ian?

Ian Duncan:  Thanks very much George.  So first I would like to acknowledge our entire team at the Gulf Coast Carbon Center particular Sue Hovorka, our chief scientist and all the other members of our team, also the Department of Energy, NETL who fund almost all of our activities, and our corporate partners in the Gulf Coast Carbon Center.


Twelve years ago when the bureau started working on sequestration problems, the questions being posed by the Department of Energy were basically will sequestration work?  Is it safe?  I think that was something that Laurence Olivier said in Marathon Man.  You might not remember that.  Then does the U.S. have enough capacity?  So those are the three questions we were looking at.

We believe that CO2 sequestration will work.  The first reason is that natural gas reservoirs have kept gas in the subsurface for tens of millions of years.  So we know that there are seals out there.  There are traps in the subsurface that can retain gases for geological periods of time.  These are the same kind of seals that we would propose to use for sequestering CO2.

Another thing we have going for us is a 37-year plus record of CO2 injection in depleted oil fields by the CO2 enhanced oil recovery industry.  They have transported over 600 million tons of CO2 in the U.S. in pipelines and have injected on the order of 1,200 million tons.  
In doing so, there has been no significant environmental issues that are defined excellent safety record.  We believe a better than 99-percent retention of CO2 in the reservoir from the information that we have on hand.

Another reason we think that CO2 sequestration will work is a series of field projects dearly funded that we have done at the bureau starting off with our 301 project, then our 302 injection project, our Sack Rock project [ph], our Cranfield phase II and III.  
I want to go through these projects and tell you a little bit about why we did them and what the outcomes were.  So here is our 301 brines pilot injections seen from the air.  We are drilling our injection well there.  These are significant projects.  This was about a $6 million or more project.  So it is a non-trivial thing.

The other thing that I will point out, you probably cannot read this but almost every national lab in the country was a collaborator on this.  Lawrenece Berkely, Lawrence Livermore, Oakridge, also all sorts of people from Canada like the Alberta Research Council, people from Australia, my home country even, a whole bunch of different Los Alamos National Labs.

So this was not just us but it was a whole bunch of scientific and engineering collaborators who made this happen.  So this was the first highly instrumented CO2 injection in the world into brines.  
Here is a diagram showing our injection well, which was drilled 100 feet away from our monitoring well.  Why 100 feet?  Well there is an injection well.  There is an observation well.  That is Dr. Sue Havorka who, as you can see, kept a hands-on approach through the whole experiment [laughter].  I kid her.  

Why was our injection well so close to the observation well?  Well we could only afford to get 6,000 tons of CO2.  That is all our budget.  Everybody wants to get rid of CO2 but if you actually want to try and get some, it is almost impossible to get.  Food grade CO2 in Houston goes for like $400 a ton or something like that.  
So we had to do this experiment in the winter time because in the summertime, all the CO2 was going to Coors and Budweiser, apparently that natural fermentation thing is a whole lie but [laughter] here is some of our sampling.

Those tubes are actually connected a mile down the well with direct sampling.  This was developed by Lawrence Berkely, national labs, one of our bureau guys there sampling fluid.  Here is a comparison, that blue stuff there, the blue stuff on the right hand side is a computer model of how we thought the plume was going to evolve.  
The blue stuff on the left is the result of seismic tomography, measuring seismic wave velocities.  We got what the scientists would call a good match.  Various people will quibble with me on that.  

So what did we find out?  Well we showed the computer simulation of CO2 works reasonably well and that we have available technology off the shelf that could monitor CO2.  These were things that we did not know before, before this experiment; 302 we went back into the same wells, different interval, and we had a different aim.  

What we were trying to do was to show that the pill retrapping of CO2 occurs and can assure long-term permanence in shortage.  I am going to show, this is just some of our seismic things where we were spraying seismic waves across there to do it.  
Okay, so here is sand, it is filled with brine.  You start to put CO2 in it.  The CO2 flows through there.  What you end up is what is called residual trapping or pill retrapping.  

The surface tension between the CO2 and the brine traps these little bubbles.  So do not think of CO2 down there as a vast blob of stuff.  It is actually going to end up mostly as these little bubbles that cannot get out.  We are able to match models, our computer models with actual measurements of how large this pill retrapping was.

Next project was the Sack rock project.  Sack rock is the oldest and largest CO2 EOR project in the world, Over 80 million tons of CO2 injected over 37 years.  This was part of the Southwest carbon sequestration partnership funded by NETL, hosted by Kinder Morgan who is the EOR operator.  
Here is some of the sampling.  We went in and sampled ground water, aquifers above this oldest, largest EOR thing looking for any evidence of CO2 leaking outwards.  We were not able to find any.  

So this is really one of the most tangible evidence that we have that at least in this case CO2 is not leaking out of the reservoir.  Our next projects were Cranfield.  Jerry has talked a little bit about them.  Here is some of the stuff going on, again very serious projects involving drilling expensive wells.  These are expensive experiments.  

Here is our team.  They are our collaborators, again a large list of collaborators, most of the national labs, a bunch of universities, and some companies.  Here is some of the stuff going on that Tip Meckel there is standing next to our monitoring well.  When we are monitoring by satellite, we are getting the instruments down the hole are being sent to us.

Okay here is, the blue line is a computer calculation of what we thought pressure was going to be.  The red line is measurements.  So actually starting to get quantitative agreement between measurement and our computer simulations.  So what did we find from this?  A million-ton injection of CO2 into an oil field, C Carb.  

We showed the digital pressure gages in the reservoir and at the well head are sensitive to relatively small leaks in the reservoir.  So we have ways of detecting small leaks should they occur.

Our phase III project is underway.  We will be the first highly monitored million-ton a year rate injection into brine and it is currently underway.  We do not have the results yet.  So to answer the question, is it safe?  Well what are the risks associated with CO2 sequestration?  
The risk related to the capture plan, CO2 pipelines, well blow outs, leakage of CO2 into the ground water, leakage of CO2 into oil and gas reservoirs.  These are the main risks that I see there.  We have been able to look at a number of these in terms of industrial analogs like CO2 EOR and put bounds on these.

So my conclusion is about risk.  Most of the risk can be easily quantified and is similar to analogous industrial activities like gas separation and natural gas transport.  The risk for well characterized carefully selected sites are manageable and bounded but risk assessment is ultimately a site-specific thing.

Do we have the capacity?  Yes and no.  As Jerry pointed out, we have the capacity in places, not in other places.  So some places, we have lots of capacity like Gulf Coast, Illinois basin, California.  Other places, it is pretty limited.  My conclusion, CO2 sequestration is ready for pilot projects or for projects at true commercial scale.  Thank you [applause].

George Guthrie:  Thanks Ian.  Our next speaker is Dr. George Peridas who is a climate scientist with the Natural Resources Defense Council.  George has a PhD in engineering from Oxford and a Master’s in environmental policy and is a science fellow at NRDC.  He spans the technical and policy worlds for carbon sequestration.

George Peridas:  Well thank you George and also thank you to the taskforce for inviting us over today.  It is a pleasure to be here.  The mission statement of the purpose of life and the taskforce is an important one.  You have been called to answer a question that is very much on our minds as well.  
CCS is a key mitigation technology.  There are some barriers that stand in the way of its adoption in the near term.  The task at hand is to identify those barriers.  It is easy to create a long brainstorming list.  
What is maybe not so easy is to discern which ones are these barriers are real and whether by taking down some of them we would be creating even larger ones.  So there is a sifting process that needs to happen here.  I am going to try and go through some of that in the specific context of CO2 storage.

Here are some of the things I will be touching on, brief status of storage today, seismicity issues, an event that is being talked about very much like Nyos, the risk profile, the expected risk profile for a sequestration project, how to pick sites and what does that take, some property rights issues, and finally the regulatory treatment of storage, and enhanced oil recovery.

So where does storage stand today?  This is not an uncontrolled experiment.  We have considerable experience.  Ian just outlined just what experience we do have in some areas.  There are natural analogs.  Nature has done CO2 storage well before we did.  It has trapped fluids, brines, oil, and gas, CO2 itself on the ground for millions to hundreds of millions of years.  That is what we are bringing up to the surface and burning today.

Industrial analogs, we have about 100 years’ experience in natural gas storage.  There are 50 or so acid gas injection projects in Canada, in Alberta.  Enhanced oil recovery is a process that has been happening, by all accounts, very safely and effectively now for over 30 years and the annual injection volume is not insignificant.  It is roughly 45 million tons of newly purchased CO2.  So that does not include the recycling component.  

In terms of projects that were designed to do sequestration and such from the beginning, we have 30-plus years of cumulative experience.  The four showcases, show piece projects are listed there, Snohvit, Weyburn, In Sahah and Sleipner.  
All the results are showing that we have a very clean and very successful track record so far.  So this is not something new.

Do we need to worry about earthquakes?  This is a question that is very frequently posed.  The question is we need to consider earthquakes but we need not necessarily be frightfully worried about them.  Natural earthquakes happen all the time, we feel the larger ones.  The smaller ones are detected by sensitive instruments.  We might not be able to detect them as such as residents sitting on a building.

The good news is that the equipment involved in doing geologic storage can be built and has been proven to withstand substantial earthquakes.  So it does not mean that every time a quake happens it will result in a leak or any kind of damage in the equipment.  
We should take this into account when we build the operations but it has been known, for example, in Japan at Nagoya to withstand pretty significant seismic events that would exceed what we would expect to see from an engineer site.  This was a natural earthquake.

Injection can itself induce seismicity.  This can happen on a very small scale, which again will be discernable by instruments.  If we exceed certain pressure limits or if we pick a site that is very near a large active fault then we could cause a substantial earthquake.  We do not expect this to be a catastrophic event, nonetheless it could be something that is felt at the surface.  

Even if it is not destructive, I still do not think that it is a good idea to allow operations to do that but again the good news is that we have the tools and the know how to be able to prevent such events.  
To give you an idea of what would happen in the process of trying to avoid something like this, is you would look at the natural seismicity history at a place like this or do we have evidence that earthquakes have been happening and that implies there might be active faults nearby.  

The site characterization process will try and detect new faults or should try and detect new faults if they are nearby.  Then the pressure parameters and limits during the operation should be such that we do not pose an unacceptable risk of triggering such events.  
So yes it could happen but it should be manageable and it should be something that regulators can keep a handle on not to trigger any significant seismicity.  So yes we need to look at this but I do not think that we should be worried to the extent that we say CCS cannot go ahead.  This is a manageable risk.  Of course it should be incorporated into the permitting.

The next incident is Lake Nyos.  This is a volcanic crater lake in Cameroon.  What was happening there is that volcanic activity was pumping CO2 at a steady, constant rate to the bottom of this lake over a large number of years.  The CO2 was accumulating at the bottom of the water column.  The lake was stratified so that water was not turning over.  Then overnight, the lake overturned the CO2.  

The volume of CO2 was released all in one go.  This was estimated to be one and a quarter million tons of CO2, which is roughly what Sleipner injects every year.  This came out of a night.  There were no geological strata preventing the escape of CO2.  
The only thing that stood in their way was the volume of the water in the lake.  So this is an extremely bad sequestration site where a massive leak supplying a constant CO2 to the bottom of the leak.  It all came out in one go.  It killed about 1,700 people.  

The topography did not help.  The volcanic crater is high up.  The underlying valley is where the CO2 sank to when it came out.  It was still night so there was dispersion due to wind.  This is a demonstration of what can happen if CO2 is inhaled at very high concentration but it is not representative of what could happen at an engineered sequestration site.  
You would have thousands of feet of crust preventing the movement of CO2.  If you want to ask about wells then there is limits to how much CO2 can come out of a well and that is limited to the speed of sound.  

The answer is that there is many, many times smaller than what happened in Lake Nyos.  On the left, you have a picture of what is happening today.  They have vents to go to the bottom of the lake and vents of the CO2 as it surfaces at the bottom of the lake.  So this is a constant venting process to prevent accumulation.

If the same amount of leakage happens at a sequestration project, we would call it a large failure but nonetheless this is done intentionally to prevent any similar events in the future and it is perfectly safe for the people around.

This takes a look at the evolution of the risk profile during a sequestration project.  I am borrowing a slide from Sally Benson who has pioneered the work on this.  We have a typical bell-shape curve and the logic here says that the risk is going to be highest when the pressure is highest, so during the injection period.  

When you stop injecting, the pressure driver goes away in the reservoir and what also happens at the same time is that the trapping mechanisms become reinforcing.  So they compliment each other.  
Some act straight away and some take a longer time period to settle in so mineralization is there, the much longer term mechanism.  The solution is slightly slower but also kicks in in the long run.  

So the picture we have here is that the risk profile diminishes after we stop injection.  This will not be the case every time.  Of course this is a textbook curve.  It does not have to follow every single project but this is what roughly we expect.

Now there have been cause out there that project operators need to be indemnified after a project is closed.  From the point of view of storage, we have to ask why.  Is this consistent with science and is it consistent with evidence?  I think fundamentally we send a conflicting message out there if we say yes we think this is safe.  

We also think that the risks diminish as time goes by but at the same time, we also think that at the point where the risk starts to diminish then operators should also be indemnified.  
That does not mean that we do not need an entity, a government entity, that will be tasked with keeping an eye onsite after they have been closed and doing the necessary monitoring to verify the operation and behavior and have housekeeping and stewardship duties but that is not the same as letting people off the hook and taking away the incentive for good behavior before the site is closed.  
So before people get behind a message that says indemnify, I think we really need to look at the basics and whether this is justified.

Site characterization, my message here is that we need to start today.  It takes time and money to fully prove up a site.  It is a different level of knowledge to pick up a map or to look at a study that could be by the DOE, the USGS is not doing a more comprehensive one.  
What these studies will give you is prospectivity.  So they will tell you whether you have a good chance of encountering a good site if you decide to go out and test it.  

In order to prove that you have a site, you actually need to go and drill some wells and you need to inject small volumes of fluids or CO2.  
The confidence that you have on the security of the storage at that site and its capacity and its injectivity will increase the more money spent and the more you test the site.  Now this is a process that could take three to five years and unless you do that, you do not know whether you have a repository for your CO2.  

So we cannot say oh I have a power plant.  I will drill a hole next to it and that is where I will dispose of my CO2.  then there is some work that needs to happen.  I think this could be a barrier in some cases.  What needs to happen is to identify priority areas and start proving up these sites right now.  We need to get ahead of the needs to actually sequester and know where the good size would be.

On the property rights front, I think the picture that Ian showed demonstrated the same thing.  Ian, correct me if I am wrong, but my point here is that plumes will not be symmetrical.  Sandstones or any other reservoir rocks are likely to be imesotropic and the plumes that will emerge could span tens of miles in one direction.  They may not be perfect spheres or circles.  Overlaying that will be many different estates and land owners.  

Identifying or establishing who owns these rights and how you go about acquiring them could be one of the tasks that needs to happen during an injection.  
So I think what needs to be here and I think that is fundamentally a state level task is to determine the means by which you pool those property rights and also who owns them in the first place.  I think there are some good ways to do this that could be equitable and could reward land owners or property owners for the resource that they are sitting on top.  These could be more violent ways of acquiring these.  

Personally I am not a big fan of them.  I think if it has to be done then so be it but we need to look very carefully be we take more forceful measures such as imminent domain before we put them on the needed list.

Finally last slide is the regulatory treatment of CCS.  There are two rule makings, two related rule makings going on right now, the UIC rule making and the subpart RR and on the air side for greenhouse gas reporting.  
The question that people are still asking is will my project qualify?  So if I invest in an EOR project right now, will it count as sequestration and the same when it comes to maybe an injection in saline?

We think that the pieces are being put in place but there are still things that need to be done.  We think that the EPA should exercise its cleaner act authority not simply to regulate sequestration for the purposes of protecting underground sources of drinking water as is happening right now under the class X proposal but also to prevent to release it to the atmosphere.  

