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Cynthia Cook:  Welcome to the Center for Strategic and International Studies and – 
(audio break) – Scientific Innovation, Supply Chains, and Geopolitical risk 
in Northeast Asia.  This is our second public event after the keynote 
session by Dr. David Honey, deputy undersecretary of defense for 
research and engineering, held earlier today in D.C. – (audio break) – 
those in the audience in the Republic of Korea. (Audio break) – S&E, 
batteries, and strategic and critical – (audio break) – industrial initiatives 
group. 
 
And it is my very great pleasure to introduce my CSIS colleague Dr. Ilaria 
Mazzocco. Dr. Mazzocco is a fellow with the Trustee Chair in Chinese 
Business and Economics at CSIS. Prior to joining us, she was a senior 
research associate at the Paulson Institute, where she led research on 
Chinese climate and energy policy for Macropolo, the institute's think 
tank. She holds a bachelor's degree from Bard College, master’s degrees 
from Johns Hopkins School of Advanced International Studies and Central 
European University, and a Ph.D. from the Johns Hopkins School of 
Advanced International Studies, where her dissertation investigated 
Chinese industrial policy by focusing on electric vehicle promotion efforts 
and the role of local governments.  

 
Dr. Mazzocco will now introduce the panelists and moderate the session.  
  

Ilaria Mazzocco: Thank you so much, Cynthia. It’s a pleasure to be here and welcome to 
everybody. I’m very – I’m looking forward to – I’m very excited to 
introduce these distinguished panelists and looking forward to this 
conversation on this very important topic. So what I’m going to do now is 
provide a little bit of an introduction for everyone, and then I will give 
everybody – all the panelists – a chance to provide their remarks. And 
then we’ll move onto a discussion. And I really hope that after that we’ll 
get – that everybody will have a chance to ask questions and that we’ll 
have a real discussion, which is what the workshop is really for.    

  
So without further ado, let me introduce the honorable Sharon 
Burke. Sharon Burke [was] a senior advisor to New America, where she 
focuses on international security and research security. Before joining 
New America, she served in the Obama administration as assistant 
secretary of defense for operational energy, a new office that will work to 
improve energy security of U.S. military operations. Before her service at 
DOD she held a number of senior government positions. And she was a 
vice president and senior fellow at the Center for a New American 
Security.  

  
We also are joined by Mr. Brian Gabriel. Brian Gabriel serves as industrial 
analyst within the office of the Deputy Assistant Secretary of Defense for 
Industrial Policy. His focus areas include rare earth elements and space 



industrial base. Prior to his current role he was chief of planning for the 
strategic materials stockpile program at the defense logistics agency. And 
he started his career as a material engineer at the Army research 
laboratory.  

  
We’re also joined by Mr. Alex Jacquez. Alex Jacquez serves as senior policy 
advisor for the National Economic Council. He previously served as senior 
policy advisor in the Senate Budget Committee and associate director of 
the Intergovernmental Affairs at the White House. Before joining the 
White House, he served as a legislative analyst in the Office of External 
Intergovernmental Affairs at the United States Department of 
Agriculture.    

  
And finally, from South Korea, we’re joined by Professor Kisuk Kang. He is 
a professor of material science and engineering at Seoul National 
University. His research laboratory focuses on developing new materials 
for batteries and electrocatalyst, using combined experiments and ab 
initio calculations. He serves as director of the Center for Carborganic 
Energy Materials and director of the Center of Samsung SDI-SNU 
Rechargeable Batteries. Previously he taught at the Korea Advanced 
Institute of Science and Technology, and he is the recipient of several 
awards. Among them he was identified at the 100 leaders in technology 
by the National Academy of Engineering of Korea in 2017.    

  
So we have really a wealth of knowledge among our panelists. And I am 
looking forward to everybody’s contribution to the discussion. So without 
further ado, let me introduce the honorable Sharon Burke.  
  

Sharon Burke:  Thanks so much, Ilaria. And I should clarify that I’m actually now 
president of Ecospherics, which is a research and consulting firm. I left 
New America about a year ago. So looking at a broad range of energy, 
climate change, biodiversity, and critical minerals issues. So that’s one of 
the reasons I was so delighted to join this conversation, because these are 
issues that I’ve been concerned about, and what they mean for national 
defense, for a long time. And now they’re front and center.  

  
So, you know, as I was thinking about this event, there were four 
moments that really stand out for me as far as batteries and strategic and 
critical minerals and materials. The first one was in 2008, when I was at a 
think tank. And this is just a year after the smartphone was introduced. 
And you can see from the explosive growth and the demand for that 
wonderful piece of equipment, that probably everyone on this screen has 
now, that the materials that went into it – that there was going to be a 
sharply escalating demand for them. And that for some of them there had 
been almost no demand within, you know, a decade or less. And as a 
person who had spent a lot of time looking at energy security, and 



particularly for fossil fuels at that time, and what that picture looked like, 
is certainly – we don’t want to go down the same path.   

  
So but then I – you know, another big moment for me – I’m going to skip 
around a little bit – was – it was just last year, 2021.  So the U.S. Army has 
this big annual conference called AUSA that’s a little bit like a – you know, 
a convention. All things Army and a little bit of, like, the prom. It’s a big 
celebration of the Army. And they take a whole convention center, where 
there’s, you know, meeting rooms and discussions, but there’s also lots of 
equipment on display. And I was walking through all the displays, and it 
was, like, robotics, unmanned systems, new hybrid electric vehicles. You 
know, everywhere you looked what I saw was – yes, I saw new capability 
and advanced technology, but I also saw battery, battery, battery, battery. 
And they’re all lithium-ion batteries. So we have an army that’s changing 
how it’s powered, literally.  

  
You know, around the same time I bought a KIA plug-in hybrid electric 
vehicle, which I love. Can’t imagine why anyone would want to drive 
anything else. And I had, for the first time, an MRI. Something routine, but, 
you know, it’s an amazing experience. OK, all of those technologies, 
growing like crazy worldwide, huge demand. They are the foundations of 
the modern digital economy and the modern military. And they’re all 
depending on the same materials. And they’re all assuming they’re going 
to be able to get what they want, when they want it, where they want it.  

  
That, in the Biden administration – and I’m sure Alex will talk to us more 
about this – in the Biden administration’s recently work they pointed out 
that they’re forecasting between a 400 and 4,000 percent increase in 
demand for some of these strategic and critical minerals. That is huge.  So 
in the United States, we’ve largely been able to count on the market to 
deliver us these affordable materials and manufacture batteries just in 
time – just when we needed them. And meanwhile China, to its credit – 
you know, we have to give credit where it’s due – looked at these markets, 
at these demands, at the future with a strategic eye. And they made key 
investments. And they used all the government tools at their 
disposal. And they also, of course, were willing to undercut 
environmental, social, and government standards and norms that the 
United States cannot.  

  
So, but to their credit, they did look ahead. And so for some time now, a 
number of us have been pointing to a dangerous concentration in the 
market for materials and for batteries. And South Korea certainly has 
been on the receiving end of what it can look like when China uses that 
concentration as a source of geopolitical power. But I don’t think there 
was truly broad awareness – truly, truly broad awareness of the 
downsides of this until the pandemic. And then, of course, everybody got 



it – when all of a sudden it became a life and death issue. We had been 
prizing efficiency and low cost over security and reliability. And we get it 
now.    

  
So the Trump administration passed a couple of executive orders and 
strategy on critical minerals. And the Biden administration, I can’t wait to 
hear from Alex, because, Alex, I’m hoping you can give us a full, like, 
coherent picture. Because there has just been a blizzard of executive 
orders, and plans, and reports, and investments – billions of dollars of 
investments in trying to grow the industrial capacity of the United States 
and our ability to work with partners. The latest one is the Defense 
Production Act announcement on clean energy that just happened this 
week.  It’s really – it’s actually hard to keep track of it all.    

  
So I think what it boils down to is that the United States has a 
longstanding aversion or an allergy to industrial policy. We just don’t do 
it. We believe in the free markets. We still do, but what’s become very 
clear now, with the pandemic for sure but before that, as I said, is that we 
can’t afford to just assume that the market’s going to take care of 
everything. So the Biden administration has been trying to retrofit our 
government with an industrial policy that recognizes everything that’s 
good about democracy and open markets, but also tries to coordinate 
governance tools and collaboration across nations. And, you know, 
especially with South Korea.  

  
The president just went there. It was his first stop on an Asia trip for a 
perfectly good reason. But they’re, you know, trying to retrofit our 
government to be able to do this.  The infrastructure bill, which was 
bipartisan, put a huge amount of money into materials and minerals 
security, into batteries. The Defense Production Act, which, of course, is a 
Korean War-era law, is being invoked over and over again because, again, 
our government doesn’t really have industrial policy capacity. So we’re 
having to figure out how to use the instruments we have to build that. The 
president has had a number of international engagements, including a 
summit on global supply chain resilience, that’s looked at the 
diversification.  

