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[Music]
Good morning. Thank you, David, for that kind introduction. And it’s really my pleasure to also welcome those of you that are not from the beautiful state of Colorado to kind of our home court. And so we thank you for coming and holding this national and international sort of venue in our locale. We thank you very much for that. 
This morning, I thought what I would do is talk a little bit about both the promise and the challenges that we’re facing. And one of the things that I wanted to talk about are some things and some themes that have already been touched on by a number of speakers. Certainly Secretary Chu has offered us great vision, in terms of the things that are necessary and the challenges that are in front of us. 
And I want to talk about that, really, from the perspective of someone who gets the opportunity to manage one of the DOE’s crown jewels and R&D assets, that hopefully is a big piece of the solution for going forward. 
So I'm gonna start by really talking about something that may be obvious to a lot of folks, and certainly people in this room. But when I go out and talk to people outside, it’s not so obvious. And this is the idea – that there needs to be a transformation of our energy system. 
Specifically, I think what’s missing from the debate that we hear certainly in this time, in this ramp up to a new election, is this idea that this is, in fact, a very global, long-term, systems-level portfolio management type of problem, which has attendant solutions in that vein. 
We cannot lose sight of the fact that there are three very important dimensions. And I start almost every talk with this one. As obvious as it should and could be, it isn’t sometimes – that we can’t just focus on the security part or the competitiveness part. 
But, in fact, there’s also an environmental part. All of them have to work together. Unless we do them altogether, we’re not going to achieve the kind of outcome that we’re looking for. And, frankly, we should really be looking at a variety of technology pathways that will do one thing, and that’s meet the attributes that are on the right-hand side of this particular side. 
The left-hand side – I think by most accounts, most objective observers would say, “This is kind of what we have today.” If you go to the right-hand side, that’s kind of what we desire. That’s the end state. That’s the thing we would like to achieve. And if we get there, by some mechanism – that, at this point, we don’t even know what that looks like – that should be okay. 
In fact, what we should do is be managing a portfolio. And that portfolio should be rebalanced as technology improves, as external environment changes, and as all other kinds of things, which we cannot anticipate today, will come into our view. 
And one of the things that I find most disheartening is this idea that we’re gonna leap to the end point with a single technology and say that we’ve kind of solved the problem. And, frankly, we’ve got some serious challenges, and I think there needs to be a really concerted effort that goes along with it. 
Some of the energy challenges that we have in the energy sector are very different than other parts of our economy. And we need to at least acknowledge the fact that there are differences in this sector that don’t necessarily find their way into some of the other sectors. 
So just quickly walking around the four charts on this particular graphic, on the upper left-hand corner, that’s the R&D investment. In this sector, we are, by the measure of sector sales, miniscule, in terms of public and private investment in R&D. It’s less than 1% – significantly less than 1%. Where I think any robust sector would be perhaps much, much greater than that. 
On the upper right-hand corner is the asset utilization. If you think about in terms of our grid, we have about $2.5 trillion dollars’ worth of asset investment in our grid generation assets. And we find that on an annual average basis, we actually are at a 47% utilization rate – meaning that the amount of energy that we need is about 47% of the amount of capacity that we have. 
There’s a reason for that obviously. It’s that we put a premium on reliability. But it’s also a very inefficient sector. The one bar that’s red there – that’s, by the way, the airline industry. That used to be at below 50%. We deregulated the industry. It’s now 72% utilization. And for those of us that travel on airplanes a lot, try to find an empty airplane seat these days. We have much greater asset utilization in that industry. We need to do something similar in energy. 
On the left bottom is the notion – and, in fact, something that we heard yesterday from the Secretary – and that is when we make investments and decisions on energy assets, we typically make century long decisions, in some cases, or at least half-century long decisions, in some cases. 
And the right-hand slide is really the one about – most countries have energy policies that drive their energy strategies and, in fact, drive the energy marketplace. And so we have one here. It’s de facto perhaps. But it is what it is – recognizing that there’s a huge policy thing. 