The reporting rule goes some ways towards doing that but it is still not the same thing.  It is still a reporting requirement, enforcement, and mitigation and other types of action would not be covered in the same way as if EPA did exercise its cleaner act authority.  
I think that will ultimately give the certainty that operators need.  Just to give you an indication why this is a big issue in relation to EOR, we believe we commissioned some studies by advanced resources and we found that there is a very considerable enhanced oil recovery potential in the U.S., which could have a very big impact in reducing oil imports for the country.  

We estimated 3 to 3.6 million barrels of oil per day by the year 2013 of 40-percent reduction in imports.  So people need to know is any oil project going to [inaudible] sequestration that will need to be additional requirements over what is done commonly.  
We need to know what these will be fairly soon.  That concludes my comments.  Thank you very much.  We look forward to your questions [applause].

[END RECORDING – Segment3]

[START RECORDING – Segment4]

George Guthrie:  Alright, thanks George.  Let us move on to the Q&A period.  First question is on a follow up from Jerry’s talk.  What kind of tracers were used in your injection experiments and how did you detect their movement?

Jerry Hill:  The fluorocarbon tracers and they were used, I am the engineer on the project and I might defer to Ian.  He actually has hands on experience with the field work involved in how you track the tracers.  

George Guthrie:  Okay.  

Ian Duncan:  There are experiments with use isotopically tagged methane is one thing we use, perflurocarbons are a useful one in the subsurface because they do not naturally exist and therefore you just have to detect them and they can be detected at various low levels.  We also use things like krypton gas.  There is a whole science related to traces and different types of traces, some dissolve in the CO2 and preferentially fractionate others, fractionate in the fluids.  

So there are a lot of things you can do with tracers.  It probably will be not something that will be used in real commercial scale projects though.  On commercial scale projects, we are more likely to use things that naturally exist inside the CO2.  

So for example, the isotopic composition and the carbon and the oxygen and noble gases that naturally occur inside the CO2 that are different to those in the surroundings.

George Guthrie:  Okay.  Are there weather conditions or natural disasters, which could disrupt CO2 storage and, if so, how can we mitigate this to protect human life?

George Peridas:  So I think this relates to some of the issues that I touched on in the presentation, seismicity and large releases.  There is a lot of work that has been done in this field to work out the worst possible scenario.  What is the worst that could happen?  Let me give you some comparisons there.  
The Kilauea volcano in Hawaii annually emits about 400 million tons of CO2 that is the estimate.  That is for a large power plant, a medium sized power plant would emit every year so that we are talking about a very large injection project having 100-percent leakage rate at that volcano.

Sedimentary rocks are nothing like volcanoes.  We are talking about a completely different situation where the CO2 is trapped.  The major candidates for CO2 leakage, manmade pathways, direct pathways from the bottom.  These are wells.  Wells do exist.  
The good news is there is a limit in how much CO2 and how quickly CO2 can come up from a well.  Lawrenece Livermore has done some studies using the nuclear plume modeling capabilities.  He studied natural blowouts that have happened in the past and the worst one is the one that happened in the CO2 dome in Sheep Mountain.   

They worked out essentially the worst thing that can happen is if you are camping on top of the well head, you are asleep, you have no means to detect a CO2 leakage and if it is a perfectly still night without any wind then if you stay there for hours, there is a risk to health but nonetheless there is virtually very little that can happen to you catastrophically from a well blowout.  There are pictures of people working on well blowouts with CO2 and fluids gushing out without any protection.

I think a related issue is what can happen during the early construction and the maintenance of a pipeline that is pressurized with CO2.  I think these are fairly routine health and safety issues that already have an excellent track record.  We have not seen any major problems associated with them.  
The other thing is the leakage through natural pathways.  This comes back to site selection sites.  If you site your projects right next to an active major fault, you are looking for trouble but we know where these are.  They are well catalogued and we know well how to avoid them.

So again, if you pick a good site, if you operate it well and there is every not just possibility but every capability to do this and if you have the necessary regulatory oversight, I really do not think you should be worried about catastrophic events. 

George Guthrie:  Okay.

Jerry Hill:  Just a field note, Ian mentioned that they were doing some monitoring, sending signals by satellite.  During the field injection, there is a monitor that is in the injection zone.  It showed the pressure, again Ian showed this slide where the pressure is going up, we also had a pressure monitor above the seal and that stayed flat.  So it was telling us that we were keeping the CO2 in our target formation.  It was not leaking through.

Interestingly enough during the experiment, a hurricane came through.  They had to shut the field in.  We were able to detect that, the signal goes out every 10 minutes.  We could detect it immediately when the field was shut in.  So there are tools, like we said, the tracers are used in these experiments just to help us understand how plumes work and do modeling.

When we get into commercial applications, what we are finding out is things as simple as far field pressure detection, it is going to be very useful.  The field was shut in.  Within 10 minutes, you could see the pressure drop when they brought the field back on, it came up.

George Guthrie:  Is that it?  Okay, thank you very much.  I have got two questions I want to put together here that are somewhat related.  They get at capacity for CO2 storage.  
First part of the question is, as larger volumes of CO2 are injected, for example, from a power plant, will there be limitations on the injection rate capacity, etcetera from the fact that brine or other fluids are not being removed and a related question would be what is known about the range of porosity and permeability where CCS could be technically and economically feasible for large scale injection?  
The first part of the question is, as we inject larger and larger volumes of CO2, do we need to worry about capacity limitations?

Ian Duncan:  All of these questions about capacity and injection rate are very site dependent.  Most of our experience down in the Gulf Coast, we have a large number of really highly porous, highly permeable reservoirs that you can put high injectivity in.  
In other words if you look at the friel [ph] formation that was part of our test, you could probably drill a well that can inject a million tons a year into one well in the friel.

Now a lot of parts of the country, you might need five wells to get that injection rate.  In some places, you might need 10 wells and there is an economic trade off because each well is going to cost you $4 or $5 million probably.  
So as you have to have more and more wells to inject a million tons of CO2 or five million tons of CO2, it becomes an economic question and also it is a matter of space.

Now in terms of injectivity over time and whether you got pressure build up, we have done some pretty large scale computer modeling in the Gulf Coast where, for example, we injected 50 million tons a year into a formation called the deep Wilcox, which gets shallower and shallower up dip as you move inland and eventually comes to the surface.

What we were looking at was as you inject CO2, CO2 displaces brine.  The brine displaces brackish water.  The brackish water displaces fresh water and eventually you will move brine or brackish water up dip into fresh water wells.  
We discovered in our modeling that after 50 years at 50 million tons a year injection, you would start to entrain some brackish water into some deep ground water wells near Bryant College Station where Texas A&M is.  Of course that was part of our Machiavellian plan to destroy Texas A&M but that is another matter.

So yes, this is something you have to worry about.  You would have to keep your, so in order not to annoy Texas A&M, you would have to keep your injection beneath 50 million tons or you would want to put in some pressure release wells, tap off some of that brackish water and desalinate it or something like that.  So yes there are consequences to injecting CO2 and it has to be managed.

George Guthrie:  So follow up question then is do we have the monitoring technology available to be able to catch those kinds of issues early on?

Ian Duncan:  I think yes we do have the monitoring.  I think we have enough understanding of what the risks are.  We have computer models that we now have confidence in that we can have a good understand of where the areas of risk are and we can target the monitoring to where the most likely risks are.  We have things that we can do to mitigate such issues.

George Guthrie:  Okay.  George?

George Peridas:  And if again I can give a 10-second much higher level reply to the question if the question is do we have enough space?  Then the studies so far showed that we have decades to centuries worth of space, more space to inject CO2.  
The matching between where the CO2 sources are and where the major syncs would be is fairly good.  This does not mean this is good everywhere.  South Africa might not be as good.  India might not be as good but in general, U.S. and China and Europe have good capacity.  
Now you will not know that for sure until you go and actually inject on a site by site basis but the prospectivity seems very good.

George Guthrie:  Yes and I will just make a comment on that.  There has been capacity resource estimates done by the U.S. Department of Energy as you are all aware, that have looked at CO2 storage in a number of different environments and that has come out of the work done by the regional partnerships.  That does show as well that there is a very significant amount of capacity out there and the range of geological environments.  

The other thing I wanted to comment on is that DOE just released, awarded 50 projects as part of the Recovery Act that is trying to get at the question that was raised about porosity and permeability and being able to look at developing much more detailed assessments of specific CO2 storage sites, the kind of information we would need to be able to answer that question.

Alright, we are going to have time for just a couple more here.  One of those is n the cost of geologic CO2 injection, would anybody like to comment on that?

Ian Duncan:  The cost of injection or the cost of the sequestration in general?

George Guthrie:  Well it says geologic CO2 injection but I think the real question is getting at what are the likely costs of just the storage piece of CCS.

Ian Duncan:  The cost of sequestration, as you probably gathered from my last answer, is going to depend very much on the nature of the reservoir that you are trying to sequester in.  The lull of the permeability, the lull of the porosity, the lull of the capacity of the reservoir the more wells you have to use.  


It also depends on the scale of your project.  If you look at a small project, it is going to be more costly per ton than a large project.  So I did an approximate cost estimate and these have to be approximate because we are looking years out in the future, we do not know what steel prices are going to be.  
We do not know what drilling prices are going to be but in today’s dollars, if you were injecting 30 million tons a year for 50 years and that is the kind of scale of project that you need to look at to be realistic, to get a realistic cost I think.  

Then I came up in the Gulf Coast with about $2 per ton for the cost of sequestration.  That is not including the transport or pipelining or capture.  There are some estimates that are higher than that and a few lower than that.  It is pretty difficult to get realistically much lower than that unless you are injecting right underneath the plant.  That would be good fortune that you happen to have the right characteristics.

Jerry Hill:  I would add to that as we look at the way this enterprise will unfold, the opportunity will unfold, we see some of the first movers being associated with EOR.  There are two reasons for that.  I want to get to the cost question.  
The main one is infrastructure and then having an economic, putting some economic value, partial value on the CO2.  

So I would echo Ian’s point.  It is going to be site specific when the business starts up, it will be quite expensive because we do not have that infrastructure.  We do not have the several thousand miles of pipeline.  
We do not have a business relationship between a CO2 capture facility, transportation and injection.  So a lot of that gets worked out.  So the early projects are going to be substantially more expensive than later on in time.

George Guthrie:  Okay, thanks.  This last question is sort of a follow up to some of the comments on questions you have already answered and comments that were in the course of your presentations.  
One of the things that I think came across was there was a general sense of optimism that you each had in terms of issues associated with risks and during the operational phase and post-closure, and long-term stewardship.  

I wondered if you could comment a little bit further as to whether or not there are any particular technical issues that are remaining in that context that you would like to comment on particularly with respect to the long-term stewardship phase.

Jerry Hill:  I will start.  I think there are technical questions, they can be solved.  I am going to leave it to the geologists to talk about technical solutions.  We are very concerned, as look at it, about some of the institutional and legal issues.  
We really have to grapple with that and I hope the taskforce is really coming away with it, the notion that figuring out porous space ownership, figuring out long-term stewardship, all that needs to really happen in order to, for this enterprise to go forward.

Ian Duncan:  Perhaps I could answer it this way.  If you look at the formal definition of risk, risk is defined as the likelihood of something bad happening times the consequences of that bad thing.  
In other words, what is the dollar value you could put on a bad, what they call in risk management an adverse outcome.  One thing that I do not think that we have done enough, put enough focus on is the consequence part of things.  In other words, there is a concern the ground water might get polluted.

When many of the areas that we are looking at as possible sequestration sites, there either is no ground water or the ground water already is largely below the drinking water quality standards.  So under those kinds of circumstances, the risk cannot be larger than the value of the resource that is there.  So in carefully selected sites, I think the risk is minimal.  

In terms of the operational kinds of things, the biggest risk in a sequestration project is probably going to be the capture plan.  Industrial plants are dangerous places.  That is where your largest risk is.  
The next largest risk is probably the CO2 pipeline and the risk there is going to depend on what risk receptors there are or are there any people that live near it.  If there are no people near it then it is very low risk.

The next largest risk is in the injection, the risk of blowouts.  We have had like 50 blowouts of CO2 wells.  Nobody has ever hurt their pinky fingers.  So that is not to say that people will not die associated with CO2 sequestration.  
In any kind of industrial activity, if you build a 50-story high building.  An actuary can tell you how many people are going to die.  It is .85 people are going to die for every 30 stories you build or something like that.  
So this is not going to be a risk-free enterprise but the risks are relatively well characterized, well understood.  They are bounded and they can be controlled by site selection.

George Peridas:  Yes and if I can add to that, I think there are still some questions that would be nice to have an answer to in their technical/regulatory [inaudible] question is for example how long do we need to monitor a site after we stop injecting in order to have an acceptable degree of confidence and that everything is and will be forever as we want it to be.

We have estimates but until we do this for a while, I do not think we will have the final answer.  A second technical question would be what exact monitoring tools do we use and related to it, how much do they cost?  
Evidence shows monitoring is a very cheap thing to do compared to capture, transport, and injection but the question still becomes are there more clever ways that will enable us to monitor these things effectively and very, very cheaply?

Ian Duncan:  Yes.  Another question along those lines is under what circumstances should we try and mitigate a leak?  If we detect that something is leaking then what is the threshold?  
What is the trigger for going in and mitigating it and to what extent should we try and mitigate it or to what extent should we try and remediate?  Mitigate is to go in there and try and plug the leak, which technologically we can probably do.  
Remediate it is the ground water gets polluted and we pay for a treatment plant.  That is the difference between mitigation and remediation.  

Those kind of issues, which are not just technical issues, they are also policy issues about how to approach things.  So there is a whole bunch of stuff that needs to be worked out.  I think one of the tissues is that we cannot work those things out with small test projects.  We really have to get to a commercial scale before we really come to grasp onto these kinds of issues.

George Guthrie:  Okay.  With that I think we are going to have to wrap it up.  Again I apologize we did not get to all the questions.  The good news is many of these relate to the next panel, which is on legal and regulatory issues.  So we will pass these on to the panel chair and let us thank again our panelists for being up here [applause].

Anhar Karimjee:  Well that last session was a great segue way into the next one, which is focused on legal and regulatory issues.  My name is Anhar Karimjee.  I am at EPA in the Climate Change division in the Office of Air and Radiation.  I am co-chairing the legal and regulatory work group of the taskforce along with Joe Daniels who is kind of in the back there from DOE.  

As mentioned previously this morning, in the last panel, legal and regulatory issues are often cited as a key barrier to CCS deployment.  Key questions include what permits are going to be required?  Is CO2 considered a hazardous waste?  
What is the liability framework?  Should the federal government play a role in limiting liability?  There are probably many, many additional questions that people have asked and continue to ask about these issues.  So our legal and regulatory group is looking into some of these things.  

Our work basically falls into three categories.  We are looking at the statutory and regulatory framework for CCS.  We are looking at issues related to long-term liability focused on kind of the post-injection time period, the long timeframes as well as porous space, ownership and property rights.  
Our work group consists of experts across the government and again this was referenced too this morning, I think, by Jason and Bob Sussman from EPA.  We have pulled together experts from EPA, DOE, Department of Justice, transportation, FERC, DOI, I could go on and on but we have a great group of people who are really bringing new insights to the process.  

I have been working on these issues for many years now with some of my other colleagues at EPA but it is kind of refreshing to see new ideas and new people being brought into this process.  I think it is actually adding a lot of value.  
In addition to kind of pulling together those government experts, our group is relying on a lot of work that has been done.  So again these issues have been explored. 
They have been explored by researchers including our two panelists and we are looking at the existing literature and both Jim Dooley and Chiara Trabucchi are two of the experts that have been publishing quite a bit on these issues.  
I am going to introduce them both now and then let them speak.  We have a smaller panel.  So I think we are going to have probably plenty of time for questions.

Jim Dooley leads CCS efforts under the Joint Global Change Research Institute and Global Energy Technology Strategy Project.  Jim was a lead author and cross-cutting chairman for the 2005 IPCC Special Report on Carbon Capture and Storage.  
He is the Associate Editor for the International Journal of Greenhouse Gas Control.  Jim and his research team have authored more than 120 reports and peer-reviewed articles on greenhouse gas technologies.  