  
So just a few quick final words about that. First, I think that we all – that 
international partners need to work together to better understand 
demand, to do better analysis on both batteries and strategic materials 
for the clean energy transition, but also for high tech information 
technology, but also medical technology, and especially for defense. What 
do we need? What are the substitutes? What are the growth curves? We 
need to have a much better picture than we do.    

  



For the United States, we definitely need to increase domestic mining and 
processing, and the administration is putting money there, and the 
manufacturing as well. But one of the things that was worrisome in the 
Trump administration was the over-focus on that, when diversification 
and co-development with our allies, especially in Northeast Asia is 
absolutely critical to successfully having security in these areas. And I 
think South Korea has committed to that a long time ago. SKI and LGE 
have built facilities in the United States. That kind of partnership is what 
we need to see.  

  
So we need better materials. We need more manufacturing. We certainly 
need more processing. China has a very strong comparative advantage in 
processing of materials.  We must diversify that. That can’t just be in their 
country. That has to be here in too. And recycling too of materials, and 
new technologies – the Department of Energy has looked at taking some 
of the materials out of coal ash. I also know that there are other efforts to 
look at how do we get lithium and other – and rare earth elements out of 
fracking water and other wastewater. We need to look at that.  

  
I think one place that the United States and South Korea should definitely 
invest more and cooperate more is on research and development for 
cleaner technologies. This cannot be a race to the bottom, that we’re just 
going to try to mine and process without restrictions as much as possible 
in order to compete. We need to compete on our own terms. And that 
means with environmental, social impact and governance standards and 
norms that speak to the commitment of democracies and of market 
economies.  

  
Ultimately, I think that we need to strengthen the partnerships and the 
alliances that we have to work on industrial policy together. But 
ultimately, I do think we should also eventually be able to continue 
trading with China to their interests, and it’s in our interests in these 
areas. But that has to be from a position of strength. And right now, it just 
isn’t. So with that, I’d love to turn it over to the other speakers and get 
into a dialogue.  

  
   

Dr. Mazzocco:  Yes. Let me pass the baton to Brian Gabriel. 
 Brain Gabriel: Yes, absolutely. And, Sharon, that was a great – a great 

introduction. We’ve had some conversations in the past, and I think you 
hit the nail on the head on so many different points there.    

  
So for tonight I’ll be pulling some information from two reports that DOD 
has published within the last – DOD being Department of Defense – has 
published within the last year. Most recently, we published a report on 



our defense industrial base and the resiliency of our supply chains. And 
most of these reports are under the order of Executive Order 14017, 
America’s Supply Chain. And you can find them on our website.    

  
So the most recent report, which was just earlier this year, covers our 
battery equities and how we see the battery market with DOD purview 
right now. And Sharon brought up a great point – or, a great aspect with 
the Army conference and going from military system to military system at 
the AUSA conference. You know, you see lithium-ion batteries all across 
defense systems today. What you don’t see is standardization of those 
batteries, right? So the Department of Defense, we buy end products 
containing lithium-ion batteries.    

  
And we have them all over our systems but, you know, one thing that we 
need to do – and we really emphasize this in our report – is we need to 
standardize within the department to get ourselves better buying power, 
and that way we can start to leverage some of these commercial 
investments that are coming online – the LGs, the SK Innovations that are 
coming to the U.S. So that’s, in a nutshell, right, is where we are on battery 
right now, and figuring out our lithium-ion battery strategy within the 
department.  

  
Now, taking a step back – and I like to see how these things are always 
linked now. And I think that’s been the big discussion in the U.S. 
recently. It’s not just batteries or not just strategic and critical 
materials.  It’s the supply chain to get you from the mine to the value-
added product that is going into the critical EV/wind turbine/military 
system. You have to look at the overall processing to get down that supply 
chain. And that, as Sharon pointed out too, you know, we really have 
fallen behind in intermediate and value-added processing with a lot of 
these materials.  

  
So taking a step back, about one year ago through the interagency and, 
again, under Executive Order 14017, we did a deep dive assessment on 
strategic and critical materials supply chains for the country. So I think a 
lot of people don’t understand this nuance of U.S. government policy. But 
the Department of Defense is the stockpile manager. And what that means 
is we have a mandate not only to run our national defense stockpile, but 
to assess strategic and critical materials for the country, the country being 
essential civilian, military, and industrial requirements on a two-year 
basis, and send those to Congress.  

  
And we’ve been doing this responsibly for about 25 years ago – 25 years 
now. Actually, I’m losing track of time, 35 years. And we took that over 
from GSA and FEMA in the mid-’80s. What that means, right, is that we’re 
looking at broader requirements than just the Department of Defense. So 



we take, you know, a wide range of materials, we assess basically 100 
materials’ supply chains every two years, and we look at the 
requirements. And we’ve been very consistent in our findings over the 
last 10 years that this risk in the strategic and critical materials supply 
chain is primarily going to be borne by the essential civilian markets.  

  
So what that means, right, is that we look at a national emergency 
scenario, we look at the risk, we look at our supply concentration 
overseas, we look at trade, we look at who’s producing what, we look at 
how the reliability of those partners, and we basically have determined 
that there’s huge risk for the essential civilian market. And of course, 
there’s military applications for all these materials as well. But, you know, 
what we’re actually seeing in there is our concern cannot just be focused 
on DOD. It’s got to be focused on economic security as well as national 
security.  

  
And about 80 percent of our shortfalls are essential civilian. And, you 
know, getting that message across to – in a market economy can be very 
challenging. And Sharon brought up the race to the bottom, right? So in 
our essential civilian economy, and even in the military, right, lowest cost 
materials kind of rule the day in manufacturing. Everybody is taught to 
minimize their cost. And when we minimize our cost, you know, we’ve 
been ending up running overseas to emerging economies, particularly 
China in the material sector, and starting to over rely on our 
manufacturing industrial base.  

  
And this is causing problems. And, as Sharon said, a lot of people didn’t 
realize what was going on until we hit the pandemic and we got out of the 
normal steady state supply chain issue. And then we realized how fragile 
these supply chains are. And what I can tell you, you know, our results of 
our model are restricted, but a lot of the – you know, a lot of the strategic 
and critical materials that we have concerns about for the country are the 
same ones that are experiencing the significant, significant inflation over 
the last two years.  

  
So, just for example, neodymium, one of the highest-demand rare earth 
elements, it’s critical for electric vehicle drivetrain applications, at one 
point this year I think that was up about 240 percent from 2020. Lithium 
has obviously been going through some very high volatility. At the 
beginning of the Ukraine conflict, we saw extreme price volatility in the 
nickel market, nickel feeding into the lithium-ion battery sector. So the 
risks that the Department of Defense sees are the same risks that are now 
unfortunately bearing out in a lot of our green energy technologies. And, 
you know, we of course have the same – that requirement for lithium-ion 
batteries. So we’re paying higher prices and, you know, let alone the 
strategic risk of losing access to those materials.  



  
So what does that mean, though? How do you get out of this situation that 
we’re in right now? So we basically have four pillars that we’re pushing 
right now with the Department of Defense and the interagency partners. 
One, you know, working with industry to get to more sustainable sources 
of supply. So we do – we want to see industry standards for 
sustainability. We really want people to take ESG to heart, really quantify 
it, really understand their supply chains. Really understand if you’re 
buying cobalt from the DRC, what does that really mean for the rest of 
your business?  

  
Second thing, as Sharon mentioned, right, we are going to help industry 
establish some level of domestic capacity. And we are leveraging the 
Defense Production Act. We’ve been making investments in the rare earth 
sector. We recently worked with Alex and the White House on a 
presidential determination related to the battery materials. So we’ll be 
seeing more action come out of that under the Defense Production Act in 
the coming months. You know, the other thing that we did do – you know, 
the risks have, unfortunately, be unhedged in the U.S.  

  
After the Cold War, we got into a period where it was basically a peace 
dividend, right, and we actually increased our global trade. And we 
decided to sell off our national defense stockpile. So we’ll be reversing 
that. That is a key aspect. And Congress has been very receptive to that, 
and we’re starting to get additional bonding and appropriation for the 
stockpile program. So we’re really going to be ratcheting that up over the 
coming months on that program.    

  
And then lastly, you know, the defense industrial base has never been 
solely domestic, and it never will be. So we’re going to continue to look to 
partner nations to help us on our security of supply. And, you know, a big 
part of our defense battery strategy that we’re putting together is, you 
know, how can we leverage these investments, especially by some of 
these secure Korean companies that are building capacity in the U.S. at 
large scale, and economies of scale, with good price points – how can we 
leverage that in our defense system? And that’s where we hope our 
standardization will help with the partner. So looking forward to a good 
discussion tonight. Thank you.   

 Dr. Mazzocco:  Great.  Thank you.  Mr. Alex Jacquez.  
 Alex Jacquez:  Hi, there. Alex Jacquez, I’m a senior policy advisor at the National 

Economic Council at the White House. 
 