One additional one, which – you’ve seen this chart now three times. This one is really important, primarily because it really is about the money. And we recognize that. What I want to do is draw your attention to the right-hand side in the expansion capital piece, where five years ago, if you wanted to get into the manufacturing area, you got in for something on the order of $30 million to $40 million dollars. 
Today, that is now $300 million to $400 million dollars. And with the consolidation of the assets that are going on and the industry consolidation that’s going on in China, in the next several years, that will be $3 billion to $4 billion dollars. So that bar is getting higher and higher and higher. 
Now we all have a good friend down at the University of New South Wales, Martin Green. He likes to show a graphic that kind of looks like this. This is the peloton, and you have the solo breakaway rider. And the metaphor here is that the silicon industry is this peloton, and that we have these new technologies that are kind of leaping forward and kind of getting out in front of the pack. 
I showed this to one of our thin film manufacturers, and they said, “That’s not how we see it. Kind of how we see is that we’re playing catch-up. We’re on the back of this, not in the front of this. And, in fact, the silicon industry, because of the supply chain and the huge leverage, because of the market size that goes along with that, is really quite a challenge. 
And it’s a challenge for all of our entries, independent of what the technology is. And, ultimately, I think we need to get back to where we’re at the front of the pack, not at the back of the pack. 
So the point of this all is – is that what we really need is a concerted effort that says, “We recognize the entire spectrum of things that need to be done. It’s really about innovation. It’s really about integration, and it’s really about adoption.” So for those in the financial world, it’s really about reducing risk. 
All of these things that are part of the government’s perspective and facilitation, if you will – it’s really about reducing risk, whether it be science, whether it be standards, or whether it be collaboration that really relates to process development. So that, moving forward – it will take a serious amount of innovation. 
I applaud the notion of SunShot. I applaud the notion of ARPA-E. We do need some high-risk, high-return sorts of things in our portfolio. At the National Center for Photovoltaics at NREL, we get the opportunity to do kind of life-cycle sorts of things and full cycle sorts of things, I should say, and we’ve got a number of conversion technologies that we’re pursuing. 
We’re kind of the keeper of the different pathways. I think it’s very early in the game to really pick which one will ultimately be the winner. And we recognize that process development is as important as some of the new conversion effects that go along with that. 
We have roadmaps in each one of these technology areas. I don’t expect you to read those. But they’re kind of what Ramesh talked about earlier, and what we recognize in terms of goals. We now have goals that are saying, “We now recognize that on the efficiency side, we’ve got to improve both at the champion and the cell level. On the module side, at the manufacturing scale, we need to improve. And also, ultimately, we need reliability and good performance in the marketplace.” 
And that’s, again, across all of the various technology efforts. Now as you look through each one of those, there are several, what I would call, very challenging R&D needs. And, in fact, we need to be deliberate about those. And where ARPA-E gets the opportunity to look at some really revolutionary, very high-risk, but very high payoff sorts of things – in the core program that SunShot and the EERE represents – there is this other idea that we need to have a deliberate strategy about marching down the curves that allow us to continue to be competitive in the marketplace, as this industry begins to evolve and really mature. 
And Harry Atwater made, I think, some wonderful points yesterday, in terms of how the science has progressed over time. When I was in the lab, literally doing work in the laboratory 30 years ago, the technologies then were exciting. 
But those are today’s technologies, which are now in the commercial marketplace. What I see in the lab today is absolutely phenomenal. There is no lack of innovation opportunity and certainly innovation creative that we have in our laboratories – not just at NREL, but at many of the research labs across the country. Huge, huge opportunity, I think, going forward. 
There are a lot of things that are going on. I'm gonna back up one. Even in wafer silicon, which I think is kind of Generation 1 technology, there are some really interesting ideas that are coming forward, in terms of multi-junction technologies, using science that we did not fully appreciate and understand before. 