Chiara Trabucchi is a principle with Industrial Economics.  She is a nationally recognized expert in financial responsibility and liability risk management.  Chiara serves on several stakeholders’ group including the U.S. EPA’s Environmental Financial Advisory Board.  Chiara has also authored several articles addressing legal, regulatory, and financial issues related to CCS.  Jim?

Jim Dooley:  Okay, thank you.  Thank you.  It is a pleasure to be here.  I am glad to see that all of you have stayed this long.  
So Anhar said that I am a big expert.  I do not know if that is some sort of slight or not but one time when I was speaking to the National Association of Utility Regulatory Commissioners before I stood up, the commissioner said ask me if I believe in nuclear power and I said, well I do not know what you mean.  She said do you believe in it?  
I said I guess so and she goes okay, well this guy is not an idiot so we will give him five minutes, which leads me to my very first point.


A lot of people have said repeatedly that CCS is not a silver bullet.  That sounds really platitudinous.  That sounds like something like you should love your country.  It is actually a really rigorous point.  Mankind has used a multiplicity of energy sources for about 500 years and will probably continue to.


So a couple of people, let me try to make this point more explicitly.  People have said well there is not a lot of storage capacity in this state or in this part of the country.  
The question is so what?  Those parts can use nuclear power.  Those parts can use natural gas.  They can import hydropower from hydro Quebec.  There is a multiplicity of ways of dealing with electricity.  CCS should not be thought of as some silver bullet.  
I want to be clear that I am not, by only talking about CCS, I do not mean to give any indication that it holds some terribly unique role here.  We need a portfolio of options to address climate change.  That just sounds really platitudinous but it is actually a really important point.


So this point has been made a number of times.  I guess I will just try to say it quickly.  There are four commercial facilities.  I think they need to be understood as that.  They are commercial facilities.  They are not sort of large pilot projects.  
These are end to end projects that use anthropogenic CO2.  In the case of two of them, the entity actually has to supply information to a regulator that says that the CO2 went underground.  It stayed there and therefore that regulator does not have to take a certain action that is a levee of a carbon tax.

These are really important test beds.  I think we need to reflect on that.  We are not starting from square zero in terms of mankind’s knowledge in terms of carbon dioxide capture and storage.  These are really important things.  They have been the center of a lot of collaborative international research and a lot has been learned.  It should not be minimized.

So at the end of the last panel, George Guthrie said something to the panelists, something like well you seem to have guarded optimism.  So I am just going to throw away the guarded part here and say that I think when it comes to legal and regulatory issues, the glass is well more than half full.  
I am going to try to explain why I think that and then I am going to try to explain how I think the glass can be filled all the way if that analogy makes any sense whatsoever.

The greenhouse gas mitigation technology referred to as carbon dioxide capture and storage exists today at a fully realized meaningful commercial scale.  I want to be really clear.  
This technology exists today.  Those four projects prove the point.  More importantly, if you think about the kinds of projects that are going to adopt CCS early, they are probably from what we would call high purity CO2 sources.  Those do not need a lot of innovation.

So there is a fundamental difference I want to make when I say that CCS exists as a climate mitigation technology and someone saying that in the power sector and IGCC plus CCS will not be economically viable until da-da-da-da-da years from now.  So two fundamentally things, I am not using CCS as a synonym for an advanced coal fire power plant.  

I am talking about the class of technologies used to mitigate climate change.  They exist today.  If we make them better, we free up literally trillions of dollars for society to meet its other needs.  I will come back to that point again.  
There is value in continuing to pursue research that does not mean that it negates the point that technology exists today.  We also have knowledge today that it would allow us to have site permit, regulate, and safely operate commercial scale CCS facilities.

There are federal regulations that exist that govern the transport, storage, and the operation of the CO2 capture plant.  Again it is not a blank piece of paper that we are starting with.  There is a very large body of scientific knowledge that gives us a deeper understanding of how CCS will deploy the physics, the mechanics of it.  
Good news is for the United States is that a lot of that literature has been created by scientists who live or work here.  Again these are reasons to be hopeful that we can move forward.

Someone else showed the same graph earlier.  So I am going to stick with my other glass is more than half full point.  So there is about 4,000 miles of dedicated pipeline across state and international boundaries that were built and operated on public and private lands over the last 35 years.  
It did not need sweeping eminent domain powers.  

This has actually happened in the real world.  People have rolled up their shirt sleeves and talked to land owners and figured out a way to compensate somebody or to buy a right of way.  We have knowledge with this.  
I think we need to understand that and respect that.  We have a CO2 pipeline that crosses an international boundary, ones that cross state lines.  So it would be nice if things were simpler but I am not sure it is the role of the federal government to make everything nice.  Maybe we ought to focus on really high priority things.  I am not sure that citing pipelines is really important.

I also think that it is just fundamentally way too early in the game to declare that we do not have enough skilled people or drill rigs or geoscientists.  Right now there are 0.0 large power plants in the United States that utilize this class of technologies.  It is the same number in China and number of other countries.  We are in the earliest days of this.  

As we evolve, we will be sending a signal to people, hey this is a good place to go get a job and have job security but today is not the time to declare that there is a problem and I will expand upon this.  
It does not mean there is not profound value in the federal government supporting graduate degree programs that focus on CCS that focus on it as a discipline as opposed to petroleum science or in starting to educate entities like the members of the National Association of Utility Regulatory Commissioners.  
It has a sort of constant churn.  You have got new people coming in there to start training permit writers.  There is a lot of work that can be done but it is not time to say that we ran out of people already.  We have not started yet.

Within the United States, there is a vast attention potential storage capacity.  It is heterogeneously distributed around the country.  This is the graph on the left.  We have done a number of sensitivity analyses, which says okay, you do not want to do CCS near any large cities.  Can you still do it?  

You also do not want to do it near any areas that have threatened and endangered species or areas that have a known history of seismicity or near national parks.  You still come up with this is a really large natural resource for this country.  As you constrain it, certain parts of the country might not be able to deploy it.  

Certain parts of the country are going to have higher costs or lower costs but again I think that is the way the world works.  Natural gas is differently priced in different parts of the country.  Coal is priced differently in different parts of the country.

The fact that if it is heterogeneous and differentiated I am not sure is necessarily a problem that needs to be fixed.  Our work says that about 95-percent of the largest CO2 point sources in the United States are within about 50 miles of a potential sync.  
So our work is profoundly skeptical of the need to have a large national pipeline grid.  I think the only justification for a picture that shows a giant national pipeline grid is ones making a volumetric comparison between the amount of CO2 that would need to be moved at some date in the distant future and the amount of oil and natural gas.  

The problem with making a strictly volumetric analogy is that oil and natural gas are really valuable commodities.  People are willing to pay to have them transported over very long distances so they can live in big cities and they can do higher value-added work.  
Pipeline quality CO2, especially giga tons of pipeline quality CO2, is not a value added good.  You are going to want to get rid of this as close you can to your point of generation.  There is just no economic rationale for transporting it over long distances.  

So I want to really draw this point out.  A number of the comments were made earlier about certain things had implicitly embedded in there a point of view about how the industry will evolve.  
I do not know how it will evolve but I just want to ask for caution and adopting oh it is going to look just like a tariff system for transporting natural gas across the country.  I think it is just fundamentally a different issue.  So the glass is more than half full.

This slide usually says, the title is something like CCS will not raise the cost of electricity but my staff hates that.  They said I should never say that in a public meeting but I might say that anyway.  
So the top graph here is an electricity dispatch cost curve.  It is for the Ohio River Valley and the point I want to make is that the first vertical line, that is the minimum dispatch, and it is pulverized coal venting to the atmosphere that sets the price of electricity at its minimum low.  
As you start to get higher up in the dispatch curve, it is that 10-percent of the year when you are using the most electricity, it is natural gas venting to the air that creates the price of electricity.

The bottom curve is a world in the Ohio River Valley where there is a significant price on climate change and then the point I want to make is that for the vast majority of the year, it is something other than an IGCC with CCS that is setting the price of electricity.  
So Howard Herzog and Ed Rubin and my colleagues alluded to this earlier, the reason we have CCS is, is that should save us money.  It should be a cheaper way of generating electricity in a carbon constrained world.

The statement that CCS raises the cost of electricity is equivalent to saying you are comparing a world in which there is no premium.  There is no value placed on protecting the atmosphere and its greenhouse gas loading to a world that cares about it.  
Those things are not comparable.  What is comparable is everything within that top graph compared to each other and everything in the bottom graph.  So the role of CCS is to help control the cost of electricity in a greenhouse gas constrained world.  It does not make sense to compare it to the price of today.  

How do you go ahead and fill a glass all the way?  One thing I think is really important is to not use analogies that say implicitly or explicitly what happens if the entire country switches over to CCS tomorrow?  
Well that physically cannot happen.  More importantly, there is no reason for it to happen.  Addressing climate change is going to take decades if not a century.  There is a broad portfolio of options.  You want to do the easy stuff, you want to do the medium stuff, you want to do the hard stuff over time. 

So a lot of these worst case scenarios are fundamentally predicated on a system that just simply cannot actually occur in reality.  Everybody does this, boom, and we have no way to learn from this accumulated knowledge.  I might be naïve here but it is my belief that the overarching goal here is to find a way to address climate change in a cost effective and safe manner.  To me that means there is a broad portfolio of options.

The last point is that it is my, again I might be naïve, but it is my assumption that the federal government is trying to create a level playing field for clean energy technologies.  So again you need this broad option and that there are reasons why we have a safe drinking water act that go beyond climate change and that those things need to be understood and recognized and we keep those going forward.  

So the goal is not to simply make the regulatory burden as light as possible but it is to continue to facilitate all the things we have today and add in climate protection.  

This is an abatement curve for the United States for carbon dioxide capture and storage from our modeling work.  This is bottom up work.  The point I want to make is the red line is $0 per 10 CO2.  So there is no disincentive for venting CO2 to the atmosphere.  
You see there is a tiny bit of that blue curve that falls below that line.  There are some small uses for anthropogenic CO2.  They are for enhanced oil recovery that you would do in a world that never addressed climate change but the vast majority of that curve lies far above $0 per ton, the point here being that this is a technology that will only deploy in the presence of a climate control policy.  

If we are not going to address climate change, there is no need for this meeting.  There is no need for a federal policy on it.  This is exclusively a climate mitigation technology and that is a unique burden that this class of technology carries.  There are societal reasons to continue pursuing nuclear power, wind, solar, bioenergy that have nothing to do with climate change.  

This technology is single purpose and it is one of the things that makes it hard to get started and get going but as you see this curve sort of goes up.  So there are some cheap things that you can do.  These are these high purity sources but the vast majority of mission’s abatement are power plants, cement cones, steel mills, and things of that nature that will need a positive price on CO2.

The secretary too actually said this earlier so I will just make the point quickly.  What you want to have in a climate constrained world is a policy where the price of carbon gets more expensive as time goes on.  
A challenge is that anything built today is probably going to live through two or three different, really different economic paradigms.  One, a world where we continue to have the same price we have had for the last 100,000 years in terms of venting CO2 to the atmosphere, which is zero.  

If you are competing against everyone else who is venting and you are not, you are probably at a disadvantage.  The end state where prices are significantly high where CCS is a cheap technology to use, it would be the preferred option if you were going to use fossil fuels and this difficult period in the middle but that is an inherent part of addressing climate change.

So again in terms of filling the glass all the way, my work would tell me that the compliance with a safe drinking water act, injection permit is likely a necessary but not sufficient condition in terms of how do you get CCS deployed and I want to expand on this point.  
In the day, what you really want out of CCS if you are going to be using it is you want to fungible and tradable permit that is fungible, that is tradable with somebody who has destroyed some high GWP gases or who built a wind farm.  

You want those to be traded so you want to have liquidity in the emissions market.  That means there has to be some level of uniformity to the way that this policy is employed, that is when somebody actually says okay, I agree that you have not emitted CO2 to the atmosphere.  I think that that is going to have to stretch across minerals management service areas, tribal lands, federal lands, private property.  I think there has to be some commonality.  

While the UIC program, the Underground Injection Program, I think has done really great with having a significant portion of the work delegated to states, my sense is that climate policy for the United States that eventually has to match up with some sort of international climate policy sort of drives you towards having to have some pretty central role for the federal government.  

The sub-bullets here also say that I think you have to have the issuance of that permit or that certificate that says you did not emit CO2 has got to be pretty closely concurrent with the act of actually storing the CO2.  It cannot be separated by decades.  
So the proposition cannot be put all this money out to build this facility.  Now you start running it, you inject CO2 and 10 or 20 years from now, we will actually give you the monetary reward for having done that.  I think it has to be much closer in time.  That is something that is going to have to be figured into regulatory policy.

A couple of people have shown this graph here from Sally Benson about the pressure dropping over time.  The point I want to make, this comes from a paper I wrote with Chiara and another colleague, is that there are human beings active in this part and this part that should be required if I read the draft class six rule to be paying attention to what is going on, to filing reports, to submitting data electronically.  

Where is the CO2 plume?  If you actually try to model this out, so here are two different climate policies.  Here is the first 100 CCS plans that come online in this really stringent case maybe 2025 and this other one maybe 2050.  Here is when they get shut in.  You are well past the middle of the century.  Here is this 40-year post injection period.  You are well in the next century.

This policy has embedded in it this draft proposal, I think an appropriately very long timeframe that is already conceived in there.  The deployment builds over time.  You will learn a lot from the first 20 that will inform how you do the next 30 and the next 50.  I think there is reason to believe that we can learn.

Sarah showed this earlier about pipelines not necessarily being a big problem.  The point I want to draw your attention to is the table here.  It comes from the same paper.  In a WRE450 case, that is a pretty stringent climate policy that you are talking about deploying maybe a dozen power plants with CCS over this 20-year period on a yearly basis.  
If it is a less stringent one, it is one, two, or three.  Maybe you are adding 300 miles of pipeline, maybe 900.  For an economy that is as large as ours, I think that is doable.  I think this is manageable.  We have to decide whether we want to address climate change or not.  Almost done, I promise Chiara.

I think I have heard a couple of people say that the public does not like CCS or that public acceptance with CCS is a big problem.  So I help edit a journal and I just want to be clear that when I look at the technical literature, there is no basis for that statement.  

What you actually have are about 10 or 15 papers that go around asking people what do you think about CCS whether it is in the Netherlands, the United States, Japan, Australia and you get something about 90 to 95-percent of the people saying what?  CC-what?  Then the person says well I will tell you about the technology.  So there is one of the papers that says CCS, if you have too much CO2, it will kill you.

Now do you like that or do you like wind power?  So you have really prejudiced the answers.  What you are actually measuring is what is called pseudo-opinions.  This goes back to fundamental political science that was done in the 40s and 50s.  People do not like looking stupid in front of authority figures.  

So if you stop someone and this is actually a paper that is in the literature, at the John Lennon International Airport, you say I am the chair professor of engineering at this school, what do you think about CCS?  You just have this inherent need to say oh it is great or it is terrible or something.  Those are pseudo-opinions.  

The point is here, the bottom is, is that you are asking people to postulate a world that they have not experienced yet, a world where we live with climate change and climate mitigation and hopefully drive benefits from those actions for decades.  You are asking them to value that.  You are asking someone to compare something that they are familiar with, a pre-S [ph] to something that they have no idea what it is, CCS, coal power plant.

That does not mean we should not be educating people but there is no reason and there is no factual basis for saying that there is a problem here for different things.  So here is what I ran out of time before I finished.  
Sort of my bottom line here, avoiding dangerous anthropogenic interference with the climate is one of many things that we have to do simultaneously.  The value of any climate mitigation technology, an advanced one, is to lower the cost of doing that.

Our work says and other research groups have done that, if you can have CCS in the portfolio because fossil fuels are so truly abundant on this planet, it reduces the cost of addressing climate change by literally trillions of dollars.  That is money that can be used for all sorts of other needs.  CCS technologies exist today.  There is no caveat that is necessary there.  This technology exists.