Picking up on a few things that Brian just mentioned, and we’ll dig into a 
little bit, is, first, the reports that DOD mentioned – or, that Brian 
mentioned, that the Department of Defense issued under Executive Order 
14017, America’s Supply Chains – one of the first executive orders that 



President Biden issued when he came into office. Issued in February of 
2021. The EO 14017 laid out requirements for federal agencies to prepare 
for 100-day supply chain reviews of what we considered critical products. 
Those were critical minerals and materials, large-capacity batteries, 
semiconductors, and active pharmaceutical ingredients. Obviously, a lot 
of overlap between the critical minerals and materials and our battery 
supply chain review. And those were published in June in 2021.  

  
And really, you know, I think we’ll brag on the federal government for a 
minute, really impressive products, especially given only about, you 
know, three months to pull them together. That really highlighted for the 
first time DOD does these – the Department of Defense does these 
industrial base reviews, like Brian said, fairly regularly. This was brand 
new to many of the agencies that made up some of our critical supply 
chains, including Department of Commerce and semiconductors, the 
Department of Energy on battery, both long-term storage and electric 
vehicle. And what we found, common threads throughout these reviews, 
were some of the exact things that Brian just mentioned.  

  
Over the last 30 to 40 years, our domestic production and manufacturing 
capacity has been steadily eroded. In some places, it’s gone overseas for 
lower cost.  For some places, for laxer environmental regulations. In some 
places, trade actions by foreign nations, including subsidies, state-owned 
enterprises, and other tools that the United States does not necessarily 
use, have undercut U.S. markets and left us and our industrial base 
severely depleted, and, you know, especially in some of the places that we 
have now become most vulnerable to in high – in advanced technology 
and critical sectors that are going to be necessary for the clean energy 
transition.    

  
Critical minerals is a key example there. And in fact, some of the work that 
the Department of Defense and our partners have done on the rare earth 
supply chain has really been, I think, a model of how we see an American 
industrial strategy, laid out by my boss Brian Deese, who’s the director of 
the National Economic Council, has put forward a blueprint for a modern 
American industrial strategy. We acknowledge that, you know, as was 
mentioned earlier, industrial policy has long been anathema as a concept 
among American economists and among government officials.  

  
But what we’re seeing is some of the aspects that you might define as 
industrial policy, you know, are only becoming more clear in how we 
need to prepare ourselves and prepare and work with the private sector 
to build up the capacity of the critical inputs, the key areas, the key supply 
chains that we need for both national defense and economic 
prosperity. So, for example, I think, you know, the rare earth example is 
one that’s incredibly pertinent. The previous administration had put out 



some executive orders on this supply chain in particular. Permanent 
magnets are critical for wind turbines and electric vehicle motors. Key 
focuses for President Biden’s new clean energy goals.  

  
We have lost all of our production capacity, both mining of rare earths, 
processing of rare earths, and magnet production, before President Biden 
took office.  We have one mine beginning operations again. You know, the 
U.S. used to produce upwards of half, 60 percent, the majority of the 
global supply of rare earths. That capacity went offline and was restarted 
a few years ago. Now in operation, Mountain Pass Mine in California – in 
full operation.  

  
And through strategic investments from the Defense Production Act and 
the industrial base program, have managed to build back a supply chain 
that had been almost entirely controlled by the Chinese in just a few 
years. And laid the groundwork for a thriving and diverse ecosystem 
here, supplemented, you know, leveraged by private investments. And so 
it’s a place where, you know, the – a little bit of investment and a little bit 
of risk insurance here by the federal government can catalyze a 
tremendous amount of private sector investment.    

  
You’ll see MP Materials has opened a magnet facility – broke ground on a 
magnet facility in Texas that will restore from their feedstock, that used to 
have to be shipped to China for processing, and now has heavy and light 
rare earth capabilities in train and in production that will feed into a 
magnet facility.  Just today USA Rare Earth announced $100 million 
permanent magnet facility in Stillwater, Oklahoma. We’re hoping, you 
know, more interest, more investment coming online, more private sector 
investment to take a supply chain that, again, is critical for both our 
national security, our defense system needs, and our economic goals and 
our climate goals.  

  
You know, we’re not going to build it back 100 percent domestic 
overnight, nor do we want to. We want to work with allies and partners. 
We want to work with likeminded countries to both diversify our supply 
chains abroad. We’ve seen in semiconductors in particular, you know, 
what can happen when production is focused geographically overseas or 
at home. You know, we had production here at home that was disrupted 
by severe weather events in Texas that took capacity offline, geopolitical 
events, the supply chain misalignments that have come from the COVID-
19 pandemic.    

  
These are all shocks to fragile systems that can have ripple effects that are 
severely damaging. We’re still living through the semiconductor shortage 
right now. It’s having, you know, production effects on our largest U.S. 
employment sector, in the auto sector, and dragging on GDP, probably 



upwards of a percentage point. We’re investing in bringing some of that 
production back home, but also working with likeminded partners and 
allies to diversify all of our supply chains and make the global supply 
chains more resilient.    

  
I think that’s a – that’s a key element of our American industrial 
strategy. It is not necessary nor desirable to make everything here in the 
United States. So while we are building back our domestic industrial base, 
we need to be both working to diversify our sourcing and our sourcing 
with partners, but also being able to use global production as a way to lift 
standards and lift global standards to shift global markets away from 
those that are just going to be searching for the lowest cost, no matter 
how that is produced.    

  
A critical mineral or a material that is mined in a place that uses forced 
labor or has other geopolitical turmoil and then is processed in a heavily 
polluting, carbon-intensive, coal-fired processing facility – you know, if 
that’s the only production on the market, that’s where the private sector 
is going to go.  But working with the private sector, working with OEMs 
and autos in particular are becoming very focused. Because they know 
that consumers are interested in where their materials are coming 
from. So they want to know where the lithium is coming from in their 
batteries. They want to know where the cobalt is coming from.  And they 
want to know where their magnets are coming from.  

  
And we see these as opportunities both for the American market to use 
strong environmental labor standards and the stable business 
environment that the U.S. provides, to be able to lift some of these 
standards nationwide and reshape global markets so that the cost 
differentials that you get from low road production are offset by, you 
know, the entire global market accepting, you know, marginally higher 
prices, if those come with the standards and the values that we all believe 
in.    

  
So another, you know, key element of our – of our industrial strategy, 
obviously, is the battery, the EV supply chain. The president has laid out 
ambitious goals for EV deployment.  Fifty percent of all new sales in 
2050. We have the U.S. automakers on board, we have the auto workers 
on board. We understand it’s going to be a shift, about 6 percent, you 
know, market share right now. But it’s double from what we’ve seen a 
year, year and a half ago. We see where the market’s going.    

  
What we’re hearing from manufacturers is they have waitlists. If you 
want to buy an electric vehicle right now, it’s sometimes difficult to drive 
that off the lot. You’re put on a waitlist. They need to make sure that 
they’re getting their batteries, their raw materials, their processing all 



lined up. And these global shortages and these commodity spikes are 
dragging on production as well. So part of this is ensuring that the full 
supply chain is available, and ready, and secure so that bottlenecks in one 
place, on geographic location or for one material, don’t disrupt a shift to 
the kind of clean energy economy and greener economy that we’re 
working towards.  

  
So to the point on some of our tools that we have to leverage here, the 
bipartisan infrastructure law that was passed last year provided about $7 
billion in the battery supply chain, including $6 billion for battery 
material processing, battery manufacturing, and battery recycling. We 
think those are critical investments that are going to jumpstart a domestic 
industry in the middle of that supply chain there to allow us to compete 
with overseas competitors, including China, where, of course, most 
batteries are made today, and be able to shift some of these auto supply 
chains back here – EV auto supply chains, I should say, back here.  

  
We’re seeing massive investment from the OEMs in that space. We’re 
working with our North American allies to build up those same supply 
chains, whether it’s the Department of Energy Loan Program Office that 
offers a de-risking of capital for innovative and next-generation projects 
and technologies, or the battery grants in the bipartisan infrastructure 
law. And the Defense Production Act, as Brian mentioned, that the 
president has invoked to spur domestic production and manufacturing in 
places where we don’t have other tools.  

  
We see these all as holistic kind of all-of-government efforts to use our 
various programs and authorities be able to compete with some of the, 
you know, deep, direct subsidies and trade tools that other countries use 
to stimulate their domestic businesses. So we understand this isn’t going 
to happen overnight. We understand domestic rebuilding isn’t going to 
happen overnight. And in the meantime, and well beyond, we need to 
leverage our international strength and our international strength in our 
partnerships to be able to lift the production standards and diversify our 
supply chains, strengthen supply chains throughout North America, 
throughout the West.  

  
The president is at the Summit of the Americas right now in Los Angeles, 
where there will be discussions on Western Hemisphere supply chains 
and how we work together to strengthen those, as well as those out 
east. The president was recently in the Republic of Korea, and had, you 
know, similar discussions, whether it’s around critical minerals or 
semiconductors. There’s a lot of work to be done. And we look forward to 
going forward together with it.   