We have an Office of Science sponsored Energy Frontier Research Center – an EFRC. And what it allows us to do is “inverse design.” It’s kind of playing Jeopardy with your properties on materials. If you know what properties you want, how can you actually synthesize the material that would provide those properties? 
As opposed to how we do it today, which is: “Here are some compatible materials. Let’s see what the properties are.” And we’re now reversing that, so we can actually tailor the materials in ways that we haven't been able to do before. That’s true both in the conventional mainstream technologies, as well as in some of the new technologies. 
And, again, high efficiency is a big part of this, and some of the new materials that go with it. And, also, the manufacturability. All of these things are part of what we need to do – and go next. Yesterday, in the Secretary’s question-and-answer period, someone asked the question, “What do you mean by innovation?” And it was kind of – “Put a definition on it for us.” 
This is our attempt to try to do that. The definition of innovation in this space is really full spectrum innovation – everything from the fundamental science, which clearly people kind of get – but all the way to market relevant research, systems integration, testing and validation, commercialization and deployment. 
And I would add, also, even in our financial instruments. We need innovation in how we actually get these technologies deployed. And to not address any of these pretty aggressively, I think we miss an important step going forward. It has to be done in partnership. This is uniquely a private sector market. 
And really it’s about market impact. And so this is just a few of the 300-plus active partnerships that we have at our laboratory. And this is really the way I believe this needs to be done – is that the government needs to help. The national programs need to help, as these industries mature, and as they march down learning curves, and as they scale up. 
Well, integration is key. Dave just set that up very nicely – in the fact that this is kind of the system we have today. In the electric system, at least, it’s kind of big wires and big power plants that are connected by those wires. And, ultimately, what we need is a very different kind of model, and it’s one that will have many components to it, a lot more complexity, and a lot more flexibility. 
And, ultimately, I believe it’ll provide more services to the consumer. So it’s not as though we don’t get benefits from moving into a different arena, but it is an important part of what we need to do next. If you think about integration, we tend to think about things at the national level, sometimes even broader than national level, or at the appliance level. 
And, frankly, there is a scale that goes all the way through everything from appliance to buildings to campuses to communities to larger communities to areas, regions, and then, finally, national efforts. The integration at these various scales actually has different features to it, and we need to acknowledge the fact that there is a lot of effort that goes along with it. These are the challenges in integration. 
I mentioned efficiency earlier. So we’ve got this huge problem with making our system much more efficient, utilizing our assets better, integrating technologies into the existing infrastructure that were not intended to be there. And so, consequently, that means flexibility in the system, and also a lot of additional degrees of freedom that help us get to that. 
We have, to this point, only scratched the surface in what is necessary to understand how we actually integrate and scale up technologies in the marketplace. Because there is, in fact, a lot of attendant players, jurisdictions. There are different rule sets. This is a complicated area. 
And, frankly, we’ve got big utilities that are deploying a lot of technology onto their systems, and they don’t even know how it’s operating quite yet. They will. They’ll get their arms around it. We’ll actually move in that direction, and we’ll get there. But there are a lot of opportunities to understand better, and then ultimately go down into the last set of bullets there, which is really about understanding how technology applies in those various pieces. 
And, in fact, that is what’s given rise – as David mentioned – to our new energy systems integration facility, which will, in my opinion, be the place where we can go and do risk reduction. It’s where you will do modeling and simulation, and bring in the empirical data, and do the “what if” exercises on – if you took this technology and scaled it up in a real-world-like environment, what does that do to your system? What are the implications? What’s the reliability aspect of that? And, ultimately, how does my system perform? 
The utilities are a big part of this. EPRI is a great partner with us. I think the DOD will be a great partner with us, in terms of making this capability, this national asset, available to help accelerate the pace at which technology gets adopted. 
So that brings us to the adoption part of the discussion, and one that I'm particularly excited by. This is what motivates this. You know as enthused as we are in this room – and many of us have been in this business pretty much all our professional careers – this is kind of reality. 