I think it is important, a couple of other people alluded to this, a federal climate policy would allow, it is supposed to say in italics, I think it does, state public utility commissions the option, should say in italics, option, ways of allowing CCS to deploy that is cost effective.  
So if there is one power plant in the entire Ohio River Valley region that uses CCS, there should be no reason that the price of electricity in that region doubles overnight because there are 30 or 40 or 100 other power plants that are generating electricity in there.  

While we are focused on federal policy, I think there is an important role for these state public utility commissions and regulatory commissions to play.  CCS technologies are part of a larger mitigations portfolio, tremendous value.  
Ultimately CCS technologies, especially if you want to get to low stabilization levels, they are going to have to be used with not only coal, oil, and natural gas, cement, steel making, but even biomass.  Biomass plus CCS is probably one of the few ways of removing CO2 from the atmosphere that is already there.

There is tremendous value in continuing to move forward with CCS research but it is not again many have said this already, it is not a lack of innovation or knowledge that prevents CCS from deploying today.  It is the fact that there is no climate policy that it makes it economic to do so.  Thank you [applause].

Chiara Trabucchi:  Okay.  Good afternoon.  It is always hard.  First it is hard to follow Jim.  Second, it is hard to do a presentation at 2:30 in the afternoon and third, it is really hard to do a presentation on something so dry as legal liability issues.  
So I am hoping you are all going to bear with me.  I do, before I kind of go into the PowerPoint and appreciating PowerPoint malaise at this point of the day, if you only remember 10-percent of what I have to say while I am standing here, I would offer the following four points. 


First, no financial risk management framework can substitute for sound, citing, design, and operations.  Nor can it substitute for active enforcement of existing environmental requirements.  Firms that are held financially accountable during operations are more likely to site, design, and operate facilities in an environmentally sound manner to minimize future damages.


Arbitrary and fixed rates, a financial responsibility, which has been discussed in the context of CCS for all CCS developers regardless of the site profile and the risk profile is an inefficient use of resources.  One size fits all approach is not only not technically correct.  It also can send very perverse incentives as to where these projects should be sited. 


Then lastly, incentives for the deployment of CCS need to focus on the financial investment needs at the front end of the process rather than on liability relief at the back end.  Essentially if you need a teaser to kind of stay awake and pay attention to what I am going to say in some very wordy slides in a moment, I would hark back to something Ian Duncan said in the last panel, which gets to this whole concept of value and consequences and that the next part of the dialogue or to push this dialogue forward particularly as you are thinking about liability and financial responsibility issues is really to think about consequences and think about the valuation of those consequences.

Today I have a slide in my presentation that will provide some very preliminary estimates of financial consequences during a portion of the operating period for CCS projects.  So stay tuned.

Okay, so one point I want to emphasize very clearly in my talk today is as I was thinking through the barriers related to legal and regulatory issues, it is very important to appropriate define the terms that underpin this entire discussion of financial risk management, liability risk management, long-term stewardship, etcetera.  

I think the CCS dialogue has suffered for lack of precision and the use of terminology specifically in the inappropriate use of the term liability.  So for the rest of my talk today, these are the definitions for the terms that I am using.  
So to the degree we need to map back to this, I am happy to do so.  Specifically there is a very clear distinction between the term liability, long-term stewardship, and financial responsibility.  They are very distinct terms with very distinct actions.  So I cannot really emphasize that enough.

There are three barriers that I am actually going to talk to today that I think are worthy of discussion in the context of the design of a financial risk management framework for CCS.  The first barrier is this overarching use of the term liability.  I have spoken in front of numerous forums.  I have opined and testified in numerous contexts and I am continually astounded by how the word liability is used to cover so many different actions.  

So what I would offer is that the blanket use of the term liability can confuse uncertainty in the timing and magnitude of damages that could arise from CCS projects but the need for financial responsibility for long-term stewardship of certified closed sites.  I would encourage the dialogue to try and separate those two points.

The practice of treating these concepts as one contributes to unreasonable expectations and misunderstanding with respect to the amount of timing and funds that are necessary to deploy CCS projects.  
I think if we could come to a space where we could appreciate the differences in this terminology and the differences in what we are trying to accomplish, I think you could probably move much more quickly in the deployment of CCS projects.

The second barrier that is worth talking about is the perpetual time horizon.  I have been working on legal liability and financial responsibility issues for more than 20 years now.  
It is amazing to be in this kind of forum when usually the forums I am in are 10 people who barely understand the concepts of financial responsibility.  Here what we are talking about is a time horizon that is perpetual but there is no date certain by which CO2 storage will be complete.

So what I would like to offer here is that financial responsibility presumes that the owner operator of the project, the project developer will be an active business entity capable of setting aside funds today to pay for future expected environmental obligations.  
By definition as I said, the CO2 will be stored in perpetuity but is likely to be a time horizon that extends beyond the normal corporate lifecycle of many companies.  So where does that leave us?

In my opinion or my view, the likely transfer of CCS sites at some dates certain in the future to a sovereign or to some other oversight entity likely demands of financial insurance structure that protects both the private and public investor suggesting a need for a private/public risk sharing model.

The third barrier and this is a barrier that is near and dear to my heart.  There has been a large element of the public debate on liability that is rested on anecdotal reference.  
As an analyst and economist, it is very important to introduce analytic rigor into this discussion and specifically analytic evaluation of the range of consequences and this gets back to something Ian said earlier to illuminate the dollar amounts that are needed to be managed, the set of circumstances under which these amounts will present and the timeframe over which these amounts will be needed.

Given the nature of CCS projects and given as we have heard all day today how in site-specific they are and how the risk profiles are site-specific, evaluation of impacts and calculation of damages should also be on a site-specific basis, with a clear understanding of the statistical range of possible outcomes and in so doing that is what should inform a legislative framework.

As I said at the very beginning of my talking points, establishing an arbitrary or fixed value that is at a quote upper end and just sounds large so it will be protective is an inefficient use of resources and may in fact not be protective or may be overly protective.  You do not know because you have not done the evaluation.

When considering the valuation of financial consequences, it is important to emphasize that like many other disciplines, the analytic tools currently exist and are used to estimate dollar values for potential damages, in this context could be used to value potential damages for CCS projects.  
They are routinely used by firms that are expert in financial and natural resource economics.  They are routinely and have been used in the context of CCS by the risk management sector and specifically insurance firms.

Simply stated and I think I have hammered this point home but I will do it again, the amount of money that is collected from each CCS developer should directly correlate to the amount of money that may need to be paid in the future once ownership specific-site is transferred.  

So my firm is in the process of undertaking a study and what we have done is we have looked at publicly available information with respect to the future gen effort and specifically as it relates to three of the nonselected future gen sites.  
In taking that publicly available information, we have undertaken an evaluation, analytic analysis of the potential damages that might arise during the operational period through a defined period of post-injection for the three nonselected future gen sites.  These here, this slide presents those findings.

A couple of notable points I would like to make about this, the first deals only with operation.  It does not deal with the long-term care period or the stewardship period.  The risks are largely associated with the plant and pipeline operations.  
I think it is important to note that the risks that underpin these estimates and these consequences are similar to those risks that are currently associated with many industrial activities today, many of which are already underwritten by financial responsibility instruments and/or self-insured on the balance sheets of companies.

Third point I would like to make is because the plant and pipeline risks are unlikely to exist after the defined period of post-injection, that is when the facility has decommissioned and the pipeline is no longer in use, in all likelihood the most likely and upper end damages estimates will be less during the period of long-term stewardship, which in fact, from a financial and analytic perspective, maps to the profiles that Jim has referenced and other members this morning have referenced.

A final point, for those who say well how can you apply this?  This is for the three nonselected future gen sites, I would offer that the analysis that we have done and the tools that we are using could be applied in any context anywhere in the world as long as we know the fuel source, the technology, and the location.

Because I cannot go through an entire presentation with no graphics, it pains me.  I have introduced this graphic, which some of you may find familiar.  
The point of this slide is just simply emphasize that there are financial risk management models and instruments, which currently exist to hedge the costs and the damages associated with environmental obligations, specifically existing environmental regulations and statutes offer a combination of approaches and elements of these approaches may be appropriate to the CCS context.

So we are coming up on the end, a few important points.  As you contemplate designing a financial risk management structure and/or as the taskforce contemplates how to remove the barriers associated with legal and financial responsibility issues, in my view there should be provisions that require the explicit evaluation of potential human health and environmental impacts from a financial perspective including damage estimates with a clear understanding of the statistical range of possible outcomes and uncertainties.

In so doing, that will provide the implementing agencies with an opportunity to make informed decisions about the potential risk and the potential consequences associated with CCS sites as they are being sited and designed and not after they have already been in operation. 

As I have already said, generally firms that are held financially accountable during the period of citing design and operation are much more likely to make operating decisions that minimize the potential for future damages.  
One point that I want to also emphasize is that as you can contemplate the design of a financial risk management structure for CCS both for the operational period and the long-term care period, the financial assurances that are put in place in the design element should be periodically evaluated.  

It is never a good idea to set up a financial risk management or an indemnification or liability relief structure that does not sallow for shifts over time to reflect new information and specifically it should be evaluated against the evolving risk profile of the CCS site.  
You want to ensure that the amount of financial assurance maps to the actual resources that are needed to address long-term care, stewardship, and delimited compensatory damages.

So the last two slides, preliminary analysis that we have done with respect to the prospective compensatory damages suggests that liability relief likely is not warranted.  
Designing a financial risk management framework, however, to address long-term care stewardship given the perpetual time horizon of CCS projects is worthy of consideration.  Toward that end in the event that the taskforce similarly agrees, the last two slides here are some ideas for how you might design it to address some of the barriers that I raised earlier.  

So specifically you want to ensure that there are funds available to pay for activities necessary to detect problems before they impact human health and the environment.  
You want to be sure that you have the funds necessary to finance remedial action should such action become necessary.  You want to ensure that you have sufficient funds to pay for compensatory damages to the extent that should become appropriate.

You will also establish minimum standards for companies that choose to self-insure or for financial institutions that are managing funds or underwriting risks.  
Lastly you want to ensure continuity of these assurances at such time as when the site is transferred to another authority.  So simply stated, what does the laundry list look like?  
So what you want to address is you want to be sure that you understand the liability provisions, who, and when.  When does liability kick in and for whom?  The damages thresholds, what are those thresholds?  How are they staged?  How are they tiered?  Who is responsible for what?  What will be the evidence of financial responsibility?  
As I noted in a prior slide, there are instruments that exist, financial instruments, and it can map across a matrix of the CCS lifecycle.

Oversight authority, with CCS projects there is an issue with respect to jurisdictional interplay.  You have the states.  You have the regions.  
You have federal authorities as well as interagency authority.  Given the interplay across all of those jurisdictions, the liability or the financial risk management framework must contemplate oversight authority from the outset and not leave it to the courts to determine who has oversight for what.

Then lastly and I cannot emphasize this point enough, no liability framework should provide relief from damages that arise from negligence, strict liability, or pre-existing conditions.  That is all I have.  Thank you [applause].

[END RECORDING – Segment4]

[START RECORDING - Segment5]
Anhar Karimjee:  We have a lot of questions and I am going to try to group them because we do not have a lot of time.  I guess there is probably four note cards here that talk about issues related to federal versus state regulation of these activities and so I guess this is kind of a two fold question.  
One is, there is several note cards that are asking the question, do we really have a framework today, which I think Jim was on one of your slides.


And then similarly, what is the role of states and how do you deal with different legislative proposals in different states.  I do not know if you guys — I know that is a couple things.

Jim Dooley:  Well I am not an elected official, but ultimately we have to have a national climate policy.  Economic efficiency just demands that we do not want to have a Southern Illinois policy for addressing climate change.  
It is fundamentally different from a Northern Michigan policy.  It needs to be a national one and to my mind, that drives the need for some uniformity of implementation of — the point I was making was that there has to be some entity at the end of the day.

And my guess it is the Environmental Protection Agency, maybe the Climate Division, that says a body of evidence has been presented that CCS was using that the CO2 is not coming back to the atmosphere.  Therefore, you do not have to pay a tax or you do not have to list these emissions on your annual report.


That could be different then — that was my point that a UIC permit in compliance with it, might be necessary but not sufficient.  So you could have some state level role there, but at the end of the day the reward for using CCS is, okay I do not have to pay this carbon tax or I am not — I do not have to buy offsets for these and that has to be uniform in its application.


And I think it chains down responsibilities that would have to — I would guess at some levels supersede existing things that might be done in state acts or statewide this year to get stuff rolling.

Anhar Karimjee:  Okay.  Chiara, I am going to direct the next bunch of questions to you.  There are several note cards asking about kind of the leading long term liability models including questions about indemnification and trust funds.  
There was also a specific question, that is how is it possible to determine analytically potential future liability when we cannot know what society will find to be acceptable performance 50 or 100 years into the future?

Chiara Trabucchi:  Those were some pretty loaded questions that would take me far longer than three minutes to answer, but there are several federal long term liability indemnification models in existence.  
They each were designed with very particular goals and objectives in mind and structured accordingly.  Some of the ones that have been used in this dialogue span from the Price Anderson model to the Oil Spill Liability Trust Fund under the Oil Pollution Act.


There is the Presidio Trust.  There is — well there is the Super Fund model.  So there are existing models out there.  I think what is particularly interesting about the CCS context is the perpetual time horizon of what we are talking about and I think the latter part of that question gets to the point of what do we know about what society will value 75, 100, 150, 200 years from now?


And it is not my place to place a judgment on whether or not CCS is an appropriate mitigation technology.  However, if in fact society dictates that it is part of a portfolio of mitigation options and that the removal of CO2 emissions and storing them underground for a defined period of time leads to some social value insofar as it buys you time.  There is a time value of money here.


Then my opinion, from a pure financial economics perspective, you can value that.  Now is it easier to value that if you have set an established climate policy with a price on carbon?  Absolutely.  No question.  However, there are ways in which you can forecast what that price might be in different environments and you could arrive at a value today and then forecast it over time.

Anhar Karimjee:  Okay.  Thanks.  Jim, there are a couple questions and one of these I think came from the last panel about the concept of permanent sequestration.  So should that be defined somewhere?  How should that be defined and should EOR be included or possibly included in that?

Jim Dooley:  Permanent.  The world is imperfect.  I think my dog loves me unconditionally but I am not sure if my wife or daughter do.  There is lots of shades of gray.  Ian Wright from British Petroleum makes I think a good point that if you are stuck in a conversation about 100-percent retained an absolute certainty about the future, you cannot actually have a meaningful conversation, you cannot actually move forward.


So the point that Chiara kept making over and over again and I sort of skipped over is you want to create a set of incentives that drive the best possible behavior during the site selection, the operation and closure and that is not that hard to do.  
You want to have rules that are established.  You want to have enforcement mechanisms.  You want to have a credible threat that the enforcement mechanisms will be utilized so you have to have people that make visits and things like that.


And you want people to report their data.  You want to know what is going on and these plumes — and that data does not disappear.  This internet thing is going to be with us for a long time.  So you would have a body of knowledge about this site that had been amassed over 30 or 40 years about how the plume behaved that should be immeasurably useful in order to help you figure out how to close it in and get it to stay there for as long as necessary. 


I do not know if that means it is permanent, but by setting up an incentive system, I think you end up with a situation that is preferable to venting all the CO2 to the atmosphere, which is what we have done for a long time.  Does CO2 EOR play in here?  That is my point of fungibility.  
If one can prove that 100-percent of the anthropogenic CO2 is there, then yes it should count.  If, on the other hand, one says well it is in this loop, it is moving, it is being recycled, I do not think that meets the same test for fungibility.


I think the gold standard would be CO2 storage in deep sealing formation in terms of long term liability.  You know it is there, you are not recycling, you do not have break through.  And that is what I think you need for fungibility.  Sorry.