 Dr. Mazzocco:  Wonderful. Thank you.  
 



And now I’ll pass the word to Dr. Kang, who can provide us with a more 
Korean view, since we’ve been hearing a lot from Washington right now.  

  
 Kisuk Kang:  Ok. Thank you. I’m very pleased to join this exciting symposium and 

workshop. Let me briefly share my view. Let me share. So do you see my 
screen? 

 Dr. Mazzocco:  Yes. It looks good. 
 Dr. Kang: OK. So other panelists had talked about the importance of the battery in 

the future and the vulnerability of the current supply chain of the 
batteries. As a battery expert, let me talk about it with some numbers and 
some graphs in here. So I would talk about the current global supply 
chain of the batteries with respect to their market competencies versus 
national security.    

  
So the batteries represent a key component of EV, about 40 percent of the 
value of the vehicles. So the estimated annual growth rate of annual EV 
market is as high as 13.5 percent over the next 15 years. Which means a 
lot of batteries that need to be manufactured. There is very little 
industrial factor that – sector that is projected to grow such steadily and 
rapidly over the next decade. So the graph in the middle shows the 
estimated number of the devices and related battery demands for the 
next 30 years, which is approximately tens of terawatt hours. As you 
know, the total capacity of batteries produced worldwide now is less than 
one terawatt hour. That means we’re going to see rapid growth of the 
battery.  

  
So currently 97 percent of EV demand is supplied by battery firms from 
China, Japan, and South Korea. In addition, the significant portion of 
renewable energy resources, coupled with larger scale batteries, is 
expected to be gradually implemented in the electric grid system to go 
with the decarbonization trend. So all of this implies that taking the lead 
in the battery technology and manufacture will offer great economic 
benefits and is going to be important in – as well in the national security 
regarding the key industrial infrastructure in the coming years.  

  
So as global demand for EV increases, many are questioning about the 
sustainability of the existing battery supply chain. We saw some of the 
evidences of vulnerability of this supply chain from this COVID 
pandemics. And we need more raw materials, and the primary process 
factories to turn these raw materials into precursors, and the secondary 
process factories to produce cell components, such as cathode, anode, 
electrolyte, and separator, and the manufacturing lines to assemble these 
components into batteries. And as you can see here, the major players are 
– the major players in the component manufacturers are quite 
international, indicating the current supply chain relies on the global 
supply chain.  



  
But one thing that needs to be noted is that many of the players, 
especially at the raw material level and then at the primary process 
sectors, are based on China, as indicated in this graph. And their number 
is quite rapidly rising. And especially, as I say, the primary processes from 
raw materials to the precursors are mostly done in China because of the 
cost issues and the kind of loosened environmental-related regulations in 
China.  

  
So according to the report yesterday from federation of Korean 
industries, it was told that 90 percent of the battery manufacture in Korea 
is linked, directly or indirectly, with Chinese primary processing 
factories. And therefore, may be vulnerable to the supply chain issues if 
there is some geopolitical conflict with China, just like the trade conflict 
between Korea and Japan regarding the semiconductor and display sector 
in 2019.  

  
So The Wall Street Journal recently also reported that the rise of 
rechargeable batteries is a matter of national security and industrial 
policy.  And the control of the minerals and manufacturing processes 
needed to make lithium-ion batteries is the 21st century version of oil 
security. And also, the Biden administration, they started initial efforts by 
the Federal Consortium for Advanced Batteries, to innovate here, make 
here, and deploy everywhere. And trying to establish a full supply chain in 
the United States from materials mining to battery production, as Alex 
just mentioned.  

  
But the battery production is a tough business. Even though the 
fundamental battery science is very strong in United States, the batteries 
have very tight margins, often require huge amount of capital investment, 
and bear incredible risk, with the possibility of massive quality recalls. So 
building a regional supply chain to a level that’s sustainable will require 
major investment intentionally and kind of long-term thinking. And it also 
takes a long time to build them.  

  
The nature of competition in battery manufacturing for EV is that winners 
take all – winner takes it all.  It is simply because it’s a matter of dollar per 
kilowatt hour. For example, $100 per kilowatt hour versus $50 per 
kilowatt hour is not a matter of apple versus orange. So, simply put, if you 
do not take the position to produce the cost-effective and high-
performance battery on the timescale of 10 years, you are most likely to 
lose the growing market of EV, which will be one of the biggest markets in 
the economy in the coming years.  

  
So the most reasonable and realistic path for the United States and Korea 
would be to work with tier one battery producers and strategic allies, 



including U.S., Korea, Japan, with a global supply chain which will hugely 
reduce the risk of losing the – (audio break) –    

 Dr. Mazzocco: Well, looks like we’ve had some technical issues. 
 Dr. Kang: Yeah, I think I was disconnected for a second. So do you see the screen 

again?  
 Dr. Mazzocco:  Yes.  
 Dr. Kang: OK.  Sorry for the technical difficulties.  

 
So a very good example in this field is a partnership between GM and LG – 
(audio break) – solution now, or Ford and SKI. And I think this is an 
important step in the right direction, and then it is a winning strategy. So 
in this respect, I think the synergistic partnership among the allies make 
more sense than ever in this field. Thank you.   

 Dr. Mazzocco: Great. That was – that was actually perfect. Both on time, but also I think 
the arc of the conversation really went from identifying the motivations 
and the reasons why supply chains need to become more diversified in 
many different strategic areas, but specifically batteries, to looking at 
what, you know, the U.S. – you know, what this administration has been 
doing and the different agencies, to then looking at more of the market 
and the view also from Korea, and Korean battery makers being obviously 
some of the most important ones.  

  
So what I would like to do now is encourage all attendees to actually think 
of questions that they can both submit from the Q&A or, even better, raise 
your hands after this initial exchange between the panelists. But also 
allow the panelists to respond to each other and really think – you know, I 
would – as an initial question, but I think you should – there was a – there 
was a wealth of different topics to pick on. But, you know, it’s maybe 
starting even from you, Professor Kang.    

  
If you had to think what success would look like in the U.S.-ROK – the U.S.-
South Korea relationship when it comes to battery supply chains, what 
would that look like? Is it – and you mentioned the relationship between 
some of these U.S. car makers and Korean battery makers. But what 
would that look like in terms of also reducing – does it mean reducing 
reliance on China, or mining and processing, et cetera? What are your 
thoughts?  

Dr. Kang: I think the processing from the raw materials to the precursor requires a 
lot of – a huge investment. At the same time, it is a quite portable 
business. So it is not going to be easy to compete with China. But I think 
there is two way that we can kind of overcome these barriers. One is to 
have a kind of ecosystem from the manufacturer to the batteries. So by 
having this kind of recycling, we’re going to have a – we’re going to have a 
huge growth of the lithium-ion batteries products, and within five to 10 
years a lot of batteries will retire. And still those batteries are usable to 



some extent. And then we can make use of these – the batteries and 
recycle them to extract key minerals out of it.  

  
And since they are the major – the market are located in, for example, in 
the United States and Europe, those, like, resources will be abundant 
within five to 10 years. And then if you think about the way to fully 
realized this one, I think it’s going to be a great benefit. And I think Brian 
has brought up very interesting idea about standardization of the 
batteries. One of the key bottlenecks of reuse or recycling of the batteries 
is that it is very different types of the batteries and to disassemble those 
individual of the battery – different types of batteries requires a lot of 
labor, therefore the cost.  

  
So the – nowadays, simply what the recycling companies are doing is they 
just collect all the batteries and dissolve in a melting pot, and then extract 
only the key – the treasured metals. But those other batteries still have 
the value-added materials, like a cathode and anode, which can be still 
used. And then we actually dissolve, disrupt all of these, and then making 
the metals.    

  
But if we can make the standardization of the batteries, then it’s going to 
make the automatization of the disassembling of the cell, and then we can 
make use of this added value of the products, like cathode level, anode 
level, and electrolyte level. Then without going to the, like, bottom of the 
raw material we can still make use of the – you know, those kind of value-
added ones. So in this respect, I think the United States, and Korea, and 
Japan are the major players of the batteries have to agree on how we’re 
going to standardize those large volume of the batteries.  
 

Dr. Mazzocco Wonderful. Really interesting. Well, since you called Brian into the 
conversation, I’d give Mr. Gabriel a chance to respond and also provide 
his view on what success would look like in this context.  

Mr. Gabriel Yeah. So that’s a great point on the standardization and the 
recyclability. There is so much potential when we see these growth 
curves and the recycling and the what-if aspects. And it’s something, if we 
start planning now and then thinking about it and doing it strategically, 
you know, we can unlock all that potential much, much quicker.  