If you look at it, we are today, in this country, about 4% non-hydro renewables – the penetration, if you will, or generation on our electricity grid. We’re at 4%. That’s roughly 60 gigawatts. That’s a lot. And for those of us who remember when we used to talk about things in kilowatts – now we talk about 'em in gigawatts – this is huge progress. 
But it is a long way from where we need to be. And one of the questions that I get – in fact, it was an editorial in the Denver Post, just a few weeks ago, after the Renewable Energy Forum that we had here – and it said – it was kind of criticizing the fact that maybe those of us that are in this business have greater aspirations that what is reality. 
And they said, “There is no credible study –” This was a quote. “There is no credible study that would suggest that we can have a meaningful participation from renewable energy in our future energy mix.” 
Well, I hope now to be able to say, “Oh, yes there is.” And this is it. This is a Renewable Electricity Futures Study. It’s a study that’s not a prediction, and it’s not a projection. But what it is – it’s an evaluation. It’s a scenario of: what could we achieve? Could we achieve 30%, 40%, 50%? Could we achieve 80%, 90%? 
Now these questions – sometimes – I can remember five or six years ago, I wasn’t even allowed to talk about that. So the question that we can ask now is: can that actually happen? And if so, what would the implications of that be? So we’ve done that. And we’ve done this with a very credible – 
Let me back up a second. There were 110 contributors and 35 different organizations, including NREL, MIT, APRI, and a number of people who are in the business, and who do this for a living. We looked at both resource assessment, and we looked at both time of day, hourly base. How can you serve the load out to 2050, as the load grows, to all parts of the country, using the existing system, in essentially economic dispatch models? 
And what we determined was, first of all, as we already know, there are abundant resources in this country, across all kinds of sectors of the country, across all kinds of technologies. That’s the good news. 
Actually, one of the major conclusions of the study is that – you know what? You can go all the way to 80%, and with really only minor modifications to what I would call a flexible electricity system. You need some transmission to go with it. You need a little bit of storage. This is all done with the technologies that are commercially available today, with modest assumptions about technology improvements. 
But this is what the graphics look like, from where we were in 2010 to where we are in 2050. And it says that, really, you can get there, and at a very modest cost. And it’s not outside the realm of what we understand, in terms of the escalation – the ways costs grow. Clearly further work is necessary, and clearly we don’t have a pathway from where we are today, at 4%, to these very big numbers, which could possibly happen by the Year 2050. 
What’s interesting to me – and this is now a simulation that starts changing our grid system on a daily basis, as it goes forward to the Year 2050. And you can see where the centers of this generation would occur. And, essentially, those are where the load centers are. 
And then, of course, there’s an underlying grid system that actually participates in deploying those technologies and those efforts. What this suggests to me is that where we know what the end point can be, we can now devise a strategy that says: “I'm not predicting that we get to 80%. What I am suggesting is that if we want to get to 80%, we can. It is a matter of our national commitment to do that, and it is a matter of how we structure our strategy, so that it begins to move this way.” 
And it is, in fact, ultimately a market decision that gets us there. It does require that we reduce costs. It does require that we do lots of things that we already know are necessary – more investment in innovation, more investment in R&D and the pipeline, more investment in the integration piece that says, “How do you scale it up quickly?” 
We again have it in within our power to invent the future that we desire. It is about the money. You have to have access to capital. And, really, what you need to start doing is allow that capital that sits on the sidelines today – the investor capital that is really very, very low-risk kind of capital – participate in this transformation. 
And that requires, first, that we make our systems and our technologies reliable and credit worthy, at least to the point where they can attract this capital. And then, ultimately, this is not just a domestic issue. This is a global issue, as was pointed out by a number of speakers yesterday. 
There is, in fact, a growing appetite for energy across the world. And those countries that are growing in that regard will grow with the technology that has the greatest attributes to it, in their best national interest. It is our opportunity to capture that national interest of theirs, and have an export market, as opposed to an import market. 
So with that, I will end my remarks. Thank you again for what you do in this community. And we will look forward to a very, very bright future. Thank you. 
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