Anhar Karimjee:  Okay.  There are a couple questions here about I think this spoke a little bit to Jim your point about public opposition and evidence and I guess I will just raise one point in that we do not have a separate session on public outreach, communication, public acceptance, but the task force is looking at those issues.  So each of the groups that were mentioned and that have been represented here today are looking at those issues.


One of the questions was about what community outreach has been performed and I know DOE and their regional sequestration partnerships has been doing a lot of that work and I do not expect Chiara or Jim to necessarily be able to speak to that, but I wanted to just stay that.


Jim I guess this leads into a question to a point that was made on your slide is that there have been a couple of cases where there has been public push back and opposition.  The examples here are Carson, California; Greensville, Ohio; and in the Netherlands and several German sites and what is your view on that given?

Jim Dooley:  I think that is proof that we have a liberal democracy and that people’s voices can be heard.  I mean I think that Walmart does not get to site 100-percent of its places where they want to do it.  The fact that a couple of projects got stopped is not proof of anything other than a couple of projects got stopped.  CCS does not have to deploy everywhere, it just needs to be an important of its component.


A lot of the storage capacity is going to be in areas that are currently prime agricultural land and if you are storing the CO2 — a good point that was made in the previous panel is you are storing the CO2 two kilometers down.  There is no reason why you still cannot make use of that prime agricultural land.


So it is — I think that there is no reason to draw an overly pessimistic thing from a couple of failures.

Anhar Karimjee:  I think Chiara wanted to add something.

Chiara Trabucchi:  You just triggered a thought on my part, Jim, which is from a pure play financial investing and financial responsibility and risk management perspective, you want to have selective deployment.  Your financial investors and your risk managers want to know that the projects that your siting are making maximum and effective use of the site, but not to the detriment of increasing the risk premium associated with their investment. 


So what I am getting at here is there is economic value to siting these projects in different places.  The challenge is to balance that economic value against the inherent risk associated with siting it in that particular space.

And if you can achieve the balance where the value exceeds the economic risk, you will have investment and Jim and I have had numerous conversations about the fact that there are places where these projects can be invested such that the economic value far and away exceeds the potential consequences.

Anhar Karimjee:  Okay.  I think we are getting close to the end of our — I have got — maybe one more question and I think that — there are a lot of very specific questions Jim about your modeling.  I am not going to ask those in this forum and hopefully people can just approach you directly because I think that might take a little bit of time.  
But one last question and it is actually not specific to something that you all spoke to but the property rights in poor space issue we do not have an expert to speak on that but if you have anything to add on that or anything else that you have thought of as you have seen the other presentations from the other groups, if you would like to add something. 


You do not have to answer the property rights thing if you guys do not feel like you —

Chiara Trabucchi:  All I was going to say about that is again there are means by which you can value both above ground and below ground property rights and those valuations should be included in the investment decision as to where to site your particular project or more globally from a regional perspective, if there is a national policy about CCS, where to site those projects on a national basis.

Jim Dooley:  I think until there is a body of evidence that establishes if there is a severe problem with amassing property rights that cannot be dealt with by a free market, I do not see a reason to create new federal policy here to condemn all subsurface property rights below a certain level to be used for anthropogenic CO2 storage.


I think you would have to — my sense is you would have to amass just a tremendous amount of information that one cannot acquire rights by paying someone a rental value or by buying the property, owning it and then having somebody grow crops on it or have a wind turbine on it or something like that.


I think in terms of federal policy, one would have to be really cautious before making any bold action there.

Anhar Karimjee:  Okay.  Alright.  Thank you very much.

Jim Dooley:  Thank you.

Chiara Trabucchi:  Thanks [applause].

Anhar Karimjee:  I’m sorry.  We are taking a break, so everybody can just meet here in 15 minutes.

Jarad Daniels:  If you could all please begin to take your seats, I think we are about ready to start our next and final panel session.  And one more time, if you could take your seats please we are going to start this last and final panel session.


Good afternoon.  My name is Jarad Daniels with U.S. Department of Energy.  I have the privilege of co-chairing this working group under the task force, the Drivers and Incentives Group with my colleague Jeb Stenhouse from U.S. EPA. 
We as Anhar mentioned in the previous panel have a large group of colleagues from the variety of federal agencies involved in this overall effort and similar to the other working groups, we have engaged a number of outside experts and stakeholders over the past several weeks and month to have dialog and gain their insight and perspective.


Some of those folks you have already heard from earlier today on the previous panels.  So what have we heard?  We followed up on the last session from Jim Dooley who stated that CCS technologies exist today.  Those technologies exist today.  
Those technologies are expensive.  We know that CO2 pipelines exist today and we heard from the panel from the transport working group that more CO2 pipelines can be built today if given a market that incentivizes them to do so.


And we heard from our subsurface storage experts that we are ready for projects at commercial scale and that in fact we perhaps should start approving the storage sites now in a more definitive manner.  
So given that, the task of the Drivers and Incentives working group is to ask the question, how do we drive these CCS technologies forward toward widespread deployability under the assumption of a cap and trade climate policy and a price on carbon effectively going forward and why do we do this?


We do this in order to provide low cost options to help achieve our climate goals.  So going back full circle to the first panel of experts we had this morning on capture technologies, that Dr. Howard Herzog from MIT posited that we need a blend of technology push and market pull and deployment policy should focus on spurring innovations as well as increasing the deployment.


We heard from our colleagues at EPRE that perhaps additional R&D is the pathway to low cost CCS and that there was an explicit need for full scale tests and demonstrations. 
Ed Rubin from Carnegie Mellon stated that the largest impediment to the near term goal of five to 10 demonstrations online by 2016 was adequate financial support and Howard Herzog put it even more bluntly that perhaps maybe there is not the amount of funding per project is not sufficient or is not enough.


So one of our tasks was when we look at drivers and incentives, how do we try to get our hands around the necessity and magnitude of financial drivers an incentives?  
But also there is non-financial drivers and incentives and we heard a bit about that in the other panels earlier today, the need for standards, for CO2 pipelines and injection and for monitoring protocols, the need for regulatory certainty, whether it was long term from a pipeline perspective or more near term in terms of a deep saline injection, regulatory scheme and perspective.


And the last panel also took on the issue of what do we do about long term stewardship.  Those are sort of the questions that help us frame the need and the role for drivers and incentives.  
What set of drivers and incentives can best spur innovations and increase deployment?  What is the appropriate role of R&D and technology push versus deployment incentives and a market pull?


And for each given driver and incentive, how can we optimize and best implement a suite of these drivers and incentives knowing the fact that there is not a one size fits all solution and that the effectiveness of a certain driver or incentive depends on project specifics and also depends on where that entity that wants to make that project happen, sits out there in the industry.


Are they a regulated utility?  Are they and independent power producer?  Are they out there as a point source of CO2 out in the non-power industry?  To help us get our arms around those types of questions and the topic of drivers and incentives we have three notable panelists with us today.  We have Nick Akins from American Electric Power, Mark Brownstein from Environmental Defense Fund and Carolyn Fischer from Resources for the Future.


We are going to start with Carolyn to give a broad environmental economist view of drivers and incentives in general and CCS drivers and incentives in specific.  
We will then move to Mark’s presentation for his thoughts and perspectives from Environmental Defense Fund and then close the presentations with Nick’s presentation from American Electric Power, from a utility’s perspective and also to provide some insights and lessons learned perhaps from their experience at the tests and demonstrations that they are involved with.


I am going to ask our panelists to provide you with a brief introduction of themselves to help you better frame their thoughts and perspectives and again 10 minutes of presentations roughly per panelist and then a moderated question and answer session after that.  So, Carolyn.

Carolyn Fischer:  Thanks Jarad.  My name is Carolyn Fischer.  Just to let you know I am an economist by training and I work at Resources for the Future which is an independent nonpartisan think tank devoted to improving environmental and natural resource policy making.


As Jarad said, I am going to start out with more of a high level view on some of the rationales and things to think about when you are designing a technology policy and, more specifically, about CCS.


We all know that stabilizing greenhouse gas concentrations in the atmosphere is going to require a massive de-carbonization over the next few decades and this is going to require a multi-faceted policy effort to bring forth a broad array of technological advances and technologies adopted and behavioral changes.


A wide range of activities need to happen and I am going to outline some of the core principles for guiding the design of policies to bring forth these technologies, but with a specific focus on — oh these are my old slides.  CCS.  These are the wrong slides.  This is the general line and I will just have to point you towards the CCS part.  This is my presentation for Monday.  A lot of the message is the same though.


What are some of the core principles for a technology policy?  In general, we want to pick winning technology policies, not technology winners.  Governments are notoriously bad at choosing the best technology for the job.  
What is going to be the best option for doing anything.  In general, one wants to pursue more neutral policies that let a thousand flowers bloom.


The second point is that carbon price is a technology policy and I will talk a little bit more about that.  The third point is technology policies need to address barriers that go beyond the environmental issue at hand.  
Some of these may actually require technology specific policies, so there are arguments for policies for CCS specifically and aspects of particular technologies.  Towards the end I will talk about some extra rationales for providing a little extra support for certain kinds of technologies that help us meet our broader goals.


First, carbon price is a technology policy and our most important technology neutral policy.  It is the core of any cost effective approach and basically this is the core policy for providing the kind of market pull for bringing in clean technologies.  
It is what makes clean technologies financially competitive and I argue for CCS, it is absolutely vital and the absence of a carbon price, there is no particular reason to want to use CCS without having some other direct subsidy or option, so it is a very important policy for making CCS competitive.


However, carbon price alone is not enough.  There are going to be additional policies that you need to address other market failures and I will go through a few of those that are particularly pertinent for CCS.  
The broader challenge is sort of recognizing which problems require technology specific interventions and which require more broad based policies.  One that you hear a lot about are technology spillovers that R&D towards one goal actually ends up producing a lot of commercial benefits and ideas and innovations related to other things that the innovator might not necessarily be able to capture, even through a good patent system.


There are often — the social return to R&D tends to be much higher than the private return and so this argues for R&D tax breaks for broad based policies to support research and development.  
This certainly applies to CCS but not exclusively to CCS and not exclusively to climate technologies I should point.


The next thing that you want to do is make sure that you are removing distortions that impede bringing forth your clean technologies.  I think of particular interest for carbon capture and storage, which we just heard in the recap, is one of these is to remove inefficient regulations, regulatory barriers and create some regulatory certainty for the new technologies.  
That does not sound like a subsidy or direct policy so much, but it is a very important intervention to make sure that the technologies can be viable.  This is more related to energy efficiency and other kinds of technologies.


Financing is another area.  An issue that often comes up is that private perceptions of risk and hurdle rates and payback periods are often quite different than what public perception may be.  
The public may be more tolerant of a lower rate of return than private investors and private investors may be much more wary of risk.  So this indicates two points, one is creating greater certainty in the environment, regulatory environment.  The carbon pricing environment is going to help the competitiveness of technologies like CCS.


Then the other issue is technologies that have very large up front capital costs that you are weighing against a future highly uncertain return.  You may be able to do a better job of bringing forth these technologies by focusing on lowering the up front costs rather than providing a future subsidy that may be subject to uncertainty. 


Scale economies, networks and infrastructures, this is an issue for a lot of technologies and certainly for CCS.  Until you have a sufficient amount of experience and produced a sufficient amount of units of the technology and captured a sufficient amount the production costs tend to be high early on and then they fall over time and then as more people are using the technology, there are more support services for the technology.


Nobody really wants to be first.  Everybody wants to wait until the costs come down.  This argues for opportunities for policy intervention to help along the technology in the early stages until it becomes more competitive.  
Of course, the important thing to watch out for here now is you want to make sure that your policy is not completely open ended.  You do not want to be giving subsidies indefinitely.  You want to make sure that it phases out if it turns out that the technology is not as economic as you thought it might be.


Supporting infrastructure is important.  We heard some talk about pipelines.  These are very real issues that are likely to take public intervention to solve.  I do not think we can expect all private actors to come up with the CCS pipelines to improve distribution and lower costs.  
We have gone from more general policies to more technology specific policies and this slide conveys some of the rationales where you might want to get even a little bit more specific in targeting your policies.


I will just highlight a couple.  One is I call it an option value.  Given that we are looking ahead, we are not really sure how deep reductions we are going to need.  
We do not even know what our baseline emissions are going to be 30, 40, 50 years in the future.  There are a lot of things we do not know, so we do not really know how hard we are going to have to go learning about the climate.  
Looking at a future where we might have to ramp down a lot faster and a lot harder, the option of having a technology that can be scaled up at a large scale at  fairly constant cost, I will call that a backstop technology.


That has a lot of value because that means even if this is an expensive technology, we might not want to use now if we think prices are going to be like $30, but if in the future we could be in a world where we really need to hammer hard and the prices could rise quite high.  
Having the option for a backstop technology of CCS could arguably function as a backstop technology that we can scale up.  That keeps our costs down, costs from rising astronomically.  There is only so much you can get out of behavioral change and other things.  
There is an added value to the kind of technology that maybe on average you would not expect us to have to use very much, but there is a value for having that in our back pocket for a scenario where we really need to make deep reductions.


Comparative advantage, this is an issue.  Not all countries are going to want the same kinds of R&D portfolios and technology portfolios, but in the U.S. we have an abundance of coal and carbon capture and storage is a kind of technology that would help us a lot.  
One could argue that there is a comparative advantage in doing R&D in this technology and trying to bring the costs down.  In the last point, if we bring the costs down here, we can also bring the costs down abroad.


Looking around, we are not in this alone.  There are a lot of countries, a lot of actors that are going to have to get together and take on significant emissions reductions and the cheaper that we can make that, the easier that it should be to get international agreement and get additional action by other players.  
If we have international spillovers in technology, is what we will call it, there is an extra reason for looking at the kinds of technologies that are going to be adopted abroad, particularly in emerging economies that may have additional value beyond what we are going to appropriate and use at home.


So thinking about CCS, thinking about the coal dependents of countries like China and India this may add some attraction to looking at this technology and working hard to bring down the costs.  
Just a few caveats for technology policies in general, it is important to remember that not all barriers to adoption are market failures.  Some of these things are legitimate.  Cost, reliability, quality issues, risk, all of these are legitimate things to think about to hesitate deploying too much of a technology and are not necessarily barriers.


The other point is that R&D market failures are not exclusive to CCS or energy technologies.  We have them in all aspects of the economy and particularly once we have carbon price, one needs to focus on trying to make the economy as efficient as possible and recognize that there is an opportunity cost to shifting resources towards one particular technology or shifting it away from a host of others because you are shifting skilled people and capital.


Ultimately, the best tools for encouraging climate friendly technologies are really those that encourage the market to make good choices more generally.  I am not sure how I am doing on time since — okay.  Maybe I will do this.  I will tee off some of the discussion of policy options.  I apologize again, these were not the slides I prepared.


You have this range of policy options, some are very broad that we might think of not just for CCS but supporting a wide variety of technologies and clean technologies.  The classic ones are things like the R&D tax.  
They are R&D focused ones, so this is more the push end of the spectrum tends to be much broader, the R&D tax credits, funding universities and research institutions, etcetera.  Then you start getting a little more specific as — at the end you also have very broad policies in terms of carbon pricing for example.


In the middle, to try to get over that hurdle between push and pull and into commercialization, you often have to be a little bit more specific.  We have seen a wide variety of policies used for supporting scale economies, tax breaks, subsidies, performance standards, market share mandates like for renewable energy.  Now they are talking about for clean energy that would include CCS, although then CCS would have to compete with wind.


These are all mechanisms and an important thing to think in here is that there is some attractive properties of market share mandates and other — because they — well they are self financing and then they also naturally phase out.  So as costs come down, the certificate prices come down as you meet the target.


But for all of these, for example with the hybrid car tax break it phased out per manufacturer.  You need to think about ways of making sure these are not permanent subsidies and then we get to more targeted options for tax credits, grants, contracts and technology prizes where you set a goal and offer a prize for the first one to meet the goal.