  
From a Department of Defense perspective, right, interoperability. So, 
obviously, Korea and the U.S. military have very, very strong ties, and we 
have a lot of interoperable systems overall in our defense industrial base 
and in defense capabilities. So as we look at standardization for our 
military’s perspective, right, it would be on the battlefield. Having 
interoperability between two different battery systems is one thing that 
we’ll certainly think about, right, as we talk about our own internal 
specifications.  



  
You know, one of the big challenges, as you brought up, competing with 
China is trying to figure out where you have comparative advantage in the 
supply chains right now. And you brought up the – you brought up LG and 
NSK. And right now, it’s clear that the U.S. doesn’t have as big of battery 
manufacturing national champions. So we need to leverage the secure 
ones that you guys have created and continue to grow, and, you know, as 
we do diversify our supply chains.  

  
So on the materials sector, competing against China, you know, I actually 
really believe that when the markets are fair and there’s – that means, 
you know, things are trading equitably. You know, you have transparency 
in what’s going on in these markets. I do believe that U.S. mining can be 
very, very competitive. And there’s plenty of examples of that, 
right? We’ve been able to maintain copper mining for hundreds of years 
within the country. We obviously have gold mining and other mining. As 
Alex mentioned back, right, we do have rare earth mining. We have been – 
you know, we have been doing rare earth mining for the last couple of 
years, and we’ve been helping to increase the value-add. So I think it can 
be very competitive to do these processing outside of China.  

  
And I actually think, you know, one of the things, as we talk about with 
the U.S. and Korean industries, is to think about, you know, 
competitiveness in different ways here. It’s not just cost. It’s cost and 
volatility too, right? So right now, you know, with the markets the way 
they are, you know, the U.S. mines are certainly competitive. You know, if 
we go back into the cycles in the downturn, which always happens – 
mining is cyclic – you know, the prices will come down. You know, the 
companies need to think about – need to think about volatility in there. So 
LG, SK, the U.S. companies, General Motors, Ford, they need to 
diversify. The way you deal with volatility, right, is diversification.  

  
So, you know, what we need to do is continue to talk to our industry 
partners and understand that it’s in their interest to diversify their supply 
chains. And, you know, that is the Korean issue you mentioned of having 
90 percent reliance on China for the battery facilities over there. That 
sounds very, very similar to the issues that we have with overreliance in 
the U.S., right? So I think that including that messaging to both industries 
is very, very critical.  And this is the time to do it, right? It is, you know, 
prices are high. They’re feeling – you know, you feel it in your pocketbook 
today. If you’re a manufacturing company, you feel it. If you’re a consumer 
you feel it.  So, you know, thinking about diversity and thinking about 
these prices needs to happen, and these conversations need to happen 
sooner than later.  

  
 



Dr. Mazzocco I apologize. My microphone was muted. (Laughs.) But thank you. Yes, 
that’s very interesting. And I’m just going to go with what I see on my 
screen here. So, Alex, would you like to give your thoughts on this and the 
view from the White House? 

Mr. Jacquez: Sure. I think the battery market, you know, a long way to catch up. We 
understand, you know, where production stands in terms of where we 
are versus China, but it’s a place the president is committed to working 
to. And I think, you know, in addition, you know, where it makes sense to 
co-locate production, you know, it makes sense to co-locate modules and 
impacts, assembly with your operation. Where we really lack, of course, is 
in that – in cell production and, to a far even greater extent, you know, 
you know, cathode and anode production.  

  
These are places we want to establish, you know, U.S. presence in. As 
mentioned, there’s infrastructure law funding there to be able to start this 
up. But where, you know, we can, I think those JVs, the joint ventures that 
have been referenced with Ford and others, are great examples of being 
able to rely on expertise and establish, you know, market participation 
from our friends here, to be able to grow business in the U.S., and create 
U.S. jobs and economic opportunity. You know, in partnership with our 
allies and partners.  

  
We see the auto supply chain, of course, a big consideration for the 
administration is the economic impact of the climate transition. So being 
able to – you know, we believe if we are – if we are able to bring home 
even a little more production of supply chain, if we’re able to get EV sales 
and domestic auto EV sales up to where we want them to be, the jobs will 
net out between internal combustion engine vehicles and electric vehicle 
jobs. But of course, a phrase an old mentor used to tell me is, there’s no 
such thing as a net job holder. People lose jobs, people gain jobs. There’s 
not necessarily the same people.  

  
So figuring out how we leverage our – these opportunities and these big 
investments that we’re seeing from both, you know, foreign direct 
investment and the partnerships with American auto companies to be 
able to provide opportunities for workers who have been building power 
trains in Ohio to now be able to make battery material – precursor 
material, battery material processing, or cell pack module production. I 
think, you know, a place where success, you know, would look like here is 
being able to keep, you know, the dominant Chinese, you know, battery 
production, you know, at bay here, and to not lose the market share – or, 
sorry, not cede any further market share there.    

  
And be able, again, to lift up those standards in production along the 
supply chain, making sure that we’re responsive in enforcing the 
materials and the minerals – the raw minerals and inputs that are going 



into battery production, as well as the mutual – you know, mutual 
commitments to recycling, second use, and unconventional and 
secondary sources here, where I think there’s opportunity for shared 
investments and planning and targets to be able to lift up where we can, 
you know, say that we’re able to do – us and the Republic of Korea are 
able to say, you know, we do it the best, the cleanest, you know, at good 
wages, and with the least impact on the environment.  
 

Dr. Mazzocco: Wonderful. And last, but not least, I would like to give Sharon Burke an 
opportunity to respond and elaborate. And if I may, I found very 
interesting your comment on avoiding a race to the bottom. So as a 
personal question, I would love to hear more elaboration on that, but also 
the vision on success – what success looks like. 

Ms. Burke: Sure. I mean, I think one thing that we have to keep in mind that success 
looks like is for sure we’ve all talked a lot about the partnership between 
the United States and South Korea, and also the three-way partnership 
between Japan and South Korea and the United States, you know, which is 
a really important strategic bedrock, and not one that’s always been 
smooth and easy. We must really invest in that, whether it’s batteries or 
military cooperation. That has to grow. But we have a lot of other 
partners in the region that are equally important.  

  
So Australia, certainly on raw materials, is going to be a cornerstone for 
the United States and Korea, moving forward with our battery 
competitiveness and with raw materials. And, you know, Australia’s really 
stepped up. And I think their recent political changes there make it even 
more interesting. Indonesia is an essential partner for a lot of 
materials. And that is a place where the United States, and South Korea, 
and Japan need to work harder to make sure that that relationship is 
robust and that we have to be more competitive there vis-à-vis China. 
And I think we can be.  

  
India also. I think that the Quad and other developments are really 
promising, but that kind of brings up another shock to the system. So it 
was the pandemic and now it’s Russia’s war on Ukraine is a profound 
shock to the system as well, to the supply chains including in all of these 
places. And in India, that’s also put India in a position where we’re going 
to have to work on that. And all of our countries need to focus on how to 
bring India back into a more stable place in the partnerships.  

  
But I think, you know, the shock to the system that Russia has provided 
reminds me of something I heard recent, which will get to the race to the 
bottom comment, which is, of course, they’re major suppliers for 
titanium. A very important material for a lot of purposes, certainly for 
defense purposes. But, you know, I was talking to a company that has 
developed a new process for refining titanium, for smelting it. The 



process for producing titanium is old. It’s not been changed all that much 
in many decades. But this company has come up with a new, much better 
way that’s clean and more efficient – and more energy efficient for 
producing titanium. And how they got their start was a grant from ARPA-
E.  

  
So the United States maybe hasn’t been strategic necessarily in building 
these industries, although I’m totally persuaded by what Brian said, that 
the Department of Defense has been looking for a long time about now 
just defense needs but the defense industrial base, whether – well, we 
haven’t really marshalled all our tools of governance toward that end, but 
there have been consistently investments in here in innovation in this 
space. And that’s really what I’m talking about when I mean we can’t race 
to the bottom.  

  
The Chinese have – you know, have such a strong comparative advantage, 
as Kisuk said, because their environmental standards have been lax, 
because their social impact standards have been loose, and because their 
respect for governance, and rule of law, and regulatory consistency 
around these industries is very flexible. There’s a reason that they have 
the advantage. We don’t want to compete with them on their terms. And 
that’s what I mean by a race to the bottom. We don’t have to. Our 
countries can do this better.  

  
And I think, you know, for example, this ARPA-E grant that’s led to a 
better way to produce titanium is an example that when we invest in 
innovation, when we partner and leverage each other’s strengths and 
mitigate each other’s risks, that is how we’re going to compete without 
meeting them at the low point where they are.  
 

Dr. Kang:  Let me add to what Sharon said about – I think Sharon has brought up a 
very interesting thing about the environment and the role of mineral 
exploration. The titanium is a very good example, I think. So if you think 
about the one-terawatt-hour battery production, it requires about 1 
million tons of (treasured ?) metal exploration.    

  
And as I said in my slides, we are expecting about tens of terawatt hour 
battery production by 2050. And just for simple calculation, the annual 
production – total worldwide annual production of cobalt, which is key 
material for the cathode, is only 0.15 million tons per year. And the nickel, 
which is considered to be next generation (treasured ?) metal that is 
going to be used, is only 2 million tons per year annual production. And 
almost half of the nickel production is used for stainless steel, not for the 
battery right now.  

  



So that means for the next 20-30 years, we’re going to need a lot of 
mining, and a new mining of, like, a nickel and cobalt. And I think during 
that process I think we’re going to have new opportunities. But I know 
that Indonesia is a very – is rich in nickel resources. And many Chinese 
companies, and Korean companies are also coming to Indonesia to 
develop this kind of nickel mining. But environmental kind of 
consideration is not sufficiently high. And I think if you can impose this 
kind of – the environmental-friendly processes, as Sharon talked about 
the titanium – and I think if we can have the similar opportunities not 
only in the environmental friendliness but also in the economic 
competitiveness.  
 

Mr. Jacquez: I’d love to piggyback on that, if you don’t mind. I think that’s a really 
excellent point. I think one thing that is difficult, you know, to grapple 
with here in the United States, of course, is the requirements that we see 
going forward on the demands of our raw resources and places where, 
you know, we don’t have everything here in the U.S. but we do have 
domestic reserves of several, even many, of the critical materials, 
minerals that we’re going to need for the energy transition, with, you 
know, what industry will paint as far too restrictive and unpredictable 
permitting and regulatory and environmental standards.    

  
And what our environmental and community stakeholders will say are, 
you know, far too polluting and dirty operations for mines that have been 
persisting, and on – especially on tribal lands in the United States and 
indigenous lands across the world, for generations. And being able to 
articulate and put forward a vision for critical minerals, a supply chain 
that is both acknowledging that past and looking forward on how we can 
both have the highest environmental, labor, community engagement and 
tribal consultation standards here in the U.S., while moving forward 
projects at a pace that we’re going to need them to move forward to, and 
able to meet this demand.    

  
This is something the administration is keenly focused on, working with 
our partners at the Council on Environmental Quality and the Department 
of the Interior, and the climate office to work on how we make our 
permitting more efficient while also building in the kind of community 
engagement, and outreach, and environmental standards that are going to 
be required by our stakeholders and by communities where the mining is 
actually going to occur. And looking at ways where we can mitigate that.    

  
So some of that is substitutability. DOE, the Department of Energy, has 
committed to driving out cobalt in batteries by 2030. These are places 
where different battery chemistries are being explored and invested in all 
the time, in that research and development space, to be able to substitute 
where we can. And where we can’t, I think we’re going to need lithium for 



a good long time for electric vehicle batteries.  But bringing online more 
environmentally and climate-friendly, less impactful technologies.  

  
The same thing, DOE ARPA-E, I believe, the program an investment in a 
startup that has developed a new way to extract lithium from brine – 
from geothermal brine that is being actively explored in California, and 
from oil fields in Arkansas and elsewhere. Extracting lithium as 
byproducts, in a way that both, you know, in the case of California uses 
geothermal – existing geothermal wells to draw water up and extract 
lithium – or, draw brine up and then recycle it right back down into the 
earth. And, you know, to massively lower the environmental footprint and 
the carbon emissions.  

  
And being able to compete in those ways on ESG measures, where big, 
massive open pit mines, or in the case of lithium these vast evaporation 
pits that you see, are both going to increase efficiency of what we can 
extract out of our resources, and massively lower the footprint. And 
continuing, I think that’s something, you know, that ARPA-E and our other 
research and development grants that the United States has consistently 
done well.    

  
What I think we are now more focused on, at least this administration is 
keenly focused on, is a make it here, invent it here kind of strategy, to 
make sure that what we do invent and what we do develop in the early 
stages makes it over that bally of death, and we don’t lose these key 
technologies both overseas or have them whither. But being able to use 
public resources to get them to commercial-scale, full-scale deployment 
here at home.    

  
And being able to constantly – moving the needle on how we’re mining 
cleaner, extracting cleaner, and using those unconventional sources, like 
geothermal brine, like coal waste, and coal ash, and from the 500,000 
abandoned mine lands that are scattered throughout the U.S. that don’t 
necessarily require new or particularly land-disturbing extraction.  
 

Dr. Mazzocco: Brian, did you have anything else you wanted to add to that, or any other 
comments?  

Mr. Gabriel:  No.  I think those are great points.  I think Alex brings up a good strategy 
with make it here – invent it here and make it here. That’s been a huge 
challenge for the Department of Defense as well, right? We do do a lot of 
what we call small business innovation – innovative research grants. We 
fund a lot of companies but then we don’t end up following through and 
helping them over that valley of death so that we can actually scale those 
technologies. And I think a lot – we’ve heard this theme before.    

  



A lot of – a lot of companies don’t understand that in these minor metal 
markets, these emerging markets, like the batteries, you know, the 
products – it’s not a guarantee that the market’s going to be able to solve 
the issues going on because of some of the things that are going on 
overseas. So there is no guarantee that cobalt will be replaced in a 
battery, right? We have to put the legwork and we have to do the R&D 
spending now and help industry develop those options. Because if we just 
sit back and wait, and then we end up where the price of cobalt is too high 
to make an economical vehicle, you know, you’re going to end up in a 
significant – a significant pinch point.  

  
I do want to bring up – I think it was an excellent discussion on the 
graph. And we saw the 13 percent year after year growth. You know, that 
means the market’s going to double every five to six years. So there’s so 
much opportunity in the U.S., right, if we do – if we are able to develop 
new technologies. There is a lot of opportunity in a market that’s going to 
double every five years to insert those new technologies.  So that is where 
we needed to capture that now. 
 

Dr. Kang: I’d like to add one final comment about the environmental standard. So 
when we talk about – during our discussion, I think we have to be a little 
bit careful about one thing, is that that is the imbalance of environmental 
standard in different countries. So the voices from the Japanese and 
Korean battery companies are like this. So the Chinese companies – 
Chinese battery companies have competitiveness in the precursor, at the 
raw material level because their environmental standard is not high in 
that area, and that we cannot compete with respect to the economic 
aspects.    

  
But on the other hand, the Japanese and Korean companies are 
encouraged to kind of build factories in the United States because of the 
Biden administration policy. But they put – the environmental regulation 
standard is so much higher. So it is because of a different standards in, for 
example, China and Indonesia and then United States. So those, like, the 
companies are in the, like, kind of sandwiched between those two. They 
do not have the competitiveness because of this low environmental 
standard from these countries like China and Indonesia, and too high 
standard of environment in those kind of areas. So I think those kind of 
things we have to be careful of.  
 

Dr. Mazzocco: Well, interesting. I don’t know if any of the panelists have a response to 
that, but I do see someone – this is great. Vishnu Sundaresan, if you’d like 
to comment or answer. Everyone should feel free to also respond or 
provide comment. 

Dr.  Sundaresan:  Absolutely. So my name is Vishnu Sundaresan.  I’m a program manager in 
DARPA, the Department of Defense scientific agency.    



  
And I’m joined here by my colleague as well, Linda Chrisey – Dr. Linda 
Chrisey, who was in another office within DARPA.  And, you know, we are 
mostly technology nerds. And we look at how technology can complement 
the policies that we’re describing and discussing here over the last hour 
and some minutes, so we can complement the – we form the meat on the 
skeleton that is a policy framework.   

  
So at DARPA, we’ve got a lot of interesting, what do you call, technology 
thrusts that provide meaningful solutions, again, that can add value to the 
policy framework. One such example I can describe here is what one of 
my programs is doing for recovery of materials for electronic waste. We 
understand that the United States and a lot of the Western economies are 
a consumption-based economy. They’re all consumption-based 
economies.  So we have a lot of captive materials that are already present 
in our ecosystem. And all the raw materials that are present in, say, an 
end of life hardware, they’re all present in very small volume fraction.    

  
So we do not have a – we do not know the know-how to extract these 
small volume fraction components that is present in, say, a hard disk 
drive, or a CRT tube, or an LCD monitor, and things like that. So another 
example that I can give you is a magnet, right? We all understand there 
are specific rare earth elements that are present in a magnet that make a 
magnet a magnet. And the percentage of neodymium, praseodymium, and 
dysprosium that are present in these magnets is less than 1 percent in 
some cases, or less than 2 percent, and in certain instances 0.1 or 0.2 
percent.    

  
So we do not have the technology to extract these things. And again, if 
there are many of such materials that are present, they all just become 
process waste when we use conventional mining technology to extract 
them. So in one of my programs, DARPA is looking at how we can extract 
up to seven elements that are present in a waste feedstock, and actually 
use them back in our manufacturing supply chain. So things such as these 
would not only just provide us the way to recover materials, but also 
establish new IP that can also bring about an innovation in how we do 
business. And I can turn it over to Dr. Chrisey, who can also talk about 
some of her issues in addressing supply chain issues. Thank you.  
 