The final point is that basically policies are going to be more effective the more closely they target the specific market failures that you are trying to address as opposed to specific technologies because you want to let all good ideas come to the floor rather than trying to pick winners.  The goal is to find a flexible rather than prescriptive set of policies.  I look forward to hearing the rest of the panel [applause].

Jarad Daniels:  Thank you, Carolyn, for that very nice introduction to the breadth of drivers and incentives that this working group and this task force are looking at.  With that as introduction to the rest of the discussion on the panel, we will now turn to Mark Brownstein and have him discuss his views and Environmental Defense Funds.

Mark Brownstein:  Hi.  Mark Brownstein, Environmental Defense Fund.  I am Deputy Director of EDF’s energy program and just a short advertisement on that, the goal of our energy program is to accelerate the nation’s transition to a low carbon, clean energy economy.  
We do that by really focusing on three things, energy efficiency, building a stronger, more advanced, more competitively open grid and the third is to focus on the sustainable development of large scale energy resources, whether they are renewables or things like coal with carbon capture and storage.


Today I will talk to you a little bit about carbon capture and storage.  By now of course you are wondering well why on earth did you pick that title.  Well, because every time I think of CCS I think of Dumbo.  
Dumbo of course as you know is this preposterous looking elephant who is really ostracized by all his friends.  He is ostracized because basically most people think he is preposterous.  He is clumsy, he seems a little slow witted, he seems a little out of it.  He is basically an outcast in his own society.


To tell you the truth, when I go around talking to people about CCS the first thing that I get hit with very often is you cannot be serious.  That cannot possibly be a viable way to deal with carbon pollution.  
That cannot possibly be a viable way to deal with the question of fossil fuels and usually, depending on who I am talking to, then that person comes to the conclusion that either we have to get rid of all fossil fuels because it is preposterous to think of sequestering CO2 or on the flip side, we cannot possibly think of regulating CO2 because certainly we cannot live without fossil fuels and the CCS thing is completely preposterous.


In Dumbo’s case of course what happens is, is he meets his friend the mouse.  The mouse somehow talks him into the fact that he can fly and gives him the magic feather and lo and behold when he holds the magic feather, he in fact can fly.  Of course what Dumbo ultimately learns is that he had the inherent capability to fly all along.  
At some point he drops the magic feather and he is still flying and of course the moral of the story in some respects is if you believe in yourself and your innate talents, in fact you can fly.


CCS is a lot like that and what we are here talking about right now, the purpose of this panel, is really the magic feather.  What is it that is going to get folks who are dealing with CCS, whether it is in the power industry or the chemical industry or the gas industry or whatever, to really understand the fact that in fact this technology can in fact fly if only, frankly, you would believe in yourself.  


But just to make sure that you really do believe in yourself, here is some magic feathers to get you to take off.  Let’s talk a little bit about the magic feather.  I put up on here the Waxman and the coal — well I should not say coal.  
The CCS incentive provisions that are in the Waxman Markey bill.  I throw this up as a good example of the types of subsidies that are basically being talked about in Washington these days to incentivize the development and deployment of CCS.


The senate is currently looking at similar types of provisions.  You will note that there is a proposal that is floating around by Senators Rockefeller and Voinovich has many of the same components here.  
In fact these provisions are somewhat similar to the stuff that we developed inside the U.S. Climate Action Partnership and so I would make an argument that in fact what you see up on the board is a reasonable representation of the outlines of a consensus that is emerging inside the beltway about how to incentivize the development and deployment of CCS.


Things we like about this approach most importantly it is self funding.  Basically the revenues that are required to fund these incentives are coming either in the early days from a wires charge and then frankly from allowance value that comes when you cap carbon and assign allowances to those who emit.


It has a strong pay for performance feature.  You get more value the more CO2 you sequester, which is a good thing, we want to encourage people to ramp this technology up.  It phases out over time.  This is very much the magic feather.  It goes away and ultimately the technology will fly on its own.


Now things that we would improve in the Waxman Markey legislation frankly is, is there is some issues around governance.  The fact that there is a wires charge that is being levied on consumers, but then going frankly to be administered by an industry organization, is not our preferred way to handle that kind of subsidy.  
If you look at the Rockefeller Voinovich proposal the money actually goes and is administered by DOE and we think that is a much more appropriate mechanism and there is a wider variety of stakeholders around the table looking at the early deployment of these technologies and we think that is important.


Frankly we would ask that the industry have more skin in the game than what these subsidies suggest and I will come back to that in a minute.  Ultimately the long term viability of carbon capture and storage is really going to rest on many, many variables.  
Really it is going to be an economic proposition and it is either going to fly or it is not going to fly on the strength of its innate abilities.


I have up here a chart.  This is a grad student at MIT that did this analysis under the direction of Howard Herzog.  I do not know if Howard is still here, but he spoke this morning.  
What these slides basically attempt to do or what the analysis attempted to do was look at what kind of carbon price would be required to enable a company investing in CCS — a power company investing in CCS to be able to recover not only the variable cost of operating the technology but the capital.


In other words, what is it going to take to make this a reasonable investment decision?  Now the base case analysis that this grad student did assumed a gas price of $3/mmBtu and as you might imagine, at $3/mmBtu, it actually takes a huge CO2 price adder, about $140 a ton, to be able to raise enough revenues to be able to recover your investment.

But what the paper also notes is that that price, that changes depending on what market you are in.  This is a — he used California.  You could basically use California as the representation of any gas on the margin power market.  In a coal on the power margin market at $3/mmBtu, it is really closer to maybe $70 a ton.  
The first thing that you learn from this analysis is where the facility is located, the power market that the facility is located in matters.  Of course the other thing that you realize is that the price of natural gas also matters because he ran a case $8/mmBtu and all of a sudden we are no longer talking about $140 a ton, we are talking more like $70 in the gas on the margin market.


We do not see quite as much movement in the coal on the margin market because frankly coal is on the margin and so gas unit — the fact that gas prices go up mean that a little more coal runs a little more often.  
So it drops to maybe $50 a ton.  I raise this as an important point for two reasons.  One is because again the technology is going to ultimately prosper or fail on a whole range of economic assumptions and criteria that frankly the government is never going to have any control over and should not have any control over.


Subsidies may be useful to get this technology started, but any technology that requires a long term commitment of subsidies I would argue is frankly really not worth much at the end of the day.  
But the other point that I would argue is that even in the short term, very difficult to find a subsidy regime that is going to be optimal from an economic point of view.  We do not know whether we should be developing subsidies on the assumption that it is going to take $140 a ton CO2 price to make the technology economic or $70.


Maybe we can make some assumptions that we have to subsidize in this range, but my point being is that we could also vary the heat rate of the plant, the debt to equity ratio, the assumed interest rate, the assumed return on investment, the depreciation, the cost of the — any one of those variables could change this analysis.  
So when you look at fixed numbers in something like the Waxman Markey bill you have to assume that in fact the subsidy regime is going to be sub optimal from an economic standpoint.  You have to be able to resign yourself to that fact I think.


Now some people have argued that in fact maybe the subsidy regime therefore should be based more on a declining auction type approach where project developers come and basically tell you how little they need in order to be able to get their project over the hurdle rate and maybe that is a good way to do it.  
I have heard some developers argue that the Waxman Markey approach is more preferable because it actually puts a fixed dollar amount out there that you can plug into a pro forma early on and kind of count on.


There is some debate there about exactly how you do this, but at the end of the day we all have to recognize that any kind of subsidies we throw at this, is really a departure from really what I would call good fundamental economic but as was argued by the previous speaker, there are probably some decent reasons why you do it anyway.


Ultimately at the end of the day, what makes CCS fly?  First of all the price on carbon.  You have heard it all day long.  I will make that point again too.  
But not only a price on carbon as is evidenced by the Waxman Markey subsidy regime, really it is the climate and energy legislation that creates the cash that allows you to offer the development and deployment dollars in the first place.  
I do not know where you all live, but in my home state we are firing public school teachers right now, federal and state governments really do not have any money.  The idea that somehow we are going to suddenly emerge with federal subsidy dollars or tax credit, I just do not think is politically realistic.


The only way that you are going to come up with the kind of cash that is required to really get this technology to launch is if you are doing it in the context of an overall climate policy.  Frankly it makes sense to do it in the context of an overall climate policy because it has been said many times today, you would not be doing CCS absent the need to reduce carbon pollution.  That is number one.


Number two is extremely important to bang on the public confidence issues.  Thoughtful regulatory framework, the previous panel talked a great deal about doing the geology right and I cannot emphasize enough that not all geology is going to be good for carbon capture and storage just because you have a power plant in your neighborhood, in your state, does not mean that that power plant has a right to sequester its CO2 on its site.  
There are going to be some power plants in some states where CO2 sequestration simply is not going to be viable.  But then there are going to be plenty of places where it will be.


Risk management in the private sector, we talked about that on the last panel as well, very important and then finally public education and outreach, extremely important.  
Again, most people when I talk about CCS look at me like I have two heads which implies to me that there is work to be done in really educating folks as to what this is, developing a certain amount of geologic literacy, at least in the policy making community, so that people can better understand what this really is and how to do it right and thereby start to create that public acceptance of what is a very challenging technology.


And then finally, I think the industry has to put more skin in the game.  I cannot tell you how weird it is to have guys from the coal industry or the natural gas industry talk about how critically important it is that we be able to develop carbon capture and storage and then in the next breath say to you and the federal government better do something about that.  
You would think that if this was the critical path to the viability of your business over the next 50 years, that you would be investing tremendous amounts of money making sure that that critical path is available to you.


Frankly I have not seen the kind of commitment from either the coal industry or the natural gas industry to the development of CCS commensurate with the criticality of this technology to the future of both of those fuels.

And so I would argue that not only should we be focused on federal subsidy dollars, but frankly the Obama Administration, members of Congress should be asking a lot of hard questions of both the coal and natural gas industry about what kind of skin are they putting in the game to help develop this technology to make sure that fossil fuels in fact do have a responsible place in the carbon constrained future.  Thank you [applause].

Jarad Daniels:  Thank you very much, Mark, for that perspective and those insights.  We are going to, in the interest of time, move quickly to Nick Akins to provide his perspective from American Electric Power and some words of wisdom perhaps from their experience with their CCS experience to date and going forward.

Nick Akins:  Good afternoon everyone.  I am Nick Akins, Dumbo the elephant’s agent [laughter].  I have very few slides so as I am the last presenter of the day and I do believe in pictures more than slides, so — I just wanted to say there has been a lot of discussion in this conference about the cautious optimism around CCS.  
Optimism around CCS we believe CCS is real.  CCS is here, it is operating, this is a picture of our project at our Mountaineer station, it is a 1,300 megawatt facility.  We are taking a 20 megawatt slipstream from that facility.  We are capturing using Alstom’s Chilled Ammonia Technology and storing about one and a half miles below the surface.


That project is working and we are proving up that technology.  I think one of the key issues to think about when you consider the funding mechanisms associated with it, this is an early deployment project.  It is one where we took from We Energies, the bench scale project.  
Essentially it was 1.8 megawatts electric.  We basically 10 times that to this project, continued optimization has occurred in the engineering process.  We have come up with new technologies that are associated with the storage aspects to try to reduce parasitic load.


Those are the types of advances that we need to make on this technology because it is not a question of whether the technology is real or whether it actually works.  It is a question of economics and does it fit with the overall resource portfolio mechanism for this country and in fact I would argue the energy security of this country.


We need to make sure coal stays in the picture and that is why AEP has a vested interest in this project and has taken on the risk associated with this.  Obviously we have had support with this particular project.  AEP Alstom has funded part of it.  
RWE, the German utility, EPRI and EPRI’s members have funded the projects and DOE originally was involved with the characterization of the well site.  Certainly there has been a lot of involvement in this project.  That will not change and if you look at the dollars per KW cost, I know previously Mark had I think a $6,000 per KW.  You can do this, I think it is around $5,000 a KW, so not too far off.


It is one of the first projects and when you look at our next scale, we are 10 times that scale to 235 megawatts electric.  This will be the commercial scale deployment of this technology.  
You will just use these modules to add on for the size of the units depending on what they are and this would require a considerable amount of optimization, a considerable amount of deployment of lessons learned associated with our current project and we have also needed funding for this project.  If it had not been for the DOE supporting us in this project, it probably would not have gotten off the ground.


DOE is funding half of the project, $334 million.  I guess if you note the $668 million total cost of 235 megawatts you can see the dollars per KW cost is coming down dramatically and that will occur with scale.  We need to make sure that we continue to advance this technology.  The more optimization and engineering and ingenuity that occurs in the construction of these projects is going to make a tremendous difference.


We have monitoring wells in place.  We are looking at the plume size and what happens to the dissipation of the CO2 beneath the surface and we will continue to monitor that.  
I believe that reputable operators out there, we have done a massive amount of characterization of the site, very sufficient cap rock, injected well below any ground water issues.  So we do not expect any issues at all associated with this project.


Sure when you think about the legal framework, we always get hung up with legal framework around contracts of issues of liability if some calamity occurred, but generally speaking we are not concerned by that because we know what is happening below the surface and we fully expect it to stay where it is intended to stay and we believe in the future.  
From a long term liability perspective, we will be able to advance that.  We have insurance for the operational period so there are insurance carriers for that and as well after the operational period, we are proposing the utilities, or the ones who actually do these operations, pay into a fund using the trust fund concept where the government would take it over after the operational period.


But in fact if it is operated for 20, 30, 40 years, in all likelihood we will not have an issue at all.  As a matter of fact, the post operational risk is less than the operational risk and we are taking on that risk and paying for the post operational risk, so we are not expecting the taxpayer to pick up that tab.


Those are the kinds of things we have to work through to short circuit this process to make sure we continue to advance technology and we do not want the legal framework to wind up being the critical path of the project as it usually does here in the United States.  
We need to get past that and move on with the critical emphasis placed on coal being in the picture in the future.  When you think about it, we are in the utility business.  
We are here to serve our customers in the most economical fashion we can and certainly we have to do with an eye toward the environmental stewardship that we provide and we see this as a path for coal in the future and it has to be something that we continue to work on.


We are happy with the funding.  We continue to work on other international parties, the Chinese, the Indians, the Australians and we have seen some degree of interest so we hope to continue that process.  As you can see, we have some of the major thought leaders from the geological side to advise us on that.


Previously I heard discussions of the need for public meetings.  We have had public meetings around our projects and those public meetings have gone very, very well.  
I think we have been well out front with the communities that we serve so that they can see what we are doing, know the aspects of what it is we are trying to achieve.  Most of the time — I would say just about all the time we have had very good support for it because we are open about the process that we are going through.  We are very proud of being able to move forward with this technology.


Let’s talk about the cost aspects of it.  as Mark mentioned, the Waxman Markey legislation was something at AEP actually supported and as a major coal fired utility we are probably in a minority in that respect, but we saw how important it is to have a price for carbon and a legislative plan, a coherent energy plan that makes sense, that includes the deployment of carbon capture and storage and provides for bonus allowances to pay for the large amount of expenses associated with this.


If you were to retrofit on our facility — I am executive VP a generation.  I have all the generation nuclear bars, lines, rail, commercial lots and the other stuff with our companies so the thing that we have is probably 25,000 megawatts of our 40,000 megawatts is coal fired capacity.  
When you think about it from a retrofit perspective, it will be a very expensive deal for us to start that process in terms of implementation throughout our fleet.  So it is extremely important for us to continue to drive those costs down.


You can see from the first project to the second project, the cost is coming down and if you remember the Waxman Markey legislation provided for bonus allowances.  This started out pretty high, around $90 to $100 a ton from a bonus allowance perspective.  
There was a reason for that and that was to really get this technology going and then it also included the voucher type part of the legislation that enabled demonstration projects and early mover projects to be put in place, actual funding for that.


It is important to have that kind of mechanism in place early on to drive those costs down.  We continue to see those costs come down and fully expect once we get into an actual assembly line operation of putting these projects in place, it is going to make a lot of sense.  
It is going to be much lower in cost.  With an existing coal fired unit, particularly the large coal fired units that we have, the 1,300 megawatts and the 800 megawatts, it will make a lot of sense.