Dr. Chrisey: Yeah. If you wanted me to comment now, I would just echo what Vishnu 
said, and add we’re exploring biotech-based methods for isolating and 
purifying rare earth elements from different mine waste materials. So I 
would echo – of course a number of people here talk about environmental 
impact and reducing that. And many mining operations that are not 
focused on these critical elements, but on other minerals, like, for 
example, mining phosphate, actually generate waste streams that contain 



a fair amount of these critical elements, but they’re basically not being 
tapped into.    

  
And then other sources, like the person who mentioned looking for 
lithium in the geothermal brines, you know, desalination plants are 
another opportunity area where going to the brines that are generated by 
that process could also be useful for these other elements. So I think we 
just have to be more resourceful about the processes that we develop and 
trying to get as much out of each process as we can, using whatever 
means we have available. Over.  
 

Ms. Burke: Can I just respond to that? I just want to say, Linda and Vishnu, it is great 
to hear from you, and very encouraging to know that DARPA is on 
this. And this is really what I mean, is that these mining companies don’t 
have a lot of margin. They don’t put a lot of money into research and 
development. And also commodity markets are so volatile that it really 
mitigates against the companies putting a lot of money into innovation. So 
this is a space where there’s government instruments that can really 
come to the fore.    

  
And it’s great to hear that DARPA’s playing such an active role in 
that. And, you know, I know a company that I’m involved with, KMX, is 
using membranes to recover lithium and rare earths from fracking water 
and wastewaters too. So there’s a lot of really interesting developments in 
this space that are in the private sector, but also that we can use 
government instruments to push. So it was great to hear that that’s 
happening.  
 

Dr. Mazzocco: Well, if anybody else has anything to add to that, I think that was a very 
interesting, very informative conversation. I think I would add, what’s 
really perhaps the challenge – and I would love to hear more about this – 
is that the discussion that was – that had been brought up before of, you 
know, you make it here and you invent it here, right? So these processes 
help to bring these processes actually to market, and marketizing them, 
and ensuring that they actually become mainstream, is that a challenge, 
or? I don’t know if anybody has thoughts on that.  

Ms. Burke: I mean, I get the sentiment. It’s really important. We have to create 
jobs. We have to make sure that more Americans seen the benefits of 
growth. And I think that this president’s been – well, you know, it’s been a 
clear priority. You know, a middle-class foreign policy, for example, is 
really about making sure that more Americans are benefitting from 
globalization and from the economic system. So I get it, and that is 
certainly important. But at the same time, we’re not going to be able to 
compete with where China is unless we make it here, invent it here, and 
make it there, and invent it there, and do it together. So I think we need to 
do all of it, for sure.  



Mr. Gabriel: I’m going to jump in here too. You know, I think Sharon’s right. You know, 
we can’t compete on certain things like labor. So we need automation and 
we need to be doing things at economy of scale, right?  And there’s 
example of companies doing this in the materials market now in the U.S., 
and we need to do more of it, right? We have strengths. We can leverage 
our own automation capabilities, automation capabilities of our partner 
nations as well. And we can figure out how to do things competitively in 
the U.S. And, you know, we have to do it. And again, you have to do it at 
scale too.    

  
And, again, there’s so much opportunity. I’ve said that probably three or 
four times now. But, you know, it does take an understanding of the 
private market. And I really think – I really think, you know, the U.S. 
government’s been stepping up every year on this and trying to 
emphasize the opportunity to the private markets here. And we’re seeing 
the investments come now and starting to pay off. We just need to see 
more of it. And we’ll get there.  
 

Mr. Jacquez: I think too – and, Sharon and Brian, I think you’re both 100 percent 
correct. But I do think sometimes, and possibly too often, we view 
automation, growing productivity and, you know, advanced 
manufacturing techniques as a trade off against labor. And what we’re 
really interesting at the National Economic Council, what the president 
has been – has been interested in as well – is how do we – how do we use 
both automation, machine learning, advanced manufacturing, 3-D 
printing, additive manufacturing, to augment labor and to use it to create 
jobs?    

  
We had Siemens in for an event a couple of months ago talking about 
how, you know, when they went to their production line for, you know, 
circuit products in Texas and said they were going to be introducing a 
brand-new automation system, you know, their workers weren’t that 
thrilled about it.  And a year later, they had more jobs on the line than 
they did before at higher wages, higher productivity, and higher 
skills. And so identifying, I think, what we don’t want to compete on is bad 
jobs. We don’t want to make things like, you know, they do elsewhere, for 
the wages that are being paid.    

  
When we’re making and producing here, we want to be doing so at our 
comparative advantage. And that is, you know, high productivity, high 
skills, you know, using our technological capacity to augment workers 
and augment labor, and use those to reskill and upskill workers and put 
them on ladders for escalating levels of career opportunities as well.  
 

Dr. Mazzocco: Well, I would – we have about 20 minutes left in the program. And I 
would really like to encourage anybody who has more comments, 



questions – I have a million questions, so I could keep going. But I would 
really love to give the opportunity to get our attendees to – and I know we 
have a wealth of knowledge among those attending. So is there – are there 
any questions or comments that – otherwise I can keep going. I’ll give it a 
moment.  

  
Great. Well, I guess – I guess it’s up to me then. And I’m sure also our 
panelists will have more questions as well. But, you know, I think another 
question – I mean, I think the standards issue is really interesting, 
right? And I think – I’m wondering if we can explore a little more the 
mechanisms through which, perhaps, likeminded countries, I would 
assume – or, perhaps, in multilateral – so what are the mechanisms 
through which we can establish and really enforce these types of 
standards – environmental standards, technical standards that maybe can 
facilitate recycling and that we’ve identified as being so important?  

  
I see Alex laughing, so I’ll go – yeah.  
 

Mr. Jacquez: I don’t want to – sorry. I see Greg Sanders has his hand up. I don’t want to 
step on him. But happy to come in after. Oh, it went down.    
 

Dr. Mazzocco: Greg, do you want to go first?  I think you’re muted. 
Mr. Sanders:: Thank you. I may add onto that question and open it up. One thing I’ve 

been curious about is ultimately if you’re allowed to be particularly better 
in green tech contributions, it is ultimately a good thing in an inflationary 
and somewhat, you know, labor-constrained environment, that we are – 
the Chinese doing this production, and that we do have more global 
production in batteries. And I think, you know – (inaudible) – how can we 
get the multilateral ones? And are there any ways we do want China to 
participate? And what are the most effective ways to participate in that, 
that are not undermining our other interests?  

Dr. Mazzocco:  Alex, do you want to -  
Mr. Jacquez:  I wanted to respond not to that question. I’ll leave it for someone else. But 

on the standards question, I think that’s a really good – you know, how do 
we operationalize these, and some things that we’re working through 
right now. Obviously, the multinational, you know, global fora – the G-7, 
the G-20, the Quad.    

  
You know, we could sit here all day as we rattle off, you know, acronyms 
in different forms that we have, and working groups have been 
established and processes that are already ongoing to be able to kind of 
set in the same way that we set global climate goals, you know, what do 
our resource extraction standards or principles look like? This is work 
that is ongoing by, you know, being led by the State Department with 
robust, you know, participation by the Department of Defense, the 
Department of Energy, and many other U.S. departments and agencies.  



  
But the one place I think is very interesting and possibly being less 
utilized now is in the financial markets, and big multinational 
investments, investors, banks, and the finance sector as a whole, you 
know, adopting ESG standards that include and go down to and get 
involved in resource extraction and production. And it’s a place where, 
you know, we see – we see big banks and financial institutions that have 
global – or, sorry – that have climate emissions goals, you know, for their 
portfolios by 2050.    

  
And you see companies responding when they have – you know, are 
beholden to, at least in the U.S., when you make a material commitment, 
you know, you’re open to shareholder lawsuits if you’re not holding to 
them. And that’s a place we think is ripe for more pushing on how do we 
enforce these kind of – or, start building and lifting up these standards 
across the world is if investors are demanding them. And it’s a place 
we’ve seen some interest in, and hope to facilitate more, to make sure.    

  
We think there are tremendous opportunities to, you know, I don’t think 
we have to tell them – but, you know, investors are seeing tremendous 
opportunities in critical minerals. They see it every day. And making sure 
that and working with them to make sure that those investments are 
underwritten with the values and the standards that we’re trying to bring 
forward with allies and partners, we think can make a real difference in 
the global landscape.  
 

Ms. Burke: And I was just going to say, Ilaria, I think it’s such an important question, 
and a lot of – a lot of companies in this space are asking for this because 
for them, you know, they’re never sure where the baseline is. And if they 
make a commitment to a project and then it’s, you know, protested and 
they have to roll it back, you know, they want to do things the right way 
and they want to have a consistent investment environment. So, you 
know, we’re – certainly in the conversations that I have I’m hearing a 
consistent request for that.    

  
And I do hear people mention, by the way, in addition to the 
governmental efforts that Alex referred to, IRMA, the Initiative for 
Responsible Mining Assurance, you hear a lot of positive feedback on 
them and their efforts. So I think there are some things out there that at 
least are promising developments. But it needs to – it definitely needs to 
accelerate, so.  
 

Mr. Jacquez: I think, one last point on that, the kind of voluntary third-party standards, 
like IRMA and like others – we have various here in the U.S., Copper Mark, 
all kinds of proliferation – but are so important because we need industry 
buy-in here, and we need industry participation. And it’s something 



they’re looking for as well. They need to know. You know, for market 
certainty, they want to be able to go back to their board and say, you 
know, here’s a globally recognized standard that we can put on our – you 
know, slap on our operation and be recognized by manufacturers, OEMs, 
and brands across the world.    

  
And I think those are key to be able to bring in manufacturers, labor, 
environmental justice and environmental groups, and the mining 
industry together, in the way the IRMA has done, is a great model for 
imposing – or, not imposing – for furthering these voluntary standards 
and commitments as well.  
 

Dr. Mazzocco: I think I saw Kisuk – yes, if you want to respond. 
Dr. Kang: Yes. I wanted to add one more comment about standardization of the 

batteries. You know, the battery is the assembly of several 
components. And each component are value-added parts that has been 
produced from the raw materials. If we have the, like, agreements about 
the standardization, the dissembling and reusing of this battery is going 
to be done at much higher level. Without any standardization, as I said in 
the previous – in my presentation, was that just collect them and melt it 
together in the very highly acidic environment, and extract only the 
(treasured ?) metals. And we know that from the (treasured ?) metals, we 
add values to make it cathode and electrode and parts and et cetera.  

  
So if you have the standardization agreed all globally, then we can 
reutilize or reuse at the upper level of the parts – like the electrode parts 
or cathode parts – without losing those previously added values. So I 
think they are depending on this agreement, our level of recycling, and 
then the restoring of the value is going to be much, much higher. 
 

Dr. Mazzocco: Well, then, if I may then bring back in what I think Greg was getting at, 
wouldn’t that require some level of engagement with China, given that so 
many of the upstream materials are produced in China? Or am I wrong? 

r. Kang: Yes. I think – yeah. I mean, China is, of course, the major player of the 
battery. I mean, they are one of the biggest, like, producers in the 
world. In the discussion of the standardization, of course we have to kind 
of work together globally, including China. 

Mr. Gabriel: And China is jumping on the materials sector, right. China is obviously 
huge on processing materials. But they’re also a large-scale importer of 
materials. And, you know, we’re in a global commodities market, so high 
prices here also are high prices in China. So it’s in everybody’s advantage, 
right, to have freer flow, more availability of these materials, and more 
diversity in the supply chain. And I think sometimes we lose picture of 
that, right.  

  



Obviously, countries want strategic advantage, but it can come back to 
hurt them, right. If you end up putting yourself in a position where, you 
know, you don’t have many options, you know, that’s going to end up 
hurting your economy in the long term. And I think, you know, you 
actually see that in some of these mineral markets within China, right. 
They’ve actually depleted some of their ore resources and they have to go 
out into the market and find them. And if you actually would have thought 
about this 20 years ago in those markets, probably had a little bit more 
fair trade and transparency, maybe that situation wouldn’t be where it is 
today.  

  
Stepping back to Alex’s comments on, you know, market surety and 
standards, you know, on the ESG side, you know, one thing that we 
definitely have been talking a lot about within the interagency, you know, 
it can’t just be the government dictating the requirement for an ESG 
standard, right. Customers, at the end of the day, drive the market.  

  
So industry needs to see the benefit of it.  So there needs to be an 
industry-driven standard approach. And the government pushes on 
that.  And there needs to be – you know, everybody needs to be 
transparent on what the benefit of that is. If we just write it, give it to 
industry and say thou shall, you know, it’s probably not going to work out 
in the global environment that we have right now.  
 

Dr. Mazzocco: Thank you. We do have a question. This may – I don’t know. I’ll read it 
out. But maybe that this is more for Linda and Vishnu, actually. But it’s 
something – they’re asking – Wells Patterson (sp) asks if someone could 
comment on initiatives that capitalize on the convergence of emerging 
technologies to support sources of critical materials and minerals; for 
example, combining synbio with AI, ML, and quantum.  

Linda Chrisey: Yeah.  So, I mean, I’m happy to answer that.  This is Linda Chrisey.  
  

So we actually have a program kicking off called Environmental Microbes 
as an engineering – bio-engineering resource. It’s focused on developing 
microbes and biomolecules like proteins to enable the separation and 
purification of rare-earth elements. So the – I can’t say much about the 
teams because we’re still in source selection, but the approach will 
involve the use of techniques like synthetic biology as well as 
computational protein design and things you probably could call machine 
learning.  

  
I won’t say that we overtly had a call for anything that mentioned 
artificial intelligence in the program. But the aim is to use synthetic 
biology to develop microbes that can tolerate conditions associated with 
mining, so extremes of pH as well as high metal concentrations, but also 
to make them very specific for an individual rare-earth element so that 



potentially we have the ability to have more aqueous-based process that 
will result in purification of individual elements from a mixture. So we 
can keep you posted on that program as we move forward, but we are 
still in the process of negotiating with the team. So I can’t say much more 
beyond that.  Over.  
 

Dr.  Sundaresan: So I can chime in, Ilaria. So one of the things that I can comment on with 
regards to the convergence of technologies is to think about design of 
components, manufactured components, and the source of the materials 
that go into these components and how we can bring technology to kind 
of make them intersect at a point where we don’t have to do that much 
work to take those materials out of the ores and also put them back into a 
product from any waste.  

  
So one example that I can give you – again, I’m going back to magnets 
here because we’re all familiar with them to some extent, and we can 
extend this to batteries and so many other things – with magnets, we 
have, again, iron, boron, and some other rare-earth elements.    

  
One of the concepts that DARPA is trying to evaluate through one of my 
programs is called RPOD, Recycling at the Point of Disposal, is to look at 
can we just do half the work in extracting a partial list of these elements 
and just put them back into the manufacturing stream so that they’re 
going to coexist together anyways, so what do you have to get them to an 
elemental form and then put them back together?  

  
So again, here we are trying to use convergence of how we can develop 
recovery technology, how we can simultaneously develop manufacturing 
technology that can use these half-processed or, you know, half-extracted 
streams, and then bring them back together. There’s a combination of, 
you know, design of products, design of manufacturing process, and 
design of recycling and recovery, what we call, technologies that can all 
come together to therefore add value to our current approaches 
designing things.  

  
And more importantly, we’re also looking at distributed approaches to 
recover materials. So in one of my program announcements, the vision 
that I shared with the community was to see can we put a recycling box at 
each and every, say, Home Depot or Lowe’s hardware store and just have 
these use some of the latest in automation, so, you know, robotic 
handling, and so on and so forth, to go after certain components and then 
enrich them to the point that they can easily be recovered using current 
technologies.  

  
So there’s just a marriage of ecosystems, business models and 
technologies that can come together. But again, the jury is still out there 



on what is the best approach, and which is why DARPA is looking at some 
of these high-risk investments to see where the chips are and how we can 
exploit some of our technical know-how to bring new business models 
into practice. Over.  
 

. Mazzocco: Fantastic. I think this was very informative; very exciting, sounds like, 
also. And I think with this, unless – if any one of the panelists has final 
remarks, but we’re about to wrap up. We have five minutes left.  

  
If no one else has anything to say, I’ll just thank everybody. This was 
wonderful. I don’t often say it – and I’ll pass it to Cynthia for final, yes – 
but I would say this often, but I think we’ve just moved on from – you 
know, we’ve covered a lot of ground tonight. So I would just like to thank 
all the panelists and all the people that participated and listened in 
tonight.  

  
And Cynthia, I will pass it on to you to close.  
 

 Thanks, Ilaria. I just want to agree that not only was it a fantastic 
discussion, but it is a topic that it’s just so easy to be defeatist about.  The 
challenges are so hard.  And really the power of the competitive market to 
drive solutions to the lowest price, no matter the externalities, the 
environmental consequences, is such a worrisome one. But the efforts 
and energy we heard today was just really inspiring that there’s a good 
way forward on these topics. The importance of relationships with allies 
and partners as a path towards developing effective policy solutions, 
combined with information about the role of scientific innovation and 
what it can do to, you know, help in this sector was really an outline for 
the way forward.  

  
So again, thank you to all the panelists, to Ilaria for moderating, for the 
audience for asking questions. This is really a fantastic session. I’d like to 
invite you to return to this conference at 8:00 a.m. tomorrow morning in 
D.C. or later this evening in Korea for the next panel, which is on 
biotechnology and public health. And finally, I’d like to thank the Chey 
Institute for their sponsorship of this conference and for enabling the 
fantastic conversation we had today. So thanks, everybody. And thank 
you, Chey.  

  
 (END) 
  
  
 