Obviously you have to put scrubbers, SCRs, to clean up the flue gas before you can do carbon capture and storage and when you add that total cost together, it will be something that probably smaller coal fired units will not survive and we know that.  
But the issue is we have to make accommodation for some piece of coal to remain in the picture.


For new coal units, the costs could even be less because obviously you have the opportunity to engineer in and optimize solutions within the power plant thermodynamic cycle so that really could work out well and probably will keep the cost of new coal fired capacity down with the implementation of CCS.  
We are not running from that, but I think one thing you need to take away from here though, we are in the utility business and our rate payers and our commissioners are deciding what costs we can recover.


We can have any layer of tax incentives, loan guarantees, whatever, it will not make any difference unless our regulators approve the cost recovery of the net of whatever that is.  That is particularly key for early movers.  For us to continue to be able to do that, we need the emphasis placed on the subsidies provided to make sure this technology moves forward.


We on the rate side, you are already seeing I think in some aspects — and I will not speak for Southern companies obviously, but in Mississippi their project has some issues from a cost recovery perspective.  We have issues with our ultra super critical coal unit in Texas where the commission has discussed placing a cap on future CO2 costs and a cap on the cost of the project.


As well there is push back in terms of rates in general because of what the economy is doing.  It is going to be critical to continue to provide those types of grants and other — actually grants and bonus allowances are probably the most preferable because clearly there are direct positive benefits for us, but those kinds of things will need to continue to occur for a period of time.


Once we begin the process of having enough boiler makers, welders, machinists, those types of people that can actually put these projects together and get an assembly line of them going, the more efficiency that we will have in terms of putting these projects together.  
In terms of storage barriers, long term liability is an issue but it certainly needs to be resolved.  We have a proposal, AEP has a proposal that actually if you heard the previous speaker discuss the legal ramifications, it is hook, line and sinker what that process is.  It is a public private partnership with a trust fund at the end of operations that is actually funded during operations through payments to the trust fund.


Those are the types of ideas that can really get us moving along the process of addressing those types of issues.  We need more large scale saline projects.  As was mentioned earlier, many of the projects are EOR.  
We need to make sure we continue to pursue storage aspects and with our 235 megawatt case, we may actually get into some pipelining of CO2s.  We will be able to test all that and make sure it works.  
But just believe me, when we see what is going on with our current project and the costs associated with it, the efficiencies that are coming out of it and knowing that the advancements we are about to make, this is doable, it really is and it is also economic for the customers when you take an overall resource plan into consideration.  
We need everything going forward to serve our customers from a resource portfolio standpoint.  This will have to include some piece of coal and that is what we are about, to try to make sure that occurs.

[END RECORDING - Segment5]

[START RECORDING - Segment6]
Jarad Daniels:  Thank you, Nick, for that presentation and those perspectives.  We have a bit of time here for some questions.  We have a number of questions that came on in from you as the audience on the cards.  
There are several that are along the same lines to recognition that you need a carbon price signal to spur deployment of CCS technologies and a two part question for our panelists.


Can you comment on why the EU market has not been a driver to deploy CCS in Europe?  Then another question related to the absence of a carbon price signal, if climate legislation does not pass in 2010 or 11 or 12, what can and should the Administration do to move the market forward?

Carolyn Fischer:  I will start out by taking a crack at that.  I think we have not seen the EU emissions trading system really bring forth much in terms of CCS because the prices are still quite low.  
Maybe I should clarify, what we really need for CCS is the expectation of a very strong price signal in the future because right now it would take like $100 a ton as we saw depending on the other factors, but roughly $100 a ton to make it economic.


In the near term, carbon price alone, at least at the realistic levels we might hope for, is not going to be enough to bring forth CCS on its own and so we need complementary policies.  
I guess the issue there also in assessing those policies, what we need right now is to learn more about the technology, to bring the cost down and with the expectation in the future that we are going to have to take deeper and deeper reductions and the prices are going to rise so this technology will be there for us in the future.


In evaluating the kind of subsidies or policy measures that you are taking for CCS now we often fall into a trap of looking at renewable energy policies, a wide variety of policies but looking at well what is the cost per ton reduction that we are getting out of these policies right now.  That is not the proper way to evaluate it because these are technology policies.


The question is, how effective are these policies in terms of bringing down the costs because it is not about getting reductions now in the short term with CCS, it is about learning about the technology, bringing down the costs and seeing if it is going to be economically viable in the future.  
It is not really fair to judge technology policies according to the near term reductions that they are getting and it is also not fair to expect modest near term carbon prices to be inducing a lot of technological adoption and innovation which is we need to focus on complementary policies but with the recognition that in the future, these technologies — you know Dumbo’s going to have fly on his own.

Mark Brownstein:  And let me also just say, look the litmus test of whether a carbon policy is succeeding or failing is not what specific technologies are being deployed, but it really has a lotto do with whether or not you are achieving the environmental objective that you set out to achieve.


The fact that it may take a while for CCS to deploy because the price of carbon may not rise to the level that makes it economic is not to say that we failed, it is just that we found cheaper alternatives underneath the cap that make more sense in the near term.  
Let’s face it, if natural gas continues to stay at $4/MMBtu, you are not going to see a whole lot of new coal with carbon capture and storage deploy for some time.  But that does not mean that the United States is not making progress underneath the carbon cap, it just means that we are using cheaper alternatives first.


In fact maybe that buys us some time for the technology to mature.  So it is not disturbing to us that that is the case.  With regard to what you do absent the carbon cap, well I think the reality is, is that what you are likely to see is you will continue to see a cacophony of state policies oriented at addressing climate and energy.


It will be much less efficient, much less effective both environmentally and economically, but you are likely to see the states continue to take a more prominent role and of course there is always the possibility of federal regulation through the Environmental Protection Agency which will frankly drive some effort towards reducing CO2.

Although I would not expect that EPA regulations would themselves reach to the level of requiring carbon capture and storage anytime soon because frankly under the current understanding of what is best available control technology and the various nuances around that definition, it is not clear to me that the regulatory process is mature enough to be able to mandate CCS in the near term.

Nick Akins:  I would just say right now we are thinking $100 a ton, that kind of thing, but if you look at the Waxman Markey legislation it was well thought out in terms of what the bonus allowance provisions would be that would basically supplement to get you to a lower market price for carbon.


The numbers we see — I probably cannot talk publicly about some of it but I can say that over the period of time where we have implementation throughout our fleet, the cost comes down dramatically and it is economic to install this technology in larger coal fired units and still be a benefit in the long run for customers.


I think one key point Mark brought up though was in any type of legislation that occurs, the funds need to be used to actually reduce the carbon footprint and in many cases, some of the proposed legislation uses the funds for other coffers of the government and so forth, but if you use the funds clearly to be used for deployment of this technology we can get there and that is something that is critical.

Jarad Daniels:  Great.  Thank you for that.  We have time for one more question for our panel.  It is a duplicative question that several of you wrote in and the question is what new incentives, if any, do you feel are needed to meet the President’s of five to 10 projects online by 2016?

Nick Akins:  Well we thought we were online having those number of projects going, but clearly it is going to take federal funding to help us do these projects.  Think about it, when we are trying to build one of these projects and take our 235 megawatt project, half of it is being funded by the government.  
The other $334 million if we do not find other grants or other mechanisms, $335 million is going to be put on the backs of West Virginia and Virginia customers which is the APCO, Appalachian Power Company Utility of AEP.  
That is something that is an impact on customers that clearly if they are advancing a technology, there needs to be as much support as possible over a broader base to support the advancement of the technology.  So that is key.

Mark Brownstein:  Again, my personal view is, is that given how tight the budget situation is I think it is unrealistic for industry to expect that the federal government is going to have more money to put into this than what they already have.  Perhaps the President needs to challenge industry.


Again, this is — there are plenty of ways to generate electricity with low CO2 and there are plenty of ways to fuel our nation’s economy with low CO2.  We do not necessarily need carbon capture and storage.  We need carbon capture and storage because there is the general belief that we are not going to get there from here unless we continue to have a viable path for coal and, to some extent, to natural gas.


The President I think at some point needs to challenge industry to step forward and say I am willing to partner with you to help craft a path for your industry in this low carbon future, but you have to meet me halfway.  
Nick and his company have done an admirable job in trying to get ready for the low carbon future, but it is really telling to me that of all the partners that he has been able to attract to this project and all of the good work being done, and you will correct me if I am wrong, Nick, I do not want to represent, but there as not one fuel supplier there and that is interesting to me.

Nick Akins:  We do have some fuel suppliers who are participating in project CONSOL and other coal companies but obviously I am not going to pass up the chance to do another advertisement for additional funding [laughter].  Coal guys step up [laughter].

Jarad Daniels:  And I think on that note, it is a fitting end.  We have run out of time anyhow.  We had many more questions we did not get to, but please join me in thanking our panelists once again [applause].  
As you can see, I think the task force and this working group in general have our efforts cut out for us.  There is a myriad of issues to deal with and they all have very numerous pros and cons and it is a tough set of issues to get our hands around.


With that, this concludes the series of panel discussions.  We now turn to one of my bosses, Mr. Jim Markowsky, the Assistant Secretary for Fossil Energy at the United Statement Department of Energy to say a few words.  Then after Jim’s remarks, we will move into the open forum for audience input.

James Markowsky:  Good afternoon.  It is just great to see all the people that are still here.  We started this at 9:00 this morning and we had most of you here.  It just shows you how important this is and thank you, Jarad, for the introduction.  Basically what I am going to do is close this expert panel and I just want to make a couple of observations.


First I believe the discussions today were very productive.  You could see the diversity of opinions on similar issues and I think this is what task force is striving for.  We are really looking for balance.  
You typically go to a variety of experts, but here in this kind of forum we made sure that we had a diversity of people on the panels so we could get that diversity of opinion.  Part of this is really then to open this up later on for comments from you.


It is critical with respect to our deliberations on a task force that we get this kind of diverse view because we are cast through our six working groups to take a look at all the key issues that address the barriers and the challenges.  I encourage you when you come up later on and express opinions, I want you to try to focus on that.  I just want to go over some of the highlights of the panels today.


On capture, it was clear that we needed a strong policy driver.  That was clear in a number of discussions again also on this last one and there is scale up challenge with counter technologies.  I think that is mostly in the post combustion technologies because those are the ones that are really at the slipstream stage right now.  
You heard Nick of AEP talk about the 20 megawatt and now they are scaling up to 235 on a 1,300 megawatt unit.  That is the largest unit in the country, but there are units that are maybe half that size but you see a scale up is still the issue and the integration of that.  That is why it is so critical to do these first plants.


These first demonstration plants are expensive but they need to be tested because we really need to test the integration of these components.  You get the full integration of what we call pre-combustion capture and that is the integrated combined cycle gasification plant.  There it is very critical to make sure that all of these new capture components and storage components are working in parallel with a power plant.


Also in the capture it was critical that ongoing research be continued in order to drive down the cost so we can have widespread demonstrations.  These first plants are going to be very expensive but they absolutely have to be done because of the integration and also to get the acceptance.  
You need to operate these plants and show that they are reliable and safe particularly when it comes to geological storage because this public perception is a critical aspect of this CCS technology.  As you heard some of the comments, people say what is that and they hear maybe mixed messages in terms of its safety, so that is very critical.


On the transportation panel, depending on the scale of deployment of pipelines and infrastructure, there may need to address the regulatory standards, particularly with the purity of CO2, rates, who governs the rates and the access.  On the storage panel, you need a very robust site characterization and careful site selection to minimize risk.  
That is certainly so critical and this is why we have our seven regional sequestration partnerships.  They are really pursuing this and we are not just limiting it to that, we also as we mentioned we have 50 entities that also we have given awards to to look at more widespread site characterization.


There are legal and institutional challenges also with long term stewardship and liability.  We heard that in the prior panel.  This is something that we have heard from companies because unless they can quantify that long term liability, and that is really after operations and the post operations monitoring, this could go on for 100, 200 years, unless they can quantify that.

They are going to be reluctant they tell us to proceed with the projects because it is going to be tough for them to put that on any financial ledger or their balance sheet.  No one wants to see an unquantifiable liability in that kind of mechanism.


We are learning a great deal about CO2 storage through our ongoing testing in the projects such as those sponsored through our programs.  We are also learning about the capacity limitations and risks of CO2 leakage and it bridges relationships and models that basically are going to work best to set up these CO2 projects.  
It is going to be critical that we learn all this and make sure that we get it right.  The worse that could happen is we rush into this activity and have a mishap.  Right away that will give us a black eye and we cannot have that happen.  Something like that is happening right now with the Marcellus Shale in Pennsylvania.  We cannot let that happen with CO2 storage.


On the regulatory and legal, the role of CCS is to help control the price of electricity in a carbon constrained world going forward.  I think that is an important point that was made and that is absolutely made in other panels.  
The only purpose of CCS is to address climate change and that makes it hard to get going.  We need to have that driver.  We need to have a policy driver and that came through in the other panel, the one just before here.


The risks must be analyzed to illuminate the financial consequences and that is really best done by site by site careful characterization of all the issues with a geological site.  Again site selection is going to be critical with respect to understanding it, understanding the parameters of the geology there so you can really do a good job in quantifying the financial risk during operation.  


On this last panel, targeting policies versus technology, I think that is very critical too.  The policies are the ones — the market is going to pull the technologies.  I like Mark Brownstein’s magic feather.  I think that that is appropriate.  
The feather really has several elements to it.  I think it has a price of carbon to it.  It has continued R&D support.  It has public need of confidence and support and also commercial deployment for at least the technologies in order for them to get to the maturity grant realm.


The other take away from this panel is that addressing these challenges to CCS is not going to be easy.  This is very difficult because there are many parameters that impact it.  
Equally clear is it will be critical to address this in a climate change type of arena and also we have to — this will be a good mechanism and basically the essential mechanism to be able to continue using our abundant fossil energy within a broad diverse energy portfolio.


The serious discussions today reflect the sober nature of this whole area and again, we just thank you for providing that input.  It was really good input and we are going to be taking that under advisement as we deliberate over the next couple months.


I want to recognize the moderators of the panel.  On the capture panel it was Jared Ciferno of NETL.  The transport panel was Mark De Figueiredo from EPA.  
The storage panel was George Guthrie, NETL.  Regulatory and legal is Anhar Karimjee of EPA and drivers and incentives, the last panel, was Jarad Daniels of EPA.  I want to thank all of the panel members and also the leaders.  It was just great panels.


What I want do now is begin with the open forum.  This is going to be an opportunity for you — you had an opportunity to submit questions during the five panels, but now here is your opportunity to address the kind of concerns and issues you have.  I can assure you we are going to be taking the concerns and issues you have and we are going to be taking them under advisement and using them in part of our deliberations.


Bob Sussman and I are going to be coordinating this and what we would like to do is basically have you come to the microphone and pose the kind of issues or opinions you want to make.  We had prior set up a list for people to sign up.  We got three of you to sign up.  
I encourage you to come up after I finish and basically what I would like you to do is if you could limit it just to five minutes, make your statements.  We are recording these statements and we will basically be taking these and as I said we are going to take those under advisement.  
With that I want to just start the open session.  Is Kipp Coddington here?  He is the first one that signed up on the list.  Kipp, you want to start it off for us?

Kipp Coddington:  Certainly.  Thank you very much.  My name is Kip Coddington.  I am with Mowrey Meezan Coddington Cloud and we are here on behalf of the North American Carbon Capture and Storage Association and NACCA, which is the acronym that we will be using is the only trade association in North America that is dedicated and focused solely on the development of a commercial carbon capture storage industry in North America.  
Our members include sources, sinks, pipelines, we think the first company to acquire private pour space rights in the United States as well as the largest companies that are in the carbon credit business associated with carbon capture and storage.  So the membership comes with a great depth of experience.


I just wanted to make two observations.  The first observation is that we wanted to thank the Administration and the members of the task force very much for the exceedingly diligent, excellent and thoughtful work that they have done in terms of thoughtfully looking at how to advance carbon capture and storage.  We are very much heartened by the process that has set forth today.


I think our second observation is that we are quite bullish on where carbon capture and storage is going and here my remarks are focused on a legal and regulatory scheme.  
We certainly recognize that there are technology hurdles to be addressed and those are certainly non-trivial but this could be construed by analogy as the Wright Brothers have just done their thing at Kitty Hawk and there is a sense to try to figure out how we are going to regulate the flight of a 747 in 1975.  This can be construed as an immensely complex subject and come up with a lengthy list of hurdles.


Our position would be that we think that many of these hurdles either do not need to be addressed or have already been addressed and in that category might be things like pipeline regulation.  
I think at the moment we would say that is adequately addressed by the states and the day may come when someone needs to build a pipeline from Boston to Wyoming but until that day comes, maybe trying to address that issue now might not be necessary.


We would say the same thing about pour space.  It is our view that pour space is already being transacted today, both in states where there are pour space laws and where there are not and that issue is really one of state domain.  I guess other topics would be capture.  
We think capture is a difficult technology issue.  It will be regulated under the federal Clean Air Act but we are not certain that there is really maybe much more that needs to be done in terms of gap filling.


We do think however in closing that there are three areas in which the task force can really do helpful work.  The first is public acceptance, of course.  Many speakers have mentioned that.  
Public acceptance we think is going to come from a very rigorous and diligent regulatory regime.  There we think though, however, there is lots of learning that can already be done and we would encourage you to look at, for example, many of the regulations that the states have already done.


As you know the Interstate Oil and Gas Compact Commission issued its model rules now four or five years ago and I am always amazed at how far ahead the states are in coming up with, for example, permitting programs for storage sites.  Even some of the states have stewardship programs.  
So if, for example, you wanted to do a project in Louisiana today, the state of Louisiana gets you almost all the way home and then does not obviate the need for a federal role.  But we think that some learning from what has already been done as a matter of law and regulation would be very helpful.


Secondly, we do think that stewardship, resolving that not is a very critical factor.  Again numerous speakers have said that and that at the end of the day if the panel did nothing else but opined on stewardship, that would be critically helpful.  
It is sort of too flippant and easy to say that it does not matter what is done in terms of incentives and the like in terms of carbon capture and storage unless stewardship is resolved, it is going to be hindered.


That is certainly my view and I think in addressing that it is important to look at stewardship from a focused commercial perspective, that it is not an academic exercise nor is it really in a policies sphere.  
At the end of the day, these projects will be implemented by private sector entities that will have to respond to boards, bankers, lenders and the like and insurance companies and questions will be asked about how stewardship is going to be handled.  Unless there is an answer for that, these projects do not have to go forward.


Last but not least, just to repeat the same drum, funding would obviously be helpful.  It is not that I am here with hat in hand asking for money, but certainly some federal role here on the funding side has certainly been very, very admirable to date.

And we are thankful to Congress for the stimulus dollars and the like, but obviously cracking the dollar and financial nut of this is going to be key too. Thank you very much.  Appreciate the time.

James Markowsky:  Thank you, Kipp.  John Thompson, Clean Air Task Force.

John Thompson:  Thank you very much.  I am John Thompson, I direct the Coal Transition Project of the Clean Air Task Force which is an environmental organization headquartered in Boston and we work on CCS issues throughout the United States and China.  
I would like to limit my remarks to one aspect of the task force, the Obama task force’s goal which is the five to 10 commercial demonstration projects that need to be online by 2016.


I would like to make four points about that, maybe five if time permits.  The first point is that the projects that could fulfill the President’s goal cannot wait for incentives in a climate bill.  
There is probably 10 to 20 projects out there in the United States.  Coal with CCS projects that are in advanced development and they are at a crucial point.  In the next 18 months, they are either going to break ground or they are going to dry up and blow away.


Secretary Chu in his opening remarks highlighted one of those, that is the Kemper County IGCC with 65-percent capture in Mississippi.  There was a decision recently and that from the Public Service Commission and that project is in jeopardy.  
There are others just like that so I want to emphasize point number one, we cannot wait for a climate bill to address some of the incentives that are necessary to push these projects over the finish line.


The second point I would like to make is that the task force really needs to identify a host of recommendations that are aimed at providing incentives for bringing these projects online by 2016 in addition to what is already out there.  
I would like to make a third point which is that some of the incentives and some of them may not have to come from the federal government.  Secretary Chu highlighted that maybe $4 billion right now in federal incentives for projects.  There are states right now that are considering legislation or action that will bring many of these pioneer projects online.


In Illinois, the state legislature will probably in November or in early next year decide whether to authorize rate basing of the Tenaska Taylorville project.  The incentives of rate basing that by the state of Illinois are worth billions of dollars to that project.  
It dwarfs what is already out there in the federal sphere.  But there does not seem to be actions coming from Washington to help move those legislators into passing those incentives and to the extent that the Administration or the agencies can be out there working with state legislators, educating them on the need and the importance of their role in this, I think there is a very valuable opportunity.


Likewise Kentucky considered but did not pass legislation this spring that would help move the Cash Creek project.  There is an opportunity I think for the federal government to be working with some of these state legislators because there is a lot incentives at the state level that might fill that gap.


My next point deals with cost sharing, that is the kinds of things that are in the federal government’s role right now.  Our understanding, the Energy Policy Act of 1992 and subsequent law established a principal of cost sharing and statute with demonstration projects eligible for about 50-percent cost share.  Our understanding is that the Secretary can waive the cost share requirement and has the authority to do this but has rarely done so.


What we would suggest is that the Secretary use this authority to waive some of the cost sharing for this 50/50 for particularly some of the post combustion capture projects.  There may be four or five projects that are in line right now to meet this cost share.  
Some of them may not move forward.  There is an opportunity I think to waive that so that we get these projects across the finish line.  We would hope as one of the specific recommendations that this task force could make that it address that waiver provision.


Along the same lines, there was a comment earlier when Secretary Chu spoke that raised the issue of 48A credits and 45Q and that basically there was a decision from the Treasury that may prevent even though the statute does not say so, that you could get both of them.  
There is simply not enough money out there and to be able to get more than one incentive is critical for bringing some of these projects across the goal line.


With that I will wrap up my five minutes and appreciate your attention.  Thank you.

James Markowsky:  Thank you.  Donald Weeden from Wormser Engineering Solutions.

Donald Weeden:  Yes, that is Wormser Energy Solutions and we think we have one, that is why we are here.  I want to make a little statement and then some comments on what I thought was a very well presented, organized and useful conference and I want to congratulate you people and your staffs or doing it.  I think it is very useful.


I am the Chairman of Wormser Energy Solutions.  I am also 50 years in the securities business and I started out in a venture capital back in 1959 when I was a founder of National Semiconductor and spent a long period of time seeing what happened in the semiconductor industry and the role that government played at the beginning to essentially jumpstart much of the technology that then developed over the years.


Wormser is going to submit to the President’s Task Force a market driven approach for providing CCS to the nation’s fleet of coal fired power plants.  The technology captures 90-percent of the carbon in both retrofitted and new generation generating plants and readily meets all other environment regulations.  The market driven approach overcomes what we believe is the most fundamental problem with CCS and I think that has been one of the major themes of this day’s conference.


That is finding someone to pay for it.  It overcomes one of the key issues identified in the Task Force Mission Statement, namely making CCS economic.  The technology of Wormser uses a new combination of proven components making it suitable for a fast track demonstration program to be completed by 2016.  
The report and assessment of that technology is being prepared now by an internationally recognized consultant to the coal industry and we are going to present it to the Task Force just as soon as that is finished before the end of May.


As for my comments, I want to say I am disturbed by the lack of focus on how we are going to develop the technology that is going to reduce the cost of CCS to a point where it becomes market driven so that we do not have to ask people to be regulated or taxed or have a cap and trade or a carbon tax but we really have developed a solution to CCS that comes in at a cost for a new plant that will be less than what a standard coal fired power plant costs today.


Everybody in this audience will say that is really blowing some kind of smoke that we have never tried before, but that is what we believe we can do and we think that is what is necessary to do what Secretary Chu said at the beginning which was, we have got to become competitive with this technology or else we are going to be buying it from the Chinese in a few years and we do not want to do that.


What we want to do is create jobs in this country.  We want to create a new export industry and the only way that we are going to be able to do that is to get our carbon capture so that we eliminate most of the carbon dioxide down to a level that is no more costly than in an existing coal fired plant today.  
Now I listened to the gentleman from AEP with all of the subsidies that he receives which I think he is most deserving of, but he is building something that is so much more costly to the American people and I do not see how we can possibly get that down.


So what we are going to be encouraging is the Task Force to look at the innovation that is not out there at the high level but the innovation that is among all of the small innovating companies that are out there today.  That is what happened in the semiconductor industry.  It was the new small innovative companies that drove that industry to where it is, not the old ones.  Thank you very much.

James Markowsky:  Thank you, Donald.  That was the three that signed up so please feel free to — great.  Just tell us your name and affiliation.

Tom Carter:  Tom Carter with the Clara Corporation.  Dr. Markowsky probably knows what I am going to say already.  My role at these meetings tends to be sort of a skunk in the picnic because I try to get people to think beyond the conventional wisdom of separating gas and storing it underground.


Clara is one of many companies that rather than separating CO2 gas, we convert the CO2 directly from the way stream into CO3 carbonate materials.  
Those can be then used as mineral products, building materials and at the very least, could be re-injected geologically in a more stable form than pressurized gas, CO2.  It is a permanent conversion, this conversion from CO2 to CO3, so regardless of the fate of the output of our process, the carbon will remain in the CO3.


So what we try to encourage groups like this to do is to broaden the perspective of CCS.  Do not think about it as just geologic storage, think about it as any permanent means of capturing emissions and preventing them from getting into the atmosphere.  That is my short statement.

James Markowsky:  Thank you, Tom.  Good.  Hi.

Emily Fisher:  Good afternoon.  My name is Emily Fisher.  I am with the Edison Electric Institute.  We are the trade association for the shareholder owned portion of the power generation sector, utility sector.  I wanted to focus my comments like my colleague who spoke just moments before from the Clean Air Task Force, Mr. Thompson, on the specific goal of getting five to 10 projects up and running by 2016.


Unlike Mr. Thompson, I actually do not want to talk about incentives, although I would echo and EEI would echo the comments made by many here today about the importance of financial and other incentives for helping companies defray the tremendous cost of deploying the technology.  
Instead I would like to focus on some other recommendations that the Task Force might want to consider including in its report other things that could be done that would help spur on the development of these very crucial early deployment projects.


Some of these include making it possible to move forward with the siting and the permitting of projects on public and federal lands.  This would help definitely address some of the regulatory and liability concerns that are holding up some of the projects.  
We would also say that it would be important for DOE to go ahead and fully fund and move forward with a future gen project.  It would be a very large fully integrated project and it would be useful.  It would be a good complement to the AEP project which is out there or only in the first project that has been integrated with electricity production.


Many people have spoken about the importance of public acceptance.  We appreciate the manual that the Department of Energy put out earlier this year or toward the end of last year about helping companies manage their efforts to gain public acceptance but we do think that there is a government role in helping people become more educated about what CCS is and is not and what sorts of risks are real and helping people out.  I think that something along the lines of public service announcements could be particularly useful.


We believe that EPA has made really important steps toward filling in some of the legal and regulatory gaps with their UIC rule and with the recently proposed rule that would address reporting of emissions to the air from storage sites.  
There is still lots of work that needs to be done, but the finalization of both of these rules is critical and I know that the UIC rule is slated to be finalized this year and we think that is important to actually go ahead and get projects permitted as Class 6.


Along those lines, it would be useful if EPA could provide some clarity as to how EOR projects are going to be treated and whether or not they are going to be considered storage.  We also think it would be useful to have greater clarity regarding financial assurance during the operations and immediate post closure period.  
I know EPA in its rule making on the UIC said that they would eventually provide some guidance on that.  I think that would be helpful to people as they move forward with projects.


Similarly it would be important to have clarity on whether or not other environmental laws are going to have an impact on CCS projects and I am thinking specifically of CERCLA and RCRA.  These are just a couple of the ideas that we have had that are not incentive based that we think the Task Force should consider that would help move forward deployment in the near term for these projects. 


I wanted just to make two comments if I could quickly about some of the things that were said during the presentations today.  I believe one of the presenters made some comments that in the absence of a climate policy, of a price on carbon, a really good way to incentivize deployment of CCS would be through performance standards.  
I actually think that the Edison Electric Institute would object to that in part because while it goes to one of the fundamental reasons why we support comprehensive economy wide climate change legislation as a way to put a price on carbon and that is that it would generate not only a financial incentive or a reason to deploy CCS, but it also generates funding in the form of bonus allowances that could help offset and defray the enormous costs.


Performance standards alone will just encourage the industry not to build new coal plants and to switch to other fuels so you have to think about what the ramifications are of performance standards without some sort of financial assistance.  
A lot of people spoke about the legal and regulatory framework with reference to particularly liability and a lot of people like to talk about the problem of moral hazard that if you somehow provided some certainty or you helped people in terms of getting some clarity on what their responsibilities would be in the post closure phase that you would somehow incentivizing bad behavior.

And I think that it is important to recognize that all of the things that a company would do in terms of managing their risks, and the critical element here is site selection, would not change just because you addressed liability. 


Anyone who is going to site and then operate a storage project for 40 to 50 years and then under the EPA scheme potentially be liable for another 50 years for the post closure period, certainly would not change their behavior because 150 or 200 years from now they might not be liable for something.  
I think that is an important point that needs to be considered when discussing liability frameworks moving forward.  We thank the Task Force for this opportunity to present and we look forward to your report.  Thanks.

James Markowsky:  Thank you, Emily.  Good comments.  Anyone else?  You were intimidated by those comments.  Please.

Alex Wormser:  I am Alex Wormser.  I would not mind adding to my partner, Don Weeden’s comments.

James Markowsky:  You are double teaming.

Alex Wormser:  We are double teaming.  My overall observation is that at the end of 2016, the projects that are now underway will be sufficiently expensive so that they will not be implemented for the numbers of years that it will take for our carbon capture to equal the cost of them and this includes the Waxman Markey bill as a supplement.


My take on it is that the goal would be to have a technology which includes carbon capture and costs less despite that than the next cheapest way to make electricity which right now would be a PC plant or perhaps a gas plant.  That would be the holy grail of this business.  
If you could achieve a retrofit to an existing coal plant with carbon capture and make electricity cheaper than the alternatives, then you would have something that would be implemented after it was demonstrated rather than having to go another round of product development starting in 2016.


What I would really love to see is that this Task Force would include a process for reviewing that type of technology to see if it can be included.  Thank you.

James Markowsky:  Thank you, Alex.  We have this reserved until 5:45, I think.  Right?  So there is plenty of time.  Just step right up.  You are getting tired?  Well it has been a great day and also the comments here.  They are very thoughtful comments.  
We really appreciate it and there were just a lot of comments and questions and responses to those questions by the panel, that were also very thoughtful.


When we got into this we said to ourselves, how are we going to be able to just try to extract the information that is out there?  You cannot reach it through the kind of network you normally have so we thought the stakeholder sessions would be the way to do it.  It clearly is a very valuable formula.


I just want to thank you for all your time that you put in coming here and also the input.  Now putting something like this together, it takes a lot of talented people.  I just want to also acknowledge and thank all folks from CEQ and EPA and DOE.  
There was a lot of issues that had to be brought together, logistics, the speakers and the panels and everything.  They did an outstanding job.  Just want to thank all them and just remind everybody that you have a chance to comment still.


Our report is going to be submitted to the President the first part of August.  We are going to be taking comments and you can use — Jason mentioned one website, CEQ website, we have a website.  
It is fossilenergy.gov.  Just go to the bottom and click on Task Force and you can submit your comments that way.  
We really appreciate if you take the time if you have comments that you thought that were not expressed here, or not expressed properly, and you have them we would appreciate you sending them in to us.
[END RECORDING - Segment6]
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